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A B S T R A C T

This is a protocol for a Cochrane Review (Intervention). The objectives are as follows:

To assess the efficacy and safety of visual cycle modulators for the prevention and treatment of geographic atrophy.

B A C K G R O U N D

Description of the condition

Age-related macular degeneration (AMD), is a progressive chronic

disease of the central retina (macula), typically affecting the elderly

population (Joachim 2015; Klein 2007). AMD is a condition with

a continuous spectrum that can be classified into early, intermedi-

ate and advanced stages (Ferris 2013). Both early and intermedi-

ate stages are characterised by the presence and size of drusen and

by the presence or absence of pigmentary changes in the macula

(Ferris 2013). Patients tend to be asymptomatic during these early

stages (Lim 2012). However, the central vision is severely affected

as the condition progresses to advanced AMD, where geographic

atrophy, or neovascular AMD (also known as exudative AMD),

lead to the loss of photoreceptor cells (visual cells), at the macula.

The severity of AMD is associated with increasing age, smoking,

cardiovascular factors and genetics (Joachim 2015; Klein 2007;

Lim 2012; Wong 2014).

Geographic atrophy is the most prevalent form of advanced AMD

(Petrukhin 2007). It is defined as the presence of sharply demar-

cated atrophic lesions at the macula secondary to the loss of pho-

toreceptors, retinal pigment epithelium (RPE), and choriocapil-

laris, causing loss of visual function (Fleckenstein 2017). It is typ-

ically a bilateral condition. The atrophic lesions tend to arise in

the perifoveal regions initially, sparing the fovea (’foveal sparing’),

before these lesions expand and coalesce over time to affect the

fovea as well (Fleckenstein 2017).

Geographic atrophy can be observed clinically by slit-lamp biomi-
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croscopy and it can be documented by using multiple imaging

modalities, with the most common being a combination of colour

fundus photography, fundus autofluorescence imaging and opti-

cal coherence tomography. On autofluorescence, features of early

and intermediate AMD can be determined (Lois 2002), and ar-

eas of geographic atrophy demonstrate reduced autofluorescence

signal (Holz 2001; Schmitz-Valckenberg 2004). Often there is a

zone with increased autofluorescence signal surrounding the area

affected by geographic atrophy and it has been suggested that these

zones are at higher risk for geographic atrophy expansion (Holz

2001; Schmitz-Valckenberg 2004).

The rate of progression for geographic atrophy is highly vari-

able among individuals, ranging from 0.53 to 2.6 mm2/year

(Fleckenstein 2017; Holz 2007; Klein 2008; Lindblad 2009;

Schmitz-Valckenberg 2016; Sunness 2007), depending on the

technology used to determine geographic atrophy and also on var-

ious patient-related prognostic factors, including larger baseline

lesion size, presence of multifocal lesions, specific autofluorescence

patterns and parafoveal atrophic lesions (Fleckenstein 2017). It

has been reported that the median time for parafoveal geographic

atrophy to expand into the fovea is ~2.5 years (Lindblad 2009).

The condition of the fellow eye is also considered to be an impor-

tant prognostic tool for progression of geographic atrophy. Thus,

people with unilateral geographic atrophy are at high risk of de-

veloping geographic atrophy in the fellow eye, with an estimated

median time of seven years (Lindblad 2009). In addition, the rate

of geographic atrophy progression is highest if the fellow eye has

geographic atrophy, while it is lowest if the fellow eye has only

early/intermediate AMD (Fleckenstein 2017).

People with geographic atrophy experience scotomas (visual field

defects), corresponding to the atrophic areas, whilst central vision

is preserved to varying degrees if the fovea is spared (Sunness 1995).

However, people will experience a drop in central visual acuity once

the fovea is involved. In an observational study, 53% of geographic

atrophy participants (initially not involving the fovea), suffered a

3-line loss of visual acuity by four years. Eyes with better visual

acuity were observed to have the highest rate of visual acuity loss,

with 27% dropping from 6/15 or better to 6/60 or worse in four

years (Sunness 1999).

