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Aims. Several treatments have been proposed to slow down progression of Retinitis pigmentosa (RP), a hereditary retinal
degenerative condition leading to severe visual impairment. The aim of this study is to systematically review data from randomized
clinical trials (RCTs) evaluating safety and efficacy of medical interventions for the treatment of RP. Methods. Randomized clinical
trials on medical treatments for syndromic and nonsyndromic RP published up to December 2014 were included in the review.
Visual acuity, visual field, electroretinogram, and adverse events were used as outcome measures. Results. The 19 RCTs included
in this systematic review included trials on hyperbaric oxygen delivery, topical brimonidine tartrate, vitamins, docosahexaenoic
acid, gangliosides, lutein, oral nilvadipine, ciliary neurotrophic factor, and valproic acid. All treatments proved safe but did not
show significant benefit on visual function. Long term supplementation with vitamin A showed a significantly slower decline rate
in electroretinogram amplitude. Conclusions. Although all medical treatments for RP appear safe, evidence emerging from RCTs is
limited since they do not present comparable results suitable for quantitative statistical analysis. The limited number of RCTs, the
poor clinical results, and the heterogeneity among studies negatively influence the strength of recommendations for the long term

management of RP patients.

1. Introduction

Retinitis pigmentosa (RP) comprises a group of inherited
progressive retinal dystrophies, characterized by rod and
cone photoreceptor degeneration and progressive loss of
peripheral and central vision. Retinitis pigmentosa is often
diagnosed in children and young adults and, as the disease
progresses and more photoreceptors degenerate, patients
experience centripetal visual loss leading to legal and func-
tional blindness [1-3].

Due to the progressive nature of the disease, there is
great interest in the development of therapeutic interventions
that may halt the evolution of the disease or restore the
lost visual function. Currently, the therapeutic approach is

restricted to slowing down the degenerative process, treating
the ocular complications such as cataract and macular edema,
and helping patients to cope with the social and psychological
impact of blindness [1].

Nonpharmacological interventions are based on strate-
gies of light protection as evidences indicate that some genetic
types of pigmentary retinopathies are partly light-dependent
[4]. Hyperbaric oxygen therapy has been also proposed for
RP patients in order to promote photoreceptors survival [5,
6].

Several medical treatments have been proposed to slow
down disease progression. Specifically, the trophic and
antioxidant effects of vitamins have been evaluated in RP
patients in order to demonstrate a protective action on
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photoreceptors [1, 7, 8]. Other nutritional supplementations,
including docosahexaenoic acid (DHA), an omega 3 fatty
acid found in high concentration in oil fish, lutein, and
gangliosides are cited as a potential therapeutic modality that
can help in preserving the visual function of patients with
RP. Among them, DHA is considered important for photore-
ceptor function because membranes containing rhodopsin
and cone opsins in photoreceptor cells have very high
concentrations of this fatty acid, while the protective effect of
lutein supplementation has been demonstrated in age-related
macular degeneration [9, 10].

Other pharmacological treatments have been proposed
for RP in small clinical studies, including oral valproic acid,
oral nilvadipine, and beta-carotene [11-13]. Lastly, topical
brimonidine tartrate 0.2% treatment and intravitreal delivery
of ciliary neurotrophic factor (CNTF) were proposed for their
neuroprotective effects observed in animal studies [14, 15].

The objective of this study was to systematically review
scientific evidence currently available in the literature, in
order to assess the effects of medical interventions for the
treatment of patients with RP. All the randomized clinical
trials for the evaluation of any medical treatments for RP
published up to December 2014 were included in the review.

2. Materials and Methods

2.1. Literature Search. Six observers, divided in three groups
of two, independently performed a literature search of all
publication years up to December 2014. The articles were
identified through a computerized search for clinical trials in
the Cochrane Controlled Trial Register (CENTRAL/CCTR)
(which contains the Cochrane Eyes and vision group trials
register) on the Cochrane Library, Medline, and Embase.
The search strategy was used to identify randomized clinical
trials, as recommended by the Cochrane collaboration.
The following search strategy was used:

(a) Publication type was clinical trial.

(b) Keywords/search terms for disease were as follows:
pigmentosa and retiniti*, explode retinitis pigmen-
tosa/all subheadings, RP/all subheadings, pigment”
and retin®, and explode pigmentary retinopathy/all
subheadings.

(c) Keywords/search terms for medications were as fol-
lows: vit*, explode vitamin A and/or vitamin E/all
subheadings, retinol, retinyl palmitate, tocopherol,
tocotrienol, lutein, carotenoid, omega 3/all subhead-
ings, fatty acid/all subheadings, docosahexaenoic acid,
DHA, cervonic acid, eicosapentaenoic acid, EPA,
alpha-linolenic acid, ALA, alpha-2 agonist, alpha-
2 adrenergic, brimonidine, clonidine, apraclonidine,
ganglioside, valproic acid, nilvadipine, hyperbar”,
explode hyperbaric/all subheadings, neurotrophin,
and neurotrophic factor.

In addition, linked references in all relevant articles were
searched. The search resulted in a total of 389 abstracts.
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2.2. Inclusion and Exclusion Criteria

2.2.1. Type of Studies. Articles potentially eligible for inclu-
sion in this systematic review were randomized clinical trials
on medical therapy for RP with at least 4 weeks of follow-up
published up to December 2014, written in English, French,
German, Italian, Portuguese, or Spanish.

2.2.2. Type of Participants. All participants who have been
diagnosed with RP were included with no restrictions of age,
gender, ethnicity, or use of adjunctive therapy. Trials evaluat-
ing patients with ocular comorbidities or complications that
are known to influence visual function were excluded.

