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Abstract
Introduction:Several	 studies	 have	 reported	 iron	 accumulation	 in	 the	 basal	 ganglia	
to be associated with the development of Parkinson's Disease (PD). Recently, a few 
trials have examined the efficacy of using the iron- chelating agent Deferiprone (DFP) 
for	patients	with	PD.	We	conducted	this	meta-	analysis	to	summarize	and	synthesize	
evidence from published randomized controlled trials about the efficacy of DFP for 
PD patients.
Methods: A comprehensive literature search of four electronic databases was per-
formed, spanning until February 2023. Relevant RCTs were selected, and their data 
were extracted and analyzed using the RevMan software. The primary outcome was 
the	change	in	the	Unified	Parkinson's	Disease	Rating	Scale	(UPDRS-	III).
Results:Three RCTs with 431 patients were included in this analysis. DFP did not 
significantly	improve	UPDRS-	III	score	compared	to	placebo	(Standardized	mean	dif-
ference −0.06,	95%	CI	[−0.69,	0.58],	low	certainty	evidence).	However,	it	significantly	
reduced iron accumulation in the substantia nigra, putamen, and caudate as measured 
by T2*- weighted MRI (with high certainty evidence).
Conclusion:Current evidence does not support the use of DFP in PD patients. Future 
disease- modification trials with better population selection, adjustment for concomi-
tant medications, and long- term follow up are recommended.
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1  |  INTRODUCTION

Parkinson's disease (PD) is the second most common neurodegen-
erative disease worldwide. In 2020, it affected about 9.4 million 
of the population globally.1 PD is a degenerative disorder charac-
terized by death in dopamine- generating cells of the brain, caus-
ing motor impairment, gait disturbances, cognitive impairment, 
dementia, anxiety, depression, and sleep disorders. The exact 
pathogenesis of PD is still unknown, and till the moment, there 
are no disease- modifying agents that can slow the disease pro-
gression. Historically, PD progression has been assessed by sev-
eral	scales	such	as	Webster,2	UCLA	Rating	Scales,3 and the Unified 
Parkinson's	 Disease	 Rating	 Scale	 (UPDRS)4 which is frequently 
used to assess both motor and non- motor symptom severity in 
PD patients.

It is known that iron homeostasis plays a crucial role in main-
taining normal physiological brain functions,5,6 where its dis-
ruption can interfere with mitochondrial functions accelerating 
neurodegenerative diseases.7	Several	studies	 reported	 increased	
total iron in specific regions of the brain in PD patients, especially 
in	 Substantia	Nigra	 pars	 compacta	 (SNpc),	 putamen,	 and	 globus	
pallidus.8 The reason for iron accumulation is not yet well under-
stood, but several studies suggested different factors such as 
increased permeability of the blood–brain barrier,9 altered iron 
transport by transferrin- TFR type 2,10 and mutations in genes rel-
evant to iron transport and binding.11 Recent studies found that 
ferroptosis is involved in PD, which is an iron- dependent cell death 
pathway for dopaminergic neurons.12

Iron deposition was also found in animal studies using MPTP(1- 
methyl- 4- phenyl- 1,2,3,6- tetrahydropyridine), a neurotoxic animal 
model used to study different aspects of PD.13 Involvement of ferro-
ptosis in dopaminergic cell death was confirmed in the MPTP mouse 
model, and its toxicity was inhibited by Ferostatin- 1(Fer- 1), a specific 
Ferroptosis inhibitor.14 Although the exact mechanism of ferroptosis 
in PD is not well understood, it has been hypothesized that iron- 
chelating agents may slow the progress of PD both in animal models 
and clinical trials.15–18

Deferoxamine (DFO), an iron chelator agent, was first introduced 
for transfusional iron overload in the early 1970s, but due to its short 
half-	life	 (20–30 min)	and	 lack	of	oral	activity,	 it	 initially	had	subpar	
results. To overcome these pharmacokinetics problems, Deferiprone 
(DFP) was introduced to clinical practice in the 1980s.15 DFP is a 
small lipophilic bidentate chelator that has good bioavailability, but 
the rapid biotransformation speeds up its clearance.

