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Abstract

Sickle cell disease (SCD) is characterized by
frequent and painful, vaso-occlusive crises
(VOCQ). Various treatments have been eval-
uated over the years. Yet, a clear overview

is lacking. The objective of this study was

to systematically review all pharmacothera-
peutical strategies in the prevention of VOC

beyond hydroxyurea.

We performed a systematic literature search
(MEDLINE, EMBASE, CENTRAL). Eligi-
ble studies were controlled clinical trials,
evaluating pharmacotherapeutical inter-
ventions targeting the reduction of VOC in
patients with SCD. Primary outcomes were
the number or duration of SCD related
pain days, VOC, or hospital admissions for
VOC. Secondary outcomes included time to
first VOC or hospital admission for VOC. A
standardized data extraction sheet was used.
The methodological quality of studies was

assessed using Cochrane’s risk of bias tool.

A total of 36 studies were included in this
review, covering 26 different prophylactic
interventions. The most promising inter-
ventions for reducing the frequency of
either VOC or hospitalizations were the oral
anti-oxidants L-glutamine and omega-3 fatty
acids, and the intravenous anti-adhesive
agent crizanlizumab. Twenty-three studies
did not show any beneficial effect of the in-
tervention under investigation and 6 studies
were either too small or methodologically

inadequate to draw conclusions. Due to the
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heterogeneity of interventions, no meta-anal-

ysis was performed.

In conclusion, this review has identified
three promising pharmacotherapeutical
strategies in the prevention of VOC in
SCD. Importantly, this study highlights the
discrepancy between the significant burden
of SCD worldwide and the low number of

adequate trials that has been performed.

This review was registered at PROSPERO
(CRD42015025250).



Introduction

Sickle cell disease (SCD) is a chronic, hered-
itary hemoglobinopathy. Every year, more
than 300,000 children are born with this
disease, making it one of the most common
genetic disorders in the world. This number
is expected to increase even further in the
coming decades."? The majority of these pa-

tients are located in the African continent.

SCD is characterized by chronic anemia, pro-
gressive organ damage, and a wide spectrum
of acute manifestations such as stroke, acute
chest syndrome or serious bacterial infec-
tions.® As a result of these severe complica-
tions, SCD has been associated with a signif-
icant reduction in life expectancy.*® One of
the most frequent and invalidating symptoms
of the disease is the acute, painful, vaso-oc-
clusive crisis (VOC), which typically occurs
in the extremities, back, joints, abdomen

or chest.®=® These severe and unpredictable
painful attacks are responsible for over 90%
of the acute hospital admissions in SCD.?
Moreover, patients frequently experience
pain at home without seeking any healthcare
support.'" Aside from the direct physical
morbidity of these recurrent painful attacks,
other significant outcomes such as quality of
life, school attendance and societal participa-
tion of patients is greatly affected.’'® More-
over, high societal costs are involved. Direct
costs arise due to high healthcare utilization,
and indirect costs include absence from work
associated with impaired physical ability to

perform daily tasks."

Over the past few decades, our understand-
ing of the pathophysiology of VOC in SCD

has increased greatly. Besides the funda-
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mental concept of sickle hemoglobin (HbS)

polymerization upon deoxygenation and

the subsequent sickling of red blood cells
(RBCs), the role of other significant process-
es in the pathophysiology of VOC have been
identified. Adhesive interactions between
leucocytes, RBCs and an activated endothe-
lium add to vascular obstruction, triggered
by factors such as inflammation, stress and

hemolysis.?’ Recurrent episodes of ischemia

and subsequent reperfusion stimulate the
release of reactive oxidants, thereby further
promoting tissue damage, inflammation

and cellular activation.? Secondary to these
processes, activation of coagulation occurs,
which amplifies vascular obstruction.?’ Thus,
the pathophysiology of VOC is characterized
by a complex and highly dynamic interplay

of various determinants.

