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Abstract

Several controlled studies have evidenced good efficacy and short-term and mid-
term safety profiles for hydroxyurea (HU), which has become the cornerstone for
prevention of sickle-cell disease (SCD)-related vaso-occlusive crises. However, there
are few large-scale reports on its long-term use and certain caregivers and patients
have concerns about its safety. Following the licensing of HU in Europe for children
and adults with severe forms of SCD, ESCORT-HU was designed as a Phase IV
observational cohort study. It included 1906 participants, of whom 55% were adults.
The most common hemoglobin (Hb) genotypes were HbSS (84.7%) and HbSp+
(7.0%). The median duration of follow-up was 45 months, for a total of 7309 patient-
years of observation. The dose of HU after 1 year was 20.6 mg/kg/d for children and
16.3 mg/kg/d for adults. There was a statistically significant decrease in the number
of vaso-occlusive episodes lasting >48 h, acute chest syndrome episodes, hospitaliza-
tions, and the percentage of patients requiring blood transfusions within the first
12 months relative to the year before enrolment. Neutropenia and thrombocytopenia
were the most commonly reported adverse effects. No new HU toxicity was identi-
fied. Overall, 125 pregnancies were reported in 101 women and no malformations
were observed in the neonates. There were 12 pregnancies for partners of male
patients treated with HU. One case of fatal myelodysplastic syndrome was reported,
for which a causal association with HU could not be excluded. This cohort study of
patients with SCD highlights the positive benefit-to-risk ratio of HU in children and

adults.

Clinical Registration: ClinicalTrials.gov NCT02516579; European registry ENCEPP/SDPP/10565.

Am J Hematol. 2021;96:1223-1231.
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1 | INTRODUCTION

Sickle-cell disease (SCD) is among the most frequently occurring
monogenic diseases, characterized by the presence of abnormal
hemoglobin S (HbS), either in a homozygous form (HbSS), or com-
bined with another hemoglobin variant (most often hemoglobin C or
|3—thalassemia).1 In total, 40 000 SCD patients are estimated to be liv-
ing in Europe.?

Hydroxyurea (HU) is a cornerstone for the prevention of vaso-
occlusive crises (VOCs), the most frequent complication in SCD
patients. The rationale for using this drug stems from findings that it
increases fetal hemoglobin (HbF) levels, which interrupts elongation
of deoxy-HbS polymers. Furthermore, HU decreases blood cell adhes-
jon to the vascular endothelium and improves vascular tone.>~>

Although the clinical efficacy of HU in preventing pain has been
its ability to

many publications continue to report low/poor adher-

demonstrated,®® and increase

d,9’10

life expectancy
suggeste
ence to HU,'*12 associated with a poor quality of life and school
absenteeism.'®1> Reluctance to use HU may be partially related to
fears about potential side effects of this medication, especially in
terms of fertility and carcinogenicity.’® As malignancies are rare
events, safety assessment requires very large-scale studies covering
long periods of follow-up. Previous studies, based on the observation
of cohorts of up to 150 patients, with a very long follow-up for two of
them, have provided reassuring data, but studies enrolling more than
1000 patients with long periods of follow-up are still needed.”*°

The European Medicines Agency (EMA) gave marketing authori-
zation for HU in 2007 for children older than 2 years, adolescents,
and adults with SCD. The drug was indicated for the prevention of
recurrent painful VOC crises, including acute chest syndrome (ACS).
Asymptomatic patients were not planned to be included. Accordingly,
the EMA requested the initiation of a European, multicenter, prospec-
tive, non-interventional study over a 10-year period, with the goal of
including enough patients with prolonged HU exposure in current
clinical practice to better document adverse events that may occur at
a low frequency, with special attention to oncogenic risk. The Sickle
Cell Disease Cohort-Hydroxyurea (ESCORT-HU) study was initiated
upon this request and designed as a phase IV, multi-centric, cohort
study. The main objective was to refine the safety profile of HU and
identify unexpected toxicity, especially after long-term treatment.

2 | METHODS

21 | Study population
Enrollment in ESCORT-HU began on January 1, 2009, and ended on
June 30, 2017. Patients were enrolled from France, Germany, ltaly,
and Greece, where the drug was first available.

Patients aged 2 years and over with symptomatic SCD who were
eligible for treatment with HU were enrolled. According to the
European marketing authorization and national guidelines in the four

countries in 2009, there was no recommendation to enroll

asymptomatic patients. An independent ethics committee approved
the study in each country. Oral or written informed consent was
obtained for each patient according to the local rules for non-
interventional studies.

Hydroxyurea was given in the form of 100 and 1000 mg tablets.
Approximately half of the patients of the total cohort had previously
received HU given as capsules (500 mg). The company marketing HU
as capsules had not requested marketing authorization for SCD in
Europe. Hence, patients previously treated with this capsule formula-
tion were secondarily switched to HU tablets and included in
ESCORT-HU (non-naive patients). The other half of the patients
enrolled in ESCORT-HU started their HU treatment with the tablets
(naive patients).

The prescription of HU had to be given by a physician with exper-
ience in the management of HU. France, Germany, Italy, and Greece
have designated reference centers with expert physicians, based on
the number of patients with SCD they are following and their experi-
ence in their management.

The EMA recommended an initial dose of 15 mg/kg/d, and no
systematic attempt to reach the maximum tolerated dose (MTD). An
increase in the dose was indicated if there were recurrences of VOC.

Follow-up was strictly observational and the patients were not
requested to attend additional visits beyond routine clinical practice
(i.e., every 1 to 6 months). A minimum of 12 months of follow-up was

required.