The effect of DFP was investigated in different neurological 
diseases associated with iron accumulation in the brain namely 
neuroferritinopathy,19 Friedreich Ataxia,20 and Pantothenate Kinase- 
Associated Neurodegeneration (PKAN) disease.21 Results were not 
inclusive where DFP was beneficial in some studies,19,20 worsened 
ataxia when given in high doses,20 and showed slight insignificant 
slowing of disease progression.21

Although DFP was initially developed to treat patients with he-
moglobinopathies, it became a candidate for treating PD patients 

due to its ability to cross the blood–brain barrier and its neuropro-
tective actions through iron chelation. Its safety and efficacy in PD 
patients were tested in three clinical trials that were represented 
in four articles. The results of these clinical trials showed disagree-
ment,	 where	 two	 of	 them	 (DEVOS	 201422 and Martin- Bastida 
201723) found that DFP has a beneficial effect in treating patients 
with	 PD.	On	 the	 contrary,	DEVOS	202224 reported that DFP has 
a worsening effect on PD patients. Therefore, we conducted this 
systematic review and meta- analysis study to evaluate the efficacy 
of DFP on both motor and non- motor symptoms in patients with PD.

2  | METHODS

We	followed	the	preferred	reporting	items	of	systematic	reviews	and	
meta-	analysis	 (PRISMA	 statement)	 guidelines	when	 reporting	 this	
manuscript.25 This work was conducted in adherence to the Cochrane 
Handbook	of	Systematic	Reviews	of	Interventions.26 This study was 
prospectively	registered	on	PROSPERO	(CRD42023396466).

2.1  |  Criteriaoftheconsideredstudies

Studies	 satisfying	 the	 following	 inclusion	 criteria	were	 included	 in	
the systematic review:

• Population: studies on patients with Parkinson's Disease, diag-
nosed	according	to	the	UK	brain	bank	criteria	or	the	MDS	diag-
nostic criteria.

• Intervention: In studies where the experimental group received 
DFP, all doses were eligible.

• Comparator: studies where the control group received a placebo.
•	 Outcome:	 studies	 reporting	 at	 least	 the	 UPDRS	 scores	 and	

changes in MRI iron deposition in PD patients.
•	 Study	 design:	 studies	 described	 as	 randomized	 controlled	 trials	

where patients were assigned to the treatment groups in a ran-
dom allocation method.

We	excluded	articles	that	were	(1)	case	reports/case	series,	 (2)	
thesis, (3) conference abstracts, (4) animal studies, and (5) studies 
on neurodegenerative diseases other than PD or neurodegeneration 
where the patients were not diagnosed according to the previously 
mentioned PD criteria.

2.2  |  Literaturesearchandkeywords

We	searched	PubMed,	Web	of	Science,	Cochrane,	and	Scopus	for	
relevant studies in February 2023. For a sensitive search strategy, 
we	used	MESH	 keywords.	 The	 keywords	were	 “Deferiprone”	 and	
“Parkinson's	 Disease.”	 The	 search	 strategy	 for	 PubMed	 database	
was:	 ((“Parkinson	 Disease”[Mesh])	 AND	 “Deferiprone”[Mesh])	 OR	
((Deferiprone OR Ferriprox OR C7H9NO2) AND Parkinson's).
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2.3  |  Screeningandstudyselectionprocess

We	used	Rayyan27 for semi- automated screening of the literature 
search	 results.	 Studies	 were	 screened	 in	 two	 phases.	 The	 first	
phase was title/abstract screening for potential clinical studies. In 
the second phase, we retrieved the full- text articles of the selected 
abstracts for further eligibility screening. Literature search and 
screening was done independently by two review authors (AN and 
HA), and any disagreements were resolved by opinion of a senior 
reviewer (NMH).

2.4  | Dataextraction

For all included studies, data were extracted to a uniform online 
data extraction sheet. Extracted data were mainly divided into 
four domains: (1) study characteristics, (2) characteristics of the 
included studies' population, (3) risk of bias domains, and (4) study 
outcomes.

2.5  |  RiskofBiasassessment

We	 assessed	 the	 risk	 of	 bias	 in	 the	 included	 studies	 using	 the	
Cochrane risk of bias (ROB) tool. The Cochrane ROB tool examines 
the potential of bias in seven study domains, including (1) random 
sequence generation, (2) allocation concealment, (3) blinding of the 
investigators and patients, (4) blinding of the outcome assessors, (5) 
incomplete outcome data, (6) selective outcome reporting, and (7) 
other	sources	of	bias.	In	each	domain,	each	study	was	tagged	as	“low	
risk,”	“high	risk,”	or	“unclear”	after	careful	revision	of	the	data	pre-
sented in the published articles.

