1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Pediatr Blood Cancer. Author manuscript; available in PMC 2020 November 01.

-, HHS Public Access
«

Published in final edited form as:
Pediatr Blood Cancer. 2019 November ; 66(11): €27954. doi:10.1002/pbc.27954.

Real-world experience using hydroxyurea in children with sickle
cell disease in Lilongwe, Malawi

Tisungane Mvalo®2, Hillary M. Topazianl-3, Portia Kamthunzil4, Jane S. Chenl3, Isobel
Kambalame?, Pilirani Mafungal, Noel Mumbal, Msandeni Chiume®, Khadija Paseli®, Gerald
Teghal, Wiza Kumwendal, J. Brett Heimlichl, Graham Ellisl, Nigel Key®, Satish Gopall3:4.6,
Irving Hoffmanl4, Kenneth I. Ataga’, Kate D. Westmoreland®:8

lUniversity of North Carolina (UNC) Project-Malawi, Lilongwe, Malawi

2Department of Pediatrics, UNC, Chapel Hill, NC, USA

SDepartment of Epidemiology, UNC, Chapel Hill. NC, USA

4Institute for Global Health and Infectious Diseases, UNC, Chapel Hill, NC, USA

SDepartment of Pediatrics, Kamuzu Central Hospital (KCH), Ministry of Health, Lilongwe, Malawi
6Division of Hematology-Oncology, UNC, Chapel Hill, NC, USA

“Center for Sickle Cell Disease, University of Tennessee Health Science Center at Memphis, TN,
USA

8Division of Pediatric Hematology-Oncology, UNC, Chapel Hill, NC, USA

Abstract

Introduction—Sickle cell disease (SCD) is among the most common inherited hematologic
diseases in sub-Saharan Africa (SSA). Historically, hydroxyurea administration in SSA has been
restricted due to limited region-specific evidence for safety and efficacy.

Methods—We conducted a prospective observational cohort study of pediatric SCD patients in
Malawi. From January 2015 to November 2017, hydroxyurea at doses of 10-20 mg/kg/day was
administered to children with clinically severe disease (targeted use policy). From December 2017
to July 2018, hydroxyurea was prescribed to all patients (universal use policy).

Results—Of 187 patients with SCD, 7 (3.7%) died and 23 (12.3%) were lost-to-follow-up. The
majority (135, 72.2%) were prescribed hydroxyurea; 59 (43.7%) under the targeted use policy and
76 (56.3%) under the universal use policy. There were no documented severe toxicities. Under the
targeted use policy, children with SCD demonstrated absolute decreases in the rates of
hospitalizations (4.1 per 1,000 person-days; —7.2, —1.0; p = 0.004), fevers (—4.2 per 1,000
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person-days; —7.2, —1.1; p = 0.002), transfusions (2.3 per 1,000 person-days; 95% CI: -4.9, 0.3;
p = 0.06), and annual school absenteeism (-51.2 per person-year; —60.1, —42.3; p < 0.0001) within
6 months of hydroxyurea commencement.

Conclusion—We successfully implemented universal administration of hydroxyurea to children
with SCD at a tertiary hospital in Malawi. Similar to recently reported trials, hydroxyurea was safe
and effective during routine programmatic experience, with clinical benefits particularly among
high-risk children. This highlights the importance of continued widespread scale-up of
hydroxyurea within SCD programs across SSA.
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Introduction

Sickle cell disease (SCD), one of the most common inherited hematologic diseases in the
world, 12 clinically manifests as pain, end-organ injury, and life threatening clinical events.
34 SCD complications and mortality are high, and 50-90% of children with SCD in sub-
Saharan Africa (SSA) may die before 5-years of age, often without an established diagnosis.
5 The efficacy and safety of hydroxyurea to prevent complications of SCD has been
demonstrated primarily in high-income countries,3.6:7:8.9.10.11 and there is limited real-world

data on the use of hydroxyurea in SSA where 75% of patients with SCD worldwide are
born.5:10,12,13,14