2.2 | Variables

Data from the participants' medical records were collected via an elec-
tronic case report form (eCRF), synthesizing all medical information,
including outside events prior to inclusion. Their SCD history was
recorded at inclusion, including SCD complications over the prior year.
At each visit, data on the occurrence of painful crises lasting > 48 h
with hospitalization, ACS, the number and duration of hospitalizations
related to SCD, and the number of blood transfusions since the last
visit were collected. The number of pregnancies and instances of
fatherhood were also noted.

The initial complete blood count (CBC) was noted, with, if avail-
able, G4PD testing and the a- and f-globin genotypes. The recommen-
dation was to monitor the CBC every 2 months and the percentage of
fetal hemoglobin (HbF) every 6 months. Blood tests could be per-
formed on an outpatient basis and forwarded to the physician or
performed on an in-patient basis.

Safety was assessed in the global population (naive and non-naive
patients). Adverse events were defined as any treatment-emergent
event occurring during follow-up which was not considered to be a
typical manifestation of SCD. Causal relationship to HU was assessed
by the investigators. Adverse events related to HU (at least possibly)
were considered adverse reactions.

Neutropenia was defined as an absolute neutrophil count (ANC)
< 2 x 10%/L and thrombocytopenia as an absolute number of plate-
lets < 150 x 107/L.
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Effectiveness was assessed in the global population (naive and
non-naive patients) by comparing biological data (Hb level and percent
HbF) at baseline and clinical outcomes (VOC events, hospitalizations,
and blood transfusions) in the previous year with those observed after
6 and 12 months of HU (tablet) treatment.

Clinical research associates contacted each study site on a regular
basis in order to perform quality control visits to check the quality of
the data entered in the eCRF and limit missing data. Missing data
were not managed.

2.3 | Study size

The required sample size was estimated to be approximately 2000
patients, considering a 20% sample of an overall estimated number
of 20000 SCD patients (at the time of writing the protocol) in
Europe and approximately 50% requiring HU. This allowed for an
estimation of the frequency of events as low as 0.5%, with a preci-
sion of 0.3%.

24 | Statistical analysis

Descriptive statistics were used to summarize the distribution of con-
tinuous variables using means (+ SD), medians, and ranges, and cate-
gorical variables using frequencies and percentages for each category
of the variable. Confidence intervals for the annual rate of adverse
events were estimated using the Poisson method.

Biological and clinical outcomes were compared using paired
t tests or Wilcoxon's signed rank tests for continuous variables and
McNemar's test for binary variables.

All p values were calculated from two-sided tests and p values
< 5% were considered statistically significant. All statistical analysis
was performed using SAS software v9.4 (SAS Institute Inc., Cary,
NC, USA).

TABLE 1 Baseline demographic and genotype characteristics
Age < 18 years (n = 849)
Sex, no. (%)
Male 441 (51.9%)
Female 408 (48.1%)
Age, mean (SD), years 9.1(4.5)
Age, median (range), years 8.9 (0.8, 18.0)
Patients with determined -globin genotype 836
B-globin genotype, No. (%)
SS 767 (91.7%)
SC 12 (1.4%)
SR° 31(3.7%)
SR! 25 (3.0%)
SD 1(0.1%)

3 | RESULTS

3.1 | Participants

From January 2009 to March 2019, 1906 patients from four
European countries were enrolled: 1578 from France, 173 from
Greece, 145 from Germany, and 10 from Italy. Three patients were
secondarily excluded because they did not meet the inclusion criteria
(they were not receiving the tablet formulation). Two patients with-
drew their consent. Ten patients stopped the treatment (three for
cytopenia, three for neurological events, and four for lack of efficacy).
Fifty-one patients (2.6%) were secondarily lost to follow-up.

Among the participants, 55% were adults and 55% were female.
Most patients had SS (84.7%) and Sp* (7.0%) globin genotypes. Ten
percent had G4PD deficiency according to laboratory results. Among
the patients who were tested for alpha-globin gene defects (n = 361),
149 (41.5%) had one or two alpha gene deletions (Table 1). French
legislation does not allow the recording of patient's ethnicity and this
data was thus not collected.

3.2 | Indications for hydroxyurea

Seventy-four percent of patients were prescribed HU for VOC
(53.0%) or ACS (21.4%) and had on average number of 2.9 crises (SD,
2.6) with hospitalization during the year before enrollment. Twenty-
six percent of patients were treated for other non-VOC complications,
although these indications were not included in the European authori-
zation. Severe chronic anemia was the most frequent indication
among non-VOC complications (11.0%), followed by conditional
transcranial Doppler velocities (4.7%), and other indications (overt
cerebral vasculopathy, organopathy [e.g., nephropathy, retinopathy,
and pulmonary hypertension], priapism, contraindication to blood
indications) accounted for the

transfusion, and unreported

remaining 10%.

Age 2 18 years (n = 1054) Total (n = 1903)?

411 (39.0%) 852 (44.8%)
643 (61.0%) 1051 (55.2%)
35.2(11.5) 23.6 (15.8)
33.5(18.9,70.4) 21.4(0.8,70.4)
1034 1870
816 (78.9%) 1583 (84.7%)
26 (2.5%) 8 (2.0%)
83 (8.0%) 114 (6.1%)
105 (10.2%) 130 (7.0%)
2(0.2%) 3(0.2%)

*Three patients were excluded from analysis as they did not meet the inclusion criteria (not treated with the tablet formulation.
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3.3 | Exposure to hydroxyurea

The estimated mean daily dose of HU after 1 year was 20.6 mg/kg/d
(SD, 4.9) for children (n = 775) and 16.3 mg/kg/d (SD, 5.2) for adults
(n = 930). A total of 1217 (565 children and 652 adults) had at least
one ANC < 3.0 x 10?/L during the study.