Description of the intervention

In the visual cycle a series of enzymatic reactions take place in

the RPE and photoreceptor cells of the retina which, together

with events occurring in the phototransduction cascade, enable

generation of sight (Kiser 2014). Vitamin A (all-trans-retinol (all-

trans-ROL)), is an essential part of this process, and its deficiency

causes nyctalopia (night blindness), among other symptoms.

The main chromophore in the retina is 11-cis-retinal (11-cis-

RAL), (Kiser 2014). It is normally bound to rhodopsin. When

rhodopsin absorbs light, 11-cis-RAL undergoes isomerisation into

all-trans-retinal (all-trans-RAL), and the rhodopsin becomes ac-

tive, facilitating phototransduction (Kiser 2014). To enable con-

tinuous phototransduction, 11-cis-RAL is constantly recycled

through the visual cycle (Figure 1). After all-trans-RAL is released

from rhodopsin, it combines with phosphatidylethanolamine

(PE), to form N-retinylidine PE. This is then transported to the

cytosolic side of the disc membrane via the ATP-binding cassette

transporter of the retina (ABCR), where all-trans-retinol dehydro-

genase (at-RDH), resides. There, all-trans-RAL is reduced by the

at-RDH into all-trans-ROL, which will then enter the RPE and,

through a series of enzymatic reactions is converted again into 11-

cis-RAL, which returns to the photoreceptors to be used again

(Crouch 2009).
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Figure 1. The visual cycle ABCR: ATP binding cassette of the retina; at-RDH: all-trans retinol

dehydrogenase; RBP4-retinol-TTR: retinol binding protein-retinol- transthyretin complex; LRAT: lecithin-retinol

acyltransferase; all-trans-RE: all-trans-retinyl ester; 11-cis-RDH: 11-cis-retinol dehydrogenase

Visual cycle modulators are pharmacologic agents that slow down

the visual cycle. This can be achieved through various mechanisms

(Figure 2).
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Figure 2. N-retinylidene-N-retinylethanolamine (A2E) formation and mechanism of action of various visual

cycle inhibitors (VCIs)

• Inhibition of key visual cycle enzymes

• Retinol binding protein 4 (RBP4), antagonists

• Scavengers of free all-trans-RAL (aldehyde traps)

• Deuterated vitamin A

How the intervention might work

Several pathogenic mechanisms may be involved in the occur-

rence and progression of geographic atrophy, of which accumula-

tion of lipofuscin (wear and tear pigment), in the RPE is proba-

bly one of those most widely accepted (Dorey 1989; Holz 2001;

Schmitz-Valckenberg 2004). The major and best-characterised

component of lipofuscin is N-retinylidene-N-retinylethanolamine

(A2E), (Dugel 2015; Sparrow 2003). A2E is formed when two

molecules of all-trans-RAL react with PE (Figure 2). It has been

proposed that with ageing, RPE cell loss causes an increase in

phagocytic load of metabolic waste products from photorecep-

tor disc membranes. The inefficiency of RPE cells to clear these

waste products causes an accumulation of free all-trans-RAL, thus

increasing formation of A2E (Dorey 1989; Sparrow 2003). A2E

damages the RPE through generating reactive oxygen species, caus-

ing dysfunction in the protein transportation of the cells, com-

plement activation, up-regulation of vascular endothelial growth

factor (VEGF), and inducing premature cell death (Bavik 2015).

In order to reduce A2E and lipofuscin formation, slowing down

the visual cycle by pharmacologic means has been proposed as an

option for reducing progression and prevention of geographic at-

rophy (Hanus 2016).

One of the key visual cycle enzymes, RPE65 converts all-trans-RE

to 11-cis-ROL, which is then reduced to 11-cis-RAL. In a study

utilising ABCR knockout mice (known to cause excess lipofuscin

generation in the retina similar to Stargardt’s disease), it was ob-

served that treatment with an RPE65 inhibitor (emixustat), for

three months, caused a reduction of A2E formation by approxi-

mately 60% compared with controls (Bavik 2015). The effect was

dose-dependent.