2.6  |  Publicationbias

In agreement with Egger et al.,28 it was inapplicable to examine po-
tential publication bias in our review via Egger's test for the funnel 
plot asymmetry, when the number of the included studies was less 
than ten studies.

2.7  | Measuresoftreatmenteffect

Studies	 assessing	 the	 impact	 of	 DFP	 supplementation	 in	 PD	 pa-
tients usually provide MRI findings and laboratory values of ferritin 
as explanatory outcomes. The primary outcome measure for this 
systematic	 review	 is	 the	Unified	 Parkinson's	Disease	 Rating	 Scale	
–	Part	III	or	the	old	MDS-	UPDRS-	III	(motor	functions).	Reduction	in	
the	UPDRS-	III	indicates	symptom	improvement,	while	an	increased	
score indicates worsening of the condition. Other secondary out-
comes include:

1. Magnetic resonance imaging (T2*MRI) was used to quantify 
the	 change	 in	 Iron	 accumulation	 from	 baseline	 in	 Substantia	
Nigra, Caudate, and Putamen. Expressed in msec, where the 
increase in T2* value indicates decrease in the iron deposition 
in different parts of the brain.

2.	 Serum	Ferritin	indicates	the	change	in	serum	iron	level	from	base-
line which reflects the ability of DFP to chelate labile iron meas-
ured in ng/mL.

3.	 The	total	MDS-	UPDRS/UPDRS	score	measures	the	progression	
of Parkinson's disease, with a maximum score of 199 which indi-
cates the worst stage of PD.

4.	 The	Mini-	Mental	 State	 Examination	 (MMSE)	 and	 the	Montreal	
Cognitive Assessment (MoCA) were used to display PD patients' 
cognitive status. Higher scores reflect better cognition for both 
scales.

5. Parkinson's Disease Questionnaire (PDQ- 39) is a 39 items used 
to assess PD related quality of life. Its values range from 0 to 
100, with higher scores indicating a worsening in the patient's life 
quality.

6. Adverse effects and safety outcomes are defined as the number 
of patients with adverse events.

2.8  |  Evidencesynthesis

For	studies	where	the	UPDRS-	III/MDS-	UPDRS-	III	was	reported	 in	
the graph only (without numerical data), we used the graph reader 
web tool.29	In	the	case	of	absent	mean	and	SD	in	the	published	ar-
ticle, we calculated them from the median and interquartile ranges 
according	to	the	methods	of	Wan	et	al.30 To convert R*MRI to T2*, 
we	 used	 the	 following	 equation:	 R2* = 1/T2*(msˉ1) ×103. For MRI 
findings, we used RevMan Online calculator31 to combine mean and 
SD	of	 iron	accumulation	values	in	 left	and	right	of	each	of	the	fol-
lowing	 brain	 sites:	 Putamen,	 SN,	 and	Caudate.	Data	 of	 the	MDS-	
UPDRS-	III/UPDRS-	III	score	were	pooled	as	the	standardized	mean	
difference	 (SMD)	between	 the	 two	study	groups	 from	baseline	 to	
endpoint	with	the	corresponding	95%	confidence	intervals	in	a	ran-
dom	effect	model	 of	meta-	analysis.	We	used	 the	 review	manager	
RevMan31	 version	 5.3	 for	 macOS.	 In	 the	 case	 of	 a	 delayed-	start	
disease- modification trial, we restricted the data extraction and 
analysis to the phase where the delayed- start group received pla-
cebo only and compared against the same treatment duration of the 
early start group.

2.9  |  Choiceofthemeta-analysismodel

We	used	the	DerSimonian	Liard	method	when	calculating	the	pooled	
effect size for all the reported outcomes. This random model gives 
more weight to studies with small sample size on the expense of 
that with large sample size, which accommodates inconsistent ef-
fect sizes by assigning larger standard error to the pooled estimate. 
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Therefore, these possible inconsistencies in our estimates must be 
taken into consideration.