Forty-nine percent of the cohort was already receiving HU cap-
sules before enrollment in the study. The total duration of HU treat-
ment was 43.4 months (SD, 23.1) for naive patients and 123.7 months
(SD, 62.7) for non-naive patients. In total there were 7309 patient-

years of observation.

3.4 | Outcomes

341 | Safety
Adverse reactions to HU are summarized in Table 2. As expected,
peripheral blood cytopenia, mainly neutropenia and thrombocyto-

penia, were the most common events. These reactions were generally

mild or moderate in intensity and resolved rapidly with permanent or
temporary dose reduction, but three patients dropped out of the
study, one for pancytopenia and two for thrombocytopenia. No infec-
tion was reported during the neutropenic episodes. There was a stat-
istically significant higher risk for neutropenia in children than adults
(risk ratio [95%ClI]: 1.92 [1.33, 2.77]), and a trend for a higher risk of
thrombocytopenia. Aggravation of the underlying anemia was rare,
with a statistically higher risk in adults than children (risk ratio: 2.6
[1.4, 4.8]), as well as in patients with renal impairment at enrollment
relative to those without (risk ratio: 4.25 [2.52, 7.17]). Approximately
one third of anemia aggravation episodes were reported alongside
other types of cytopenia, whereas approximately two-thirds were iso-
lated episodes in which the role of HU was potentially confounded by
other possible or undocumented etiologies (e.g., infection, coincident
painful crisis, low baseline Hb level, or folate or cobalamin deficit), as
the reticulocyte count was not systematically documented.

Skin toxicities were the second most reported adverse reaction,
predominantly in adults, being mostly dry skin and nail pigmentation.

Other commonly reported reactions consisted of mostly self-

reported gastrointestinal (nausea, abdominal pain), nervous system

TABLE 2 Adverse reactions with rates >1 per 100 patient-years collected in the 1903 patients during the study (7309.5 patient-years) by age

group

Age < 18 years (n = 849, 3078.2 patient-years) Age > 18 years (n = 1054, 4231.4 patient-years)

No. of No. of
Adverse reaction? reactions patients
At least one adverse reaction 275 150
Blood and lymphatic system disorders 196 113
Neutropenia® 103 68
Thrombocytopenia® 61 49
Anemia 13 13
Skin and subcutaneous tissue disorders 41 37
Dry skin 13 13
Alopecia 3 3
Leg ulcer 1 1
Nail pigmentation 6 6
Nail discolouration 1 1
Gastrointestinal disorders 13 13
Nervous system disorders 12 9
Headache 7 7
Dizziness 5 4
General disorders and administration site conditions 1 1
Weight increase 1 1
Death 1

Rate per

Rate per 100 No.of 100 patient-years
patient-years [95%CI]  No. of reactions patients [95%Cl]
8.9[7.9,10.1] 712 347 16.8 [15.6, 18.1]
6.45.5,7.3] 213 130 5.0[4.4,5.8]
3.3[2.7,4.1] 52 44 1.2[0.9, 1.6]
2.0[1.5,2.5] 65 51 1.5[1.2,2.0]
0.4[0.2,0.7] 48 42 1.1[0.8,1.5]
1.3[1.0, 1.8] 290 178 6.91[6.1,7.7]
0.41[0.2,0.7] 109 107 2.6[2.1,3.1]
0.1[0.0,0.3] 38 36 0.9 [0.6,1.2]
0.0[-] 45 32 1.1[0.8, 1.4]
0.2[0.1,04] 22 21 0.5[0.3,0.8]
0.0[-] 20 20 0.5[0.3,0.7]
0.4[0.2,0.7] 46 39 1.1[0.8,1.5]
0.4[0.3,0.7] 58 43 1.4[1.0,1.8]
0.2[0.1,0.5] 29 27 0.7 [0.5, 1.0]
0.2[0.1,0.4] 22 20 0.5[0.3,0.8]
0.0[-] 24 23 0.6 [0.4, 0.8]
0.0[-] 27 27 0.6 [0.4,0.9]

32 33

2Adverse events that occurred in participants are included and presented by their preferred terms according to the Medical Dictionary for Regulatory

Activities version 19.1.
PNeutropenia was defined as absolute neutrophil count <2 x 10%/L.

“Thrombocytopenia was defined as absolute number of platelets <150 x 107/L.
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TABLE 3 Comparisons of clinical and biological parameters at enrolment and after one year of HU treatment by age group

Age < 18 years (n = 849)

Age > 18 years (n = 1054)

During the  One year after the One year after
previous initiation of HU Change Pre-post During the the initiation Change Pre-
n year tablets (p value) n previous year of HU tablets  post (p value)
No. of VOC, mean (SD) 682  1.6(2.1) 0.9 (1.6) —50% (< 0.05) 907 1.8(2.6) 0.9 (1.9) —38% (< 0.05)
No. of ACS, mean (SD) 708 0.3(0.7) 0.1(0.3) —67% (< 0.05) 940 0.3(0.6) 0.1(0.4) —67% (< 0.05)
No of hospitalizations, 681 1.7(1.8) 0.93 (1.5) —46% (< 0.05) 930 1.3(1.8) 0.7 (1.3) —44% (< 0.05)
mean (SD)
No of days of 628 9.7 (12.1) 5.5(10.1) —46% (< 0.05) 833 8.1(134) 4.4 (10.8) —43% (< 0.05)
hospitalization for
SCD, mean (SD)
No. of patients (%) with 810 369 (45.6) 199 (24.6) —21% (< 0.001) 1024 400 (39.1) 177 (17.3) —21.8% (< 0.001)

at least one blood
transfusion

Abbreviations: ACS, acute chest syndrome; HU, hydroxyurea; SCD, sickle cell disease; VOC, vaso-occlusive crises.