In SSA, hydroxyurea administration to patients with SCD has been historically limited due
to drug access, drug familiarity, and safety concerns. In 2017, the NOHARM trial in Uganda
demonstrated that hydroxyurea at a fixed dose of 20mg/kg/day did not increase malaria risk
among children with SCD.19 More recently, the phase 1/2 REACH trial in four SSA
countries found that hydroxyurea at 15-20 mg/kg/day followed by dose escalation was
feasible, safe, and effective, resulting in decreased incidence of vaso-occlusive events,
infections, malaria, transfusions, and death.12 However, these important clinical trial results
have yet to be confirmed in routine clinical practice outside the context of a controlled
clinical trial 10.12

In January 2015, hemoglobin electrophoresis and a dedicated SCD clinic were initiated at
Kamuzu Central Hospital (KCH), through a collaboration between the Malawi Ministry of
Health and University of North Carolina (UNC) Project-Malawi. The clinic aimed to
establish a prospective longitudinal SCD pediatric cohort receiving standardized care, and to
determine clinical characteristics and outcomes.1® Since the clinic opened, hydroxyurea use
has rapidly expanded in response to published results from recent regional studies.1912 Due
to the paucity of data describing hydroxyurea use in children with SCD in SSA from routine
care, non-clinical trial settings, we therefore sought to describe the safety and effectiveness
of hydroxyurea use in Malawian children with SCD under real-world programmatic
conditions.
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KCH is a public national teaching hospital in the Malawian capital, Lilongwe. It is the only
public tertiary hospital in central Malawi offering pediatric specialty care, serving an
estimated population of 7.5 million, of which 3.8 million are younger than 18 years.16

Study population

From January 2015 through July 2018, patients <21 years of age with presumed SCD were
screened with hemoglobin electrophoresis as previously described.1®17 Those with
confirmed SCD were enrolled in an observational prospective cohort study after guardian
informed consent and pediatric assent for data collection and follow up. Patients in this
clinic routinely receive folic acid, sulfadoxine pyrimethamine for malaria prophylaxis, and
penicillin or azithromycin as prophylaxis for bacterial infections. Infants receive
pneumococcal conjugate vaccine in the first year of life per national expanded program on
immunization. Booster doses of pneumococcal conjugate vaccine are prescribed every five
years.

Clinical data collection

Patients were followed with routine clinic visits every 3 months and more frequently as
clinically indicated. During clinic visits, all patients underwent an assessment by a
healthcare provider, including a thorough history and physical exam. Routinely collected
data included the occurrence of SCD related acute clinical crises, blood transfusions,
hospitalizations, malaria infection, fever, and absenteeism from school due to SCD-related
illness. Patient information was recorded on paper case report forms and stored in individual
patient files. Key clinical variables were abstracted from paper forms at the time of analysis
and linked with an electronic database of laboratory results.

Laboratory assays

Every 6 months, routine laboratory testing was performed including full blood count, serum
chemistries including renal function and liver function, and urinalysis. Reticulocyte counts
and HbF levels were not measured. Point of care tests were available in clinic for malaria
rapid diagnostic tests (SD Bioline, Alere) and hemoglobin (Hb301 Hemacue analyzer), if
malaria or clinically significant anemia were suspected. Malaria microscopy blood slides
were also performed on suspected malaria cases. All laboratory tests were performed at the
UNC Project-Malawi laboratory, located on the KCH campus.

Hydroxyurea use

From January 2015 until November 2017, hydroxyurea at 10-20 mg/kg/day was prescribed
to children with severe or recurrent sickle-related clinical complications such as painful
vaso-occlusive crises, blood transfusions, hospitalization for sepsis or malaria, as well as
high-risk designation based on prior cerebrovascular accident, acute chest syndrome, or
other life-threatening event. This period of hydroxyurea application for clinically higher-risk
patients only will subsequently be referred to as the targeted use policy.
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Starting in December 2017, after publication of the NOHARM study results'® and increased
availability of hydroxyurea at KCH, we prescribed hydroxyurea to all patients in this cohort
with the explicit goal of achieving universal coverage for all children with SCD. Patients
initiating hydroxyurea were recommended to have a full blood count after 4—6 weeks of
commencing hydroxyurea to monitor for myelosuppression whenever possible. The more
recent period of hydroxyurea application will subsequently be referred to as the universal
use policy.