2.10  | Assessmentofheterogeneity

We	used	Cochran	Q	test	(chi-	square	test)	and	Higgins	and	Thompson	
I- squared to assess the heterogeneity among the included studies 
via the following equation: I2 = ((Q-	df)/Q)	 ×100%.	 Heterogeneity	
was considered significant when the chi- square test p- value is less 
than 0.1 and the I2	test	is	greater	than	50%.32

3  |  RESULTS

3.1  |  Literaturesearchresults

Three hundred thirty- nine records were obtained from the literature 
search. Of them, 136 were identified by Rayyan as duplicates. After 
excluding irrelevant abstracts and reviews, 14 articles were eligi-
ble for full- text screening. Of them, four articles describing three 
RCTs were included in this systematic review and meta- analysis. 
The	PRISMA	flow	diagram	of	the	study	selection	process	is	shown	
in Figure 1.

3.2  |  Characteristicsoftheincludedstudies

All studies were randomized controlled studies where PD patients were 
allocated to receive either the DFP or the placebo intervention. All the 
three	studies	provided	DFP	at	a	daily	dose	of	15 mg/kg	twice	daily.	One	
study	(Martin-	Bastida	2017)	provided	an	additional	dose	of	10 mg/kg	
BID. The study of Devos (2014) started with a dose escalation period 
where	patients	received	300 mg	DFP	until	a	target	dose	of	30 mg/kg	
was	achieved.	The	study	duration	ranged	from	6	to	18 months.	All	stud-
ies recruited patients with early PD but with variable definitions of the 
disease stage. Devos et al. (2022) recruited patients within the first 
2 years	of	the	diagnosis	without	any	levodopa	treatment,	while	Martin-	
Bastida et al. and Devos et al. (2014) included early PD patients who 
were diagnosed <5	and <3 years	before	enrolment	in	the	study,	respec-
tively.	Summary	of	the	included	studies	and	the	characteristics	of	their	
populations are shown in Tables 1, and 2, respectively.

3.3  |  RiskofBiasintheincludedstudies

Results of the risk of bias assessment showed that the quality of in-
cluded	studies	ranged	from	low	to	high	quality.	Summary	of	the	risk	of	
bias assessment is shown in Figure 2. No significant risks of bias were 
observed in terms of the selection bias including random sequence and 

F IGURE 1 PRISMA	flow	diagram	of	the	study	selection	process.
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allocation concealment. All studies were double blinded in terms of as-
sessment and patient treatment. Devos et al. (2014) has limited report-
ing	of	the	key	clinical	outcomes	like	UPDRS	total	score	and	UPDRS-	II.	
Martin- Bastida study has high risk of bias in two domains including the 
incomplete outcome data (the authors did not include missing patients 
in the analysis) and key clinical outcomes in PD patients are probably 
missed from reporting or were not initially measured for the study par-
ticipants. Devos et al. (2022) is of high quality where all risk of bias 
assessment domains were of low risk.

3.4  |  Primaryoutcome(changeinpartIIIofthe
MDS-UPDRS/UPDRS)

The	overall	SMD	of	change	in	the	MDS/UPDRS	or	UPDRS-	III	score	
did	not	favor	either	of	the	study	groups	(SMD	−0.06,	95%	CI	[−0.69	
to	0.58],	p = 0.86,	Table 3). There was significant substantial hetero-
geneity among the included studies (p = 0.04,	I2 = 70%).

3.5  | MRIchanges

The	overall	SMD	of	change	in	iron	accumulation	measured	on	T2*-	
weighted	MRI	sequence	in	Substantia	Nigra,	Putamen,	and	Caudate	
showed a significant change in the iron load from baseline favoring 
the DFP group over the control, and with homogenous effect size 

across the pooled studies (I2 = 0%	and	p > 0.1,	for	all	the	3	regions)	as	
shown in Figure 3.

3.6  |  SerumFerritin

The pooled studies were heterogenous for the changes in serum 
Ferritin (p < 0.00001,	 I2 = 96%).	 In	 the	 meta-	analysis,	 the	 overall	
SMD	did	not	either	of	the	two	groups	at	(SMD	−1.43,	95%	CI	[−3.36	
to	0.50],	p = 0.15).

3.7  |  TotalMDS-UPDRS/UPDRSscores

Devos	et	al.	 (2014)	reported	a	reduction	 in	the	total	UPDRS	score	
within	the	DFP	group	compared	to	the	placebo	group	after	6 months	
(difference −2.3	vs.	1)	and	12 months	(−1.9	vs.	1),	respectively.	But	in	
the larger study Devos et al. (2022), the DFP group had more wors-
ening	of	the	total	MDS-	UPDRS	score	compared	to	the	placebo	(15.6	
vs. 6.3, respectively).