(dizziness, headache), and general (fatigue) disorders, predominantly in
adults. Three patients dropped out for neurological symptoms (one
for headache, one for memory problems, and one for stroke).

Thirty-three deaths were reported in the study. One child died in
the days following a hematopoietic stem cell transplant. Out of the
32 adults who died, no relation with HU was suspected in 31 cases;
one patient had a car accident; one patient died during a severe VOC,
two during an ACS, two patients had pulmonary embolism; 18 patients
had an acute organ failure (heart failure, stroke, liver failure, renal fail-
ure) on an underlying chronic organ damage. No cause for death was
reported for seven patients, six of them had regular follow-up but died
either at home or in a different hospital than their reference center, and
one died in another country 1 year after having stopped HU. One fatal
hematological malignancy (myelodysplastic syndrome with an excess of
blasts-1, WHO classification 2016)*” was reported for which a causal
association with long-term HU use could not be excluded. No other
adverse reactions were associated with a fatal outcome.

Overall, 125 pregnancies were reported for 101 women: 110 with
exposure to HU (generally during the first trimester) and 15 without
HU exposure (HU stopped at least 15 days before conception),
despite the recommendation to discontinue HU 3 to 6 months before
conception. The pregnancy outcomes included live births (n = 77),
elective termination (n = 18), spontaneous abortion (n = 17), or on-
going pregnancy (n = 9). Other reported outcomes were anembryonic
gestation (n = 1), ectopic pregnancy (n = 1), and termination for medi-
cal reasons (n = 2). No malformations among the neonates or mater-
nal deaths were reported. There were 12 pregnancies of partners of
male patients treated with HU. The outcomes were 10 live births

(83%) and two miscarriages (17%).

3.4.2 | Effectiveness

Comparison between the year before the initiation of treatment with

HU in tablets and the first year of treatment showed a reduction in

the number of painful crises lasting >48 h (—40% in children
and — 50% in adults), episodes of ACS (—68% in children and — 57%
in adults), and hospitalizations (—44% in children and — 45% in adults)
and the percentage of patients requiring blood transfusion decreased
by 50% (Table 3). Nevertheless, four patients dropped out of the
study for recurrent VOC.

Changes in Hb level, percentage of HbF, neutrophil counts, and
mean corpuscular volume (MCV) for children and adults after 6, 12,
and 24 months of treatment with HU tablets are shown in Figure 1.
As expected, Hb levels significantly increased (p < 0.01), as did the
percentage of HbF (p < 0.01). There was a significant increase in MCV
(p < 0.001) and a significant decrease in absolute neutrophil counts
(p < 0.001).

4 | DISCUSSION

ESCORT-HU is a phase IV study that enrolled nearly 2000 patients
with SCD and has totalized more than 7000 patient-years of observa-
tion, thus providing new and extensive data about the long-term
safety of HU.

The pivotal controlled studies demonstrating the efficacy of HU
were based on periods of observation of up to 30 months and the
treatment arms included 60 to 150 patients.®"®®1 Prospective
long-term follow-up studies enrolled less than 200 patients.”102021
However, there was still a need for prospective long-term, large-scale
studies to assess the long-term tolerance of HU, so studies performed
in real life are of particular interest, as they provide outcomes
observed without the incentive measures to attend clinical visits and
perform control examinations associated with clinical trials.???% The
most important finding was that no new risks were identified relative
to previously acquired knowledge based on shorter studies.?42°> Mild
to moderate myelosuppression, involving mainly neutropenia and, to a
lesser extent, thrombopenia, was the most common adverse reaction

and was not associated with any clinical adverse events. Such good
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Outcome of A, Hb level, B, percentage of HbF, C, neutrophil counts, D, MCV for children and adults after 6, 12 and 24 months of

treatment with HU tablets. Hb, hemoglobin; HU, Hydroxyurea; MCV, mean corpuscular volume [Color figure can be viewed at

wileyonlinelibrary.com]

tolerance was observed despite the fact that the number of clinical
and biological visits was low, as the median annual number of visits
per patient was 0.5. Those results were observed with doses of
approximately 20 mg/kg/d (SD, 5) in children and 17 mg/kg/d (SD, 5)
in adults, consistent with other European studies, but lower than
those used in the TWIiTCH study, for example.?®2%21 The EMA rec-
ommended an initial dose of 15 mg/kg/d and no systematic attempt
to reach the MTD, most probably because of uncertainties about very
long-term effects. Instead, the minimal clinically effective dose (mean-
ing the lowest dose providing the expected clinical benefit) was
targeted. However, the initial dose was progressively increased in
44% of patients during the follow-up because of recurrent VOC
events.

