(ﬁ( Cochrane
/o Library

Cochrane Database of Systematic Reviews

Interventions for improving adherence to iron chelation therapy in

people with sickle cell disease or thalassaemia (Review)

Geneen LJ, Dorée C, Estcourt LJ

Geneen LJ, Dorée C, Estcourt LJ.

Interventions for improving adherence to iron chelation therapy in people with sickle cell disease or thalassaemia.
Cochrane Database of Systematic Reviews 2023, Issue 3. Art. No.: CD012349.

DOI: 10.1002/14651858.CD012349.pub3.

www.cochranelibrary.com

Interventions for improving adherence to iron chelation therapy in people with sickle cell disease or
thalassaemia (Review) Wl LEY

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


https://doi.org/10.1002%2F14651858.CD012349.pub3
https://www.cochranelibrary.com

: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

TABLE OF CONTENTS

ABSTRACT ittt ettt ettt st e et e e tt e st e s bt e e bt e s bt e s st e esste s ste e st e e st e e aee e st e e st e e at e e st e e A b e e e ab e e et e e e st e e e Rbe e e Rt e e eateenabe e e be e e beesbeeebaeenreens
PLAIN LANGUAGE SUMMARY  ..eiiitiieeteetesieertesteettestestestesseessesaeesueesseessesasesatesseensesssesssessesssesssesseensesssesssesseensessesnsenseensesssesnsensesnsesssesnns
SUMMARY OF FINDINGS  eeeiteeteieeteetestesteete st e st e stestesstesteesaesatesuaessesssesssesstessesnsesssesssensesnsesnsesssessesnsesnsesssesseensesssesssensesnsesnsesssenseensesses
BACKGROUND ..ottt ettt ettt e s et st et e e s bt e saba e st e e s ba e s s e e e baesasee s st e e st e s st e s sae e ste e ste s st eesabe e abe e st aessbeennbeesnbeensseessseenaseennses 15
OBUECTIVES ettt ettt et sttt e e st e st e s bt e b e sas e s st e s b e e s e s et e saeesseeasesasessee s esasesatesaeeseesseensesaeensesasesase st e sesasesntenseensesasesnsensaensesnsesneensennne 17
METHODS 17
RESULTS 21
FIBUIE L. ettt ettt sttt ettt ettt s e et b e e bt s et b et s e et e b et s et e b e e e Rt s e mt s e Rt s e et b e e R et e st e e s e e ent et et ne e nenene 22
FIGUIE 2. ettt s be s b s b s b s e e b s bt et e et e d e R e e R s et et et et e b et e b et et et e b et et et et et e b enbente 26
FIBUIE B ettt et s e b s b s b e b s bt s b s b e e b e b e e b e e bt e bt e Rt e Rt e Rt e Rt e Rt e Rt e a et e Rt e Rt e Rt e Rt e R e e Rt e Rt e et e Rt e Rt et et et et et et et et et e betentetetante 27
DISCUSSION  eeiieeteeteeiterte et ettt e st et e sueeste e st et esueesbe s seeabesueessesaseeabesseessaseseensesseessteaseensesseeaseeaseensessaestensesasesseeaseeasesnsessaestensesnsessasnseensens 35
AUTHORS' CONCLUSIONS oottt et e st ste st st e sueesse st e s st esbeessesssasstessaessesssesaeenseessesssenseensasnsesssenseesesasesssensesnsesssessaensesssessenns 37
ACKNOWLEDGEMENTS 37
REFERENGCES ..ottt ettt ettt et st e st et et s e sae e st s b e sme e s bt e s e st esmeesbe e sesaseeneesseesseeabesaeessaeaseensenne e sas st ensesaeesasasesasensnesasnsesnsesseenses 38
CHARACTERISTICS OF STUDIES  .eeeoeeteetesterteeieete st et st e s testeestestesatestessbesstesssessasasesssessaensesasesssessesnsesssesssensasssesssenseessesssesssenseensesssesnes 53
DATA AND ANALYSES <ottt s et e st e e st e st e et t e e s at e s at e e st e e ab e e st e e st e e abeeeabe s sbeesaseeesbe e sbaesasaesasaeessaesssaesabaesssaesnsaessaessseennsen 124
Analysis 1.1. Comparison 1: DFP versus DFO, Outcome 1: Adherence to iron chelation therapy (%, SD) ..cccoevevevieenererererenienens 125
Analysis 1.2. Comparison 1: DFP versus DFO, Outcome 2: Total SAEs (from therapy, disease, non-adherence) .......ccccceeveveneee. 126
Analysis 1.3. Comparison 1: DFP versus DFO, Outcome 3: Other SAEs (from therapy, disease, non-adherence) .......cccccceeveuenee 127
Analysis 1.4. Comparison 1: DFP versus DFO, Outcome 4: All-cause mortality 128
Analysis 1.5. Comparison 1: DFP versus DFO, Outcome 5: Iron overload: defined as proportion of participants with serum ferritin 128
2 800 (UE/L)  cueererreueueirteieueiertststete sttt etebe st sttt e ettt e ke sttt ebebe st et b e s At et ke s Rt etk be Rt e A b e st ek ek e Rtttk b e At e A be ket ek e b ket et e ke sttt etene
Analysis 1.6. Comparison 1: DFP versus DFO, Outcome 6: Organ damage 129
Analysis 1.7. Comparison 1: DFP versus DFO, Outcome 7: AEs related to iron chelation ........c.ccceeeeeenecniennienneneeeeseenne 130
Analysis 2.1. Comparison 2: DFX versus DFO, Outcome 1: Adherence to iron chelation therapy (%, SD) ...cccceevvveveeereeerieenienens 132
Analysis 2.2. Comparison 2: DFX versus DFO, Outcome 2: SAES (thalassaemia) ......c..cccoevverirerneninenineecreeeeese et 133
Analysis 2.3. Comparison 2: DFX versus DFO, Outcome 3: SAEs (sickle cell diSEase) ......ccivmvirrvinieienieiinerineeseeeereeeseeesseenes 133
Analysis 2.4. Comparison 2: DFX versus DFO, Outcome 4: All-cause mortality (thalassaemia) ........cccoceevveveverievenevenecenereeeenes 134
Analysis 2.5. Comparison 2: DFX versus DFO, Outcome 5: Proportion of participants with iron overload (thalassaemia) .......... 134
Analysis 2.6. Comparison 2: DFX versus DFO, Outcome 6: Total AEs related to iron chelation - (thalassaemia) 135
Analysis 2.7. Comparison 2: DFX versus DFO, Outcome 7: Other AEs related to iron chelation - (thalassaemia) 136
Analysis 2.8. Comparison 2: DFX versus DFO, Outcome 8: Total AES (thalassaemia) .........cccecevevveiineninenneneeeeree e 137
Analysis 2.9. Comparison 2: DFX versus DFO, Outcome 9: Other AEs related to iron chelation (SCD) ....cccevvevverieerieinieerieennen 138
Analysis 3.1. Comparison 3: DFP versus DFX, Outcome 1: Adherence to iron chelation (%, SD) ..cccevvereveeevenereeereeeneeseeesaeneene 139
Analysis 3.2. Comparison 3: DFP versus DFX, Outcome 2: TOtal SAES  .....coueirieirieirierteieteecteie ettt sttt et se st be e eaes 139
Analysis 3.3. Comparison 3: DFP versus DFX, Outcome 3: SAE (chelation-related) (N/N) ..cccoeoireririennineereereeseeseeeeeeeenee 140
Analysis 3.4. Comparison 3: DFP versus DFX, Outcome 4: All-cause mortality (n/N) 140
Analysis 4.1. Comparison 4: DFX film-coated tablet versus DFX dispersible tablet, Outcome 1: Adherence to iron chelation 141
TNEIAPY (N/N) ettt ettt ettt b e st e st e st st e st st e st ek ene e b e st e b et e b e st e st s e st s e st et en et enteb et e b et e b et ese st ene st e st et entebentebenes
Analysis 4.2. Comparison 4: DFX film-coated tablet versus DFX dispersible tablet, Outcome 2: Adherence to iron chelation 142
TNEIAPY (Y0, SD) ettt ettt ettt sttt b ettt b ettt b bt s a bRt e b b e bRt E b bRt h bt b e b bRt h b sttt ne et eten
Analysis 4.3. Comparison 4: DFX film-coated tablet versus DFX dispersible tablet, Outcome 3: Incidence of SAEs ........cceuuu.... 142
Analysis 4.4. Comparison 4: DFX film-coated tablet versus DFX dispersible tablet, Outcome 4: All-cause mortality ................... 142
Analysis 4.5. Comparison 4: DFX film-coated tablet versus DFX dispersible tablet, Outcome 5: Incidence of organ damage ...... 143
Analysis 4.6. Comparison 4: DFX film-coated tablet versus DFX dispersible tablet, Outcome 6: Total AEs related to iron chelation 143
Analysis 4.7. Comparison 4: DFX film-coated tablet versus DFX dispersible tablet, Outcome 7: Other AEs related to iron 144
CREIATION ettt st et b et b et h e et et e st s b e st e b et e b et e s et e Rt et ea e ke n e b e st e b et e b et e s et e st et en e be e ae b e b et ebenteneaee
Analysis 5.1. Comparison 5: DFP and DFO versus DFP, Outcome 1: INCIdeNnce Of SAES .....cccvueirieinrereneineieinteesseesseessesessenees 145
Analysis 5.2. Comparison 5: DFP and DFO versus DFP, Outcome 2: All-cause Mortality .....cccoccvvevvenienienienienienienenienenesesesesenne 146
Analysis 5.3. Comparison 5: DFP and DFO versus DFP, Outcome 3: Incidence of chelation therapy-related AEs .........cccccoveennene 147
Analysis 6.1. Comparison 6: DFP and DFO versus DFO, Outcome 1: Other AEs related to iron chelation ........ccccccevvevecirerennnnene 149
Analysis 7.1. Comparison 7: DFP and DFX versus DFP and DFO, Outcome 1: Adherence to iron chelation therapy rates 150
Interventions for improving adherence to iron chelation therapy in people with sickle cell disease or thalassaemia (Review) i

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



c Coch rane Trusted evidence.
= . Informed decisions.
1 Li b ra ry Better health. Cochrane Database of Systematic Reviews

Analysis 7.2. Comparison 7: DFP and DFX versus DFP and DFO, Outcome 2: Incidence of SAE .....c.cceerieeneienenenenineeereeieeenes 151
Analysis 7.3. Comparison 7: DFP and DFX versus DFP and DFO, Outcome 3: All-cause mortality .......cccoceevereeierireneienieresrenennens 151
Analysis 7.4. Comparison 7: DFP and DFX versus DFP and DFO, Outcome 4: Organ damage (serum creatinine (= 33%) above 151
baseling 0N 2 CONSECULIVE OCCASIONS)  .vivvierirrecrierecreereetectecte st e st et eteeteste et e ebeeteebeebeebeebeeteebeebeeseeteebeebsessebsebeessesseseessessersessessessersersernens
Analysis 7.5. Comparison 7: DFP and DFX versus DFP and DFO, Outcome 5: Total AEs related to iron chelation ........cccccoceeeeee 152
Analysis 7.6. Comparison 7: DFP and DFX versus DFP and DFO, Outcome 6: Other AEs related to iron chelation ........cccouene.e.e. 153
ADDITIONAL TABLES oottt ettt stt st s et e st esae st e s saesaa e ae st e s st e ssaebeestesatesseesseensasatessaenseensesatesseenseeabesssesseenseensesssenseensasnsessaense 153
APPENDICES .ottt ettt st s bt s bt s et e e s a bt e s ab e e e u b e e s abeesabeesabaesa b e e s ab e e e s s e e e s b e e s b e e e a b e e e b e e s b e e e bt e e bt e s at e e b e e e bt e s ateeaaae e hae e steesateestens 166
WHAT'S NEW ottt ettt ettt et ettt et ettt ettt et et et et et et e st et et et e st e st entente st ente st ensestantansantententententententansentensentensensensensensanse 183
HISTORY ittt ettt ettt et st e sttt e st e s at e st e e besat e s st e beesbesatesseentaeaseestenaeenseeasessae st enbeeasesst e st essesasensaenbeentesasenseenbasasesatenseensasnsesssans 183
CONTRIBUTIONS OF AUTHORS ..ottt ettt e et s e e st sbt e st e e st e st e e st e e e b e e sabaeesbaeesseesaseeessaeenste s saesssteesbesasaessteensaeesssassnsannsne 184
DECLARATIONS OF INTEREST ' ceonetiiieiteetertesttestestestestt et e st e st esttessesunesueesesssesasesntessesssesssesseessesasesssesntensessesnsenseensessesnsesseessessseensesseensens 184
SOURCES OF SUPPORT  .ceiiteitietenitestestestesieetestesteesteste st esteesaesasesseesbesssesasasseensasssesssenseensesssesssenseensesssesseensesssesssesseensesssessenseensesssessenne 184
DIFFERENCES BETWEEN PROTOCOL AND REVIEW  ....eeeiiieiieeet ettt ettt ettt st s et s bt e sae e s ae e s beesbaessbaessaesssaesssaesnseesasaannseesnsen 184
INDEX TERMS ettt ettt ettt et st et e st e st e sut et e b e satesae e bt e s e sasesate b e ease s et e atenbeease s et e ent e s eaaseeat e st e s asasesabe st e s asaseenteseensesaseentenseesesasennes 185
Interventions for improving adherence to iron chelation therapy in people with sickle cell disease or thalassaemia (Review) i

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



- Coch rane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews
[Intervention Review]

Interventions for improving adherence to iron chelation therapy in
people with sickle cell disease or thalassaemia

Louise J Geneenl, Carolyn Doréel, Lise J Estcourt?

1Systematic Review Initiative, NHS Blood and Transplant, Oxford, UK. 2Haematology/Transfusion Medicine, NHS Blood and Transplant,
Oxford, UK

Contact: Lise J Estcourt, lise.estcourt@nhsbt.nhs.uk.

Editorial group: Cochrane Cystic Fibrosis and Genetic Disorders Group.
Publication status and date: New search for studies and content updated (no change to conclusions), published in Issue 3, 2023.

Citation: Geneen LJ, Dorée C, Estcourt LJ. Interventions for improving adherence to iron chelation therapy in people
with sickle cell disease or thalassaemia. Cochrane Database of Systematic Reviews 2023, Issue 3. Art. No.: CD012349. DOI:
10.1002/14651858.CD012349.pubs3.