3.8  | Cognitivefunctionassessment(MoCA,MMSE)

Different scales were used to assess change in the cognitive sta-
tus from baseline. This outcome was reported in only two of the 

F IGURE 2 Risk	of	bias	summary:	shows	review	authors'	judgments	about	each	risk	of	bias	item	for	each	included	study.

TABLE 3 Overall	SMD	of	change	in	UPDRS-	III	in	the	included	studies.

Studyorsubgroup

DFP Placebo Std.MeanDifference

Mean SD N Mean SD N Weight IV,Random,95%CI

Devos (2014) −2.3 10.63 20 1 9.22 19 33.5% −0.32	[−0.96,	0.31]

Devos (2022) 9.8 16.8 186 4 14.946 186 47.8% 0.36	[0.16,	0.57]

Martin- Bastida (2017) −0.115 0.31 5 0.062 0.21 8 18.7% −0.66	[−1.81,	0.50]

Total	(95%	CI) 211 213 100.00% −0.06[−0.69,0.58]

Note: Heterogeneity: Tau2 = 0.21;	Chi2 = 6.66,	df = 2	(p = 0.04);	I2 = 70%;	Test	for	overall	effect:	Z = 0.18	(p = 0.86).
Abbreviations:	CI,	confidence	interval;	IV,	inverse	variance;	SMD,	standardized	mean	difference.
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included	 studies.	 Martin-	Bastida	 (2017)	 used	 MMSE	 scale,	 while	
MoCA was used by Devos (2022). Both studies reported no signifi-
cant difference detected between DFP and the control group in the 
cognitive functions.

3.9  |  PDQ-39

The Parkinson's disease quality of life questionnaire (PDQ- 39) re-
sults was available from two studies (Martin- Bastida 2017, and 
Devos 2022). Devos (2022) reported a significant difference in 
the	 SMD	of	 change	 in	PDQ-	39	between	 the	Deferiprone	 group	
versus placebo with a standardized difference in change from 
baseline	 0.43	 (95%	 CI,	 [0.18–0.68]).	 Although	 Martin	 observed	
worsening	in	the	quality	of	life	in	the	placebo	and	20 mg/kg/day	
PD	groups	too,	he	reported	a	slight	improvement	over	6 months	in	
the	group	who	were	administered	30 mg/kg/day	without	statisti-
cal significance.

3.10  | Adverseeffectsandsafety

Serious	adverse	effects	under	DFP	were	reported	in	the	three	stud-
ies. Devos (2014) stated two participants developed neutropenia at 
a	time	point	of	3	and	7 months.	Similarly,	Martin-	Bastida	(2017)	re-
ported two cases of neutropenia where a severe and rapid decline to 
zero cells was detected in one participant. Devos (2022) noted three 
participants developed Neutropenia in the DFP group versus one 
participant in the placebo group. Devos (2014) and (2022) reported 
Agranulocytosis in the DFP group where one and two participants, 
respectively, were detected.

Data about the adverse effect of DFP on liver functions were 
available from two studies Devos (2014) and Martin- Bastida (2017). 
Devos et al. (2014) reported that the liver functions of all PD pa-
tients were normal at baseline and remained normal throughout the 
study	period.	But	in	Martin-	Bastida	2017,	after	4 weeks	of	DFP	ad-
ministration, liver enzyme levels in one patient increased, then re-
turned to normal after a 7- day break.

F IGURE 3 Overall	SMD	of	MRI-	based	measurements	of	iron	load	changes	in	(A)	Substantia	Nigra,	(B)	Putamen,	and	(C)	Caudate.	SMD,	
standardized mean difference.
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In terms of safety, Devos (2014) and Martin- Bastida (2017) 
stated that excluding the neutropenia incidence, DFP was well 
tolerated in the patients with few mild side effects. On the con-
trary,	Devos	(2022)	stated	that	a	total	of	9.7%	of	the	participants	
in	the	DFP	group	versus	4.8%	of	those	in	the	placebo	group	had	
serious	 adverse	 effects,	 and	 a	 total	 of	 87.1%	 of	 participants	 in	
the	DFP	group	versus	80.1%	of	participants	in	the	placebo	group	
reported one or more adverse effect. In addition, Devos (2022) 
found general disorders and psychiatric disorders were more 
often reported with DFP than with the placebo, while musculo-
skeletal disorders were numerically fewer in the DFP group than 
the placebo group. Due to small sample sizes and lack of available 
data, statistical analysis and evidence synthesis were not possible 
for these outcomes.