In order to relieve the clinical burden of
SCD, an important research focus of SCD
lies in the prevention of VOC. The current-
ly available pharmacotherapeutical options
for prevention of VOC are still extremely
limited. The only drug with proven efficacy,
registered for use in SCD, is hydroxyurea
(HU), a potent inducer of fetal hemoglobin.
HU has been shown to be highly efficacious
in SCD.?* Yet, patients on HU are often
not completely relieved from their symp-

toms and it is currently the only disease
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modifying therapy in SCD. Therefore,
there remains an urgent need for new ther-

apeutic approaches.

Novel treatments based on recently identi-
fied pathophysiological mechanisms have
emerged over the past years. Many are cur-
rently under investigation in pre-clinical or
early phase trials, as extensively discussed in
other reviews.?®=?7 Yet, some treatments have
already been evaluated in phase 2 or 3 ran-
domized clinical trials (RCT). A clear over-
view of these studies and their findings has
never been made. The objective of this study
was to systematically review the currently
available controlled clinical trials, investigat-
ing new pharmacotherapeutical strategies in
the prevention of VOC in SCD. Hereby, we
aim to facilitate the identification of prom-
ising treatments as evaluated over the years,

and advance their clinical implementation.
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Methods

We performed a systematic review fol-
lowing PRISMA guidelines.?® Our review
protocol was registered on PROSPERO
(CRD42015025250).

Data sources and searches

We identified relevant trials from electronic
searches in MEDLINE (Ovid MEDLINE(R)
In-Process & other non-indexed citations
and Ovid MEDLINE(R) 1946 to present),
Embase (Ovid Embase Classic + Embase
1947 to present) and the Cochrane Central
Register of Controlled Trials (CENTRAL).
Both full text publications as well as con-
ference abstracts were eligible for inclusion
in our study. The search in MEDLINE was
performed using the terms as described in
supplemental table S1. Search strategies for
all other databases were modelled on the
MEDLINE version. References of eligible
trials and other relevant systematic reviews
were screened for additional relevant stud-
ies. There were no restrictions in our search
on language, publication year or publication
status to limit potential bias. Date of the last

search was 30 January 2017.

Study selection

Both controlled as well as RCTs, with a
concurrent control group, were eligible for
this review. Studies were included if they
concerned patients of all ages with either
homozygous or compound heterozygous
sickle cell disease, and evaluated prophy-

lactic, pharmacotherapeutical interventions



targeting the reduction of acute VOC pain
in SCD. Studies on HU were excluded from
this review as these have been discussed
extensively in previous reviews.?>242° Both
inactive control, as well as active control

interventions were considered.

Outcomes of this review

Primary outcomes of this review were the
number and/or duration of SCD related pain
days, VOC or hospital admissions for VOC.
Secondary outcomes included time to first
VOC or hospital admission for VOC, intensity
of pains (as expressed in pain scores), quality

of life and adverse events.

Data extraction and quality assessment
Two reviewers independently screened all ti-
tles and abstracts as identified in our search,
using the Covidence screening tool. Full-
texts of all potentially relevant studies were
obtained. Again, two authors independently
assessed these full-texts for final eligibility for

inclusion in this review.

A standardized and piloted electronic data
extraction sheet was developed, based on
the checklist as described in the ‘Cochrane
Handbook for Systematic Reviews of inter-
ventions’ (chapter 7.3).*° In summary, data
were collected on study characteristics, e.g.
date and location of study, population char-
acteristics, details on the intervention, con-
trol and the defined outcomes. In addition,

data on all results within the scope of this

review were collected. Data extraction was
performed by one author using predefined
data fields, and checked for accuracy by a

second author.
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Two authors independently assessed the
methodological quality of the studies, using
the Cochrane collaboration’s risk of bias tool
(chapter 8.5).%° In summary, the following 6
criteria were used: randomization sequence
generation, concealment of treatment alloca-
tion, blinding of participants, clinicians and

outcome assessors to treatment allocation,

completeness of the outcome data and selec-
tive outcome reporting. All criteria received
a score of high, unclear or low risk of bias.
In the main results, we summarized these 6
criteria as a single ‘risk of bias score’ from 0
to 6. The higher this score, the more items
were marked with a low risk of bias. Any
other potential bias was reported separately,
such as uncorrected baseline imbalances
uncorrected for, industry funding, potential
conflict of interest of the authors, or a poten-

tial carry-over effect in cross-over trials.