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

ABSTRACT

Background

Regularly transfused people with sickle cell disease (SCD) and people with thalassaemia are at risk of iron overload. Iron overload can lead
to iron toxicity in vulnerable organs such as the heart, liver and endocrine glands, which can be prevented and treated with iron-chelating
agents. The intensive demands and uncomfortable side effects of therapy can have a negative impact on daily activities and wellbeing,
which may affect adherence.

Objectives

To identify and assess the effectiveness of different types of interventions (psychological and psychosocial, educational, medication
interventions, or multi-component interventions) and interventions specific to different age groups, to improve adherence to iron
chelation therapy compared to another listed intervention, or standard care in people with SCD or thalassaemia.

Search methods

We searched CENTRAL (Cochrane Library), MEDLINE, PubMed, Embase, CINAHL, PsycINFO, ProQuest Dissertations & Global Theses, Web
of Science & Social Sciences Conference Proceedings Indexes and ongoing trial databases (13 December 2021). We searched the Cochrane
Cystic Fibrosis and Genetic Disorders Group's Haemoglobinopathies Trials Register (1 August 2022).

Selection criteria

For trials comparing medications or medication changes, only randomised controlled trials (RCTs) were eligible for inclusion.

For studies including psychological and psychosocial interventions, educational interventions, or multi-component interventions, non-
randomised studies of interventions (NRSIs), controlled before-after studies, and interrupted time series studies with adherence as a
primary outcome were also eligible for inclusion.

Data collection and analysis

For this update, two authors independently assessed trial eligibility and risk of bias, and extracted data. We assessed the certainty of the
evidence using GRADE.

Interventions for improving adherence to iron chelation therapy in people with sickle cell disease or thalassaemia (Review) 1
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Main results

We included 19 RCTs and one NRSI published between 1997 and 2021. One trial assessed medication management, one assessed an
education intervention (NRSI) and 18 RCTs were of medication interventions. Medications assessed were subcutaneous deferoxamine, and
two oral chelating agents, deferiprone and deferasirox.

We rated the certainty of evidence as very low to low across all outcomes identified in this review.

Four trials measured quality of life (QoL) with validated instruments, but provided no analysable data and reported no difference in QoL.
We identified nine comparisons of interest.

1. Deferiprone versus deferoxamine

We are uncertain whether or not deferiprone affects adherence to iron chelation therapy (four RCTs, unpooled, very low-certainty
evidence), all-cause mortality (risk ratio (RR) 0.47, 95% confidence interval (Cl) 0.18 to 1.21; 3 RCTs, 376 participants; very low-certainty
evidence), or serious adverse events (SAEs) (RR 1.43,95% Cl 0.83 to 2.46; 1 RCT, 228 participants; very low-certainty evidence).

Adherence was reported as "good", "high" or "excellent" by all seven trials, though the data could not be analysed formally: adherence
ranged from 69% to 95% (deferiprone, mean 86.6%), and 71% to 93% (deferoxamine, mean 78.8%), based on five trials (474 participants)
only.

2. Deferasirox versus deferoxamine

We are uncertain whether or not deferasirox affects adherence to iron chelation therapy (three RCTs, unpooled, very low-certainty
evidence), although medication adherence was high in all trials.

We are uncertain whether or not there is any difference between the drug therapies in serious adverse events (SAEs) (SCD or thalassaemia)
or all-cause mortality (thalassaemia).

3. Deferiprone versus deferasirox

We are uncertain if there is a difference between oral deferiprone and deferasirox based on a single trial in children (average age 9 to 10
years) with any hereditary haemoglobinopathy in adherence, SAEs and all-cause mortality.

4. Deferasirox film-coated tablet (FCT) versus deferasirox dispersible tablet (DT)

One RCT compared deferasirox in different tablet forms. There may be a preference for FCTs, shown through a trend for greater adherence
(RR 1.10, 95% Cl 0.99 to 1.22; 1 RCT, 88 participants), although medication adherence was high in both groups (FCT 92.9%; DT 85.3%). We
are uncertain if there is a benefit in chelation-related AEs with FCTs.

We are uncertain if there is a difference in the incidence of SAEs, all-cause mortality or sustained adherence.
5. Deferiprone and deferoxamine combined versus deferiprone alone

We are uncertain if there is a difference in adherence, though reporting was usually narrative as triallists report it was "excellent" in both
groups (three RCTs, unpooled).

We are uncertain if there is a difference in the incidence of SAEs and all-cause mortality.
6. Deferiprone and deferoxamine combined versus deferoxamine alone

We are uncertain if there is a difference in adherence (four RCTs), SAEs (none reported in the trial period) and all-cause mortality (no deaths
reported in the trial period). There was high adherence in all trials.

7. Deferiprone and deferoxamine combined versus deferiprone and deferasirox combined

There may be a difference in favour of deferiprone and deferasirox (combined) in rates of adherence (RR 0.84, 95% Cl 0.72 to 0.99) (one
RCT), although it was high (> 80%) in both groups.

We are uncertain if there is a difference in SAEs, and no deaths were reported in the trial, so we cannot draw conclusions based on these
data (one RCT).

8. Medication management versus standard care

We are uncertain if there is a difference in QoL (one RCT), and we could not assess adherence due to a lack of reporting in the control group.

Interventions for improving adherence to iron chelation therapy in people with sickle cell disease or thalassaemia (Review) 2
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9. Education versus standard care

One quasi-experimental (NRSI) study could not be analysed due to the severe baseline confounding.

Authors' conclusions

The medication comparisons included in this review had higher than average adherence rates not accounted for by differences in
medication administration or side effects, though often follow-up was not good (high dropout over longer trials), with adherence based
on a per protocol analysis.

Participants may have been selected based on higher adherence to trial medications at baseline. Also, within the clinical trial context, there
is increased attention and involvement of clinicians, thus high adherence rates may be an artefact of trial participation.

Real-world, pragmatic trials in community and clinic settings are needed that examine both confirmed or unconfirmed adherence
strategies that may increase adherence to iron chelation therapy.

Due to lack of evidence this review cannot comment on intervention strategies for different age groups.

PLAIN LANGUAGE SUMMARY

Strategies to increase adherence to iron chelation therapy in people with sickle cell disease or thalassaemia
Review question

We wanted to determine if there are any interventions (medication, psychological or educational) that would help people adhere to their
iron chelation therapy.

Background

People with sickle cell disease or thalassaemia, who receive regular transfusions, are exposed to iron overload that can result in toxicity to
organs and death. Iron chelation therapy is used to prevent or treat iron overload, but it can be a demanding regimen, and have unwanted
side effects. There are three types of iron chelators being used to treat iron overload: deferoxamine given subcutaneously (by injecting a
drug into the tissue layer between the skin and the muscle), and two agents that are taken orally, deferiprone and deferasirox.

Search date
The evidence is current to 1 August 2022.
Study characteristics

We searched the literature for both randomised and non-randomised trials, and found 19 randomised trials and one non-randomised trial,
totalling 1525 participants, published between 1997 and 2021.

Key results

Atotal of 18 trials looked at drug interventions, one trial looked at a medication management intervention, and one assessed an education
intervention (a non-randomised trial).

We were uncertain if single agents or combined agents made any difference in adherence rates, serious adverse events or mortality. Quality
of life, measured using validated questionnaires, was only reported in three trials, but not enough data were reported to determine any
differences between treatments.

There was no evidence on intervention strategies for different age groups.

We found that there was an unusually high adherence rate to all drugs and combinations of drugs in all the trials. This may be because
participants may have been selected based on their ability to stick to medication regimens. Also, adherence may increase in trial
participants when there is a higher level of clinician involvement in care.

We concluded that real-world randomised and non-randomised trials, run in both the community and in clinics, are needed to examine a
variety of proven and unproven strategies that may be useful for increasing adherence to iron chelation therapy.

Two trials assessed non-medication interventions: one six-month trial of medication management reported very little usable data, and we
cannot be certain of the impact of the intervention. The other trial assessing an education intervention was unbalanced, and the data did
not allow a good comparison, therefore we were unable to use it.

Quality (certainty) of the evidence

Interventions for improving adherence to iron chelation therapy in people with sickle cell disease or thalassaemia (Review) 3
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We rated the certainty of the evidence as low to very low across all the outcomes in this review. This was due to trials being at serious or
very serious risk of bias, and the outcome estimates being imprecise (wide confidence intervals) and not widely applicable (some trials
were conducted only in children of a specific age and meeting specific criteria).

Interventions for improving adherence to iron chelation therapy in people with sickle cell disease or thalassaemia (Review) 4
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SUMMARY OF FINDINGS

Summary of findings 1. Summary of findings: Comparison 1 - deferiprone (DFP) versus deferoxamine (DFO)

Intervention: DFP

Comparison: DFO

Outcomes Anticipated absolute ef- Relative effect N2 of partici- Certainty of Comments
fects*(95% Cl) (95% ClI) pants the evidence
(studies) (GRADE)
Risk with DFO Risk with DFP
Adherence to iron See comments. — 612 @000 2 trials (unpooled) provided analysable data (%, SD);
chelation therapy (7 RCTs) Very lowa.b,c the remaining trials reported only as % (or narrative-
ly), with no error (SD, or otherwise) and have been
(%, SD) presented in Table 1 separately to the analyses.
Total reported 184 per 1000 263 per 1000 RR1.43 228 @000 —
SAEs (153 to 453) (0.83 t0 2.46) (LRCT) Very lowc.d
(from therapy, dis-
ease, non-adher-
ence)
All-cause mortality 75 per 1000 35 per 1000 RR 0.47 376 @000 In a fourth trial, no events occurred in either arm
(13to91) (0.18to0 1.21) (3 RCTs) Very lowa.c.e (Pennell 2006).
Sustained adher- See comments. — — — Sustained adherence is reported as adherence since
ence all trials were longer than 6 months and only provid-
ed end of study adherence numbers.
QoL See comments. — (L RCT) HO00 Data presented in additional tables from a single tri-
(assessed with Very lowdf al (Kwiatkowski 2021). No significant between-group

CHQ-50 and SF-36)
Follow-up mean 12
months

change over time. Major bias due to missing data
(over half) for outcomes (DFP: CHQ-50 n =60/152
and SF-36 n = 35/152; DFO: CHQ-50 n = 23/76 and
SF-36 n = 19/76).

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

CHQ-50: Child Health Questionnaire - 50 items; Cl: confidence interval; DFO: deferoxamine; DFP: deferiprone; MD: mean difference; QoL: quality of life; RCT: randomised
controlled trial; RR: risk ratio; SAE: serious adverse event; SD: standard deviation; SF-36: Short-Form Questionnaire - 36 items.

GRADE Working Group grades of evidence
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High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

Explanations

dWe downgraded the certainty of evidence once for risk of bias due to high or uncertain risk of bias in one or more domains.

bwe downgraded the certainty of evidence twice for inconsistency due to considerable heterogeneity in the comparison.

¢We downgraded the certainty of evidence twice for imprecision due to wide Cls and small sample size (not reaching the optimal information size).

dbowngraded twice due to high risk of bias in multiple domains, including blinding (detection bias), incomplete outcome data (attrition bias), and unclear risk of bias for selection
bias and other (early termination).

eWe downgraded the certainty of evidence once for indirectness as one trial was conducted in participants with thalassaemia intermedia only, a milder form of thalassaemia.
Downgraded twice for imprecision due to small sample size (below optimal information size for this outcome).

Summary of findings 2. Summary of findings: Comparison 2 - deferasirox (DFX) versus deferiprone (DFO)

Intervention: DFX

Comparison: DFO

Outcomes Anticipated absolute ef- Relative effect  N° of partici- Certainty of Comments
fects™ (95% Cl) (95% Cl) pants the evidence
(studies) (GRADE)

Risk with DFO Risk with DFX

Adherence to See comments. 452 B&000 3 RCTs (n =452) reported adherence, although 2 of these
iron chelation (3RCTs) Very lowa,b could not be analysed (Hassan 2016, n = 60; and Vichin-
therapy (%, SD) sky 2007, n = 195). All 3 RCTs reported no significant dif-

ference between groups.

SAEs Thalas- DFO: 83 per 1000 RR0.95(0.41to 247 @Oo00 Zero cases reported in one RCT (n =60, Hassan 2016), so

saemia-related 2.17) (2 RCTs) Very lowa,b data are based on a single trial (n = 187, Pennell 2014).

SAEs DFX: 79 per 1000 (34 to 179)

SAEs 1 RCT (n=195) reported SCD-re- — 195 @000 Data for sub-outcome "pain crisis", and sub-outcome
lated AEs as "pain crisis" and "oth- (LRCT) Very lowa,b "other", are presented in the main text, but we are

SCD-related er", so no overall estimate of effect unable to combine these data as there may be dou-

SAEs (subtotals calculated using 99% Cl) ble-counting; we have therefore not presented the sum-

mary statistic in the SoF table.
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Sub-outcomes are presented using 99% Cl instead of
95% Cl.

All-cause mor- 8 per 1000 8 per 1000 POR 0.96 240 @000 Both RCTs reporting this outcome were in people with

tality (1to 128) (0.06 to 15.42) (2 RCTs) Very lowa,b thalassaemia only; zero cases in 1 RCT.

Sustained ad- See comments. - — Sustained adherence is reported as adherence since all

herence studies were longer than 6 months and only reported
end of study adherence.

QoL Not reported. — — —

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).

AE: adverse event; CI: confidence interval; DFO: deferiprone; DFX: deferasirox; POR: Peto odds ratio; QoL: quality of life; RCT: randomised controlled trial; RR: risk ratio;
SAE: serious adverse event; SD: standard deviation; SoF: summary of findings

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

Explanations

dWe downgraded the certainty of evidence twice due to high or uncertain risk of bias in several domains.
bwe downgraded the certainty of evidence once due to imprecision as the Cls are wide and there is only one study with data in the comparison.