The supply of retinol is key to the visual cycle. In the body, serum

retinol is normally bound to RBP4 to form the retinol-RBP4-

transthyretin (TTR), complex to prevent rapid renal elimination.
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RBP4 needs to bind with retinol in order to activate binding

with TTR (Petrukhin 2013). RBP4 antagonists (fenretinide and

A1120), act by displacing retinol from RBP4 and thus disrupt-

ing the formation of retinol-RBP4-TTR complex and leading to

the loss of retinol through the urine (Dobri 2013; Radu 2005).

Intraperitoneal administration of fenretinide for 28 days and oral

administration of A1120 for six weeks in ABCR knockout mice

have shown a dose dependent reduction of A2E levels (Dobri

2013; Radu 2005). This was correlated with reduced autofluores-

cence levels when the fenretinide-administered mice were exam-

ined post-mortem (Radu 2005).

Another way proposed to reduce A2E production is by trap-

ping free all-trans-RAL in the photoreceptors by utilising primary

amine-containing drugs. These serve as a direct competitor of PE

to bind with free all-trans-RAL (Maeda 2011). In a study con-

ducted with ABCR and at-RDH-deficient mice, certain Food and

Drug Administration (FDA) approved drugs containing primary

amines were shown to protect against light-induced retinal dam-

age as proven on optical coherence tomography and post-mortem

histology analysis (Maeda 2011).

Deuterium is a stable and non-radioactive isotope commonly used

as metabolic and pharmacokinetic probe in studies (Petrukhin

2013). By incorporating deuterium to the carbon-20 position of

vitamin A (C20-D3-vitamin A), a resultant primary kinetic iso-

tope effect is created that slows down the visual cycle, and thus

reduces A2E production. This was observed in a study where wild-

type mice fed with C20-D3-vitamin A for six weeks showed re-

duced A2E levels compared with controls that consumed a normal

vitamin A diet (Kaufman 2011).

Currently there are published randomised controlled trials eval-

uating visual cycle modulators for geographic atrophy, including

emixustat and fenretinide, both phase 2 trials. These medications

are delivered orally and appeared to be safe. Fenretinide, for exam-

ple, has been used widely to treat different types of cancer and has

been shown to be safe after many years of continuous treatment.

The duration of treatment for visual cycle modulators is unknown

at present but we expect that likely a life-long treatment may be

needed in a progressing condition such as AMD.

Why it is important to do this review

AMD is the most common cause of blindness in high-income

countries and third most common in the world, with 8.7% of the

world’s population affected by this disease (WHO 2002; Wong

2014). The number of affected individuals is projected at 196 mil-

lion in 2020 and 288 million in 2040 as a result of an increasingly

ageing population (Wong 2014). Visual impairment secondary to

AMD is associated with reduced quality of life (Lamoureux 2011),

and higher economic burden, costing the USA USD 575 to 733

million in total (Rein 2006).

With the introduction of anti-VEGF therapy, there are currently

well-established treatment regimes for neovascular AMD, which

have been proven to stabilise and even improve vision in people af-

fected by this disorder. (Brown 2006; Rosenfeld 2006). However,

the search for effective treatments for geographic atrophy contin-

ues.

As geographic atrophy is a slow and progressive condition, there is

time for intervention before the retina is destroyed and certainly

before the central fovea is affected, causing deterioration in central

visual acuity. In addition, autofluorescence provides an accurate

and validated method to monitor geographic atrophy progression,

allowing clinicians and researchers to determine the efficacy of

potential interventions.

Given the projected increasing prevalence of AMD and its associ-

ated burden, it is of the utmost importance to develop therapies for

the treatment and prevention of geographic atrophy. With better

understanding of the pathogenesis of AMD, many newer therapies

are being investigated with variable results (Hanus 2016). Among

these are visual cycle modulators, which are the subject of this

Cochrane Review, which aims at determining the effect of visual

cycle modulators for the treatment and prevention of geographic

atrophy.