2.2.3. Type of Interventions. Studies that specifically inves-
tigated the experimental medical interventions for RP such
as vitamin A, vitamin E, omega 3 fatty acids (DHA), lutein,
alpha-2 agonists, gangliosides, nilvadipine, valproic acid,
CNTE hyperbaric oxygen delivery (HBO), and light protec-
tion were included.

2.2.4. Types of Comparisons. Any medical cointervention was
considered.

Articles were excluded if they did not satisfy one or more
inclusion criteria or if they were irretrievable after performing
all available search strategies, including request to authors
and editors.

The articles eligibility was initially determined by eval-
uating the titles, abstracts, and MeSH (medical subject
headings). Four observers divided into two groups of two
examined all the retrieved 389 abstracts to consider their
eligibility. After matching the decisions of the two groups, 360
abstracts were immediately excluded because they were either
not randomized, not on medical treatment for RP, or related
to different kinds of ocular disease. The remaining 29 com-
plete articles were obtained and printed to identify whether
they were suitable for inclusion in the revision and distributed
to four researchers randomly divided into two groups of two
each. The observers were blinded to the names of the authors
and institutions, the name of the journals, the sources of
funding, and the sponsors of the studies. The observers of
each group were also blinded to the decisions of the other
group and trial selection was matched between them. Nine
trials were excluded because they did not match one or more
inclusion criteria and one was excluded because it was not
eligible [16-25]. All the remaining 19 RCTs were included in
the systematic review [5, 6, 8-11, 13-15, 17, 26-34] (Figure 1).

2.3. Outcome Measures. Outcome measures included in this
review are changes in visual field (Goldmann perimeter and
Humprey visual field analyzer), best corrected visual acuity
(BCVA), electroretinogram (ERG) amplitude, contrast sensi-
tivity, dark adaptation, and treatment-related adverse events.

2.4. Assessment of Risk of Bias in Included Studies

Validity Assessment. Two authors independently assessed the
included studies for sources of systematic bias according to
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Abstracts of preselected articles
N =389

Abstracts excluded because
not eligible (not RP, not
medical treatments)

N = 360

Full-text articles retrieved
N =29

Not eligible (not a
randomized clinical trial)

N=9
Potentially eligible trials
N =20
Not eligible
N=1

Clinical trials included in the
systematic review
N=19

FIGURE 1: Decision tree of randomized clinical trials’ selection for
inclusion in the systematic review and meta-analysis.

the guidelines in section 6 of the Cochrane handbook for
systematic reviews of interventions. Specifically, the following
criteria were considered.

All studies included in the review were randomised con-
trolled trials. The main quality attributes were scored as “low
risk,” “high risk,” and “unclear risk” for the following areas:
(i) whether or not the randomisation is properly concealed
(random sequence generation and allocation concealment),
(ii) whether or not the participants are masked (blinding),
(iii) whether or not the outcome assessment is masked
(incomplete outcome data), and (iv) for selective reporting
bias. Other biases include the presence of commercial sup-
port, potential source of bias related to the specific study
design used, or we are not sure whether an important risk of
bias existed (Figure 2).

Data Synthesis. We were unable to conduct meta-analyses on
RP treatments because of the clinical heterogeneity observed
between studies. Different interventions, different time points
for outcome measures, and different instruments and meth-
ods of outcome evaluation meant that a summary effect was
not estimated.

2.5. Statistical Analysis. RevMan5 software was used to anal-
yse the data. We tested the heterogeneity between studies
using the Chi-square test, with significant heterogeneity (p <
0.05) precluding meta-analysis.

3. Results

The 19 studies included in the systematic review dated from
1968 to 2014, all but one of these published in ophthalmic
journals. Two trials were performed in Europe, 4 in Asia, and
13 in America. All were randomized clinical trials. Sixteen
studies were double-masked or single- (investigator-) masked
and three were unmasked (Table 1). RCTs included in this
systematic review lasted from 4 months to 10 years with a
mean duration of approximately three and a half years.

A total of 1774 patients with RP were enrolled in these
studies. Demographic characteristics are summarized in
Table 2. The 19 studies included in this systematic review
evaluated the following interventions in RP patients: two
on HBO [5, 6], one on topical brimonidine tartrate [14],
five on vitamins supplementation [8, 26-28, 33], 4 on DHA
supplementation [29-31, 34], 2 trials on lutein [9, 10], one on
gangliosides’ supplementation [32], one on nilvadipine [13],
one on beta-carotene [11], one on CNTF [15], and one on oral
valproic acid [12]. Results of the RCTs included in this review
are summarized in Table 3.

While in some trials randomization appeared to have
been executed properly, that is, an unpredictable sequence of
treatment allocation was concealed adequately from people
recruiting participants into the trial, the following biases have
arisen in the trials included in this review (Figure 2):

(i) Sequence generation was not specified or performed
in seven studies [5, 6, 13-15, 28, 33].

(ii) Allocation concealment was not specified or per-
formed in five trials [5, 6, 13, 28, 33].

(iii) Five studies were unmasked [5, 6, 12, 13, 33].

3.1. Effects of Interventions on the Progression of RP

3.1.1. Vitamin A Supplementation. Vitamin A supplemen-
tation did not show significant benefit on visual acuity,
Goldman visual field, and dark adaptometry as compared to
placebo in a first study by Chatzinoft et al. that evaluated 89
patients with RP for 3 years [28]. Later studies comparing
vitamin A (15000 IU/day) and E (400 Ul/day) versus placebo
(traces amount of both vitamins) in a population of 601
patients with RP followed for 4 to 6 years reported that the
groups receiving vitamin A showed a significantly slower rate
of decline of ERG amplitude, which was not observed in
patients receiving only traces amount of vitamins (placebo).
The groups receiving vitamin A were 32% less likely to have a
decline in ERG amplitude from baseline in a given year. Data
from this study also showed that patients receiving vitamin E
(400 Ul/day) showed a greater loss of retinal functions than
placebo groups [33, 35].