3.11  | GRADEassessmentofthecertainty
in evidence

Based on GRADE assessment (Table 4), the quality of evidence on\ 
the	changes	in	the	MDS-	UPDRS/UPDRS-	III	score	(SMD	−0.06)	(with	
95%	CI	from	−0.69	to	0.58)	was	evaluated	as	“low.”	The	quality	of	ev-
idence is limited by the significant heterogeneity and the imprecision 
resulting from the small number of included studies. In terms of the 
MRI- measured reduction in iron deposition in substantia nigra, pu-
tamen,	and	caudate,	the	quality	of	evidence	is	“high.”	Therefore,	fu-
ture	studies	may	change	our	confidence	in	the	estimate	of	UPDRS-	III	
changes but unlikely to change our confidence in the MRI- measured 
iron reductions in the brain.

4  | DISCUSSION

This is the first meta- analysis to show the efficacy of DFP (an iron- 
chelating agent) in PD patients. It includes 3 clinical trials (a total of 
431 PD patients). Our study showed the ability of DFP to reduce iron 
depositions in substantia nigra, putamen, and other brain sites asso-
ciated with PD progression as measured by quantitative MRI in T2*- 
weighted sequences. Despite that decline in iron load, this reduction 
was not accompanied with any clinical improvement in motor func-
tions of PD patients.

The disease progression was measured clinically though the 
total	 UPDRS	 and	 UPDRS-	III	 motor	 functions	 scores.	 The	 pooled	
SMD	of	UPDRS-	III	did	not	favor	deferiprone	group;	pooled	studies	
were	heterogenous	in	the	evidence	of	reduction	of	UPDRS-	III	score.	
This heterogeneity can be resolved by excluding Devos et al. (2022) 
study in the sensitivity analysis. This study has the largest sample 
size and highest methodological quality in the included studies. A 
possible explanation of heterogeneity is that the other two stud-
ies had small sample size and included PD patients while on other 
treatment regimens concomitant with DFP but Devos et al. (2022) 
patients were on DFP treatment solely and never received any do-
paminergic	therapy.	While	Devos	et	al.	(2022)	reported	worsening	of	TA
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the	total	UPDRS	score	from	baseline	to	week	36	in	DFP	as	compared	
to placebo group, Devos et al. (2014) noticed gradual improvement 
in	symptoms	in	the	DFP	group	at	6 months	in	the	early	start	group,	
12 months	in	the	delayed-	start	group,	18 months,	and	among	the	last	
6 months	of	the	study	to	determine	whether	the	improvement	per-
sisted throughout their study. Devos et al. (2014) interpreted the im-
provement as suggestive of a disease- modifying mechanism of DFP. 
This highlights the need for more long- term clinical trials that can 
confirm or deny their findings.

The quality of life of PD patients measured using PDQ- 39 was 
significantly improved in DFP group as reported in Devos (2022) 
which is of the highest effect of the included studies. On contrary, 
there is no evidence of enhancement in the cognitive functions be-
tween the deferiprone and placebo groups. Furthermore, serum 
ferritin didn't show significant difference between the DFP and 
placebo groups and showed significant heterogeneity among the 
included studies and this was handled through exclusion of Devos 
(2022) but as we said previously that this evidence is of low quality. 
This similar effect of DFP and placebo on serum ferritin indicates 
that there is no significant patients' response to iron chelation by 
deferiprone. The absence of benefit from DFP supplementation can 
be explained by the involvement of other molecular pathways in the 
disease. Accumulation of iron might be a factor that accelerates the 
progress of developing the disease but not the key trigger or regula-
tory step that controls the disease process.

Regarding DFP safety concerns, it must be taken into consider-
ation that adverse effects and safety issues of the participants in the 
deferiprone group were detected more than those in the placebo 
group. Agranulocytosis is defined as an absolute neutrophil count 
below 500/μL, and is one of the most serious adverse effects of DFP 
where	it	occurs	in	1%–2%	of	beta-	thalassemia	patients	who	receive	
higher	DFP	doses	(75–100 mg/kg/day).23 The included studies in this 
work collectively revealed three cases of agranulocytosis and seven 
cases of neutropenia (one of which reached serious zero level rap-
idly) where DFP was withdrawn from all cases. This necessitates the 
clinical monitoring of DFP administration on a weekly basis due to 
the high chance of side effects like agranulocytosis that may lead to 
discontinuation of the drug.33