Summary of findings 3. Summary of findings: Comparison 3 - deferiprone (DFP) versus deferasirox (DFX)

Intervention: DFP

Comparison: DFX

Outcomes Anticipated absolute effects*(95% Relative effect N of partici- Certainty of Comments
Cl) (95% ClI) pants the evidence
(studies) (GRADE)
Risk with DFX Risk with DFP
Adherence to iron chela- The mean ad- MD 3.00 % lower — 390 &POO 95% adherence in DFX group as reported
tion (%, SD) herence to (6.56 lower to 0.56 (LRCT) Lowd by Maggio 2020.
Follow-up: 12 months iron chelation higher).
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(%, SD) was

95.00%.

SAE (chelation-related) (n/ 20 per 1000 31 per 1000 POR 1.54 390 S&O00 —

N) (9 to 100) (0.44 to0 5.39) (LRCT) Very lowa,b

Follow-up: 12 months

Total SAEs 71 per 1000 68 per 1000 RR 0.95 390 S000 —

Follow-up: 12 months (33to0 139) (0.46 to 1.96) (1LRCT) Very lowa,b

All-cause mortality (n/N) 0 per 1000 0 per 1000 RD 0.00 390 &PO0 No deaths occurred during the study peri-

Follow-up: 12 months (0to 0) (-0.01 t0 0.01) (LRCT) Low¢ od, though the sample size was below the
optimal information size to make any as-
sessment of risk.

Sustained adherence See comments. — - Sustained adherence is reported as adher-
ence as the study was 1 year in duration
and end of trial adherence reported.

QoL Outcome not reported. — — —

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

AE: adverse event; Cl: confidence interval; DFP: deferiprone; DFX: deferasirox; POR: Peto odds ratio; QoL: quality of life; RCT: randomised controlled trial; RD: risk differ-

ence; RR: risk ratio; SAE: serious adverse event; SD: standard deviation

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

Explanations

aDowngraded twice for high risk of bias for blinding: may impact adherence, clinical decision-making or reporting of AEs (no impact on mortality).
bbowngraded twice for imprecision due to wide Cls.

cDowngraded twice for imprecision due to zero events in both arms. Below optimal information size.

Summary of findings 4. Summary of findings: Comparison 4 - deferasirox (DFX) film-coated tablets versus DFX dispersible tablets

Intervention: DFX film-coated tablet

Comparison: DFX dispersible tablet
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Outcomes Anticipated absolute effects*(95% Cl) Relative effect  N° of partici- Certainty of Comments
(95% ClI) pants the evidence
Risk with DFX dispersible Risk with DFX film-coat- (studies) (GRADE)
tablet ed tablet
Adherence to iron chela- ~ The mean adherence to iron MD 5.00% higher — 91 @000 Mean 84.3% (95%
tion therapy (%, SD) chelation therapy (%, SD) was  (6.75 lower to 16.75 high- (1RCT) Very lowa,b Cl81.1t0 89.5) as
Follow-up: 13 weeks 84.3%. er) reported by Taher
2017 in control (DFX
dispersible tablet).
Sustained adherenceto  The mean sustained adher- MD 7.00% higher — 54 @000 Mean 82.9% as report-
iron chelation therapy ence to iron chelation therapy  (8.94 lower to 22.94 high- (1LRCT) Very lowa,b ed in control group
(%, SD) (%, SD) was 82.9%. er) (dispersible tablet).
Follow-up: 24 weeks
Incidence of SAEs 151 per 1000 184 per 1000 RR1.22 173 @000 —
(94 to 358) (0.62t02.37) (LRCT) Very lowa.c
All-cause mortality 0 per 1000 0 per 1000 POR 7.30 (0.14 173 G000 —
(0to 0) to 368.15) (LRCT) Very lowa:¢

QoL

Outcome not reported.

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).

Cl: confidence interval; DFX: deferasirox; MD: mean difference; POR: Peto odds ratio; QoL: quality of life; RR: risk ratio; SAE: serious adverse event; SD: standard deviation

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

Explanations

adWe downgraded the certainty of evidence twice for risk of bias due to high or unclear risk of bias in all domains.

bbowngraded twice for imprecision due to very wide confidence intervals and small study size (smaller than optimal information size).
We downgraded the certainty of evidence once for imprecision due to wide Cls.
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Summary of findings 5. Summary of findings: Comparison 5 - deferiprone (DFP) plus deferoxamine (DFO) versus DFP

Intervention: DFP plus DFO

Comparison: DFP

Outcomes Anticipated absolute ef- Relative effect N2 of partici- Certainty of Comments
fects*(95% Cl) (95% Cl) pants the evidence
(studies) (GRADE)
Risk with DFP Risk with DFP
plus DFO
Adherence to See comments. 369 SPOO 4 RCTs reported adherence: 1 did not report by group,
iron chelation (4 RCTs) Lowd but stated compliance was similar (Badawy 2010, n
therapy (%, SD) =100); 2 reported compliance as "excellent compli-
ance" (Aydinok 2007, n =20 and El Beshlawy 2008, n =
36); and 1 as % (SD) with no difference between groups
(Maggio 2009, n =213).
Incidence of 28 per 1000 4 per 1000 RR0.15 213 &B00 —
SAEs (0to 78) (0.01t02.81) (1LRCT) Lowbic
All-cause mor- 33 per 1000 26 per 1000 POR0.77 237 @000 —
tallty (6 to 105) (017 to 342) (2 RCTS) Very lowc.d

Sustained ad-

Outcome not reported.

Sustained adherence is reported as adherence since tri-

herence al duration was longer than 6 months and trials report
adherence for the whole length of trial.
QoL See comments. — — QoL was either not reported or no validated instruments

were used.

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

Cl: confidence interval; DFO: deferoxamine; DFP: deferiprone; POR: Peto odds ratio; QoL: quality of life; RCT: randomised controlled trial; RR: risk ratio; SD: standard devia-

tion

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.
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Explanations

aWe downgraded the certainty of evidence twice for risk of bias as there was high or uncertain risk of bias in most domains in three out of four trials.
bwe downgraded the certainty of evidence once due to high or unclear risk of bias in three domains.
¢We downgraded the certainty of evidence once for imprecision due to wide Cls.
dWe downgraded the certainty of evidence twice for risk of bias as there was high or uncertain risk of bias in one trial in this comparison.

Summary of findings 6. Summary of findings: Comparison 6 - deferiprone (DFP) plus deferoxamine (DFO) versus DFO

Intervention: DFP plus DFO

Comparison: DFO

Outcomes Anticipated absolute ef- Relative effect N2 of partici- Certainty of Comments
fects™(95% Cl) (95% ClI) pants the evidence
(studies) (GRADE)
Risk with DFO Risk with DFP
plus DFO
Adherence to See comments. 281 [::70'0) 5 RCTs reported adherence/compliance at approx 1
iron chelation (5RCTs) Lowda year: 2 RCTs did not report by group, simply stating
therapy (%, SD) "no statistical difference" (Badawy 2010, n = 100) and
"excellent" (El Beshlawy 2008, n =38); 1 RCT only re-
ported compliance for the combined group (Galanello
2006a, n=60); 1 RCT reported "excellent or good in all
11 (combined) and 14 (DFX only) participants" that were
analysed (Mourad 2003, n = 25); and 1 RCT reported by
group as "no significant difference" (Tanner 2007, n =
58).
Incidence of See comments. 180 @SSO0 3 RCTs report zero SAEs; 1 RCT did not report SAEs.
SAEs (4 RCTs) Lowd

Badawy 2010 is not included in quantitative analysis

All-cause mor-
tality

See comments.

No included trials reported death as an outcome. As
AEs/SAEs were reported, we suspect no deaths oc-
curred.

Sustained ad-
herence

See comments.

Sustained adherence reported above as adherence
since study duration was longer than 6 months and ad-
herence reported at end of trial.

QoL

Outcome not reported.

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
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Cl: confidence interval; DFO: deferoxamine; DFP: deferiprone; QoL: quality of life; RCT: randomised controlled trial; SAE: serious adverse event; SD: standard deviation

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

Explanations

adWe downgraded the certainty of evidence twice for risk of bias as high or unclear risk of bias in all domains.

Summary of findings 7. Summary of findings: Comparison 7 - deferiprone (DFP) plus deferoxamine (DFO) versus DFP plus deferasirox (DFX)

Intervention: DFP plus DFO

Comparison: DFP plus DFX

Outcomes Anticipated absolute ef- Relative effect  N¢ of partici- Certainty of Comments
fects*(95% Cl) (95% Cl) pants the evidence
(studies) (GRADE)
Risk with DFP Risk with DFP
plus DFX plus DFO
Adherencetoiron 938 per 1000 788 per 1000 RR0.84 96 5 00) —
chelation therapy (675 to 928) (0.72t0 0.99) (LRCT) Lowa;b
rates (n, N)
Follow-up 1 year
Incidence of SAEs 21 per 1000 21 per 1000 POR1.00 96 @000 —
(1to 257) (0.06 to 16.22) (LRCT) Very lowa,b,c
All-cause mortali- 0 per 1000 0 per 1000 RD 0.00 96 @000 No deaths occurred during the trial period, though the
ty - at 1 year - trial (0to 0) (-0.04 to0 0.04) (1 RCT) Very lowa,bd sample size was significantly below the optimal infor-
end mation size to make any assessment of risk.
Sustained adher- ~ See comments. — - Sustained adherence is reported as adherence since
ence the trial was 1 year in duration and end of trial adher-
ence data were reported.
QoL See comments. 96 — 1 RCT used SF-36 to measure QoL; the results are pre-
(1RCT) sented as a bar graph only, with mean and SD not re-
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ported in extractable form (Elalfy 2015). Stated no dif-

ference between groups.

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).

Cl: confidence interval; DFP: deferiprone; DFX: deferasirox; POR: Peto odds ratio; QoL: quality of life; RCT: randomised controlled trial; RD: risk difference; RR: risk ratio;
SAE: serious adverse event

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

Explanations

adWe downgraded the certainty of evidence once for risk of bias as there was high or unclear risk of bias in three domains.

bwe downgraded the certainty of evidence once for indirectness as the trial included children aged 10 to 18 years with severe iron overload.
¢We downgraded the certainty of evidence once for imprecision as the comparison has wide Cls.

dDowngraded twice for imprecision due to the small sample size, far below the optimal information size for mortality.

Summary of findings 8. Summary of findings: Comparison 8 - medication management versus standard care

Intervention: medication management

Comparison: standard care

Outcomes Anticipated absolute effects*(95%  Relative effect  Ne of partici- Certainty of Comments

Cl) (95% CI) pants the evidence

(studies) (GRADE)
Risk with stan-  Risk with med-
dard care ication manage-
ment
Adherence to iron See comments. — — — This outcome was not reported in the control
chelation group and therefore there are no comparative
data.

SAEs Outcome not reported. — — —
Mortality Outcome not reported. — — -

Sustained adherence  Outcome not reported. — — -
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QoL PedsQLTM total ~ See comments. — 48 &000 1 RCT reported medians and IQRs.

score (1RCT) Very lowa,b
Medication management: 63.51 (51.75 to 84.54),

Follow-up: 6 months n = 24; standard care: 49.84 (41.9 t0 60.81), n = 24,

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

Cl: confidence interval; IQR: interquartile range; PedsQLTM: Pediatric Quality of Life InventoryTM: QoL: quality of life; RCT: randomised controlled trial; SAE: serious ad-
verse event

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

Explanations
dWe downgraded the certainty of evidence twice for risk of bias due to high or uncertain risk of bias in all domains.
bwe downgraded the certainty of evidence twice for indirectness because most outcomes were only reported in the medication management group.
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Cochrane Database of Systematic Reviews

BACKGROUND

Description of the condition

Haemoglobinopathies are a range of inherited disorders resulting
from mutations of the globin genes (the protein component of
haemoglobin). Two of the most common of these disorders are
sickle cell disease (SCD) and thalassaemia.

Sickle cell disease

SCD is an inheritable blood disorder, which can lead to life-
threatening complications. People with SCD experience episodes of
severe pain and other complications including anaemia, end-organ
damage, pulmonary complications, kidney disease, and increased
susceptibility to infections and stroke (Pleasants 2014). It is one
of the most common severe monogenic disorders in the world,
due to the inheritance of two abnormal haemoglobin (beta globin)
genes (Rees 2010). Populations originating from sub-Saharan
Africa, Spanish-speaking regions in the western hemisphere (South
America, the Caribbean and Central America), the Middle East,
India and parts of the Mediterranean are predominantly affected.
Reductions in infant and child mortality and increasing migration
from highly affected countries have made this a worldwide problem
(Piel 2012). Over 12,500 people in the UK and 100,000 in the USA
suffer from the disease (NICE 2010; Pleasants 2014).

The term SCD refers to all mutations that cause the disease, of
which there are three main types. Sickle cell anaemia is the most
common form of the disease (up to 70% of cases of SCD in people of
African origin) and is due to the inheritance of two beta globin S (BS)
alleles (haemoglobin (Hb)SS). The second most common genotype
(up to 30% of cases in people of African origin) is haemoglobin
SC disease (HbSC disease) and is due to the co-inheritance of the
S and BC alleles; this tends to be a more moderate form of the
disease. The third major type of SCD occurs when f3S is inherited
with a B-thalassaemia allele, causing HbS/B-thalassaemia (Rees
2010). People who have inherited a thalassaemia null mutation
(HbSP®) have a disease that is clinically indistinguishable from
sickle cell anaemia, whereas people with HbSB* thalassaemia have
a milder disorder. In high-income nations, people with SCD are
expected to live into their 40s, 50s and beyond; whereas in low-
income countries, including some African nations, it is estimated
that between 50% to 90% of children born with HbSS die before
their fifth birthday (Gravitz 2014; Grosse 2011).

Red blood cell transfusions can be given to treat complications
of SCD (e.g. acute chest syndrome); this often involves a single
transfusion episode, or they can be part of a regular long-term
transfusion programme to prevent complications of SCD such as
stroke in children (Yawn 2014).

Thalassaemia

The term thalassaemia describes a group of inheritable disorders
caused by the absence of or reduction in globin chain production.
This results in ineffective red blood cell production, anaemia and
poor oxygen delivery. The genetic defect can be in the a or 3
globin chain (a-thalassaemia, B-thalassaemia or H disease). In f3-
thalassaemia, reduced or absent 3 globulin production leads to an
excess of free a-globin chains resulting in severe anaemia and bone
marrow hyperplasia (abnormal cell growth) preventing normal
development. In H disease and a-thalassaemia, the a-globin chains
are affected and disease can vary from mild (where reduced, but

adequate, amounts of the functional globin chains are produced)
to severe (where no effective haemoglobin is produced) (UK
Thalassaemia Society 2008). Complications that may occur include
infections, bone diseases, enlarged spleen, slowed growth rates,
cardiomyopathy, venous thrombosis, pulmonary hypertension and
hypothyroidism (Rund 2005).