Any disagreements between reviewers con-
cerning study selection, data extraction or
quality assessment, were resolved by discus-

sion or consulting a third reviewer.

Data synthesis and analysis
All included studies were grouped according
to the pathophysiological mechanism of ac-

tion, and presented in table format. Relative
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effect measures were calculated and reported
if the required data was available. For di-
chotomous outcomes, odds ratios (ORs) with
their 95% confidence intervals (CI) were
calculated. For continuous variables, mean
differences (MD) with corresponding CI
were calculated. If these could not be calcu-
lated, results were shown as reported in the
study. Due to the high clinical diversity and
the small number of studies per intervention,
all findings are presented solely narratively

and no meta-analysis was performed.

Role of the funding source

All sponsors were public or non-prof-

it organizations that support science in
general. They had no role in the design or
execution of this review; the writing of the
manuscript; or in the decision to submit the

paper for publication.
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Results

Selection of articles

Our database searches identified a total

of 1,717 unique records for initial abstract
screening, of which 141 were selected for
full-text screening (figure 1). Ninety-seven
studies were excluded for various reasons,
as noted in figure 1. Five of the included
records involved conference abstracts of
studies that were published separately as
full-papers (duplicates).*-*® Six included
records involved three distinct studies, all
published twice as separate, full-paper pub-
lications.*®~#! A remaining total of 36 unique
studies was included in this review, covering

26 different prophylactic interventions.

In the further presentation of our results, we
have classified treatments per main mech-
anism of action: anti-coagulation, anti-oxi-
dants, anti-adhesion, anti-sickling and other
interventions. Treatments with multiple
pathophysiological targets were classified

by their primary mechanism of action. The
included trials were published between 1968
and 2016, of which 15 trials were published
before the year 20003425 and 8 in the last 5
years.%=% Three studies did not use a place-
bo intervention for their control group.*354%
The majority of studies was performed in
North-America (N=10)33:46:47.5161.62,64-68 A fyj_
ca (N=9)3842525556.5969-71 5 nd Latin-America
(N=8)40:44:48:49.5354.5772 Four studies were per-
formed on multiple continents.?®8%6373 The
number of patients per study ranged from

9 to 341 patients. The majority of studies



Figure 1 — PRISMA flow diagram.

Flowchart of publications included in this review. Our database searches identified a total of 1,717 unique records for
initial abstract screening, of which 141 were selected for full-text screening. Subsequently, 97 studies were excluded
for various reasons. Five of the included records involved conference abstracts of studies that were published sep-
arately as full-paper (duplicates). Six included records involved three distinct studies that were all published twice
as separate, full-paper publications. A remaining total of 36 unique studies were included in this review, covering 26
different prophylactic interventions.
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were limited to patients with the HbSS or
HbSP? genotype (N=26),37.38:424445.48-57.50-
61,63,64,66,67,69-71,74

A'summary overview of the characteristics,
risk of bias and primary outcomes of the in-
cluded studies is demonstrated in table 1. The
complete results of our risk of bias assessment
and a detailed overview of the primary and
secondary outcomes of this review per study,
are specified in supplemental table S2 and S3

respectively (notincluded in this thesis).

Quality of the included studies

Overall, the reporting of the included trials
on methodological practices was poor. Only
7 of the 35 studies scored an overall low risk
of bias on all items in the quality assess-
ment.%8-6066.697273 Fourteen studies scored a
high risk of bias on at least one of the items
of the quality assessment, in particular on in-
complete outcome data (N=8), and blinding
of participants (N=6) and personnel for

intervention (N:6) .37,43—45,48,49,51,54,56,63,64,70,71 74

Anti-coagulation

A total of 7 studies assessed interventions
targeting coagulation activation. In two cross-
over studies in children and adults (N=49 and
N=29) performed in the 1980’s, oral treat-
ment with the anti-platelet agent aspirin (ace-
tylsalicylic acid) did not provide benefit over

placebo on the outcomes of this review.*%*'

Cabannes et al. evaluated the clinical

efficacy of the anti-platelet drug ticlopidine
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(adenosine diphosphate receptor inhibitor)
in adolescent and adult patients with HbSS
disease (N=140).5° The authors reported a
significant decrease in the total number and
duration of VOC and a non-validated VOC
severity index (table 1 and S3).