During the study period hydroxyurea was only available in the form of 500 mg capsules.
The number of capsules administered per week depended on the weight of the patient. The
total dose in milligrams per week was calculated per patient and divided by 500 to determine
the number of capsules administered per week for each patient with split dosing days.

Hydroxyurea was not initiated until at least 6 months of age. Hydroxyurea was administered
to young children by opening the capsule and dissolving the contents in liquids or foods.
Patients were started on a dose of 10 mg/kg/day. The dose was subsequently escalated to 15
mg/kg/day if there were ongoing sickle cell crises. If patients experienced events at a dose of
15 mg/kg/day, the dose was escalated to 20 mg/kg/day. Hydroxyurea and other medicines
were provided to patients from the KCH pharmacy free of charge, and care provided free of
charge as per hospital policy. Intermittent stock out of medications were supported with
supply from UNC-Project Malawi.

Statistical methods

Laboratory results for full blood counts, renal and liver function tests were aggregated and
stratified by number of months pre- and post-hydroxyurea initiation. Differences in means
were tested with two-sample t-tests. Count data on hospitalizations, blood transfusions, and
school absences were summed over eligible person-time to estimate rates during the time
period 6 months before and 6 months after the hydroxyurea start date.

The total person-time contributed by each participant was the summation of the number of
days between each clinic visit. Participants who died or who were lost to follow-up
contributed person-time and events to the analysis up until their last recorded study visit. If
participants began taking hydroxyurea on a date between two clinic visits, the resulting
person-time from that period and corresponding adverse events were excluded from analysis.
If any of the adverse outcomes were not recorded, we assumed that there had been none
since the previous visit. Fever and pain crises were assessed as binary variables. To derive a
crude rate estimate, we assumed that any reported fever or pain crisis corresponded to one
event during that time period. Rates of school absences were restricted to school aged
participants between the ages of 6 and 18, and person-time occurring during school vacation
(August-September) was excluded. Primary and secondary education in Malawi are free of
cost, so the majority of children go to school. Five school aged participants who reported
that school attendance was “not applicable” at any point during follow-up were excluded
from calculation of school-absence rates, as it was assumed to be a clerical error. To account
for bias caused by outliers reporting high rates of school absences, we repeated our analyses,
excluding the patient with the highest rate of absences reported under each policy. An alpha
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of 0.05 was used as the cutoff for statistical significance. All analyses were conducted in
SAS 9.4 (SAS Institute Inc., Cary, NC).

Ethical approval and consent

Results

The study was approved by the UNC-Chapel Hill institutional review board and the Malawi
National Health Science Research Committee. Written informed consent was obtained from
parents of all enrolled children. Children aged 7-17 years also provided informed assent.

Baseline characteristics

From January 2015 to July 2018 our sickle cell clinic enrolled 187 pediatric patients with
SCD (HbSS: 177, HbFS: 4, HbSC: 1, no confirmed SCD hemoglobin electrophoresis result:
5). The ages at diagnosis of the patients with the HbFS results were 5 months, 2 years, 11
years, and 14 years. Ninety-eight (52%) participants were male and 86 were female (46%).
The mean age at enrollment was 7.3 years (standard deviation (SD): 4.8). Mean baseline
laboratory values were: hemoglobin 7.6 g/dL (SD: 1.4), lactate dehydrogenase 642.1 U/L
(SD: 217.1), mean corpuscular volume 87.4 fL (SD: 9.2), neutrophils 5.2 x 103 /uL (1.9),
platelets 467.6 x 103 /uL (SD: 181.4), and white blood count 15.5 x 103 /uL (SD: 5.8).
Seven (3.7%) patients died and 23 (12.3%) were lost-to-follow-up: 10 relocated to other
clinics, two were alive at the end of the study period but had defaulted on treatment, and 11
could not be reached by phone to assess vital status.