Thalassaemia is common in people from the Mediterranean, the
Middle East, Southeast Asia, the Indian subcontinent and Africa
(Piel2014; UK Thalassaemia Society 2008). Itis estimated that there
are over 1000 people with thalassaemia in the UK (APPG 2009).
In high-income countries most affected children survive with a
chronic disorder; however, most children born with thalassaemia
are in low-income countries and die before the age of five years
(Modell 2008). Nevertheless, the thalassaemias are a global health
burden due to population migration and growth, and improved
survival leading to an increase in the incidence of the disorder (Piel
2014).

Regular red blood cell transfusion is the standard treatment to
correct anaemia and to enable growth and development, normal
activitiesand to inhibit bone marrow expansion. People with severe
forms, B-thalassaemia major, require life-long transfusions from
the first year of life.

Iron chelation therapy and adherence

Regularly transfused people with SCD, as well as transfusion-
dependent, and non-transfusion-dependent people with
thalassaemia, are exposed to transfusion-related iron overload.
Transfusion-related iron overload can lead to iron toxicity, with
organs such as the heart, liver and endocrine glands being
particularly vulnerable. Iron overload is the major cause of
morbidity and mortality in thalassaemia (Aydinok 2014; Rund 2005;
Trachtenberg 2012).

Iron chelating agents are used for preventing and treating iron
overload. Deferoxamine (DFO) has been the standard treatment
for the last 40 years; it is administered subcutaneously or
intravenously usually over eight to 12 hours, up to seven days
a week. More recently two oral chelating agents, deferiprone
(DFP) and then deferasirox (DFX), have been licensed. These were
initially introduced as second-line agents in children six years
and older with B-thalassaemia major, or in people when DFO is
contraindicated or found to be inadequate (Fisher 2013). These
oral agents are becoming more commonly used, particularly DFX,
because of the ease of administration compared to subcutaneous
or intravenous DFO (Aydinok 2014).

Licensed iron chelating agents are effective at iron removal;
however, the treatment is not without side effects (Telfer 2006).
Side effects with DFO include pain or skin reactions at the injection
site, retinal toxicity and hearing loss. Side effects with DFX include
skin rashes, gastroenteritis, an increase in liver enzymes and
reduced kidney function. Adverse events (AEs) reported in people
taking DFP include gastrointestinal disturbances, arthropathy
(joint disease), raised liver enzymes, neutropenia (a decrease in
neutrophils, a type of white blood cell, in the blood stream) and
agranulocytosis (lowered white blood cell count). Regular blood
sampling is recommended to monitor neutropenia, renal function
and liver enzymes in people taking oral chelating agents (Fisher
2013).

Interventions for improving adherence to iron chelation therapy in people with sickle cell disease or thalassaemia (Review) 15
Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Adherence to medications is defined as the extent to which a
person's use of the medicine matches the agreed prescription
from the healthcare provider (NICE 2009; Walsh 2014). Moderate
adherence is defined as taking 60% to 80% of a prescribed
dose, while high adherence can include the continued use of the
medicine or taking at least 80% of the recommended dose. There
are several ways to measure adherence including the self-reporting
of medication use or more objective factors such as pill counts,
prescription refills, urinary assays or, in the case of iron chelation,
signs of iron overload (Ryan 2014; Walsh 2014). Adherence rates can
vary widely; a recent review reported that adherence rates to DFX
ranged between 22% and 89% (Loiselle 2016).

Research suggests that iron chelation therapies impact on a
person's quality of life (QoL) and result in low levels of personal
satisfaction. The intensive demands and uncomfortable side
effects of iron chelation therapy can have a negative impact
on daily activities and well-being, which may affect adherence
to therapy (Abetz 2006; Payne 2008; Rofail 2010). Other factors
affecting adherence to medications include inappropriate use, the
quality of information provided to the individual and complex
treatment regimens, as well as intolerance to the harms caused
by the medications (Ryan 2014). Non-adherence can be both
intentional and unintentional, with intentional non-adherence
being influenced by such factors as poor communication, adverse
effects, personal preferences or beliefs and disagreement with
the need for treatment; whereas unintentional non-adherence is
influenced by factors generally beyond the person's control such
as forgetfulness or difficulties in understanding instructions (NICE
2009; Ryan 2014; Trachtenberg 2012). Sub-optimal adherence can
increase AEs associated with iron overload and result in increased
cost of care, hospitalisations, and severe morbidity and mortality
(Payne 2008; Vekeman 2016; WHO 2003).

Description of the intervention

The research on adherence and appropriate use of medicines is
vast and complex and comprises a number of studies targeting
people taking the medication, clinicians, indications and specific
classes of medications. This research has also been reviewed in
many systematic reviews as well as overviews of systematic reviews
and in guidelines (Costello 2004; NCCPC 2009; NICE 2009; Ryan
2014; WHO 2003).

For this review we focus on the individual with SCD or thalassaemia,
with interventions to increase adherence to iron chelation therapy
being divided into three main categories. These are psychological
and psychosocial interventions, educational interventions and
medication interventions. These interventions may be delivered
alone or in combination (as a complex intervention). For
instance, combining psychological with psychosocial interventions
such as symptom self-management with peer support; or
medication changes implemented with reconciliation strategies or
complemented with medication information and education.

Psychological and psychosocial interventions

Psychological and psychosocial therapies that may promote
medication adherence include interventions to promote
behavioural change such as cognitive behavioural therapy (CBT),
as well as peer support, counselling and skills development
(communication, social, emotional). In addition, there is an
increasing emphasis on health-system interventions that may

influence adherence such as patient-centred care and shared
decision-making (NCCPC 2009; Ryan 2014; WHO 2003).

In an outpatient clinic survey of 328 people with SCD using the
Patient Health Questionnaire 9, up to 60% of people with SCD
experienced mild to severe depressive symptoms. Interventions
to address depression and other co-morbidities may promote
medication adherence, and depending on the degree of depression
or other co-morbidities can include medications, guided self-help,
individual or group CBT or peer support (NCCMH 2010; NICE 2009;
Thomas 2013).

Education interventions

Educational interventions may include disease and medication
information, and assistance with communication skills to facilitate
communication with healthcare providers (Haywood 2009; Ryan
2014). Interventions in the form of personal communication,
structured presentations and formal educational activities
delivered by clinicians or non-medical personnel are included in
this category.

Medication interventions

The identification and correction of medication issues such
as under-utilisation, dosing and scheduling, allergies and
contraindications, financial issues and inadequate monitoring may
impact on adherence and health outcomes. Additional strategies
such as positive medication changes to reduce burden or increase
effectiveness, route of administration, risk minimisation and
medication reconciliation may be used to promote improved
medication adherence (NCCPC 2009; Ryan 2014).

How the intervention might work
Psychological and psychosocial interventions

People with chronic illness face a variety of psychological and
psychosocial problems including depression, anxiety disorders,
disease burden and restrictions on social and occupational
functioning. Research suggests that skill development to help
people with chronic illnesses cope with adverse effects of
medication and any co-morbidities will decrease disease burden,
and improve their health-related QoL (NCCMH 2010; NCCPC
2009). The use of cognitive aids, clear instructions and realistic
expectations can improve adherence (Wertheimer 2003). Person-
centred psychological and psychosocial interventions encourage
self-management skills, shared decision-making and self-efficacy
(NCCPC 2009; NICE 2009).

Educational interventions

Tailored educational interventions can be delivered to individuals
or groups and can be delivered face-to-face or remotely.
Educational interventions may include both a simple approach,
such as evidence-based plain language information, by written or
verbal communication, or a multi-faceted approach that considers
the wider environment, management, decision-making, lifestyle
and communication roles taken on by the person taking the
medication (Ryan 2014). Each approach should be tailored to the
individual (NCCPC 2009; WHO 2003).

Medication interventions

Iron levels are monitored in people receiving regular transfusions.
An increasing iron burden may necessitate medication changes or
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more aggressive iron chelation therapy such as increasing doses
or combination therapy. People may also change medications
multiple times due to worsening iron overload, side effects or
personal preferences (Trachtenberg 2014). Medication changes
that reflect personal preferences or minimise harms and improve
outcomes, combined with medication reconciliation strategies
including audit and feedback, prescription and medication help
lines, counselling and age-appropriate discharge instructions, may
help to address and improve adherence (NCCPC 2009; Ryan 2014).
Medication interventions also include medication management
which is a person-centred intervention by a clinician (often a
pharmacist) to optimise drug therapy in order to improve outcomes
for the person (American Pharmacists Association 2008).

Why it is important to do this review

Adherence to iron chelation therapy is necessary to decrease the
risk of morbidity and mortality associated with iron overload.
Poor adherence can also result in increased healthcare costs.
It is therefore important to understand the effectiveness and
limitations of interventions that can be used to influence adherence
in people receiving iron chelation therapy for SCD or thalassaemia.

This is an update of the review, last published in 2018 (Fortin 2018).
OBJECTIVES

To identify and assess the effectiveness of different types
of interventions (psychological and psychosocial, educational,
medication interventions, or multi-component interventions)
and interventions specific to different age groups, to improve
adherence to iron chelation therapy compared to another listed
intervention, or standard care in people with SCD or thalassaemia.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomised controlled trials (RCTs) comparing one
or more adherence interventions to another listed intervention, or
standard care.

For studies comparing medications or medication changes, we only
included RCTs (as per our protocol).

As per our protocol, for studies including psychological and
psychosocial interventions, educational interventions, or multi-
component interventions, we also planned to include non-
randomised studies of interventions (NRSIs), controlled before-
after (CBA) studies and interrupted time series (ITS) studies
including repeated measures designs, which we have done for
the 2022 update. We used the Cochrane Effective Practice and
Organisation of Care (EPOC) Group's definition of study designs to
consider studies for inclusion (EPOC 2015).

We planned to include cluster-randomised trials, non-randomised
cluster trials and CBA studies if they had at least two intervention
sites and two control sites. We excluded cluster-randomised trials,
non-randomised cluster trials and CBA studies that had only
one intervention or control site because the intervention (or
comparison) may be confounded by study site making it difficult to
attribute any observed differences to the intervention rather than
to other site-specific variables (EPOC 2015).

We planned to include ITS and repeated measures studies that had
a clearly defined point in time when the intervention occurred and
at least three data points before and after the intervention. We
excluded ITS studies that did not have a clearly defined pointintime
when the intervention occurred, or fewer than three data points
before and after the intervention, or the ITS study ignored secular
(trend) changes, performed a simple t-test of the pre- versus post-
intervention periods and re-analysis of the data was not possible
(in accordance with EPOC 2015 recommendations).

Types of participants

Children, adolescents, or their caregivers, and adults with
SCD or transfusion-dependent or non-transfusion-dependent
thalassaemia.

Types of interventions

We planned to compare the active interventions listed below to
each other or to standard care (as defined in the trial).

Psychological and psychosocial Interventions
Educational interventions
Medication interventions

Multi-component interventions (combining aspects of the
above interventions)

Hw N

Types of outcome measures

We planned to assess the following outcome measures.

Primary outcomes

1. Adherence to iron chelation therapy rates (defined as per cent
(%) of doses administered (number of doses of the iron chelator
taken, out of number prescribed), measured for a minimum of
three months

2. Serious adverse events (SAEs) (including complications from
the therapy, the disease itself and non-adherence to chelation
therapy)

3. All-cause mortality

We categorised all-cause mortality and SAEs according to short-,
medium- and long-term outcomes. We reported the exact
definition of these time frames over time periods that are common
to as many trials as possible (e.g. zero to one year, one to five years,
over five years).

Secondary outcomes

1. Sustained adherence to therapy (measured for a minimum of six
months)

2. Health-related QoL (as measured by validated instruments)

3. Iron overload (defined by ferritin over 1000 ug/L, or clinical
symptoms, or signs of iron overload, e.g. magnetic resonance
imaging (MRI) T2* cardiac iron content, MRI R2* liver iron
content, liver biopsy, or the need for medically indicated
additional or change in chelation therapy)

4. Organ damage (including cardiac failure, endocrine disease,
surrogate markers of organ damage (creatinine), histologic
evidence of hepatic fibrosis)

5. Other AEs related to iron chelation
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We categorised health-related QoL, iron overload and organ
damage according to short-, medium- and long-term outcomes. We
reported the exact definition of these time frames over time periods
that are common to as many studies as possible (e.g. up to six
months, six to 12 months, over 12 months).

Search methods for identification of studies

We searched for all relevant published and unpublished trials
without restrictions on language, year or publication status.

Electronic searches

We identified studies from the Cochrane Cystic Fibrosis and Genetic
Disorders Group's Haemoglobinopathies Trials Register using the
terms: (sickle cell OR thalassaemia OR (haemoglobinopathies AND
general)) AND iron chelation.

The Haemoglobinopathies Trials Register is compiled from
electronic searches of the Cochrane Central Register of Controlled
Trials (CENTRAL) (updated each new issue of the Cochrane
Library) and weekly searches of MEDLINE. Unpublished work
is identified by searching the abstract books of five major
conferences: the European Haematology Association conference;
the American Society of Hematology conference; the British Society
for Haematology Annual Scientific Meeting; the Caribbean Public
Health Agency Annual Scientific Meeting (formerly the Caribbean
Health Research Council Meeting); and the National Sickle Cell
Disease Program Annual Meeting. For full details of all searching
activities for the register, please see the relevant section of the
Cochrane Cystic Fibrosis and Genetic Disorders Group's website.

Date of the most recent search of the Cochrane Cystic Fibrosis and
Genetic Disorders Group's Haemoglobinopathies Trials Register: 1
August 2022.