In an early study in HbSS patients in Brazil
(N=57), the platelet inhibitor pentoxifyl-
line significantly reduced the number and
duration of pain events, and the number
of patients with pain events as compared to
placebo.** The study scored an unclear or
high risk of bias for multiple items in the
quality assessment. Schnog et al. evaluated
the effects of the oral vitamin K antagonist
acenocoumarol in a pilot, crossover study
(N=22). No differences in the frequency of
vaso-occlusive events were observed between

the acenocoumarol and the placebo arm.

The effects of the platelet inhibitor prasugrel
were evaluated in both a small, phase 2 study
in adult patients (N=62)%2 and a large, mul-
ticenter, phase 3 study in pediatric patients
(N=341).%° In both studies, oral treatment
with prasugrel did not provide benefit over

placebo on the outcomes of this review.

Anti-oxidants

Five studies assessed treatments with anti-ox-
idant effects. Two studies evaluated the ef-
fects of daily omega-3 fatty acid supplemen-
tation. In a pilot study by Tomer et al. (N=10)

in the United States, a significantly lower



frequency of pain episodes was found.® In
2009-2010, Daak et al. performed a large,
single center RCT in Sudan among HbSS
patients (N=140).%° The annual VOC rate,
the number of hospitalization days for VOC
rate and the rate of hospitalizations were
significantly lower in the omega-3 group as
compared to placebo (table 1). Both studies

scored an overall low risk of bias.

A small pilot study by Pace et al. (N=21)
assessed the effect of the oral anti-oxidant
N-acetylcysteine in SCD.%* The mean number
of VOC episodes per person days appeared
lower in the two N-acetylcysteine arms with
the highest doses (1200mg and 2400mg per
day) as compared to the 600mg intervention
arm and the placebo arm. Yet, this study did
not provide sufficient data for post-hoc statis-

tical comparison between treatments arms.

Daily supplementation with vitamin C and
E did not provide any beneficial effect on
the incidence of acute SCD complications
or quality of life as compared to placebo, in
a population of Brazilian HbSS and HbSf’
patients (N=83).%7

Niihara et al. (N=230) reported that
treatment with the oral amino acid L-gluta-
mine during 48 weeks in HbSS and HbSf’
patients, reduced the number of sickle cell
crises, hospitalizations and number of hos-
pital days when compared to placebo (table

1).348" Also, the number of days to first

sickle cell crisis was significantly higher and
crisis severity appeared to be less in the
L-glutamine group. Yet, only conference ab-

stracts of this study are currently available.

Anti-adhesion

Ataga et al. performed an international
trial, assessing the effects of the monthly,
intravenous administration of high-dose and
low-dose crizanlizumab (N=198): a monoclo-
nal antibody binding the adhesion molecule
P-selectin.®® In this study, high-dose crizan-
lizumab compared to placebo resulted in

a decrease in the annual rate of VOC and
uncomplicated VOC, and a longer time in
days to first VOC (table 1 and S3). There was
no significant reduction in the annual rate
of hospital admission days. The study scored

a low risk of bias.