The majority (135, 72.2%) were prescribed hydroxyurea; 59 (43.7%) began taking it under
the targeted use policy prior to December 2017 and 76 (56.3%) under the universal use
policy (Figure 1). Although we did not have recorded dosage information at every clinic
visit, the mean dosage prescribed during the 6 months following commencement of
hydroxyurea was 9.98 (SD: 3.09, N: 37) mg/kg/day under the targeted use policy and 9.23
(SD: 2.31, N: 22) mg/kg/day under the universal use policy. The mean age at hydroxyurea
start was 8.4 years (SD: 5.1) under the targeted use policy, and 9.5 years (SD: 4.7) under the
universal use policy, with a similar gender distribution and family history of SCD between
both groups (Table 1). Reflecting their clinical severity, children initiating hydroxyurea
under the targeted use policy had a lower mean hemoglobin in the 6 months prior to
treatment as compared to children under the universal use policy (7.2 g/dL, SD: 1.1; vs. 7.9
g/dL, SD: 1.3; p=0.01), and a higher mean lactate dehydrogenase (721.8 U/L, SD: 241.5; vs.
626.0 U/L, SD: 229.4; p=0.02).

Of the 47 (28%) participants with confirmed SCD and who were not prescribed
hydroxyurea, 5 died and 16 were lost to follow-up before the universal policy began, 11 had
not yet had another clinic visit after the universal policy began, and 15 had a clinic visit after
the policy changed but were not prescribed hydroxyurea. Of the 23 participants who were
lost to follow-up, six (26%) were prescribed hydroxyurea, and of the seven participants who
died, two (29%) were prescribed hydroxyurea.
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Laboratory monitoring

Table 2 shows a comparison of mean laboratory values before and after starting
hydroxyurea. Under the targeted use policy, the mean ANC decreased from 6.2 x 103 /uL
(SD: 1.7) to 4.8 x 103 /uL (SD: 2.0) (p = 0.02) between pre-treatment and 4-6 months post-
treatment, while there was a non-significant increase in ANC under the universal policy.
There were no significant changes in mean hemoglobin after starting hydroxyurea, but a
decreasing trend in lactate dehydrogenase was observed with both policies. In the universal
use policy group, there was an increase in mean MCV from 91.7 fL (SD: 9.0) to 97.5 fL
(SD: 8.1) (p = 0.04), with a non-significant increase in the targeted group.

Overall, there were no cases of thrombocytopenia (platelet counts < 80 x 103/uL), moderate
neutropenia (ANC 0.5-1.5 x 103/uL), or severe neutropenia (ANC < 0.5 x 103/uL) over the
study period. Four individuals had mild neutropenia (ANC 1.5-2.0 x 10%/uL), two under the
targeted use policy, and two under the universal use policy. Nineteen malaria tests were
performed on children presenting with fever, one was positive, obtained from a child taking
hydroxyurea under the universal use policy.

Clinical events

Under the targeted use policy, children with SCD demonstrated a decrease in the rate of
SCD-related complications (Table 3), with a pre-hydroxyurea versus post-hydroxyurea rate
difference of -4.1 (95% CI: -7.2, —1.0; p = 0.004) per 1,000 person-days for
hospitalizations, —4.2 (95% CI: -7.2, =1.1; p = 0.002) per 1,000 person-days for fever, and
-2.3 (95% confidence interval [CI]): —4.9, 0.3; p = 0.06) per 1,000 person-days for
transfusions when comparing the 6 months pre-treatment to 6 months post-treatment. Rates
of pain crises also decreased, with a rate difference of 2.8 (95% CI: 6.5, 0.9; p-value: 0.1)
per 1,000 person-days, although this was not statistically significant.