3.1.2. Docosahexaenoic Acid (DHA) Supplementation. In a 4-
year RCT by Hoffman et al., DHA (400 mg/die) treatment was
not effective in improving visual acuity, visual field, ERG, and
dark adaptometry when compared to placebo. In the same
study population, Wheaton et al. reported that four-year



Apmnjs a1p3 Jo uonjeInp

sjuawIeas) ou 10 Aep/Swr 6T ustud[ey I0 Aep/Suwr 0o¢

Journal of Ophthalmology

3} 10§ SYIUOW 9 AIOAT oW 99-0¢ 9yeunjooTu [0191d0o0) sns1oa Aep/3w  surdipearru exQ POASEUIUON (1] 10T e 32 eMezEEN
Apnis a3 jo uonemp sreak Aep/IN 000ST V UTUIejIA Ppa[[01u0d [01] 0107 ‘e 12 vosIog
o) 10§ 1e24 Yory + 0gaoed sns1oa £ep/[N 0QOST V UTERYA + UIdIN] [e10 S ] ‘paysewr aqnoq
-, V UTWE)IA SNSIOA STeAA 6 J0J SYjuow ¢ A19A9
5 vgw mﬁ W ow H ?ow s1eak O SAep 9AIINDASUOD G pUE ‘SYIUOW [ JOJ YIUOW B SABP 9ATINOISUOD  PI[OIFUOD paysSLUIU) [S] 800T Te 32 o[oSuIp
0y 9 d G ‘YIuow T J0J YoM & skep ¢ A[rep ‘O urur (g uaSAxo orreqrodA
Apmi3s a3 Jo uoneInp Y} (syqpuowr ) Ppa[[o1u0d ]
30§ SO g—g A1oAg £67 :uvotw) sxeak ¢- 14 sTe2) eI sNSIIA (I SAOIp 943 947°() 2)eI)IE) SUIPIUOWILIG P SpqROQ] [¥1] 800T Te 32 UL
uonjeyudwaddns urureyAnNU
e wwﬁuwy Sulase Syjuow 9 + omsdes oqaoe[d snsioa uonejusw[ddns UTWEIIANNW + SYooM . Mwww.wohwo [6] 9007 Te 30 TwreIyRg
Ve pue 8L Tl 9 Putpeseq 71 103 Aep/3w (¢ Uy pue syeam [ 10J Aep/3w o1 ansded ureny P qred
Apmis a3 Jo uoneInp pa[jonuos-oqaoerd )
a1 303 Tead yoeg s1eak § 0qaoe[d sns1aa uonejuaursiddns Lep/Sw 0o VH(A 1810 poYsPII-aqnOC] [0€] ¥007 ‘Te 10 uewgOH
Anus 0} Jou1d v urweya Sunyey
Apmys ay) jo uonjeIn Ae UTWE)IA + SPIOE £)JB] SNSIA 9[[0I}U0D tou sjuaped snsioa £ 03 Jond
ﬁo . g% me& .wm k steak g Ae EEW\W.H omm mﬁmMH o v M M «Mm Ane ¢ uﬁmhb.w no v e Suppe) sjuened :[£z] 7002
U3 10§ reak yoeg P/10 000ST V UIWeNA + Aep/3wr 0071 VHA Yis SpIoe £eq paysew-a[qnoq ‘1o 10 tos1ag Jo siskfeue dnoidqng
[92] 00T Te 32 UosIag
Apnjs a3 jJo uonemp sreak Aep/IN 000ST V UTWBIIA + SPIDE £))B] SNSIOA parjonuod [£2] $00Z To 30 BosIag
3y 10§ 1eaf yoey Aep/1n 000ST V urweya + Aep/3wr 0021 VHA YM SpIoe Aneg ‘pasewr-aiqnoq
[o€]
Apmis a3 Jo uoneInp pa[jonuos-oqaoerd $00¢ T 30 uewgo] jo uonemndod
3} J0J SYIUOW 9 AISAT steak y 0geaeld snsxaa uoneyuawialddns Aep/Sw 0% VHA [#10 ‘paysewr-a[qnoq suues o) ur £3a5es ur1a) Juo
[¥€] £00T T 12 UOIeIY M
-, uagdAxo orreqradAy ou snsioa
vu ! .:M: wmo X .wm P s1edk ¢ T4 7 10J SYIUOW ¢ AIDAD YoM | PUE ‘SYIUOW [] JOJ YIUOW © JooM Apmnys payjsewrun [9] 8661 Te 32 o[oSuIA
10 e [ “qIuow | J0J YoM & sawut) G A[rep O urur (g uaSAxo orreqrodA
(dnoi3 aoe1)
(Lep/1N €) 7 urwreya pue (Aep/NS/) YV UTWEYA [10q JO SJUNOWE [8] €661 Te 32 uosiag jo uonendod
s1e9 7] pue G ‘QuUIoseq s1eak g1 01 dny 9oe1) sns1oA (g + yi3) Aep/N100F 4 urwelia + £ep/N1000°ST paysew-a[qnoq swes a3 ur A3oyes wria) Suo
v urweyia 10 (g18) Aep/N100% J urweya + Aep/N1SL [€€] 6661 T8 32 Ls3[nqrs
v urureya (ya8) ep/1n € g urweiia + £ep/N1000°ST V UTWeNA
(dnoi8 soem)
-, (Kep/1n €) 7 urwreyia pue (Aep/NS/) V UTWEIIA [)0q JO S)unoure uSisop
_um ! %Mt wmw " .wa P s1eaf 9 01 § 9oe1) snsIaA (F + yi3) Aep/N100F T utwreia + £ep/N1000°ST [BLI030B) T X T (M [8] €661 Te 32 UOsIDg
B 1% e v urweya 1o (g13) £ep/N 00% T urwena + Aep/N1 S/ [B11} pay[sew-a[qno
v urwe)ia <(yi3) Aep/1n ¢ g urweyia + Aep/N1 000°ST V UTWEIIA
- Suow uonoa(ur N Aep/uonnjos pa[[o1uod-oqase[d B 15 SUOSMS
hY b oupsed Rt 14 SPLIOYD WINIPOS %6’() SNSIdA JT Aep/ Tl 7/SUI (oF SIpIsor[Fuer) ‘paysewr-a[qno [ee] 2861 103 N
Apnis a3 jo uoneInp seak ¢ AP[eom 201M) AT V UTWBJIA SUBII-[® Ppa[[o1u0d [87] 8961 ¢ 1° FOUIZIEYD
91} J0J SYIUOW XIS AI9AT 000°00T SNSIoA AP[oom 901M] JA] Y UTWEIA SO-TT 1) 000 00T ‘paysewr-a[qnog
uonen[ead yurod-awiy, UOTJBINP JUSTILAI], SIUQWIIBII], Sunysey [L1} [eDTUT[D PIZITOpuey