O B J E C T I V E S

To assess the efficacy and safety of visual cycle modulators for the

prevention and treatment of geographic atrophy.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We will include randomised and quasi-randomised clinical stud-

ies. As visual cycle modulator use for treatment/prevention of ge-

ographic atrophy is a relatively new method, randomised clinical

studies on people with geographic atrophy might be sparse. We

have decided to include quasi-randomised studies, as they will still

provide useful information despite their limitations.

Studies published as abstracts or conference presentations will only

be included if sufficient details are presented to allow an appraisal

of the methodology and the assessment of results to be undertaken.

This might occur if a protocol for the study has been published

previously.

Types of participants

People diagnosed with AMD (early, intermediate or ad-

vanced AMD), using validated methods/classifications (identified
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through either, or a combination of, clinical examination, fun-

dus photography, fundus autofluorescence imaging, angiography

or optical coherence tomography), with no age, gender or ethnic-

ity restrictions. In participants with advanced AMD, we will only

include those with the atrophic form of the disease (geographic

atrophy).

Types of interventions

The main intervention will be visual cycle modulators, which

might be known as visual cycle inhibitors or by their mechanisms

of action or by their drug name in the literature. This will include

but is not limited to: emixustat (ACU-4429), fenretinide, A1120

(a non-retinoid RBP4 antagonist), and ALK-001 (C20-D3-Vita-

min A). There may be other drugs at earlier stages in development

that cannot yet be evaluated. These will be noted for assessment,

if possible, in future updates of this review.

The comparator will be placebo or no treatment (observation).

Types of outcome measures

Primary outcomes

Mean change in best-corrected visual acuity (BCVA), from base-

line to month 24.

Secondary outcomes

We will determine the following outcomes at 24 months.

• Percentage of people losing 15 letters or more of BCVA

• Percentage of people losing 10 letters or more of BCVA

• Percentage of people losing 5 letters or more of BCVA

• Progression (growth of existing or development of new

areas), of geographic atrophy (as measured using either, or a

combination of, fundus photography, fundus autofluorescence or

fluorescein angiography). The mean geographic atrophy

progression rate (mm2/year), measured using either fundus

autofluorescence or colour fundus photography must have a

difference of more than 0.02 mm2 across groups to be

considered a relevant difference beyond potential variability in

the measures of geographic atrophy (Domalpally 2016).

• Progression to advanced AMD (geographic atrophy or

neovascular AMD), in prevention studies including participants

with early or intermediate AMD.

• Mean change in macular sensitivity, as measured with

macular microperimetry, in prevention studies including

participants with early or intermediate AMD.

If a study does not have a follow-up period of up to 24 months,

we will take the last result at the end of the study to compare it to

baseline for all the above parameters.

Adverse effects

We will investigate ocular, systemic adverse effects and serious ad-

verse effects (e.g. all-cause death, serious systemic adverse events),

observed in treatment and comparator groups.

Search methods for identification of studies

Electronic searches

We will search the following electronic databases for randomised

controlled trials and controlled clinical trials:

• Cochrane Central Register of Controlled Trials

(CENTRAL), (which contains the Cochrane Eyes and Vision

Trials Register), in the Cochrane Library (latest issue);

• MEDLINE Ovid (1946 to present);

• Embase (1947 to present);

• Web of Science (1970 to present);

• Scopus (1960 to present);

• UK Clinical Trials gateway;

• US National Institutes of Health Ongoing Trials Register

ClinicalTrials.gov (www.clinicaltrials.gov);

• World Health Organization ( WHO), International

Clinical Trials Registry Platform ( ICTRP), ( www.who.int/

ictrp).

The search will cover 2005 to the present date and there will be

no language restrictions. We will adapt the Ovid Medline search

strategy as appropriate to other databases (Appendix 1).

Searching other resources

We will check reference lists of reviews and existing studies for

relevant studies and use the Cited Reference Search function in the

Web of Science to identify articles that have cited studies identified

for inclusion in the review. We will consult clinical experts for

any other relevant literature. We will search The Association for

Research in Vision and Ophthalmology (ARVO), website from

2005 to the present date to identify any further relevant studies.