Anti-sickling

The majority of included studies assessed
interventions with anti-sickling properties
(N=16). Three crossover studies, evaluating
the effects of respectively oral sodium bicar-
bonate (N=18), promazine hydrochloride
(N=14) and cromolyn sodium nasal spray
(N=17), did not provide any beneficial effect
over placebo.*®™7% Oral administration of
the organic compound urea in a RCT in
Ghana (N=79)%?, and of magnesium pidolate
in a RCT in the United States (N=44, with or
without HU)®%, did not show any differences
between treatments arms on the outcomes of

this review either.
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Three studies assessed the effects of sex
steroid hormones on pain in SCD. Two of
these studies did not provide adequate statis-
tical comparisons between the intervention
groups (N=44*? and N=43%%). De Ceulaer et
al. (N=23) did demonstrate a trend of re-
duction in the number of patients with bone
pain episodes.®® Yet, all three studies scored
an unclear or high risk of bias for multiple

items in the quality assessment.

The clinical effects of the oral anti-sickling
agent piracetam were assessed in three stud-
ies in children. The first was an early cross-
over study in Lebanon (N=9), suggesting a
reduction in the number of pain crises per
patient per month in the piracetam group.*
The second study (N=87), performed in
Saudi-Arabia, demonstrated a significant
decrease in the mean number of painful
crises and hospitalizations per year, and in

a composite, non-validated severity index
(table 1 and S3).3¢% The third study was a
crossover trial in Brazil (N=73) and did not
show any benefit.*%#" All three studies scored
an unclear or high risk of bias for multiple

items in the quality assessment.

The efficacy of three different phytomedi-
cines has been assessed in randomized con-
trolled setting, all in Nigeria. In a crossover
study, Wambebe et al. compared the effect
of the oral, herbal preparation Niprisan with
placebo (N=70).38%° The authors reported

a significant decrease in the number of epi-
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sodes of severe pain. Yet, differences in other
outcomes relevant to this review did not
reach significance. Akinsulie et al. assessed
the effect of the oral anti-sickling agent
Ciklavit in HbSS children (N=100)."" Despite
the conclusions of the authors, post-hoc
comparison did not show a significant differ-
ence in the number of VOC during the study
between the two intervention arms. Adegoke
et al. compared the effects of oral lime juice,
rich in the presumed anti-sickling agents
ascorbic acid and phenylalanine, to routine
care in HbSS children (N=113).% A signifi-
cant decrease was observed in the frequency
of, and the number of patients with VOC
and hospitalizations. All three studies scored
an unclear or high risk of bias for various

items in the quality assessment.

Lastly, Ataga et al. performed both a phase
2 (N=90)° and a phase 3 (N=289)" mul-
ticenter trial, assessing the effects of oral
treatment with the gardos channel blocker
senicapoc. Both studies showed no improve-
ment in the rate of VOC as compared to
placebo. In fact, senicapoc even appeared to
increase the number of VOC in our post-hoc
analysis of the latter trial. Similarly, an inter-
national multicenter trial with the oral fetal
globin inducer HQK-1001 was stopped early
(N=76) due to lack of effect.®®

Other interventions
Four studies assessed the therapeutic value

of dietary supplements. Rabb et al. assessed



the effect of folic acid supplementation on
VOC and dactylitis in HbSS children in
Jamaica (N=115).*® In this non-randomized
controlled trial, there was no effect of folate
on the proportion of patients with VOC.
Three trials involved oral zinc supplemen-
tation, based on the observation that zinc
may have an immunoregulatory and an-
ti-inflammatory effect in SCD.”%"8 A large,
placebo-controlled study in India (N=130)
demonstrated a significant decrease in

the number of sickle-cell related crises
(including non-pain events) in the zinc
sulphate group, but no effect on the length
of hospital stay (table 1 and S3).%° Prasad et
al. compared zinc acetate supplementation
to routine care and placebo, and did not
observe any differences between treatments
arms (N=32).#” Data from an additional
study by this group did not allow post-hoc
comparison of the number of VOC between

the treatment arms (N=36).57

Lastly, we identified two studies evaluating
the effect of anti-malarial therapies on the
occurrence of VOC in HbSS patients in
respectively Nigeria and Senegal (N=97 and
N=60). Malaria infections are an important
trigger for VOC in SCD. In the open label,
placebo-controlled study by Eke et al., a sig-
nificantly lower proportion of patients with
VOC was observed in the proguanil arm,
and a lower proportion of patients with
hospitalizations in the pyrimethamine arm

as compared to placebo (table 1).7°

In the study by Diop et al., monthly sulfadox-
ine-pyrimethamine treatment as compared
to placebo during high-transmission malaria
season did not affect the frequency of VOC

and hospitalizations.®®
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Discussion

In this systematic review we have formally
examined the range of pharmacotherapeu-
tical strategies beyond HU that have been
evaluated over the years for the prevention
of VOC in SCD in controlled setting. This is
the first study providing a complete over-
view by a systematic approach, including a

quality assessment.