"MITADT TJBUI)SAS ) UT PIPNIOUT S[eLI} [BOTUI[D PIZITWOPULT JO SONSIINIIRYD pue udrsap Apnig ;] 14V],



Journal of Ophthalmology

A[rep saw 1nog QIO
“Kep & 20UQ @O
A[rep 201, :dId

syjuour
71 PUe ‘9 ‘¢ ‘Qurpeseq

1eah 1

Judunjear) ou snsiaa Aep/Sur 00 proe droxdfea [e1Q

PaY[seW ‘SI0Jen(eAd eje

[21] #10¢ 'Te 30 Tewny]

Apmys 9y Jo uoneInp
a3 1oy 1eak yoeyg

s1eaf §

sa[nsdes oqaoeld + uonejuswarddns urweyanmw
snsxoA Aep/Sy/Sw o¢ VH + uonejuowd[ddns urweyann

pafjonuod-oqaderd
‘pasew-aqnog

[62] 102

‘Te 32 uewgoH jo uonendod sureg
[1€] $10T Te 32 uoyeayp-syueqySNE

Apnis a3 Jo uoneInp
a1 103 Jeak Yoeq

sIeak §

sansdes oqaoerd + uonejuswsddns urureyAnNU
snsxoA Aep/Sy/Sw o¢ VH(A + uonejuswd[ddns urweyianni

pa[jonuos-oqaoerd
‘pajsew-a[qnog

(6] #10T e 10 uBWHOH

syjuow
7% 03 dn dn-morjoy
pUE SYIUOW F7

pue €T nvﬂmog 1 A%.mﬂu 1

(F11ND)
s1a4 7 10 (¢IIND) 1

4o
MOT[3J oY) uT Jue[dul TB[NDOBIIUT WS SNSIIA Juerdwr TenooeIUT
1030%] orydonjommau Lrero asop (Aep/3u ) moy 10 (Aep/3u 07) YSTH

pafjonuos-weys
‘pIZIOPURI ‘PSRN

SoIpMIS A LNO + €1LND JO s}nsay

[ST] €102 Te 32 yoxig

JUSUI)BII) I9AOSSOID
JO syjuow ¢ Io)e

pUe Inoysem Jo syjuow

¢ I9)Je JULWILI) JO

SUYIUOW ¢ J2)Je QUI[oseq

I9A0SSOID JO
SYJUOW ¢ ‘INOYSEM JO
S{yjuowW ¢ ‘yuauniear)
Jo sypuowr ¢

0qaoe[d jo apnsdes Aep-1 snsioa (Sur oz A[rewrxordde ouajores-¢)
[1mvpavq vljaypun(] e3e YoL-ausjored-¢g sm-g jo Lep/onsdes mog

JIOAOSSOID
‘pafjonuod-oqaoerd
‘pajsew-aqnog

[11] €102 ‘T8 32 YOI21ISU)0Y

uorjenyeas jurod-awry,

uoneINp JUIWJRI],

SIUAWIIEAI],

Sunysey

[eL1} [eDTUT[D PaZITopuey

‘ponunjuo)) [ 41dV],



“A11u 01 1011d 7 uTIre A Sunye) Jou syuaned snsioa Anus 03 Torid v urtreyia Jupye) syusned :Apmis 00z uosIag Jo stsAfeue dnoidqng

oW 1

SRIN N

“10308) orydonjomau Arerr) 1 IND
‘esojuawidid snrunoy ‘Y

Journal of Ophthalmology

A€ INTI/AS ‘INOT 1€/0€ S1/S1 4y 1eo1d£y yam syuarred og (erpuy) [21] $10T Te 30 Jewny]
[1€] ¥102
NES/INLT 6F1/1°91 €€/1T sjuaned I PoYUI[-X 09 T 19 UOJedy M-S UeqUIn pue