Children beginning hydroxyurea under the universal use policy showed minimal changes in
rates pre- and post-treatment with a rate difference of 0.1 (95% CI: -0.8, 0.7; p = 0.9) per
1,000 person-days for transfusions, —0.2 (95% CI: -1.4, 1.1; p = 0.8) per 1,000 person-days
for hospitalizations, 0.4 (95% CI: -2.0, 2.9; p = 0.7) per 1,000 person-days for pain crises,
and 0.0 (95% ClI: -1.9, 1.9; p = 1.0) per 1,000 person-days for fever. However, participants
under the universal policy reported a lower rate of SCD-related events pre-treatment than the
targeted use policy cohort.

Participants under the targeted use policy also showed a dramatically lower rate difference of
-51.2 (95% CI: -60.1, -42.3; p < 0.0001) school absences per person-year when taking
hydroxyurea as compared to pre-treatment. Children under the universal use policy
demonstrated a significant increase in school absences, with a rate difference of 3.6 (95%
Cl: 0.6, 6.6; p-value: 0.01) absences per person-year, though they began with a much lower
baseline rate of school absences, as compared to the targeted use policy group (9.1 vs. 59.0
absences per person-year). To assess the influence of outliers, we performed a sensitivity
analysis, excluding the one patient from each policy who had the highest rate of school
absences. The significant decrease in the targeted use policy remained, —49.4 (95% ClI:

Pediatr Blood Cancer. Author manuscript; available in PMC 2020 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mvalo et al. Page 7

-58.2, -40.5; p-value: <0.0001), and the increase in school absences with the universal use
policy was no longer significant 2.4 (95% CI: -0.5, 5.3; p-value: 0.10).

Discussion

Replicating results from recently conducted trials in SSA, our study demonstrates that use of
hydroxyurea in children with SCD in Malawi is safe and effective, particularly among high-
risk children with clinical indications to initiate hydroxyurea. Importantly, our study was
conducted in a real-world, programmatic, non-clinical trial setting, lending support to the
generalizability of recent findings from clinical trials evaluating hydroxyurea in SSA.

No remarkable laboratory toxicities were noted in children on hydroxyurea. Four children
had mild neutropenia and there were no cases of moderate or severe neutropenia. The
occurrence of neutropenia was uncommon in our study similar to the NOHARM study;,
although a slightly higher rate was observed in the REACH study. This difference could be
due to the hydroxyurea dose escalation beyond the levels used in our study and longer
duration of follow up in the REACH study. Children under the targeted use policy had lower
ANC at 4-6 months after commencing hydroxyurea in contrast to patients in the universal
use policy with higher ANC. This may be attributed to higher doses of hydroxyurea used in
the targeted policy due to dose escalation following recurrent illnesses unlike in the universal
policy group where patients were more likely to be clinically well, resulting in under-dosing
or possibly decreased adherence. Of the 19 malaria blood microscopy tests performed, only
one was positive. With such a small number of patients tested by microscopy, we are unable
to confidently analyze the risk of malaria with hydroxyurea use. However, the NOHARM
and REACH studies reported no increased risk of malaria with hydroxyurea use.10:12

Hydroxyurea use for children with SCD in Malawi was effective and resulted in improved
clinical benefits, especially among high-risk patients who had reductions in non-malarial
febrile illness, hospitalization, and blood transfusions. Similar trends of reduced adverse
event rates under hydroxyurea have been reported in multiple studies.3:10.1218.19 | ower-risk
children under the universal use policy had minimal changes in blood transfusions and
hospitalization. A study in Brazil also demonstrated greater benefit of hydroxyurea use in
patients with a severe SCD phenotype.18 Furthermore, significantly reduced school
absenteeism was noted amongst patients in the targeted use policy, possibly reflecting
broader quality of life benefits beyond clinical and laboratory improvements, as
demonstrated elsewhere.20