Major concerns about mid-term and long-term toxicity concerned
carcinogenicity and male infertility. The carcinogenic risk appears to
be very low, as we observed only one case of fatal myelodysplastic
syndrome for which a causal association with long-term HU use could
not be excluded. There have been very few cases of myelodysplastic
syndrome or acute leukemia after HU administration to patients with
SCD.?® Furthermore, in vitro assays and rodent studies have not
shown mutagenic activity?” and no case has been reported in the long-

est follow-up cohorts,?1°

suggesting that these events could be simply
related to SCD or aging of the population.?®

A significant number of pregnancies and instances of fatherhood
were observed, with no critical issues. No abnormalities were

observed in the babies, even though most mothers were exposed to

HU treatment at the beginning of pregnancy, despite the recommen-
dation given to patients. This finding is consistent with the absence of
teratogenic effects of HU in previous reports of human pregnancies in
which mothers were exposed to therapeutic doses of HU.2%%C Inter-
estingly, there was a lower number of instances of fatherhood than
motherhood. We cannot exclude that male partner pregnancies were
underreported, but as our study was prospective and aimed to record
this event, the rate of underreporting should have been low. The low
number of instances of fatherhood could be explained by the negative
impact of SCD on fertility shown for human males, as a high propor-
tion of semen analyses in patients with SCD not treated with HU
show alterations in sperm parameters.31~3% Hydroxyurea most likely
decreases spermatogenesis, but additional studies are needed to
assess whether this effect is reversible.3*>> Preliminary evidence sugg-
ests that the effect of HU on spermatogenesis and sperm quality may
be reversed when HU is stopped.®®

In terms of effectiveness, the study suggests a consistent clinical
benefit and stable improvement of Hb and HbF levels. There was a
statistically significant decrease in the number of VOC episodes last-
ing >48 h, episodes of ACS, number of hospitalizations and days of
hospitalization, and the percentage of patients requiring blood trans-
fusions within the first 12 months relative to the year before enrol-
ment. These data observed in a real-life setting are consistent with
those reported in controlled trials.

In contrast to the NIH and British recommendations, the
European countries collaborating in ESCORT-HU still recommend not
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treating asymptomatic children or trying to reach the MTD.%7%8 It is
possible that recently published data will modify this strategy. A trial
randomized HU at a fixed dose (approximately 20 mg/kg/d) with dose
escalation (approximately 30 mg/kg/d) in sub-Saharan children of
approximately 5 years of age. Total follow-up was 18 months. Child-
ren in the dose-escalation group had fewer sickle cell-related adverse
events and similar dose-limiting toxic effects as those observed in the
lower-dose group.®?

Our study had some limitations. Investigators were asked to pro-
spectively enroll consecutive patients who met the eligibility criteria
to limit selection bias in the recruitment of study patients, but as
patients already treated with HU were also included, prevalent user
bias could not be avoided. Investigational sites of the ESCORT-HU
study were reference centers for SCD, thus limiting potential informa-
tion/detection bias. No adherence study was performed given the
very high number of patients enrolled. Another limitation was that
the imputation of adverse events to HU was made by the investigat-
ing clinicians and not pharmacology experts. Finally, ESCORT-HU was
funded by a pharmaceutical company, which participated in the design
and conduct of the study and funded the collection of the data. Never-
theless, the principal investigators analyzed the data and wrote the
manuscript.

Our study, performed in real-life settings, provides evidence of a
clear clinical benefit, along with good tolerance, despite infrequent
clinical and biological follow-up. It supports, therefore, the use of HU
in low-income countries in which patients do not have easy access to
laboratory facilities. Several studies conducted in Africa have con-
firmed the high efficacy and good tolerance of HU in children 1?3742
Given the reduced availability of pain killers, antibiotics, safe transfu-
sion, and stroke prevention by transcranial Doppler in many African
countries, a number of authors recommend systematic treatment of
all infants after the age of 1 year.*® However, HU in Africa is rarely
utilized due to lack of availability and excessive cost.

In conclusion, the results of ESCORT-HU emphasize the positive
benefit-to-risk ratio for children and adults with SCD in real life.
Hydroxyurea is not a cure and families and patients may feel discour-
aged if recurrent VOC events still occur. However, the current oppor-
tunities to cure SCD, in the form of hematopoietic stem-cell
transplantation and gene therapy, are in many cases inaccessible and
entail the risks related to myeloablation. The addition of new emerg-
ing drugs (alone or in combination with HU) offers hope to reducing
remaining painful episodes.** However, HU still remains currently the
drug for SCD with the best risk/benefit profile. Finally, our data
strongly support strategies that make it possible to offer HU to low-
resource countries. Additionally, in 2020, ESCORT HU extension
study has been initiated in the four countries participating in the first
study. This extension should provide even more information regarding
some risks such as secondary malignancies, leg ulcers, fertility and

pregnancies.

ACKNOWLEDGMENTS
We are grateful to all the co-investigators: Affo L (Colombes, Fr); Arlet
JB (Paris, Fr); Armari-Alla C (Grenoble, Fr); Arnaud C (Créteil, Fr);