(vsn) [62] #10T ‘e 12 uewigoy

A8 INEY 9s0p y3iH

T¥ :9s0p Y1y

(o4 moy[ay) €1 ‘weyg
16 :9s0p Y31

(Apmys
YALND) Iy 23e1s-Ares qim

(vSn) [sT] €102 Te 32 yoag

ST “TAFT :9S0p MO §€ :9S0p MO Th 250D MOT syuanjed g9 pue ‘(Apnis ¢11ND)
I owﬁm-ouﬂ M Ecmﬁmm S9
. . dnoi8 js1y-oqaoerd 1 syuaned ([oe1sy)
A8 WIC Lo 81/dno1d ys1y-vyjaypung 91 A Hedec [11] €10T T® 12 Yor1suajoy
dZ ‘INL/I0T N6 8¥/7S y1/61 4 ym syuaned ¢¢ (uede() [¢1] 110T T8 32 eMEZEYEN
. . 4y redrd&y T8 15 UOSID
€9 WTS/ATH ‘W8S 8¢/0¥ STI/0TL i spuored 12YOWSUOU 677 (vsn) [ot] 010z 23 4
JET INIT/AET WIT g'se/se jddiad 4d Y syuaned gg (VL) [S] 800T Te 32 o[oSuIA
a2 “INOT 8¢ 245 10d pazrwopuer syuaned /1 4 g syuaned /1 (1o®1s1) [¥1] 800 Te 32 UL
N8 I0T/INS ITI v OR/¥CS u3IS9P IIA0SSOID BT/9T Y 1e21d4) ynm syuaned p¢ (vsn) [6] 9007 Te 3o rureryeq
NST HLT/INTT 981 Che/69¢ [£2] 002

:Anyud 0y 1o11d Y UTWIR)IA ON

INS€E HTE/INSE
q/¢ :Anuas 03 Jor1d v urwreyp

:Anua 0y Jo11d v uTwWE)IA ON
8'9¢/1°8¢ :A1ud 03 J011d v UTWIR)IA

G¢/0¢ :Anyud 03 1o11d y uTUIRIIA ON
89/S/ :A1yus 03 J011d W UTWEIIA

O 1ea1d4y yim syuaned goz

‘e 32 uosiag jo sisdeue dnoidqng
[92] (VSN) .BF00T T8 32 uosiag

dL¥ ‘W9S/dSS “INOS 9€/8'LE €01/501 4 [e21d4y am syuaned goz [£2] (VSN) ¥00T T® 12 UosIag
. (vsn) [0€] $00T e 10 uewyoyH
syuonjed YUT[-

INTT/INET 81/6'%1 12/€T jusned 4 paqUI-X ¥¥ pue [p¢] €00 e 12 UOEIYM
8 ‘IT/A0T IFI 8'ze/9€E ve/ve 4 [e21d4y yum syuaned gy (VLD [9] 8661 '[e 12 O[o3uIA
YN VN 901 = dnoid s0ex ‘g1 = y dnoin Qg reodly yum syused 171 (VSN) [€€] 6661 T 32 AYsdnqrg

. 7zs =dnoidaoen e =q+ v 6¥1 = dnoid aoen 61 = 7 + v dnoid .
48T ‘WELE dnois ‘c'1¢ = 7 dnoid ‘c-z¢ = v dnoin ccl = g dnoid ‘op[ = v dnoin 4y reo1d4y arm syuaned 109 (VSn) [8] €661 Te 30 uosiag
d¢ ‘WET/AL NOT 8'6E/L°EY SI/LL df pm syuened ze  [z€] (VSN) £861 T8 12 JWOSMIN
VN VN S€/9¢ 4 P syuaned 12 [82] (VSN) 8961 B 32 yourzieyD
(Tonuod/[eyuswrIadxo) (fonuod/[eyuswrIadxa) (s1eak) (Toryuos/rejuswuriodxa) dnoid onerndo (Anunoo)
dnoid 1ad 1epuoan dnoi3 1od syuenyed jo oSe uesy 1ad pazrwopuer sjuaryed jo IsquinN vonendod [eLI) [ROTUID PIZIWOPURY

"MITASI DTJBUID)SAS J[) UT PIpN[OUT STeLr) [ed1ur[d paziwopues oy} ur uoneindod £pnjs jo sonstiajoerey) ¢ 414V],