In addition to the above, we conducted a search of the following
databases to include RCTs, NRSIs, CBA and ITS studies:

1. Cochrane Central Register of Controlled Trials (CENTRAL; 2021,
Issue 12, the Cochrane Library) (www.cochranelibrary.com/)
searched on 13 December 2021;

2. PubMed (Epub Ahead of Print, In-Process and Other Non-
Indexed Citations, for recent records not yet added to MEDLINE)
(www.ncbi.nlm.nih.gov/sites/entrez) searched on 13 December
2021;

MEDLINE (Ovid, ALL, 1946 to 13 December 2021);

Embase (OvidSP, 1974 to 13 December 2021);

CINAHL (EBSCOHost, 1937 to 13 December 2021);

APA PsycINFO (Ovid, 1967 to 13 December 2021);

ProQuest Dissertations & Theses Global (ProQuest, 1861 to 13
December 2021);

8. Web of Science & Social Sciences Conference Proceedings
Indexes (CPSI-S & CPSSI, Clarivate, 1990 to 13 December 2021).

No MW

We also searched the following trial registries for ongoing trials:

1. ClinicalTrials.gov (clinicaltrials.gov/) searched on 13 December
2021;

2. WHO International Clinical Trials Registry Platform (ICTRP)
(trialsearch.who.int/) searched on 13 December 2021;

3. International Standard Randomised Controlled Trial Number
(ISRCTN) registry (www.isrctn.com/) searched on 13 December
2021.

Search strategies can be found in an appendix (Appendix 1).

Please note: we previously searched the Psychology and Behavioral
Sciences Collection (last searched 1 February 2017), but no longer
have access to this resource.

Searching other resources

We hand searched the reference lists of included trials in order to
identify further relevant trials.

Data collection and analysis
Selection of studies

We selected trials according to the Cochrane Handbook for
Systematic Reviews of Interventions (Lefebvre 2022). For the
2022 update, two authors (LJG, LE) independently screened all
electronically derived citations and abstracts of papers identified
by the search strategy for relevance. We excluded studies that were
clearly irrelevant at this stage based on the abstract. The same
review authors (LJG, LE) independently assessed the full texts of
all potentially relevant studies for eligibility against the criteria
outlined above. We resolved disagreements by discussion.

We sought further information from trial investigators if the trial
report or abstract contained insufficient data to make a decision
about eligibility. We used Covidence software to assess trial
eligibility, which included ascertaining whether the participants
had SCD or thalassaemia, if the trial addressed interventions to
improve adherence to iron chelation therapy, and whether the trial
was randomised or a NRSI or a CBA or an ITS study (Covidence).
We recorded the reasons why potentially relevant studies failed to
meet the eligibility criteria.

Data extraction and management

For the 2022 update, two review authors (LJG, LE) extracted the
data according to Cochrane guidelines (Li 2022). We resolved
disagreements by consensus. We extracted data independently for
all of the trials using Covidence modified to reflect the outcomes in
this review (Covidence). In addition, we used the available tables in
Review Manager 5 to extract data on trial characteristics as below
(RevMan 2014).

General information

Review author's name, date of data extraction, study ID, first author
of study, author's contact address (if available), citation of paper,
objectives of the study.

Study details

Design, location, setting, sample size, power calculation, treatment
allocation, inclusion and exclusion criteria, reasons for exclusion,
comparability of groups, length of follow-up, stratification,
stopping rules described, statistical analysis, results, conclusion
and funding.

Characteristics of participants

Age, gender, total number recruited, total number randomised,
total number analysed, types of underlying disease, loss to follow-
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up numbers, dropouts (percentage in each arm) with reasons,
protocol violations, iron chelating agent, previous treatments,
current treatment, prognostic factors, co-morbidities, ferritin
levels.

Interventions

Details of the interventions including type of intervention whether
psychological and psychosocial or educational or medication
or multi-component interventions, how the intervention is
being delivered (i.e. group, face-to-face, written information,
electronically) and by whom (i.e. clinicians, peers) and where the
intervention is being delivered (i.e. hospital, clinic, home).

Outcomes measured

Adherence rates, SAEs, all-cause mortality, sustained adherence to
therapy, health-related QoL, iron overload defined by ferritin over
1000 pg/L or clinical symptoms or signs of iron overload or need for
medically indicated additional or change in chelation therapy (or
any combination of these), evidence of organ damage, other AEs.

We used both full-text versions and abstracts as data sources and
used one data extraction form for each unique study. Where sources
did not provide sufficient information, we contacted authors for
additional details.

For the current update, two review authors (LJG, LE) entered data
into RevManWeb, and we resolved disagreements by consensus.

If we had identified NRSIs, we planned to extract data according to
the criteria developed for NRSIs as recommended in the Cochrane
Handbook of Systematic Reviews of Interventions (Reeves 2022). In
addition to the items above, for NRSIs, CBA and ITS studies, we also
planned to collect data on: confounding factors; the comparability
of groups on confounding factors; methods used to control for
confounding and on multiple effect estimates (both unadjusted and
adjusted estimates) as recommended in the Cochrane Handbook of
Systematic Reviews of Interventions (Reeves 2022).

Assessment of risk of bias in included studies

For the 2022 update, two review authors (LJG, LE) assessed all
included trials for possible risks of bias as described in the Cochrane
Handbook of Systematic Reviews of Interventions (Higgins 2017).

The assessment included information about the design, the
conduct and the analysis of the trial. We assessed each criterion
using the Cochrane tool for assessing the risk of bias for RCTs
(classed as 'low!, 'high' or 'unclear' risk) in the following areas:

1. Selection bias (random sequence generation and allocation
concealment)

Performance bias (blinding of participants and personnel)
Detection bias (blinding of outcome assessment)

Attrition bias (incomplete outcome data)

Reporting bias (selective reporting)

Other bias

o vk wN

We resolved disagreements on the assessment of quality of an
included trial by discussion until we reached consensus.

Most included trials were RCTs. For the one NRSI, we used
the ROBINS-I tool (Risk Of Bias In Non-randomized Studies of

Interventions), which would be used to rate the quality of other
NRSIs and CBA studies in future updates (Sterne 2016). The tool
uses signalling questions and covers seven domains (listed below)
where the quality of evidence is rated as 'low', 'moderate’, 'serious,
'critical' or 'no information’. Please refer to an appendix for a copy
of the tool (Appendix 2).

Bias due to confounding

Bias in the selection of participants

Bias in measurement of interventions

Bias due to departure from intended interventions
Bias due to missing data

Bias in measurement of outcomes

Bias in the selection of the reported result

No v s wh e

In future updates of this review, for ITS studies we plan to use the
risk of bias criteria below as suggested for EPOC reviews (EPOC
2015).

Was the intervention independent of other changes?
Was the shape of the intervention effect pre-specified?
Was the intervention unlikely to affect data collection?

Was knowledge of the allocated interventions adequately
prevented during the study?

5. Were incomplete outcome data adequately addressed?
6. Was the study free from selective outcome reporting?
7. Was the study free from other risks of bias?

Hw N

Measures of treatment effect
RCTs

For RCTs of continuous outcomes we recorded the mean, standard
deviation (SD) and total number of participants in both the
treatment and control groups. For those using the same scale,
we performed analyses using the mean difference (MD) with 95%
confidence intervals (Cls); for those reported using different scales,
we would have used standardised mean difference (SMD).

For RCTs of dichotomous outcomes we recorded the number of
events and the total number of participants in both the treatment
and control groups and reported the pooled risk ratio (RR) with a
95% Cl (Deeks 2022). Where the number of observed events is small
(less than 5% of sample per group), and where trials have balanced
treatment groups, we have reported the Peto odds ratio (OR) with
95% Cl (Deeks 2022). Where there were zero cases in both arms, we
have reported risk difference (RD) with 95% ClI.

Where adverse events (AEs) or serious adverse events (SAEs)
(including organ damage) have been reported as individual
categories, and were not available as a total number, we have
used 99% Cls to avoid giving undue weight to multiple analyses,
as described in the Cochrane Handbook for Systematic Reviews of
Interventions.

There were no eligible cluster-randomised trials. If such trials are
included in future updates of this review, we plan to extract and
report direct estimates of the effect measure (e.g. RR with a 95%
Cl) from an analysis that accounts for the clustered design. We will
obtain statistical advice to ensure the analysis is appropriate. If
appropriate analyses are not available, we will make every effort
to approximate the analysis following the recommendations in
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chapter 16 of the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2022).

Non-randomised studies

We identified one non-randomised study of an intervention (NRSI),
although the data could not be used due to severe baseline
confounding. If we include such studies with usable data in future
updates of this review, we plan to extract and report the RR
with a 95% ClI for dichotomous outcomes, adjusting for baseline
differences (such as Poisson regressions or logistic regressions) or
the ratio of RRs (i.e. the RR post intervention/RR pre intervention).

For continuous variables we will extract and report the absolute
change from a statistical analysis adjusting for baseline differences
(e.g. regression models, mixed models or hierarchical models) or
therelative change adjusted for baseline differences in the outcome
measures (i.e. the absolute post-intervention difference between
the intervention and control groups, as well as the absolute
pre-intervention difference between the intervention and control
groups/the post-intervention level in the control group) (EPOC
2015).

ITS studies

There were no eligible ITS studies. If we include such studies in
future updates, we plan to standardise data by dividing the level
(or time slope) and standard error (SE) by the SD of the pre-
intervention slope, in order to obtain the effect sizes.

Where appropriate, we plan to report the number needed to treat
to benefit (NNTB) and the number needed to treat to harm (NNTH)
with Cls.

If we are unable to report the available data in any of the
formats described above, we will provide a narrative report and, if
appropriate, present the data in tables.

Unit of analysis issues

For trials with multiple treatment groups or interventions, we
included subgroups that we considered relevant to the analysis.
If appropriate, we combined groups to create a single pair-
wise comparison. If this was not possible, we selected the most
appropriate pair of interventions and excluded the others (Higgins
2022). No trials randomised participants more than once.

There were no included cluster-randomised studies or NRSlIs. If we
include these in future updates of this review, we plan to treat any
unit of analysisissues that arise in accordance with the advice given
in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2022).

There were no included ITS studies. If we include these in
future updates of this review, we plan to deal with any unit of
analysis issues arising from their inclusion according to the EPOC
recommendations (EPOC 2015).

Dealing with missing data

Where we identified data as being missing or unclear in the
published literature, we contacted trial authors directly. We
contacted three authors for additional trial information (Badawy
2010; Elalfy 2015; EX-PAT 2013) and have received one response
stating that the trial data were not available at this time (Badawy
2010).

We recorded the number of participants lost to follow-up for each
trial. Where possible, we analysed data on an intention-to-treat
(ITT) basis, but if insufficient data were available, we also presented
a per protocol analyses (Higgins 2017).

Assessment of heterogeneity

If the clinical and methodological characteristics of individual trials
were sufficiently homogeneous, we combined the data to perform
a meta-analysis. We planned to analyse the data from RCTs, NRSiIs,
CBA and ITS studies separately, but we only included RCTs in the
current version of the review.

We assessed statistical heterogeneity of treatment effects between
trials using a Chi? test with a significance level at P < 0.1. We used
the 12 statistic to quantify the degree of potential heterogeneity
and classified it as moderate if the 1> was greater than 50%, or
considerable if I* was greater than 75%. We used the random-effects
model as we anticipated that we would identify at least moderate
clinical and methodological heterogeneity within the trials selected
for inclusion. If statistical heterogeneity was considerable, we did
not report the overall summary statistic. We assessed potential
causes of heterogeneity by sensitivity and subgroup analyses
(Deeks 2022).

Assessment of reporting biases

No meta-analysis in this review included at least 10 trials, therefore
we could not perform a formal assessment of publication bias
(Sterne 2011).

Data synthesis

If trials were sufficiently homogenousin their design, we conducted
a meta-analysis according to the recommendations of Cochrane
(Deeks 2022). We used the random-effects model for all analyses
as we anticipated that true effects would be related but not the
same forincluded trials. If we could not perform a meta-analysis we
commented on the results as a narrative.

For RCTs where meta-analysis was feasible, we used the
Mantel-Haenszel method for dichotomous outcomes, and the
inverse variance method for continuous outcomes. We did not
have outcomes that included data from cluster-RCTs. Where
heterogeneity was above 75%, and we identified a cause for the
heterogeneity, we explored this with subgroup analyses. If we did
not find a cause for the heterogeneity then we did not perform a
meta-analysis.

Ifidentified, we planned to analyse NRSIs or CBA studies separately.
We planned to analyse outcomes with adjusted effect estimates if
these were adjusted for the same factors using the inverse variance
method as recommended in the Cochrane Handbook of Systematic
Reviews of Interventions (Reeves 2022). For ITS studies, we would
have used the effect sizes (if reported in the included studies or
obtained (as described earlier)) and pooled them using the generic
inverse variance method in Review Manager 5 (RevMan 2014).

Subgroup analysis and investigation of heterogeneity

We reported results for the different types of disease separately
(SCD or thalassaemia). Only one trial included participants with
SCD (Vichinsky 2007).
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There were insufficient data to perform some of the planned
subgroup analyses. We planned to perform subgroup analyses
according to Cochrane's recommendations (Deeks 2022) for each
of the following criteria, and separately for the different study
design types included in the review in order to assess the effect on
heterogeneity.

1. Age of participant: child (one to 12 years), adolescent (13 to 17
years), adult (18+ years)

2. Route of administration of iron chelating agents: oral,
intravenous or subcutaneous

Sensitivity analysis

There were insufficient data to perform the planned sensitivity
analyses. If we had obtained adequate data, we planned to
assess the robustness of our findings by performing the following
sensitivity analyses according to Cochrane recommendations
where appropriate (Deeks 2022).

1. Includingonly those trials with a 'low' risk of bias (e.g. RCTs with
methods assessed as low risk for random sequence generation
and concealment of treatment allocation)

2. Including only those studies with less than a 20% dropout rate

3. Duration of follow-up (up to and including six months compared
to over six months)

Summary of findings and assessment of the certainty of the
evidence

We assessed the certainty of evidence using GRADEpro software,
and exported this as summary of findings tables.

We used the GRADE approach to generate a summary of findings
table for each comparison we present in the review, as suggested
in the Cochrane Handbook for Systematic Reviews of Interventions
(Schiinemann 2022). We rated the certainty of the evidence
as 'high', 'moderate, 'low' or 'very low' using the five GRADE
considerations.

1. Risk of bias (serious or very serious)
2. Inconsistency (serious or very serious)

3. Indirectness (serious or very serious)
4. Imprecision (serious or very serious)
5. Publication bias (likely or very likely)

For NRSIs or CBA or ITS studies, we planned to consider the
following factors.