Based on these findings, and not withstanding more clearly observed benefits among higher-
risk children in our cohort, we advocate for a hydroxyurea universal use approach for all
patients in resource-limited settings similar to Malawi. SCD is a chronic condition with
ongoing multiorgan pathology even when asymptomatic, and efforts should be made to treat
SCD patients early before developing multi-organ damage.?! Hence the use of hydroxyurea
with the universal use approach is recommended to prevent development of poor health.
Evidence-based guidelines from the National Heart Lung and Blood Institute similarly
recommend offering hydroxyurea treatment to all patients with SCD starting at 9 months of
age,22 and the World Health Organization lists hydroxyurea on its essential medicines list.23
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Therefore, continued regional advocacy will remain critical for all patients with SCD across
SSA to access hydroxyurea to prevent morbidity and mortality, particularly in light of our
programmatic data and data from recently reported clinical trials.

The major strength of our study is that it provides additional real-world evidence from a
programmatic setting for the safety and efficacy of hydroxyurea in children with SCD in
SSA to supplement the results of the NOHARM and REACH studies. Notably, despite the
absence of pediatric formulations of hydroxyurea in our setting, we nevertheless
successfully administered capsules to a routine care pediatric population by adjusting the
number of days per week for administration in relation to patient weight. However, there are
also some limitations to our study. First, data analysis was limited to a period of 6 months
prior to and 6 months after starting hydroxyurea. The benefits of hydroxyurea have been
previously demonstrated even at 6 months,10:12.19 although maximal effects have been
reported to occur between 12 and 18 months on treatment.® Second, our study used a low-to-
medium dose of hydroxyurea without dose escalation to high doses, as this was a new drug
being upscaled in Malawi and studies had shown that this dose was safe and effective.l The
NOHARM and REACH studies have shown higher doses to also be safe and effective in
malaria-endemic regions of SSA.10.12 A third limitation was our inability to robustly analyze
malaria occurrence due to low number of malaria cases, perhaps partially due to high levels
of malaria prophylaxis in our population, although other recent studies have demonstrated
similar or lower malaria incidence for those on hydroxyurea versus placebo.10:12 A fourth
limitation was that we did not quantify HbF levels after commencement of hydroxyurea as a
biomarker of adherence and efficacy. Reflecting the programmatic nature of the study, we
assessed hydroxyurea adherence primarily by guardian self-report, although observed
laboratory trends demonstrating increased MCV and decreased lactate dehydrogenase post-

treatment are all consistent with reasonable levels of cohort-level hydroxyurea adherence.
4,10,12,18,21,20

To conclude, this study demonstrates low-to-medium dose hydroxyurea use is safe and
effective in reducing the occurrence of clinical adverse events in children with SCD in
Malawi. Our clinic has upscaled hydroxyurea use to near universal coverage at a national
teaching hospital, highlighting the importance of building capacity to improve access to
hydroxyurea for children with SCD across SSA, where the majority of patients with SCD
live. Although greater impact was demonstrated in the targeted use policy group of higher-
risk patients, we advocate hydroxyurea initiation at a medium dose of 20mg/kg/day, with
possible dose escalation depending on the clinical setting, for all children with SCD to
prevent SCD-related adverse events and improve survival. Future regional priorities should
include continued evaluation of hydroxyurea dose escalation in routine care settings with
longer term follow-up to provide real-world evidence of generalizability of recent clinical
trial results.10:12 Additionally, widely available and effective treatment in the form of
hydroxyurea further highlights the need for Malawi and other SSA countries to adopt
newborn screening for SCD, so effective treatments can be initiated before potentially
irreversible complications arise.
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Figure 1.
Cumulative count of actively followed children with sickle cell disease at Kamuzu Central

Hospital in Malawi from 2015 to 2018.
Lighters bars represent all children (N=187), darker bars represent children on hydroxyurea
(N =135).
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