Journal of Ophthalmology

“Adear) wad4xo oureqradAy :0gH

"passasse JON ‘YN
"JUIAD ISIOAPY ‘Y

AV 21943 ON

dnoi8 jusunean

dnoi8 juounean

swojdwiAs [eunsajurorsed ¢ VN ur juswasoxdwr Jueoyrudig VN VR MMMMMNWMMEM (et v10z 12 ey
swojdwAs [eurysajurorisesd —
03 anp nodoip 1 [1€] ¥10T TR 32
AV 219A3S ON VN VN VN VN VN U0 A\ -SHUBQUINE]
SAVAL 02/22
qV 2I2A3S ON [67]
STVAL 02/77 VN (DY 121 ZH T€) SIOUIPIP ON VN VN VN 10T T8 12 UBWYOL]
AV 919A3s ON (19zATRUe ploy [ensia Asrydwnyy)
(sasorwr (D¥d ysepy-a3urs Wreys SNSIsA (S¥aiq) .
97) STV Je[noo /g :asop Yy VN pue 1921[J ZH 0€) SIOUIPIP ON VN 9sop Y3y ur Juruasiom JuedyTuSIS  SIOUIIIPIP ON [sT] €102 1232 yorg
SHY Je[NO0 G :950p MO £9S0P MO IIM SOUIIPIP ON
0qaoe[d sns1oa dnoid juaunjear) ur (Anowtrad uuewpon) (SUALA) [ €102
a4V ON VN opmyrdure aaem-q HYF pardepe-jys VN dA pardepe-1ys S9IULIIIP ON T2 10 QrRISUNOY
PUE -IEp JO ISBAIOUT JUBIYIUIIS PUE -YIEP UT SOUIPIP ON
(19zATeue pay Tensia Lorydunyy) [€1]
AV 219438 ON VN VN VN dnoai$ jusuryean VN .
ur A [eXu2d Jo uorssardoid 1amorg T10T T8 32 BMEZEYEN
(10zAeue proy rensia Larydwngy) (s¥a.rd) .
$9oUIPIP ON VN seouaIepIp ON  seouasepip opy OU 010C T¢ 3 uosiag
sjonuod snsioa dnoid dnoi8 jonyuoo snsioa dnoid
OgH Ul pOyjow 3SI0U-MO[ (1M O9H Y3 Ul spoy [ensIA z-01 ViH e%%% e Te 32 ojogur
VN VN pap10da1 apmyrjdure aaem-q DY JO VN pue ] Jo8e)-Andwiiad uuewppon T ﬁm\ﬂo (5] 800T "T¢ 39 o[o5WIA
juaurdsoxdwr Juedyrudrs AJeonsneis Jo uonezIIqe)s Jo adejuaorad 1oydTy - 'Pop IS
€ UI UonoeaI J1319[[y (Anpurrad uewpon) (rej8oT) .
VY 219A3S ON. VN VN S92U2.opIp ON SOOUDIAPIP ON  SIOUIPIP ON [¥1] 800T e 32 UL
‘ (Anowad vewpion)  (SYALA) }
¢/1AV 10N VN VN S9oUa.opip ON JA Surazasaid uo joao 9ANISOJ  SIOUIPIP ON [6] 9002 T2 32 Tureryeq
gV 210435 ON (sspruyrdure [v€] €007 e
'sdnoid oqooerd ur 9 pue Y  SIOUIPIP ON DY [PWIXeW IO “POI Z[] VN (10z4feue ppay ensta Aarqdumngy) (qvnsor) 32 U0JeAY M pue [0€]
d depe-jysiy) seouazagip o SPDURIGPIP ON - $9oURIIPIP ON Te 32 uBWO
ut syuaned § ur gy Jouty 1€ 3u0> pardepe-1ysiy) PIP ON ¥00Z T8 ) JoH
A] Karyd
dnoi3 VN (994 zH 0¢) dno18 yH( + Anus 0} . (10zdeue PIPY. %Hw& m%hmwmw (SEALA) [97]
oqaoerd oY) UT TV 219A3S T 1011d 7 UTWIR)IA OU UT SUTIIP JOMO[S 01 1011d  UIWIEIIA OU UT SUIPIP 19MO[S SIOUIIPYIP ON BF00T T8 19 UOsIag
dnoi3 (19zATRUe play [ensia Asrydwniy) (S¥a.rq) .
0qeoe[d oY) U gy 212435 | VN (DL ZH 0€) S20UIHIp ON VN $90UIAYIP ON _ SIOULIAIP ON [£2] 700T 'Te 32 uosiag
dnox3 gy ut poyjowr
VN VN 9STOU-MO[ (ITM PapI0da1 dpryrduure VN VN VN [9] 8661 Te 12 o[oSuIA
DY [ewrxewr ur Judwaoiduy
(591
9I9A3S puE JOUTW
ur mmsohmemoEo@ Wuc&ow% VN ZH 0€) dnoad g urweliA ur aurpap VN (Anauriad uewpjon) (S¥a.Ld) TR ﬁmﬁﬂmﬁmmm%%«m
T ou {([2101) STV 219438 19358] ‘sdnois g + y urweyia pue SIOUAIYIP ON|  SIOUIIIP ON (8] T 10 TOSI>
[ av v V UTUWIB)TA UT SUT[IIP JO 3)BI JOMO[S 8l €66l T 4
(Anouwrrad uewpon) [z€]
SV JouTu ¢ VN sjuanyed 3SOW UL 9]qePI0IAI JON VN $20U21941p ON VN /861 T8 10 SWOSMON
[87]
VN SPOUdIdJIp ON VN VN SUDIIPIP ON  SPUMPIP ON g1 -1p 35 pourzey)
(fonuoo/reyuswuriodxa) dnoxd Ay1AT)ISUDS
13d $JUIAQ 3SI9APE JO JoqUUNN Anawoydepe yreq O¥d jsenuo)) PRY[ENSIA VAOd Apms

‘MITAI uﬁmavuw%w 9) UI papnjoul S[eLI} [edTUI]d paZituopuel o) JO Sjnsalr jo %H&EE—J@ ‘¢ H14V],



Random sequence generation
(selection bias)

Allocation concealment
(selection bias)

Blinding (performance bias
and detection bias)

Incomplete outcome data

(attrition bias)
Selective reporting
(reporting bias)
Other biases

0 10 20 30 40 50 60 70 80 90 100
(%)
® Low risk of bias

Unclear risk of bias
= High risk of bias

(a)

Journal of Ophthalmology

=

£ 3

< _5‘ <

o} = —~ &

£2 § 8% °

L g - [

°°§ E5 s E2 w

8:: S s EC: s .8 S

=} o Q 0 %)

8§85 22 € £z ©.&

5 B o s = 9 20 (oo}

g8 SS 288 T2 S

9= oE &8 2E o
2 88 wS ZTE oF

E~- S35 £3 Tas 2%

) 58 5 g S =509

< Se 58 £ 5 A

=] ] =] S o @

5] = = 9 s

e < m = 3

Bahrami et al. 2006

Berson et al. 1993

Berson et al. 2004

Berson et al. 2004a

Berson et al. 2010

000000
.|.|. .|.|.| Other biases

Birch et al. 2013

Chatzinoff et al. 1968

Hoffman et al. 2004

Hoffman et al. 2014

Hughbanks-Wheaton et al. 2014

-~

Kumar et al. 2014

Merin et al. 2008

Nakazawa et al. 2011

Newsome et al. 1987

Rotenstreich et al. 2013

Sibulesky et al. 1999

Vingolo et al. 1998

Vingolo et al. 2008

Wheaton et al. 2003

—~
=
=

FIGURE 2: Risk of bias graph (a) showing authors’ judgements about each risk of bias item presented as percentages across all included studies.
Risk of bias summary (b) reviewing authors’ judgements about each risk of bias item for each included study.