1. Dose response (yes or no)
2. Size of effect (large or very large)

3. Confounding either reduces the demonstrated effect or
increases the effect if no effect was observed (yes or no)

In GRADE, NRSIs or CBA or ITS studies are rated initially as
low certainty and upgraded according to GRADE guidelines if
appropriate. We planned to present outcomes for these studies in
separate tables from outcomes for the results of RCTs.

Within each summary of findings table, we have presented our
listed outcomes of:

1. adherence rates (minimum of three months);
2. SAEs (most common time frame used in most studies);

3. all-cause mortality (most common time frame used in most
studies);

4. sustained adherence (six months or more); and
5. QoL (most common time frame used in most studies).

Where analysis was not possible, we have described the data
narratively, or stated not reported.

RESULTS

Description of studies

See also Characteristics of included studies; Characteristics of
excluded studies; Characteristics of studies awaiting classification;
Characteristics of ongoing studies.

Results of the search

See PRISMA flow diagram for details of this review update (Figure 1).
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Figure 1. CFGD trials register: Cochrane Cystic Fibrosis and Genetic Disorders Group's Haemoglobinopathies Trials

Register

Previous review
(2018)

23 eligible from 60
full-text articles:

16 in qualitative
synthesis (15 in
quantitative)

5 ongoing

2 awaiting
classification

Update search
December 2021:
1196

and August 2022
search of CFGD
Trials Register: 53

5 records

identified through

other sources

1205 atter

duplicates removed

1205 titles
screened

1084 reterences
excluded

12T full-text
articles assessed
for eligibility

90 tull-text articles
(83 trials) excluded
from the update
search (when
added to the 30
previously
excluded trials, this
resulted in 113
excluded trials in
total):

* 53 wrong
study design

* 25 not
designed to
measure
adherence

* 18 wrong or
no intervention
* 9 review or
commentary

* 8 wrong or no

Interventions for improving adherence to iron chelation therapy in people with sickle cell disease or thalassaemia (Review)
Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

22



c Coch rane Trusted evidence.
= . Informed decisions.
1 Libra ry Better health. Cochrane Database of Systematic Reviews

Figure 1. (Continued)
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* 8 wrong or no
comparator
4 new trials
included in this
update:
1 newly identified
trial
2 trials previously
listed as ongoing
1 trial previously
assumed to be a
secondary citation
of an included trial
28 publications
linked to studies
already included
and:
2 new ongoing
10 new awaiting
classification
20 studies now
included in
qualitative
synthesis
4 ongoing
13 awaiting
classification
18 trials included
in quantitative
synthesis
(meta-analysis)
2 studies did not
provide data
(Badawy 2010;
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Figure 1. (Continued)

Pavorane s

(Badawy 2010;
Gharaati 2019)

In the 2022 update searches for this review we identified a total
of 1254 potentially relevant references (1249 through electronic
searching and five identified though other sources). After removing
duplicates, there were 1205 references, of which two review
authors (LJG, LE) excluded 1084 references on the basis of the
abstract. The review authors then reviewed 121 full-text articles
for relevance and excluded a further 90 references (equating to 83
trials) (see Characteristics of excluded studies for reasons).

Forty-one references were included and assigned as: one new trial,
two newly ongoing, 10 newly awaiting classification, 28 newly
identified references that were linked to studies already included,
which we checked for additional data, and one reference previously
assumed to be a secondary citation of an included trial that was
separately included.

We re-assessed those previously listed as ongoing or awaiting
classification, to ascertain whether or not they should be included.

In this update we included four new trials: one newly identified
non-randomised trial (Gharaati 2019), two trials previously listed as
ongoing (Kwiatkowski 2021; Maggio 2020), and one trial (Calvaruso
2014) that had been incorrectly merged with another (Calvaruso
2015) due to misreporting of trial registration numbers within the
publications. We also identified two new ongoing trials, and 10 new
trials are awaiting classification.

Combined with the previous review, this resulted in 20 trials being
included in the qualitative synthesis (four are listed as ongoing and
13 are awaiting classification), of which we haveincluded 18 trialsin
the quantitative analysis, as two studies did not provide sufficient
usable data (Badawy 2010; Gharaati 2019).

Included studies

Nineteen RCTs and one NRSI (Gharaati 2019) met the pre-defined
inclusion criteria (Aydinok 2007; Badawy 2010; Bahnasawy 2017;
Calvaruso 2014; Calvaruso 2015; Elalfy 2015; El Beshlawy 2008;
Galanello 2006a; Hassan 2016; Kwiatkowski 2021; Mourad 2003;
Olivieri 1997; Pennell 2006; Pennell 2014; Taher 2017; Tanner 2007;
Vichinsky 2007).

Two of the included trials were abstract reports only (Badawy 2010;
Olivieri 1997). One abstract did not report outcomes by intervention
and therefore was not included in the quantitative reporting of the
effects of interventions (Badawy 2010). One NRSI was not included
in the quantitative analyses due to severe baseline confounding
(Gharaati 2019).

Trial design

There were 18 RCTs of medication interventions (Aydinok 2007;
Badawy 2010; Calvaruso 2014; Calvaruso 2015; Elalfy 2015; El
Beshlawy 2008; Galanello 2006a; Hassan 2016; Kwiatkowski 2021;

Mourad 2003; Olivieri 1997; Pennell 2006; Pennell 2014; Taher 2017;
Tanner 2007; Vichinsky 2007), one RCT on medication management
(Bahnasawy 2017), and one quasi-experimental trial (a NRSI) on
education (Gharaati 2019).

We included 13 multicentre trials (Calvaruso 2014; Calvaruso
2015; Elalfy 2015; Galanello 2006a; Kwiatkowski 2021; Maggio
2009;Maggio 2020; Olivieri 1997; Pennell 2006; Pennell 2014; Taher
2017; Tanner 2007; Vichinsky 2007), which ranged from two centres
in one country (Calvaruso 2015; Elalfy 2015; Olivieri 1997) to 44
centres in multiple countries (Vichinsky 2007). Seven were single-
centre trials (Aydinok 2007; Bahnasawy 2017; Badawy 2010; El
Beshlawy 2008; Gharaati 2019; Hassan 2016; Mourad 2003).

Follow-up ranged from six months in two trials (Bahnasawy 2017;
Taher 2017) to five years (Calvaruso 2014; Maggio 2009), with a 10-
year follow-up for some outcomes (Calvaruso 2015). The remainder
of the trials were of 12 months duration, except Olivieri 1997, which
had 24 months follow-up; one trial did not report follow-up time
(Badawy 2010).

One trial was terminated early; this was a sponsor decision due to
issues of recruitment: the pool of potential patients was exhausted,
and sufficientinformation had already been obtained (Kwiatkowski
2021).

Trial size

The number of participants enrolled in the trials ranged from 24
(Aydinok 2007) to 390 (Maggio 2020). Sample size calculations were
reported in eight trials (Calvaruso 2015; Elalfy 2015; El Beshlawy
2008; Maggio 2009; Pennell 2006; Pennell 2014; Tanner 2007;
Vichinsky 2007).

Setting

Trials were published between 1997 and 2021. Five were conducted
in Egypt (Badawy 2010; Bahnasawy 2017; Elalfy 2015; El Beshlawy
2008, Hassan 2016); six in Italy (Calvaruso 2014; Calvaruso 2015;
Galanello 2006a; Maggio 2009; Pennell 2006; Tanner 2007); and
five were international multicentre trials conducted in several
countries (Kwiatkowski 2021; Maggio 2020; Pennell 2014; Taher
2017; Vichinsky 2007). One trial was conducted in each of the
following countries: Turkey (Aydinok 2007); Lebanon (Mourad
2003); Iran (Gharaati 2019); and Canada (Olivieri 1997).

Participants

A total of 14 trials included only participants with B-thalassaemia
major (Aydinok 2007; Badawy 2010; Bahnasawy 2017; Elalfy 2015;
El Beshlawy 2008; Galanello 2006a; Gharaati 2019; Hassan 2016;
Maggio 2009; Mourad 2003; Olivieri 1997; Pennell 2006; Pennell
2014; Tanner 2007); one trial included only participants with
thalassaemia intermedia (Calvaruso 2015); and two trials included
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only participants with SCD (Calvaruso 2014; Vichinsky 2007). Three
trials included a mixture of participants: one trial assessed SCD or
"other iron overload", excluding thalassaemia (Kwiatkowski 2021),
one included thalassaemia or "other iron overload" (Taher 2017),
and one included "any hereditary haemoglobinopathy (including
SCD or thalassaemia)" (Maggio 2020).

The mean age ranged from 11 years (El Beshlawy 2008) to 41 years
(Calvaruso 2015). One trial reported the proportion of participants
falling into different age categories (< 6 years old, approximately
30%; 6 to 10 years, approximately 25%, > 10 years, approximately
45%) (Maggio 2020). Two trials only provided the minimum age of
enrolmentinto the RCT: at least eight years old in Badawy 2010 and
at least 10 years old in Olivieri 1997.

Participants tended to be equally divided between males and
females, with the lowest percentage of males in Bahnasawy
2017 (38%) and the highest in Elalfy 2015 (66%).

Intervention

In this review we report the Effects of interventions by the
various comparisons in the different trials. Most trials assessed
medication interventions, but one trial assessed a medication
management intervention by a clinical pharmacist (Bahnasawy
2017), and a further (non-randomised) trial assessed a phone-
mediated educational intervention about the condition and
treatment (Gharaati 2019).

The comparisons and studies included:

1. DFP versus DFO: seven trials (Badawy 2010; Calvaruso 2014;
Kwiatkowski 2021; Calvaruso 2015; El Beshlawy 2008; Olivieri
1997; Pennell 2006); see Table 2.

2. DFX versus DFO: three trials (Hassan 2016; Pennell 2014;
Vichinsky 2007); see Table 3.

3. DFP versus DFX: one trial (Maggio 2020); see Table 4.

4. DFX (film-coated tablet (FCT) versus DFX (dispersible tablet
(DT))): one trial (Taher 2017); see Table 5.

5. DFP and DFO combined versus DFP alone: four trials (Aydinok
2007; Badawy 2010; El Beshlawy 2008; Maggio 2009); see Table 6.

6. DFP and DFO combined versus DFO alone: five trials (Badawy
2010; El Beshlawy 2008; Galanello 2006a; Mourad 2003; Tanner
2007); see Table 7.

7. DFP and DFO combined versus DFP and DFX combined: one
trial (Elalfy 2015); see Table 8.

8. Medication management versus standard care: one trial
(Bahnasawy 2017); see Table 9.

9. Education versus standard care: one non-randomised trial
(Gharaati 2019); see Table 10.

Outcomes

Outcomes varied across trials depending on the objectives. All
trials measured adherence (Table 1), although this was usually
as a secondary rather than a primary outcome. Reduction in
serum ferritin or liver iron concentration (LIC) were the primary
outcomes in most trials; however, in three trials the primary
outcome was myocardial T2* MRI results (Pennell 2006; Pennell
2014; Tanner 2007) and in one trial was overall safety (Taher 2017).
Safety (including both SAEs and AEs) was included as a secondary

outcome in all trials. Four trials reported on QoL (Aydinok 2007
Bahnasawy 2017; Elalfy 2015; Kwiatkowski 2021).

Source

Seven trials identified non-profit organisations, including
universities, foundations and societies, as their source of support
(Badawy 2010; Calvaruso 2014; Calvaruso 2015; Elalfy 2015;
Gharaati 2019; Maggio 2009; Maggio 2020).

Six trials identified industry sponsorships (Galanello 2006a;
Kwiatkowski 2021; Pennell 2006; Pennell 2014; Taher 2017;
Vichinsky 2007). Six trials did not state their source of funding
(Aydinok 2007; Bahnasawy 2017; El Beshlawy 2008; Hassan
2016; Mourad 2003; Olivieri 1997), but of these, three may
have had industry funding. In one trial, drugs were supplied
by the manufacturer (Aydinok 2007), one trial was halted by
the manufacturer (Olivieri 1997) and one trial included industry
employees as authors (El Beshlawy 2008).

One trial had a mix of non-profit and industry funding (Tanner
2007).

Excluded studies

We excluded a total of 113 trials:

« 53 studies had the wrong study design (e.g. non RCT for a
medication review) (Abu 2015; Aftab 2017; Al Kloub 2014; Al
Kloub 2014a; Al Refaie 1995; Allemang 2016; Alvarez 2009;
Anderson 2017; Anderson 2018; Angelucci 2005; Ansari 2017;
Arian 2018; Bartin Gooden 2015; Bazpour 2019; Biabani 2020;
Canatan 2004; Cappellini 2005b; Cappellini 2017; Cheesman
2018; Daar 2010; Deugnier 2005; Deugnier 2010; Ding 2017;
Elalfy 2016; Elalfy 2018; Eshghi 2018; EUCTR 2007-000766-20-
IT; Farhady 2020; Galanello 2006b; Gallo 2014; Gordon 2018;
Inusa 2022; IRCT 2015 012914504N3; IRCT 2017 0512033932N5;
Kattamis 2021; Kidson Gerber 2008; Kolnagou 2008; Mohamed
Al Nasiri 2018; NCT03233269; NCT03591575; NCT03637556;
NCT04092205; Pantalone 2011a; Porter 2012; Safaei 2019;
Sanjeeva 2015; Shah 2021; Smith 2017; Tripathy 2021; UMIN
000007644; Viola 2020; Vlachodimitropoulou Koumoutsea 2017;
Wilson 2017);

« 25 studies were not designed to measure adherence (Bellanti
2017; Bellanti 2017a; Berkovitch 1995; Bin Ahmed 2018;
Chakrabarti 2013; Habibian 2014; IRCT 2009 0813002342N9
(Rafati2022); IRCT 2016 041627412N1;IRCT 2018 0207038655N1;
Jhinger 2018; Kompany 2009; Madmoli 2019; Matti 2013; Molavi
2013; Molavi 2014; Molazem 2016; NCT00061750; NCT01709032;
NCT03381833; Peng 2013; Sebastian 2020; Souran 2019;
Vichinsky 2008; Waheed 2014; Yarali 2006);

« 18 studies either had no intervention or the wrong intervention
(Adibi 2012; Al-Momen 2020; Armstrong 2011; Aydinok 2016;
Bala 2014; Belgrave 1989; Darvishi-Khezri 2017; EUCTR
2015-003225-33-GR; Gomber 2004; Hagag 2013; Hamed 2020;
Kejriwal 2020; Mohammadi 2018; NCT03342404; NCT04292314
NCT04541875; NCT04688411; Sidhu 2021);

« nine studies were a review or a commentary (Chaudhary 2021;
Emami Zeydi 2018; Hankins 2020; Hankins 2021; Kattamis 2018;
Loiselle 2015; Loiselle 2016; Shih 2020; Walsh 2014); and

+ eight studies either had no comparator or the wrong
comparison (Aziz 2021; EUCTR 2007-004008-10; Leonard 2014;
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Mazzone 2009; NCT02133560; NCT02466555; Pakbaz 2005;
Patalia Abishek 2014).