Despite our broad search, only 36 unique
studies were identified, covering 26 differ-
ent interventions. A significant proportion
of the included studies was relatively older
and of poor quality. Eight trials were pub-
lished in the past 5 years. Most promising
interventions with efficacy on the frequency
of VOC or hospitalizations in SCD were

the anti-oxidants L-glutamine and omega-3
fatty acids, and the anti-adhesive P-selectin
inhibitor crizanlizumab.%85%6165 Also, stud-
ies on the anti-platelet agent ticlopidine,
the dietary supplement zinc and anti-ma-
larial prophylaxis for patients in malaria
endemic regions provided encouraging
results.®%5%70 Yet, 23 of the 36 included
studies in this review did not show any
beneficial effect of the intervention under
investigation,384043.46-49.51-54,57,60,6263,66-69.71-74
The other studies were either too small or
methodologically inadequate to draw strong

Conclusions.37'42'44'45’56’64

The amino-acid L-glutamine appeared to
be of great efficacy in patients with HbSS

or HbSR? disease on the relevant outcomes

106

of this review.®' The pathophysiological
rationale for its effect in SCD has not been
extensively studied yet. It is based on the
observation that supplementation with L-glu-
tamine enhances the nicotinamide adenine
dinucleotide (NAD) redox potential, and
may thereby exert an anti-oxidative effect in
SCD.” Currently, the results of this phase 3
trial have only been presented in conference
abstracts, limiting reliable assessment of the
quality and results of this study, and further

clinical implementation.

A beneficial effect of omega-3 fatty acid sup-
plementation in SCD was observed in 2 trials.
A pilot study by Tomer et al. showed a signifi-
cant decrease in the frequency of painful epi-
sodes compared to placebo.®® These findings
were confirmed by a large, methodologically
sound, phase 3 trial by Daak et al., demon-
strating a significant decrease in the annual
VOC rate, hospitalization rate for VOC

and the number of days admitted in HbSS
patients in Sudan.®® These results are highly
promising and are supported by multiple
pre-clinical studies. Interestingly, omega-3
fatty acids are considered to be a multi-target
intervention that, besides an antioxidative
effect, have been demonstrated to inhibit
platelet activation, blood cell aggregation
and inflammation, and improve cell mem-
brane deformability.®58°-8 Yet, further con-
firmation for its efficacy on clinical outcomes
is needed. It therefore provides hope that two

new, phase 3 multicenter studies are expected



to start enrollment soon (National Clinical

Trial number 02604368 and 02525107).

A high-dose regimen of the anti-adhesive
agent crizanlizumab was demonstrated to be
an effective therapy in reducing the annual
rate of VOC, and prolonging the time to

first VOC.®® Unfortunately, no significant
reduction in the rate of admission days was
reached. Possibly, this intervention is most
effective in milder episodes of VOC. Also, the
rate of admission days is a multifactorial out-
come that is not solely determined by the se-
verity of a VOC. Crizanlizumab is a monoclo-
nal antibody binding the adhesion molecule
P-selectin that mediates adhesion of sickle
erythrocytes to the vascular endothelium.88°
This phase II study provides proof of concept
that anti-adhesive therapy can reduce the
incidence of VOC. Despite these encourag-
ing results, the monthly intravenous ad-
ministration of the drug and the likely high
costs involved, may prove to be barriers for

widespread clinical implementation.