DHA supplementation was associated with an acceptable
safety profile [30, 34]. In a recent study, Hoffman et al.
further evaluated the effects of oral DHA (30 mg/kg/day)
supplementation versus placebo in a 4-year study in 78
patients with X-linked RP [29]. The loss rate of cone, rod, or
maximal ERG function was not different between groups. In
the same population, Hughbanks-Wheaton et al. confirmed
the safety profile of long term DHA supplementation in
the same population, with no differences in adverse events
rate, antioxidant activity, platelet aggregation, or plasma
lipoprotein levels between groups [29, 31].

An additional study from Berson et al. in 2004, in 221
patients with RP, showed that combined supplementation
with vitamin A (15000 Ul/day) and DHA (1200 mg/day)
over a 4-year period did not slow the course of RP when
compared to placebo in terms of visual field, visual acuity,
and 30 Hz ERG changes [27]. A subsequent subgroup analysis
performed by the same authors showed that, in RP patients

not taking vitamin A therapy before entering the study,
addition of DHA 1200 mg/d slowed the decline of visual field
and ERG [26]. Specifically, the mean annual rate of decline
of visual field was not significantly different between the
placebo + vitamin A and DHA + vitamin A groups (30.26 +
3.92 dB/year versus 39.41 + 3.76 dB/year, p = 0.09), while
patients not taking vitamin A prior to entry to the study
showed significant differences between the placebo + vitamin
A and DHA + vitamin A groups (52.5 + 5.99 dB/year versus
30.7 + 6.48 dB/year, p = 0.002). Similarly, the percentage of
decline per year of 30 Hz ERG amplitude was not significantly
different for those taking vitamin A prior to entry (9.23% in
placebo + A and 10.57% in DHA + A groups), while patients
not taking vitamin A prior to entry in the study showed
a percentage of decline of 8.05% in the placebo + vitamin
A group and of 12.99% in the DHA + vitamin A group,
which was significant when comparing rates of decline in
both groups of treatment (p = 0.02) [26].
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3.1.3. Lutein Supplementation. Two RCTs evaluated the
effects of lutein supplementation in patients with RP when
compared to placebo [9, 10]. Bahrami et al. demonstrated a
positive effect of lutein supplementation on preserving visual
filed in a 6-month study on 34 patients with RP. Specifically,
lutein supplementation showed that the mean retinal area
of the central visual field, evaluated by Goldman perimetry,
was 0.018 log higher (p = 0.038) when compared to placebo
[9]. A later study from Berson et al. evaluated 225 patients
with RP treated with lutein (12 mg/day) or placebo in a 4-
year study. All patients were given 15000 UI/day of vitamin A.
This study showed no significant difference in visual acuity,
ERG amplitude, and the rate of decline between the lutein
plus vitamin A and control plus vitamin A groups for the HFA
30-2 program. For the HFA60-4 program, a decrease in mean
rate of sensitivity loss was observed in the lutein plus vitamin
A group (p = 0.05) [9, 10].

3.1.4. Gangliosides Supplementation. One RCT by Newsome
et al. demonstrated no significant effects of gangliosides
administration when compared to placebo on the progression
of RP evaluated by visual field and ERG in a 4-month study
in 32 patients [32].

3.1.5. Beta-Carotene Acid Supplementation. Oral adminis-
tration of 9-cis f-carotene-rich alga Dunaliella bardawil
(300 mg/day) was compared to placebo in a 3-month
crossover study in 29 patients with RP. This study showed
a significant improvement of maximal dark-adapted ERG
b-wave amplitude responses when compared to placebo
(+8.4 uV versus —5.9 uV, resp., p = 0.001) with 34.5% of
patients showing an increase of more than 10 ¢4V for both eyes
in the Dunaliella group. Light-adapted single-flash b-wave
amplitudes were also significantly improved in Dunaliella
group as compared to placebo (+17.8 uV versus -3 iV, resp.,
p = 0.01) while no significant changes were observed in
visual acuity and visual field assessment [11].

3.1.6. Oral Valproic Acid. One open randomized clinical
trial by Kumar et al. evaluated the effects of 1 year of oral
administration of valproic acid in 30 patients with typical RP.
In this study, only evaluators were masked and 30 patients
were randomized to valproic acid or no treatment. Visual
acuity improved in the treatment group when compared to
baseline and a statistically significant difference with controls
was observed after 1 year (1.3 versus 1.83 LogMar, resp.; p <
0.01). Multifocal ERG also showed a significant improvement
in the valproic acid group (p < 0.01) [12].

3.1.7. Brimonidine 0.2% Eye Drops. Topical treatment with
brimonidine tartrate 0.2% (Alphagan; Allergan, Irvine, CA)
was administered to 17 patients with RP for 24/36 months. At
the end of the study there were no significant benefits in visual
field, visual acuity, and contrast sensitivity when compared to
artificial tears [14].