In terms of elevated liver enzymes during DFP administration, 
the available data from the included studies revealed no statistical 
differences in liver functions at entrance versus the end of DFP 
treatment except in Martin- Bastida (2017) study,23 which reported 
a	 7 days	 discontinuation	 of	 DFP	 was	 required	 for	 liver	 enzymes	
to return to normal. According to a recent study34 that evaluated 
the long- term safety and efficacy of DFP in the treatment of iron 
overload	in	people	with	Sickle	cell	disease	and	other	anemias,	some	
patients	had	 transient	 increases	 in	 their	ALT	and	AST	 levels.	They	
found	that	four	cases	(3.0%)	had	increased	ALT	levels	and	four	cases	
(3.0%)	showed	increased	AST	levels	that	could	be	related	to	DFP	to	
the point that the treatment of two patients was interrupted due to 
elevated ALT levels.

Since	there	is	no	such	chelator	that	is	entirely	specific	for	a	cer-
tain metal, iron chelators would chelate other metals as well. DFP 

has a high affinity for zinc and could chelate clinically significant 
zinc pools in addition to iron. Zinc deficiency has been reported 
in	up	to	14%	of	patients	receiving	long-	term	treatment	with	DFP	
suggesting the need for zinc supplementation.35,36 On the other 
hand,	 several	 studies	 investigated	 serum	 and	CSF	 zinc	 levels	 in	
PD patients unrelated to DFP administration and showed contro-
versial findings.37 Other studies argued that zinc deficiency could 
be related to Levodopa administration in PD patients. Matsuyama 
et al.38 investigated the relationship between levodopa adminis-
tration period, dosage, and zinc level in PD patients. They indi-
cated that levodopa strongly influenced serum zinc levels which 
might have alleviating effects on psychiatric symptoms and rec-
ommended preventing zinc deficiency as an important step in PD 
treatment.

DFP showed a reduction in dopamine loss in cell lines and animal 
models with dopamine depletion studies. They found that it can che-
late labile iron in certain brain sites lead to attenuation of the radio-
active oxygen species, so it can provide protection to dopaminergic 
neurons and dopamine. Moreover, its ability to prevent systemic and 
CNS	iron	loss	generated	by	other	chelators	by	donating	chelated	iron	
to serum proteins with iron binding capacity, this increases its safety 
to be used clinically. This effectiveness was inspiring to researchers 
to try it in human.

It should be mentioned that Devos (2014) and Martin- Bastida 
(2017) included PD patients with longer disease duration compared 
to Devos (2022). Additionally, PD patients in the first two studies 
were on symptomatic therapy but those in Devos (2022) were un-
treated.	Since	all	patients	with	PD	should	be	treated,	the	substan-
tial	worsening	of	MDS-	UPDRS	scores	 in	 the	 two	groups	of	Devos	
(2022) might be attributed to the lack of dopaminergic treatment. 
On the other hand, the symptomatic therapy in the studies of Devos 
(2014) and Martin- Bastida (2017) may interfere with the disease- 
modification effects. Although Devos (2014) was designed as a 
delayed- start trial to test disease- modification effects, we restricted 
the analysis to the trial duration where patients were receiving DFP 
or placebo but not as a delayed- start versus early- start since this 
comparison did not exist in the other two studies.

To our knowledge, this is the first comprehensive analytic 
approach to investigate the efficacy and safety of DFP in PD. It 
showed the effectiveness of DFP in declining iron deposition in 
the main brain areas affected in PD patients. These findings did 
not reveal clinical improvement in the disease progression. Our 
study results are limited by the small sample sizes of the included 
studies. In addition, they showed different points of time for as-
sessment, unlike doses, and various degrees of the disease among 
the participants. This meta- analysis shed light on the various as-
pects of assessing PD and raised attention to the need for more 
clinical trials with larger sample sizes, as well as with standardiza-
tion of drug dose, patient population, and outcome assessments. 
In addition, it highlighted the need for more information about 
the safety of DFP administration especially on long- term basis, 
and the necessity of clinical monitoring and proper management 
of the cases.
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5  |  CONCLUSION

Current evidence does not support the use of DFP in PD patients. 
Future disease- modification trials with better population selection, 
adjustment for concomitant medications, and long- term follow up 
are recommended.
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