Studies awaiting classification

We assessed 13 trials as awaiting classification: seven are

RCTs assessing medication interventions (Bhojak 2020;
CTRI/2020/07/026771; EUCTR 2017-003777-34-NL; Eghbali

2019; IRCT 2016 0310026998NT7; IRCT 2019 0106042262N1;
NCT00004982); six are non-medical interventions, including
various forms of education (EX-PAT 2013; IRCT 2013 042213092N1;
IRCT 2020 0606047670N2021), psycho-education (IRCT 2019
0827044634N1; IRCT 2020 0126046270N1), or monitoring (Crosby
2019) compared to standard care. See Table 11 for an overview
of studies awaiting classification, including individual reasons
for their classification, and Characteristics of studies awaiting
classification for more detail.

Ongoing studies

We identified four ongoing trials: two RCTs assessing medication
interventions (CALYPSO; IRCT 2015 101218603N2), one RCT of
group versus individual appointments (Madderom 2016 (TEAM
study)), and one RCT of repeated psycho-medical education
compared to a single education session (NCT04877054). See Table
12 for an overview of ongoing studies, and Ongoing studies for more
detail.

Risk of bias in included studies

Please refer to the figures section of the review for visual
representations of the assessments of risk of bias across all trials
and for each item in the included trials (Figure 2; Figure 3). Please
also see the risk of bias section in the Characteristics of included
studies section for further information about the bias identified
within individual trials.

Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3. (Continued)
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One NRSI was assessed using ROBINS-I (Gharaati 2019) (Appendix
2); we judged this as having a critical risk of bias due to severe
baseline confounding (domain 1.4, baseline imbalance that was
not accounted for, or noted within their publication) in important
assessments that may affect our outcomes (baseline knowledge,
attitude and performance; and previous medical history). Due to
the early note of severe confounding, we then stopped the risk of
bias assessment and were unable to use the extracted data in any
analyses.

Allocation
Random sequence generation

We considered eight trials to be at a low risk of bias for random
sequence generation as randomisation was clearly described
and done centrally, in permuted blocks, or computer-generated
(Aydinok 2007; Calvaruso 2015; Calvaruso 2014; Elalfy 2015; Maggio
2009; Maggio 2020; Pennell 2014; Vichinsky 2007).

We considered 10 trials to be at an unclear risk of bias. Although
one trial used permuted blocks there were several imbalances in
baseline characteristics between groups (Hassan 2016). We judged
the remaining nine trials to have an unclear risk of bias as there
was no description of randomisation and the report only stated that
participants were randomised (Badawy 2010; Bahnasawy 2017; El
Beshlawy 2008; Galanello 2006a; Kwiatkowski 2021; Mourad 2003;
Pennell 2006; Taher 2017; Tanner 2007).

We considered one trial to be at a high risk of bias as participants
were "assigned" to treatment groups by a research pharmacist and
there was no description of how it was done (Olivieri 1997).

Allocation concealment (selection bias)

We considered six trials to be at low risk for selection bias
as participants were allocated by telephone contact from a co-
ordinating centre (Calvaruso 2014; Calvaruso 2015; Elalfy 2015;
Kwiatkowski 2021; Maggio 2009; Maggio 2020).

We considered 10 trials to be at an unclear risk as there was
no description of how allocation was concealed (Badawy 2010;
Bahnasawy 2017; El Beshlawy 2008; Galanello 2006a; Hassan 2016;
Mourad 2003; Olivieri 1997; Pennell 2006; Pennell 2014; Vichinsky
2007).

We considered three trials to be at a high risk for selection bias as
there was no allocation concealment (Aydinok 2007; Taher 2017;
Tanner 2007).

Blinding
Blinding of participants and personnel (performance bias)

No trials were able to blind the participants or personnel to group
allocation, and so could not be considered at low risk of bias
(except for measures of mortality as this is unlikely to be affected by
knowledge of treatment).

We considered three trials to be at an unclear risk for performance
bias as there was no description of blinding (Galanello 2006a;
Mourad 2003; Tanner 2007).

We considered 16 trials to be at a high risk for performance bias.
Trials were either open-label, did not mention blinding, or blinding
was difficult due to type of treatment: a subcutaneous injection
compared to an oral intervention or combination of both (Aydinok
2007; Badawy 2010; Bahnasawy 2017; El Beshlawy 2008; Calvaruso
2014; Calvaruso 2015; Elalfy 2015; Hassan 2016; Kwiatkowski 2021;
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Maggio 2009; Maggio 2020; Olivieri 1997; Pennell 2006; Pennell
2014; Taher 2017; Vichinsky 2007).

Blinding of outcome assessment (detection bias)

We considered six trials to be at a low risk of detection bias for
all outcomes as data management and analysis were carried out
by assessors who were blinded to interventions (Calvaruso 2014;
Calvaruso 2015; Elalfy 2015; Maggio 2009; Pennell 2006; Pennell
2014).

We considered seven trials to be at an unclear risk of detection
bias for all outcomes except mortality as there was no mention of
blinding (Aydinok 2007; Badawy 2010; El Beshlawy 2008; Galanello
2006a; Mourad 2003; Olivieri 1997; Tanner 2007).

We considered six trials to be at a high risk of detection bias
as there was no description of blinding of outcome assessment,
and it appears that investigators who were not blinded were also
involved in outcome assessment (Bahnasawy 2017; Hassan 2016;
Kwiatkowski 2021; Maggio 2020; Taher 2017; Vichinsky 2007).

Incomplete outcome data

We considered seven trials to be at a low risk for attrition bias
as all outcomes were reported and either no participants or few
participants were lost to follow-up and the flow of participants
was reported (Calvaruso 2015; Elalfy 2015; Galanello 2006a; Hassan
2016; Mourad 2003; Pennell 2006; Vichinsky 2007).

We considered four trials to be at an unclear risk of attrition bias
as there was no indication of the number of participants included
in the different outcome analyses; there was substantial attrition
towards the end of the trial; a per protocol analysis was conducted
for some outcomes; or there was high attrition or vague reporting
with no specific results (Maggio 2009; Pennell 2014; Taher 2017,
Tanner 2007).

We considered the rest of the trials to be at a high risk for attrition
bias as there was no data on the flow and number of participants
completing the trial; no participant numbers on AEs or compliance;
no comparative data reported; per protocol analysis only; or large
attrition bias in outcome analysis (Aydinok 2007; Badawy 2010;
Bahnasawy 2017; Calvaruso 2014; El Beshlawy 2008; Kwiatkowski
2021; Maggio 2020; Olivieri 1997).

Selective reporting

We considered seven trials to be at a low risk of reporting bias as all
identified outcomes were reported (Aydinok 2007; Calvaruso 2015;
Kwiatkowski 2021; Maggio 2009; Maggio 2020; Olivieri 1997; Tanner
2007).

We considered five trials to be at an unclear risk of reporting bias
because of either: minimal reporting of participant satisfaction and
compliance; or no report of compliance with DFP; or unclear and
selective reporting of AEs (Calvaruso 2014; Elalfy 2015; Galanello
2006a; Pennell 2014; Vichinsky 2007).

We considered seven trials to be at a high risk of reporting bias due
to: the incomplete reporting of AEs or a lack of reporting of AEs
by treatment groups; or a lack of detailed or incomplete reporting
of compliance and serum ferritin and LIC; or non-reporting of
some pre-specified outcomes (Badawy 2010, Bahnasawy 2017; El

Beshlawy 2008; Hassan 2016, Mourad 2003; Pennell 2006; Taher
2017).

Other potential sources of bias

We considered five trials to be at a low risk as no other potential
sources of bias were identified (Galanello 2006a; Maggio 2020;
Mourad 2003; Pennell 2014; Tanner 2007).

We considered 13 trials to be at an unclear risk of other bias for
various reasons including: baseline imbalances; abstract reports
with insufficient details; no comparative numbers in control group;
incomplete reporting of AEs; dose amendments after the start of
the trial (Aydinok 2007; Badawy 2010; Bahnasawy 2017; Calvaruso
2014; Calvaruso 2015; Elalfy 2015; El Beshlawy 2008; Hassan
2016; Kwiatkowski 2021; Maggio 2009; Olivieri 1997; Taher 2017,
Vichinsky 2007).

We considered one trial to be at a high risk of other sources
of bias due to a serious imbalance in baseline characteristics of
participants, particularly serum ferritin levels (Pennell 2006).

Effects of interventions

See: Summary of findings 1 Summary of findings: Comparison
1 - deferiprone (DFP) versus deferoxamine (DFO); Summary of
findings 2 Summary of findings: Comparison 2 - deferasirox (DFX)
versus deferiprone (DFO); Summary of findings 3 Summary of
findings: Comparison 3 - deferiprone (DFP) versus deferasirox (DFX);
Summary of findings 4 Summary of findings: Comparison 4 -
deferasirox (DFX) film-coated tablets versus DFX dispersible tablets;
Summary of findings 5 Summary of findings: Comparison 5 -
deferiprone (DFP) plus deferoxamine (DFO) versus DFP; Summary
of findings 6 Summary of findings: Comparison 6 - deferiprone
(DFP) plus deferoxamine (DFO) versus DFO; Summary of findings
7 Summary of findings: Comparison 7 - deferiprone (DFP) plus
deferoxamine (DFO) versus DFP plus deferasirox (DFX); Summary
of findings 8 Summary of findings: Comparison 8 - medication
management versus standard care

Results are presented for each of the main comparisons.

The main focus of our review is on compliance and effects of
compliance (or non-compliance) on participant outcomes. For
more detailed estimates of effectiveness of different iron chelators
please refer to another Cochrane Review (Fisher 2013).

One abstract of a trial that included three review comparisons
(deferiprone (DFP) versus deferoxamine (DFO); combination DFP
and DFO versus DFP; combination DFP and DFO versus DFO) did
not report any outcomes by intervention group and did not include
counts of events (i.e. adverse events (AEs)), therefore we did not
include this trial in the quantitative analysis (Badawy 2010). Thus,
we have included 19 trials within the quantitative analysis.

See Table 1 and also the outcomes section in the Characteristics of
included studies section for summary information on results and
how adherence was measured in the individual trials. Adherence
rates were mostly measured by pill or vial count (either automated
or manual).

The certainty of the evidence has been graded for those outcomes
included in the summary of findings tables. For the definitions of
these gradings, please refer to the summary of findings tables for
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each comparison (Summary of findings 1; Summary of findings
2; Summary of findings 3; Summary of findings 4; Summary of
findings 5; Summary of findings 6; Summary of findings 7; Summary
of findings 8).

Comparison 1: DFP alone versus DFO alone

Seven randomised controlled trials (RCTs) were included in this
comparison: four RCTs of thalassaemia major (Badawy 2010; El
Beshlawy 2008; Olivieri 1997; Pennell 2006), one of thalassaemia
intermedia (Calvaruso 2015), and two of sickle cell disease (SCD)
(Calvaruso 2014; Kwiatkowski2021). See Summary of findings 1. We
downgraded the certainty of the evidence by either two for risk of
bias due to high or unclear risk of bias in all domains or by one for
imprecision due to wide Cls, or both.

Primary outcomes
1. Adherence to iron chelation therapy rates

All seven RCTs reported this outcome.

We are uncertain whether there is any difference in adherence to
iron chelation therapy for oral DFP compared to subcutaneous DFO
(two RCTs, 98 participants; very low-certainty evidence). Both trials
implemented similar medication regimens (dose and frequency),
although one trial included younger participants aged under 10
years (Olivieri 1997) compared to aged over 18 years in the second
trial (Pennell 2006), which may have accounted for the significant
heterogeneity (99%). Results could not be combined due to both
a lack of data to report, as well as considerable heterogeneity
between comparisons (12 = 99%) (Analysis 1.1). We identified the
age of participants and differences in the medication regimens as
possible explanations for heterogeneity.

We provide a narrative review of the data on compliance below and
in Table 1.

The two RCTs reported mean (standard deviation, SD) rates of
compliance; in the paediatric trial these were 94.9% (1.1%) in the
DFP group (19 participants) and 71.6% (3.9%) in the DFO group (18
participants) (Olivieri 1997) and in the study of adults these were
94% (5.3%) in the DFP group (29 participants) and 93% (9.7%) in the
DFO group (32 participants) (Pennell 2006).

Three trials reported mean compliance for each intervention group,
but without reporting any error (SD or confidence interval (Cl),
etc.). The earlier Calvaruso trial (60 participants) reported mean
compliance of 89% in the DFP group and 75% in the DFO group
(Calvaruso 2014); the later Calvaruso trial similarly reported a
higher mean rate of compliance in the DFP group (47 participants)
85% compared to the DFO group (41 participants) 76% (Calvaruso
2015); and Kwiatkowski reported compliance of 68.9% in the DFP
group (152 participants) compared 78.9% in the DFO group (76
participants) with the additional comment, "treatment compliance
similar throughout study" (P = 0.12) (Kwiatkowski 2021).

Two trials reported only narrative statements. In one trial (100
participants) the combined therapy group and DFP only group were
more compliant to chelation therapy than the DFO only group, but
the difference was statistically non-significant (Badawy 2010). The
final trial (38 participants) reported that "four patients, all treated
with DFO-based regimen, were excluded from the study due to
lack of compliance. Compliance was otherwise excellent during the
entire study period" (El Beshlawy 2008).

2. Serious adverse events (SAEs)

Three RCTs reported this outcome (Calvaruso 2014; Calvaruso 2015;
Kwiatkowski 2021).