3.1.8. Ciliary Neurotrophic Factor Intraocular Implants.
Encapsulated cell-ciliary neurotrophic factor intraocular

implants were applied to one randomly selected eye of
133 patients included in two clinical trials on early-stage
(CNTF4) and late-stage (CNTF3) RP. Implants were retained
for 12 or 24 months, with 42 patients receiving low dose
(5ng/day) implants and 91 patients receiving high dose
implants (20 ng/day). At the end of the study no significant
differences in BCDVA and ERG amplitude were observed,
and the high dose implants induced a significant worsening
in Humphrey visual field sensitivity (CNTF3: -98.4 +
165.3 high dose versus —14 + 101.5 sham, p = 0.001; CNTF4:
-164.3 +£114.6 high dose versus —67.1 + 104.2 sham, p < 0.001)
[15].

3.1.9. Oral Nilvadipine. A small nonmasked prospective
study by Nakazawa et al. showed that oral nilvadipine
(4 mg/daily) administration in 33 patients for 30-66 months
with RP induced a slower progression of the visual field
deterioration when compared to a control group receiving
tocopherol nicotinate 300 mg/day or helenien 15 mg/day or
no treatments (mean regression coeflicient of the MD slope =
—0.49 + 0.17 dB/year versus —0.89 + 0.16 dB/year, resp.; p =
0.042) [13].

3.1.10. Hyperbaric Oxygen Delivery. The effects of HBO ther-
apy were evaluated in two studies by Vingolo et al. The
first study reported an improvement of low-noise ERG in
11% and unchanged levels in 89% of patients in the HBO
treatment group, while 62% of patients in the control group
showed worsening of ERG and 38% remained unchanged
with a significant difference between groups (p < 0.001) [6].
The other study compared HBO to vitamin A treatment and
showed that HBO group had a slower decline in visual func-
tion, a higher percentage of visual field stabilization, and an
improvement of low-noise ERG b-wave amplitude. However,
in this study the dose regimen of the control group (vitamin
A group) was not specified, the dropouts were not described,
and the ERG instrument was changed after 3 years [5].

4, Discussion

Nineteen RCTs included in this review evaluated the effects
of medical treatments on the progression of RP, including
vitamins A and E, DHA, lutein, gangliosides’ supplementa-
tion, HBO delivery, topical brimonidine tartrate treatment,
intraocular CNTF release, oral nilvadipine, beta-carotene,
and oral valproic acid. Among treatments evaluated in this
systematic review, long term vitamin A supplementation
showed a good short and long term safety profile but poor
significant clinical result with the only significant effect being
a slower rate of decline of ERG amplitude [28, 33, 35]. All the
RCTs evaluating the efficacy and safety of DHA treatment
compared to placebo or to vitamin A failed to demonstrate
a beneficial effect of DHA supplementation, despite the good
safety profile [26, 27, 29-31, 36]. The only beneficial effect was
described by Berson et al. in a subgroup analysis, showing
that patients with RP beginning vitamin A therapy plus DHA
showed a better clinical outcome of the disease at 2 years
[27]. Although a clear benefit on outcomes that would be
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clinically relevant for patients, such as visual acuity or visual
field amplitude, has not been achieved, based on the results of
all these studies, the evidence supports the supplementation
of adults with early or middle stages of RP with 15000 IU of
oral vitamin A palmitate every day, while supplementation
with high dose vitamin E should be avoided [1, 8, 33, 35].
The encouraging results on the use of lutein supplementation
in patients with RP obtained by Bahrami et al. were not
confirmed by the subsequent RCT by Berson et al. that failed
to demonstrate beneficial effects of lutein supplementation
in terms of visual acuity and visual field [9, 10]. Other
encouraging results come from small studies on 9-cis f3-
carotene-rich alga Dunaliella bardawil supplementation, oral
valproic acid, and oral nilvadipine, which demonstrated to
slow the decline of clinical outcomes in patients with RP
[11-13]. However, these data should be confirmed by further
larger, double-masked, controlled studies. The other medical
treatments, including gangliosides’ supplementation, topical
brimonidine tartrate 0.2%, and intravitreal CNTF delivery,
showed no beneficial effects on RP progression and clinical
outcomes [14, 15, 32]. The latter even induced a worsening in
visual field sensitivity when administered at higher doses [15].

Two RCTs by Vingolo et al. showed a significant improve-
ment of low-noise ERG in patients with RP treated with HBO
as compared to control untreated group [6]. In their later
study, a slower progression in HBO group was also reported
[5]. However, the conclusions of the authors are not definitive
as they are not supported by data due to inappropriate
statistical analysis and poor study design.

Nevertheless, we were unable to draw any conclusions at
this time regarding the applicability or otherwise of the cur-
rently available medical interventions for RP because of the
general paucity of evidence from the limited number of RCTs
available and because of the differences between studies (e.g.,
different instruments and different outcome measures) that
made it impossible to compare statistical data from different
studies. Outcome assessment was mostly performed by visual
acuity, visual field, or ERG evaluations; however, different
instruments or different outcome measures were used for the
same variable in different studies. For example, visual field
was a common outcome assessed by Goldman perimetry or
Humphrey visual field; however, while most of the studies
using Goldman perimetry evaluated the visual field area, the
studies using HFA evaluated the mean deviation or the total
point score from different programs such as 10-2, 30-2, or
60-4. More standardized outcome measures to be used in
RCT evaluation in RP patients should be assessed in the
future, to make results reproducible and comparable. Owing
to different formats of outcome reporting (e.g., mean rate
of decline versus mean observed changes and continuous
versus dichotomous data), different kinds of effect sizes had

to be used, rendering both pooling and comparing of findings
difficult.

Further RCTs with more standardized outcome measures
and reporting are needed to definitely demonstrate the
efficacy of the proposed therapeutic interventions and novel
therapeutic agents aimed at improving visual function in
patients with RP are highly sought after.
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