BE WiLEy 12

Balcaen J (Cayenne, Fr); Barrelet A (St-Laurent Maroni, Fr); Belleau C
(Bordeaux, Fr); Belloy M (Aulnay sous Bois, Fr); Benemou M (Gonesse,
Fr); Benhaim P (Bondy, Fr; Benkerrou M (Paris, Fr); Bernit E (Marseille,
Fr); Billaud M (Guadeloupe, Fr); Boisseau M (Saint-Denis, Fr); Boukari
L (Bondy, Fr); Boury C (Kourou, Fr); Castex MP (Toulouse, Fr); Cesaro
S (Verona, It); Charneau C (Guadeloupe, Fr); Clouzeau J (St-Laurent
Maroni, Fr); Cougoul P (Toulouse, Fr); Danekova N (Colombes, Fr);
Deliu F (Gonesse, Fr); Desclaux A (Bordeaux, Fr); Divialle-Doumdo L
(Guadeloupe, Fr); Dumesnil de Maricour C (Rouen, Fr); Dumitrescu M
(Colombes, Fr); Elana G (Martinique, Fr); Elenga N (Cayenne, Fr);
Etienne-Julan M (Guadeloupe, Fr); Flevari P (Athens, Gr). Fois E
(Créteil, Fr); Garcon L (Amiens, Fr); Garnier N (Lyon, Fr); Gellen-
Dautremer J (Créteil, Fr); Gondran G (Limoges, Fr); Grosse R
(Hamburg, De); Groth R (Dusseldorf, De; Kamden A (Créteil, Fr);
Kordes U (Hamburg, Ger); Krayem L (Montreuil, Fr); Lahary A (Rouen,
Fr); Laurant-Noel V (Reims, Fr); Le Jeune S (Avicenne, Fr); Lemonne N
(Guadeloupe, Fr); Lesprit E (Paris, Fr); Li Thiao Te V (Amiens, Fr); Lob-
itz S (Koblenz, De); Lopez-Sublet M (Avicenne, Fr); Makowski C
(Grenoble, Fr); Malric A (Saint-Denis, Fr); Masseau A (Nantes, Fr);
Merlin E (Clermont-Ferrand, Fr); Merlusca L (Amiens, Fr); Ngo S
(Saint-Denis, Fr); Nimubona S (Rennes, Fr); Odievre MH (Paris, Fr;
Oubda B (Kourou, Fr); Paillard C (Strasbourg, Fr); Perrotta S (Napoli,
It); Petras M (GuadeloupeFr); Piguet C (Limoges, Fr; Pistone T
(Bordeaux, Fr); Pluchart C (Reims, Fr); Pondarré C (Créteil, Fr);
Potthoff C (Dusseldorf, De) Poutrel S (Lyon, Fr); Questiaux E (Aulnay
sous bois, Fr); Receveur MC (Bordeaux, Fr); Runel C (Bordeaux, Fr);
Sibille G (Guadeloupe, Fr); Steschenko D (Nancy, Fr); Thuret |
(Marseille, Fr); Toutain F (Rennes, Fr); Vantilcke V (Cayenne, Fr);
Wilodarski M (Freiburg, De). Misslin-Tristch C, Saint Laurent du
Maroni (Guyane, Fr).

CONFLICT OF INTEREST

Pr de Montalembert reported receiving grants for consultancy from
NOVARTIS, ADDMEDICA, BLUEBIRDBIO, VERTEX. Pr Voskaridou
reported receiving fees from CELGENE Company (Consultancy,
Research funding), Bristol Myers Squibb (Consultancy, Research
funding), PROTAGONIST Company (Research funding), GENESIS
Company (Consultancy, Research funding) NOVARTIS Company
(Research funding), ADDMEDICA Company (Consultancy, Research
funding), IMARA (Research funding), Dr Oeverman reported receiving
fees from NOVARTIS (Consultancy) and GBT (Consultancy). Dr Loko
reported no disclosure outside this study), Dr Joseph reported receiv-
ing fees from BLUEBIRDBIO (Consultancy). Pr Bartolucci reported
receiving grants from NOVARTIS (Consultancy, Lecture, Research
funding), BLUEBIRDBIO (Consultancy, Research funding), EMMAUS
HEMANEXT (Consultancy), AGIOS(Consultancy),
JAZZPHARMA (Lecture)) ADDMEDICA Company
Research funding), FOUNDATION FABRE
Cofounder of INNOVHEM, ROCHE (Consultancy), GBT(Consultancy),
Dr Brousse reported receiving from BLUEBIRDBIO
(Consultancy), ADDMEDICA (Consultancy). Dr Colombatti reported
Consultancy from Advisory Boards of ADDMEDICA, BLUEBIRDBIO,
NOVONORDISK, NOVARTIS and GLOBAL BLOOD THERAPEUTICS,

(Consultancy),
(Consultancy,
(Research funding),

fees

9SUIDIT SUOWIWIOY) dAIEA) d|qedljdde sy} Aq paulanob aJe sapipie YO ‘@sn Jo sa|nJ 1oy Ateiqr] auljuQ A3JIA\ UO (SUORIPUOD-pUE-SW.IS)
/wodAam-A1e.quau|uo//:5dNY) SUORIPUOD pue SwWal 3y} 39S “[+202/90/0€] uo Kieiqr suluo Asjim “Aieiqr suluo Asjm Ag "98z9z"ule/z00L 0L/10p/wod Asm A Ieaqijauijuo//:sdny woly papeojumod ‘0L ‘LZ0Z ‘25989601



20 | WILEY.

DE MONTALEMBERT ET AL.

Research Funding from BLUEBIRDBIO and GLOBAL BLOOD THERA-
PEUTICS. Pr Galactéros reported receiving grants for consultancy
from NOVARTIS; SANOFI; BLUEBIRDBIO; PFIZER; AGIOS; GBT;
BMS and ADDMEDICA Company (Consultancy, Research funding).

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the
corresponding author.

ETHICS STATEMENT
An independent ethics committee approved the study in each

country.

FUNDING STATEMENT
The ESCORT-HU study was funded by Addmedica.

PATIENT CONSENT STATEMENT
Oral or written informed consent was obtained for each patient

according to the local rules for non-interventional studies.

ORCID
Mariane de Montalembert "= https://orcid.org/0000-0002-4900-4753

Valentine Brousse "= https://orcid.org/0000-0002-4984-754X

REFERENCES

1. Ware RE, de Montalembert M, Tshilolo L, Abboud MR. Sickle cell dis-
ease. Lancet. 2017;390:311-323.

2. Lobitz S, Telfer P, Cela E, et al. Newborn screening for sickle cell dis-
ease in Europe: recommendations from a pan-European consensus
conference. Br J Haematol. 2018;183:648-660.