Oral treatment with the anti-platelet drug
ticlopidine resulted in a significant reduction
in the number and duration of crises, and a
non-validated severity index of crises.*® How-
ever, outcomes were not clearly defined, base-
line imbalances were not properly assessed
and it was unclear how missing data and
drop-outs were handled in this trial from
1984. The study by Gupta et al. on daily zinc

sulphate supplementation in HbSS patients

showed a significant reduction in the num-
ber of sickle-related events.*® Yet, non-pain
events were also included in this definition,

there was no data on the zinc status at base-

Part |

line, and there was an unclear risk of bias for
two items in the quality assessment. Further
research is required to assess the effect of
these interventions on SCD. Eke et al. provid-
ed a proof of concept for the efficacy of ma-
larial prophylaxis in the reduction of VOC
and hospitalizations in HbSS patients.” Yet,

these findings need confirmation in a double

blind trial design. Moreover, this interven-
tion is only relevant to SCD patients living in

malaria endemic regions of the world.

Ourreview has some limitations. Firstly,

the range of pharmacotherapeutical inter-
ventions among the included studies varied
significantly, hampering data synthesis by me-
ta-analysis. Therefore, the focus of this review
was to provide a broad overview, describing
the quality and applicability of the included
studies. Secondly, asignificant part of the in-
cluded studies was of suboptimal methodolog-
ical quality, limiting the reliable interpreta-
tion of these results. Lastly, by including only
controlled trials we may have missed other
promising interventions thatare stillin an ear-
lier phase of development. Yet, pre-clinical de-
velopments and early trials have already been
extensively discussed in other reviews.?*%" In
this review, we aimed to focus on interventions
in an advanced stage of evaluation thatare

closer to clinical implementation.
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This comprehensive review has identified var-
ious promising pharmacotherapeutical strat-
egiesin the prevention of VOCin SCD. Sadly,
this study highlights the discrepancy between
the significant burden of this disease world-
wide and the low number of well-designed and
adequately powered trials published so far.

In future trials, we should draw lessons from
prior studies and focus phase 2-3 trial efforts
oninterventions with highest potential and a
solid preclinical evidence base.® In addition,
international consensus on a standardized set
of outcomes is imperative here. In conclusion,
there remains asignificant unmet need for
new, accessible therapies for SCD. Encourag-
ingly, the number of clinical trials in SCD has
increased recently and many novel therapies

are currently under investigation.?>=%"
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Supplementary tables
Table S1 — Search strategy in MEDLINE

#
1
2

© 0 N o ua »

1
12

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Search terms
exp pain/
(pain or painfull).tw.

(venoocclusive or “vein occlusive” or “vein interruption” or “vein obstruction” or “vein
occlusion” or “vena obstruction” or “veno occlusive” or “venous obstruction” or “venous
occlusion” or vaso-occlusiv* or crisis or crises).tw.

exp length of stay/

(hospital adj3 (admission or stay)).tw.
(patient adj3 (admission or stay)).tw.
or/1-6

anemia, sickle cell/

hemoglobin, sickle/

(sickle cell or sickle h?emoglobin or drepanocyt* or drepanotic or drepanocytemia or
h?emoglobin-s or Hb-S or sickle an?emia or meniscocytosis).mp.

exp antisickling agents/

(antisickling agent* or sickling inhibitor* or Efaproxiral or Dimethyl Adipimidate or desick-
ling agent* or cetiedil or glutamine or hydroxyurea or rivipansel or senicapoc or tucaresol
or velaresol).mp.

8or9or10or11or12

7 and 13

meta analysis.pt.

((meta adj analys*) or metaanalys or meta-analys*).ti,ab,sh.
(systematic adj5 (review or overview*)).ti,ab,sh.

15 or 16 or 17

14 and 18

clinical trial/

(clinic adj5 trial*).ti,ab,sh.

single blind method/

double blind method/

random allocation/

placebos/

(placebo or random*).ti,ab,sh.

randomized controlled trial/

(randomized controlled trial or controlled clinical trial or clinical trial).pt.
((single or double or triple or treble) adj (blind or mask*)).ti,ab,sh.
randomi?ed control trial*.tw.

or/20-30

14 and 31
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