SAEs were analysed separately: total SAEs (from therapy, disease
and non-adherence) (Analysis 1.2), where a total number of
participants reporting SAEs had been reported; and other SAEs
(from therapy, disease and non-adherence) (Analysis 1.3), where
sub-categories of SAEs had been reported, could not be combined
into a single pooled total due to the possibility of double-counting
and have been presented using 99% Cls to avoid giving undue
weight to any single category.

The Kwiatkowski trial (228 participants with SCD) reported a total
number of SAEs at 12-month follow-up (risk ratio (RR) 1.43, 95% Cl
0.83 10 2.46) (Analysis 1.2) (Kwiatkowski 2021).

Two RCTs reported SAEs in categories, but found no difference
between groups for any of the reported categories (Analysis
1.3) (Calvaruso 2015; Kwiatkowski 2021). Calvaruso 2015 (88
participants with thalassaemia intermedia) reported only on
agranulocytosis at 10-year follow-up (RR 7.88, 99% CI 0.18 to
352.39) (Calvaruso 2015). Kwiatkowski 2021 (228 participants with
SCD) reported at 12-month follow-up on: pain crisis (RR 1.30,99% CI
0.54 t0 3.16); acute chest syndrome (RR 3.52, 99% C1 0.07 to 170.19);
hepatic sequestration (RR 1.51, 99% CI 0.02 to 99.77); and chelation
therapy-related events (RR 1.50, 99% CI 0.28 to 8.04) (Analysis 1.3).

3. All-cause mortality

Four RCTs reported this outcome: two in 288 participants with SCD
(Calvaruso 2014; Kwiatkowski 2021); one in 61 participants with
thalassaemia major (Pennell 2006); and one in 88 participants with
thalassaemia intermedia (Calvaruso 2015).

Oral DFP may have little or no effect on all-cause mortality
compared to subcutaneous DFO (RR 0.47, 95% Cl 0.18 to 1.21; 3
RCTs, 376 participants; low-certainty evidence; Analysis 1.4).

No deaths occurred in the fourth trial (Pennell 2006).

Secondary outcomes

1. Sustained adherence to therapy (measured for a minimum of six
months)

All trials reported more than six months follow-up; sustained
adherence is reported in the primary outcome (adherence to iron
chelation therapy rates), as only end-of-trial adherence numbers
were provided.

2. Health-related quality of life (QoL)

One RCT reported QoL (Kwiatkowski 2021); these data could not be
analysed due to major bias as over half the sample was missing for
this outcome, but we present the results in the tables (Table 13).

3. Iron overload

One RCT reported the proportion of participants with iron overload
(Calvaruso 2015). We are uncertain if DFP reduces iron overload
compared to DFO as defined as iron levels greater or equal to 800
(ng/L) (RR1.31,95% CI 0.49 to 3.48; 1 RCT, 38 participants; very low-
certainty evidence; Analysis 1.5).
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4. Organ damage

Two RCTs reported the proportion of participants with liver
damage (Calvaruso 2014; Calvaruso 2015). We are uncertain if DFP
increases the risk of liver damage compared to DFO (RR 5.13,
99% Cl 0.54 to 48.40; 2 RCTs, 148 participants; very low-certainty
evidence; Analysis 1.6).

5. Other AEs related to iron chelation

Four trials reported this outcome (Calvaruso 2015; El Beshlawy
2008; Kwiatkowski 2021; Pennell 2006). In people with
thalassaemia taking DFP, we are uncertain if there is a difference in
the risk of AEs compared to people taking DFO (Analysis 1.7).

Three RCTs reported on the risk of leukopenia (RR 3.95,99% CI 0.37
to 41.87; 3 RCTs, 192 participants; very low-certainty evidence) and
the risk of pain or swelling in joints (RR 3.55, 99% Cl 0.49 to 25.81;
3 RCTs, 192 participants; very low-certainty evidence) (Calvaruso
2015; El Beshlawy 2008; Pennell 2006). Two RCTs reported on
the risk of nausea or vomiting (RR 13.68, 99% Cl 0.99 to 188.88;
2 RCTs, 132 participants; very low-certainty evidence) (Calvaruso
2015; El Beshlawy 2008). One RCT each reported on the risk of
increased liver transaminase (RR 1.10, 99% CI 0.03 to 38.47; 1 RCT,
44 participants; very low-certainty evidence) (El Beshlawy 2008),
local reactions at infusion sites (RR 0.17,99% C1 0.00 to0 9.12; 1 RCT,
88 participants; very low-certainty evidence) (Calvaruso 2015) and
any other AEs related to iron chelation (RR 1.28,95% CI 0.81 t0 2.02;
1 RCT, 228 participants; very low-certainty evidence) (Kwiatkowski
2021).

Comparison 2: deferasirox (DFX) alone versus DFO alone

Three trials met the inclusion criteria for this comparison: two
in thalassaemia (Hassan 2016; Pennell 2014), and one in SCD
(Vichinsky 2007). See Summary of findings 2. We downgraded the
certainty of evidence either by two due to high or uncertain risk of
bias in several domains, or by one due to imprecision as the Cls are
wide and thereis only one trial with data in the comparison, or both.

Primary outcomes
1. Adherence to iron chelation therapy rates

All three trials reported on this outcome. Only one trial reported
data in a format that could be incorporated into the analysis
(Pennell 2014). We are uncertain if DFX increases the rate of
adherence compared to people taking DFO (mean difference
(MD) -1.40, 95% CI -3.66 to 0.86; 1 RCT, 197 participants with
thalassaemia; very low-certainty evidence; Analysis 2.1).

The second trial in people with thalassaemia narratively reported
that "throughout the study, all patients were compliant with
the prescribed doses, and no discontinuation of drugs or drop-
out of follow-up occurred" (Hassan 2016). The RCT in people
with SCD reported that "the ratios of the administered to
intended doses of therapy were high (1.16 for deferasirox and 0.97
for deferoxamine), indicating high adherence to the prescribed
treatment regimens" (Vichinsky 2007).

2. SAEs

All three trials reported the effect on disease-related SAEs (Hassan
2016; Pennell 2014; Vichinsky 2007): two in thalassaemia (Hassan
2016; Pennell 2014), and one in SCD (Vichinsky 2007).

We are uncertain whether DFX affects the risk of disease-related
SAEs in people with thalassaemia compared to DFO (RR 0.95,
95% CI 0.41 to 2.17; 2 RCTs, 247 participants; very low-certainty
evidence; Analysis 2.2).

We are uncertain whether DFX affects the risk of SCD-related pain
crisis (RR 1.05, 99% Cl 0.59 to 1.86; 1 RCT, 195 participants; very
low-certainty evidence; Analysis 2.3), or other SCD-related SAEs (RR
1.08,99% Cl 0.69 to 1.68; 1 RCT, 195 participants; very low-certainty
evidence; Analysis 2.3).

3. All-cause mortality

Two trials report mortality (Hassan 2016; Pennell 2014). We are
uncertain whether DFX has any effect on the risk of mortality
in people with thalassaemia compared to DFO (RR 0.96, 95%
Cl 0.06 to 15.42; 2 RCTs, 240 participants; very low-certainty
evidence; Analysis 2.4).

Secondary outcomes

1. Sustained adherence to therapy (measured for a minimum of six
months)

All trials reported more than six months follow-up, so sustained
adherence is reported in the primary outcome (adherence to iron
chelation therapy rates), as only end-of-trial adherence numbers
were provided.

2. Health-related QoL

No trials measured health-related QolL.

3. Iron overload

In people with thalassaemia we are uncertain whether DFX reduces
the proportion of participants with serum ferritin of 1500 (ug/l) or
higher (RR 1.18, 99% CI 0.52 to 2.68; 1 RCT, 60 participants; very
low-certainty evidence; Analysis 2.5) (Hassan 2016). We are also
uncertain whether DFX reduces the proportion of participants with
severe liver iron concentration (LIC) defined as 15 mg Fe/g dry
weight or higher (RR 1.00, 99% Cl 0.78 to 1.27; very low-certainty
evidence; Analysis 2.5)* (Pennell 2014), or myocardial T2* < 10 ms
(RR 1.10, 99% CI 0.62 to 1.95; 1 RCT, 172 participants; very low-
certainty evidence; Analysis 2.5)* (Pennell 2014).

*LIC and myocardial T2*analyses from Pennell 2014 were based on
the per protocol population.

In people with SCD, Vichinsky 2007 reported LIC mean changes
from baseline and no data on the proportion of participants with
end-of-trial iron overload.

4. Organ damage

No trial reported any other organ damage.

5. Other AEs related to iron chelation
Thalassaemia

We are uncertain whether there is any difference in the risk of
total AEs related to iron chelation based on one RCT in people
with thalassaemia (RR 1.15, 95% C| 0.76 to 1.73; 1 RCT, 187
participants; Analysis 2.6) (Pennell 2014).

Individual AEs related to iron chelation were analysed separately
and presented with 99% Cl (Analysis 2.7). We are uncertain whether
there are any differences between the groups for the risk of:
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gastrointestinal upset (RR 3.00, 99% ClI 0.41 to 22.06; 1 RCT, 60
participants; very low-certainty evidence) (Hassan 2016); rash (RR
3.05, 99% CI 0.69 to 13.51; 2 RCTs, 247 participants; very low-
certainty evidence) (Hassan 2016; Pennell 2014); increased blood
creatinine (RR 3.79, 99% Cl 0.51 to 28.05; 1 RCT, 187 participants;
very low-certainty evidence) (Pennell 2014); proteinuria (RR 2.21,
99% CI 0.39 to 12.56; 1 RCT, 187 participants; very low-certainty
evidence) (Pennell 2014); increased alanine aminotransferase
(ALT) (RR 5.69, 99% Cl 0.36 to 89.55; 1 RCT, 187 participants;
very low-certainty evidence) (Pennell 2014); increased aspartate
aminotransferase (AST) (RR 5.69 99% Cl 0.36 to 89.55; 1 RCT, 187
participants; very low-certainty evidence) (Pennell 2014); diarrhoea
(RR 5.69, 99% CI 0.36 to 89.55; 1 RCT, 187 participants; very low-
certainty evidence) (Pennell 2014); or vomiting (RR 6.64,99% C10.14
to 320.288; 1 RCT, 187 participants; very low-certainty evidence)
(Pennell 2014).

In people with thalassaemia, we are uncertain whether DFX
reduces the incidence of total AEs as compared to DFO (RR 0.89,
95% CI 0.75 to 1.07; 1 RCT, 187 participants; very low-certainty
evidence; Analysis 2.8) (Pennell 2014).

We downgraded the certainty of evidence either by two due to
high or uncertain risk of bias in several domains, or by one due to
imprecision as the Cls are wide and there is only one trial with data
in each comparison, or both.

SCD

One RCT contributed to this outcome (Vichinsky 2007). In people
with SCD, DFX compared to DFO may increase slightly the
risk of: abdominal pain (RR 1.91, 99% CI 0.80 to 4.58; 1 RCT,
195 participants; low-certainty evidence; Analysis 2.9); diarrhoea
(RR 4.14, 99% CI 0.90 to 18.92; 1 RCT, 195 participants; low-
certainty evidence; Analysis 2.9); and nausea or vomiting (RR
1.63, 99% CI 0.90 to 2.94; 1 RCT, 195 participants; low-certainty
evidence; Analysis 2.9). We are uncertain if DFX compared to DFO
affects the risk of an increase in ALT (RR 5.29,99% Cl1 0.12 to 232.98;
1 RCT, 195 participants; low-certainty evidence; Analysis 2.9) or the
risk of pain or swelling in joints (RR 1.06, 99% CI 0.41 to 2.76; 1 RCT,
195 participants; very low-certainty evidence; Analysis 2.9).

Comparison 3: DFP versus DFX

One RCT reported for this comparison (Maggio 2020). See Summary
of findings 3. We downgraded the quality of evidence by either two
for risk of bias due to high or unclear risk of bias in all domains, or
by one for imprecision due to wide Cls, or both.

Primary outcomes
1. Adherence to iron chelation therapy

We are uncertain if there is a difference between groups for
adherence at 12 months (MD -3.00%, 95% CI -6.56 to 0.56; 1 RCT, 309
participants; low-certainty evidence; Analysis 3.1).

2. SAEs

We are uncertain if there is a difference between groups for
either total SAEs at 12 months (RR 0.95, 95% Cl 0.46 to 1.96; 1
RCT, 390 participants; very low-certainty evidence; Analysis 3.2) or
chelation-related SAEs at 12 months (Peto odds ratio (OR) 1.54,
95% Cl 0.44 to 5.39; 1 RCT, 390 participants; very low-certainty
evidence; Analysis 3.3).

3. All-cause mortality

We are uncertain if there is a difference between groups at 12
months as there were zero deaths in either group (risk difference
(RD) 0.00,95% CI-0.01t0 0.01; 1 RCT, 390 participants; low-certainty
evidence; Analysis 3.4).

Secondary outcomes

1. Sustained adherence to therapy

As the end of trial was beyond six months, these results have been
reported above under the primary outcome measure.

2. Health-related QOL

This outcome was not reported for this comparison.

3. Iron overload

This outcome was not reported for this comparison.

4. Organ damage

This outcome was not reported for this comparison.

5. Other AEs related to iron chelation

This outcome was not reported for this comparison.

Comparison 4: DFX film-coated tablet (FCT) versus DFX
dispersible tablet (DT)

One RCT in individuals with thalassaemia met the inclusion criteria
for this comparison (Taher 2017). See Summary of findings 4. We
downgraded the certainty of the evidence by either two for risk of
bias due to high or unclear risk of bias in all domains, by one for
imprecision due to wide Cls, or both.

Primary outcomes

1. Adherence to iron chelation therapy rates

Taher 2017 reported adherence as the number of participants
adhering to the trial protocol (n/N). We are uncertain if there is
a preference for FCT (RR 1.10, 95% Cl 0.99 to 1.22; 1 RCT, 173
participants; very low-certainty evidence; Analysis 4.1).

At 13 weeks, we are uncertain if there is a difference in percentage
compliance (assessed via pill count) between groups (MD 5.00%,
95% Cl -6.75 to 16.75; 1 RCT, 91 participants; very low-certainty
evidence; Analysis 4.2).

2. SAEs

We are uncertain if DFX FCT has any effect on SAEs as compared to
DFX DT (RR 1.22, 95% CI 0.62 to 2.37; 1 RCT, 173 participants; very
low-certainty evidence; Analysis 4.3).

3. All-c