3. Halsey C, Roberts IA. The role of hydroxyurea in sickle cell disease. Br
J Haematol. 2003;120:177-186. Erratum in: Br J Haematol. 2003;
121:200.

4. Athanassiou G, Moutzouri A, Kourakli A, Zoumbos N. Effect of
hydroxyurea on the deformability of the red blood cell membrane in
patients with sickle cell anemia. Clin Hemorheol Microcirc. 2006;35:
291-295.

5. Ballas SK, Dover GJ, Charache S. Effect of hydroxyurea on the rheo-
logical properties of sickle erythrocytes in vivo. Am J Hematol. 1989;
32:104-111.

6. Charache S, Terrin ML, Moore RD, et al. Effect of hydroxyurea on the
frequency of painful crises in sickle cell anemia. Investigators of
the multicenter study of Hydroxyurea in sickle cell anemia. N Engl J
Med. 1995;332:1317-1322.

7. Ferster A, Vermylen C, Cornu G, et al. Hydroxyurea for treatment of
severe sickle cell anemia: a pediatric clinical trial. Blood. 1996;88:
1960-1964.

8. Wang WC, Ware RE, Miller ST, et al. Hydroxycarbamide in very
young children with sickle-cell anaemia: a multicentre, random-
ised, controlled trial (BABY HUG). Lancet. 2011;377(9778):1663-
1672.

9. Voskaridou E, Christoulas D, Bilalis A, et al. The effect of prolonged
administration of hydroxyurea on morbidity and mortality in adult
patients with sickle cell syndromes: results of a 17-year, single-center
trial (LaSHS). Blood. 2010;115:2354-2263.

10. Steinberg MH, Barton F, Castro O, et al. Effect of hydroxyurea on
mortality and morbidity in adult sickle cell anemia: risks and benefits
up to 9 years of treatment. JAMA. 2003;289:1645-1651.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Shih S, Cohen LL. A systematic review of medication adherence inter-
ventions in pediatric sickle cell disease. J Pediatr Psychol. 2020;45:
593-606.

Pecker LH, Kappa S, Greenfest A, Darbari DS, Nickel RS. Targeted
Hydroxyurea education after an emergency department visit
increases Hydroxyurea use in children with sickle cell anemia.
J Pediatr. 2018;201:221-228.

Badawy SM, Thompson AA, Holl JL, Penedo FJ, Liem RI. Healthcare
utilization and hydroxyurea adherence in youth with sickle cell dis-
ease. Pediatr Hematol Oncol. 2018;35:297-308.

Fisak B, Belkin MH, von Lehe AC, Bansal MM. The relation between
health-related quality of life, treatment adherence and disease sever-
ity in a paediatric sickle cell disease sample. Child Care Health Dev.
2012;38:204-210.

Smaldone A, Manwani D, Aygun B, et al. HABIT efficacy and sustain-
ability trial, a multi-center randomized controlled trial to improve
hydroxyurea adherence in youth with sickle cell disease: a study pro-
tocol. BMC Pediatr. 2019;19:354.

Cervi A, Diamantouros A, Azzam M, Lane SJ, Sapru H, Verhovsek M.
Pharmacy hydroxyurea education materials for patients with sickle
cell disease: an environmental scan and assessment of accuracy.
Pediatr Blood Cancer. 2020;67:€28179.

Arber DA, Orazi A, Hasserjian R, et al. The 2016 revision to the World
Health Organization classification of myeloid neoplasms and acute
leukemia. Blood. 2016;127:2391-2405.

Ware RE, Davis BR, Schultz WH, et al. Hydroxycarbamide versus
chronic transfusion for maintenance of transcranial doppler flow
velocities in children with sickle cell anaemia-TCD with transfu-
sion changing to hydroxyurea (TWITCH): a multicentre, open-
label, phase, non-inferiority trial. Lancet. 2016;387(10019):
661-670.

Opoka RO, Ndugwa CM, Latham TS, et al. Novel use of Hydroxyurea
in an African region with malaria (NOHARM): a trial for children with
sickle cell anemia. Blood. 2017;130:2585-2593.

Gulbis B, Haberman D, Dufour D, et al. Hydroxyurea for sickle cell
disease in children and for prevention of cerebrovascular events: the
Belgian experience. Blood. 2005;105:2685-2690.

De Montalembert M, Brousse V, Elie C, et al. Long-term hydroxyurea
treatment in children with sickle cell disease: tolerance and clinical
outcomes. Haematologica. 2006;91:125-128.

Quarmyne MO, Dong W, Theodore R, et al. Hydroxyurea effective-
ness in children with sickle cell anemia: a large retrospective, popula-
tion bases cohort. Am J Hematol. 2017;92:77-81.

Rigano P, De Franceschi L, Sainati L, et al. Real-life experience with
hydroxyurea in sickle cell disease: a multicenter study in a cohort of
patients with heterogeneous descent. Blood Cells Mol Dis. 2018;69:
82-89.

Strouse JJ, Lanzkron S, Beach MC, et al. Hydroxyurea for sickle cell
disease: a systematic review for efficacy and toxicity in children. Pedi-
atrics. 2008;122:1332-1342.

Lanzkron S, Strouse JJ, Wilson R, et al. Systematic review: Hydroxy-
urea for the treatment of adults with sickle cell disease. Ann Intern
Med. 2008;148:939-955.

Aumont G, Driss F, Lazure T, et al. Myelodysplastic syndrome with
clonal cytogenetic abnormalities followed by fatal erythroid leukemia
after 14 years of exposure to hydroxyurea for sickle cell anemia.
Am J Hematol. 2015;90:131-132.

Ware RE, Dertinger SD. Absence of hydroxyurea-induced mutational
effects supportshigher utilisation for the treatment of sickle cell anae-
mia. Br J Haematol. 2021;194(2):252-266. https://doi.org/10.1111/
bjh.17323.

Brunson A, Keegan THM, Bang H, Mahajan A, Paulukonis S, Wun T.
Increased risk of leukemia among patients with sickle cell disease in
California. Blood. 2017;130:1597-1599.

9SUIDIT SUOWIWIOY) dAIEA) d|qedljdde sy} Aq paulanob aJe sapipie YO ‘@sn Jo sa|nJ 1oy Ateiqr] auljuQ A3JIA\ UO (SUORIPUOD-pUE-SW.IS)
/wodAam-A1e.quau|uo//:5dNY) SUORIPUOD pue SwWal 3y} 39S “[+202/90/0€] uo Kieiqr suluo Asjim “Aieiqr suluo Asjm Ag "98z9z"ule/z00L 0L/10p/wod Asm A Ieaqijauijuo//:sdny woly papeojumod ‘0L ‘LZ0Z ‘25989601



pE MONTALEMBERT ET AL.

BE WiLey =

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Ballas SK, McCarthy WF, Nan Guo BS, et al. Exposure to hydroxyurea
and pregnancy outcomes in patients with sickle cell anemia. J Natl
Med Assoc. 2009;101:1046-1051.

Thauvin-Robinet C, Maingueneau C, Robert E, et al. Exposure to
hydroxyurea during pregnancy: a case series. Leukemia. 2001;15:
1309-1311.

Osegbe DN, Akinyanju O, Amaku EO. Fertility in males with sickle cell
disease. Lancet. 1981;2:275-276.

Berthaut |, Guignedoux G, Kirsh-Noir F, et al. Influence of sickle cell
disease and treatment with hydroxyurea on sperm parameters and
fertility of human males. Haematologica. 2008;93:988-993.

Gille AS, Pondarre C, Dalle JH, et al. Hydroxyurea does not affect the
spermatogonial pool in prepubertal patients with sickle cell disease.
Blood. 2021;137:856-859.

DeBaun MR. Hydroxyurea therapy contributes to infertility in adult men
with sickle cell disease: a review. Expert Rev Hematol. 2014;7:767-773.
Habibi A, Fois E, Cannas G, et al. Management of male fertility in
sickle cell disease before and after hydroxycarbamide. Blood. 2017,
103(Suppl. 1):2260.

Joseph L, Jean C, Manceau S, et al. Effect of hydroxyurea exposure
before puberty on sperm parameters in males with sickle cell disease.
Blood. 2021;137:826-829.

Yawn BP, Buchanan GR, Afenyi-Annan AN, et al. Management of
sickle cell disease. Summary of the 2014 evidence-based report by
expert panel members. JAMA. 2014;312:1033-1048.

Qureshhi A, Kaya B, Pancham S, et al. Guidelines for the use of
hydroxycarbamide in children and adults with sickle cell disease. Br J
Haematol. 2018;181:460-475.

39.

40.

41.

42.

43.

44,

John CC, Opoka RO, Latham TS, et al. Hydroxyurea dose escalation
for sickle cell anemia in sub-Saharan Africa. N Engl J Med. 2020;382:
2524-2533.

Tshilolo L, Tomlinson G, Williams TN, et al. Hydroxyurea for children
with sickle cell anemia in sub-Saharan Africa. N Engl J Med. 2019;380:
121-131.

Ofakunrin AOD, Aguche S, Adekola K, et al. Effectiveness and safety
of hydroxyurea in the treatment of sickle cell anaemia children in Jos,
north Central Nigeria. J Trop Pediatr. 2020;66:290-298.

Galandanci NA, Abdullahi SU, Ali Abubakar S, et al. Moderate fixed-
dose hydroxyurea for prevention of strokes in Nigerian children with
sickle cell disease: final results of the SPIN trial. Am J Hematol. 2020;
95:E247-E250.

De Montalembert M, Tshilolo L, Allali S. Sickle cell disease: a compre-
hensive program of care from birth. Hematology Am Soc Hematol Educ
Program. 2019;2019:490-495.

Ataga K, Kutlar A, Kanter J, et al. Crizanluzimab for the prevention of
pain crises inn sickle cell disease. N Engl J Med. 2017;376:429-439.

How to cite this article: de Montalembert M, Voskaridou E,
Oevermann L, et al. Real-Life experience with hydroxyurea in
patients with sickle cell disease: Results from the prospective
ESCORT-HU cohort study. Am J Hematol. 2021;96(10):
1223-1231. https://doi.org/10.1002/ajh.26286

9SUIDIT SUOWIWIOY) dAIEA) d|qedljdde sy} Aq paulanob aJe sapipie YO ‘@sn Jo sa|nJ 1oy Ateiqr] auljuQ A3JIA\ UO (SUORIPUOD-pUE-SW.IS)
/wodAam-A1e.quau|uo//:5dNY) SUORIPUOD pue SwWal 3y} 39S “[+202/90/0€] uo Kieiqr suluo Asjim “Aieiqr suluo Asjm Ag "98z9z"ule/z00L 0L/10p/wod Asm A Ieaqijauijuo//:sdny woly papeojumod ‘0L ‘LZ0Z ‘25989601