Data collection and analysis

Selection of studies

Two review authors will independently screen titles and abstracts

retrieved from the searches to identify all citations that appear

likely to meet the inclusion criteria. In general, citations considered

not relevant at this stage will not be documented in the review

other than to note the number of these in a flow chart (Moher

2009). One review author will retrieve the full manuscripts of

relevant studies and assess them for eligibility, and a second review
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author will check them. We will document studies excluded after

full-text review.

We will resolve any disagreements between the two review authors

by discussion or by arbitration by a third review author if needed.

We will not mask the names of the authors, institutions, or journals

when reviewing studies.

Data extraction and management

One review author will extract data from the included studies

using a standard data extraction form and a second review author

will check the data extracted. We will extract data related to study

characteristics (Appendix 2), study methods and outcomes. We

will resolve any discrepancies or disagreements by discussion or by

arbitration from a third review author if needed. We will contact

study authors for missing or unclear data. One review author will

enter the data into Review Manager 5 (Review Manager 2014),

and a second review author will check the data for inaccuracies.

Assessment of risk of bias in included studies

We will use the Cochrane ’Risk of bias’ checklist. One review

author will assess the included studies for risk of bias and a second

review author will check the ’Risk of bias’ assessment. We will

assess the following domains for each included study as described

in Chapter 8 of the Cochrane Handbook for Systematic Review of

Interventions (HiggIns 2017).

• Selection bias: sequence generation and allocation

concealment

• Performance bias: masking of participants and personnel

• Detection bias: masking of outcome assessment

• Attrition bias: incomplete outcome data

• Reporting bias: selective outcome reporting. If the protocol

or clinical trials registry record for the included study is available,

we will evaluate the study for evidence of systematic differences

between reported and unreported findings.

We will assess each ’Risk of bias’ domain as low, high, or unclear

and provide descriptions as to our reasoning for such assessments.

We will resolve disagreements by discussion or by consulting a

third review author when necessary.

Measures of treatment effect

We will calculate the mean difference with 95% confidence in-

tervals for outcome measures reported as continuous data (mean

change in BCVA, mean change in area of geographic atrophy).

We will calculate the risk ratio with 95% confidence intervals for

outcome measures reported as dichotomous data (proportion with

loss of BCVA, progression to advanced AMD, adverse events).

Unit of analysis issues

We anticipate that most of the included studies will have ran-

domised a single eye per participant to a single intervention. We

will also consider the participant as the unit of analysis when both

eyes of a single participant are randomised and analysed as a unit.

In the case where both eyes of participants are included and anal-

ysed with the eye as the unit of analysis, we will attempt to analyse

the data adjusting for clustering or paired-eye design as appro-

priate and as described in the Cochrane Handbook for Systematic

Reviews of Interventions (Deeks 2017).

Dealing with missing data

In the case of missing data we will contact study authors to try

to obtain these data. We will allow study authors one month to

respond, with a reminder two weeks after initial contact in absence

of a response. If such attempts are unsuccessful, we will perform

the analysis using the available data. We will not impute data for

the purposes of this review.

Assessment of heterogeneity

We will assess included studies for clinical, methodological, and

statistical heterogeneity. When no substantial clinical or method-

ological heterogeneity is identified, we will combine studies in

meta-analysis. We will look at the consistency across studies by

examining the value of the I2 statistic (Higgins 2003), the direc-

tion of effects, and the overlap of confidence intervals on the for-

est plot. We will consider I2 values greater than 60% to represent

substantial statistical heterogeneity. Differences in the direction of

effects and poor overlap of confidence intervals among studies also

suggest heterogeneity among studies (Deeks 2017).

Assessment of reporting biases

We will assess publication bias with the funnel plot and Egger’s

regression intercept when 10 or more studies are included in a

meta-analysis. We will assess for potential selective outcome re-

porting by study as part of the ’Risk of bias’ assessment (Egger

1997; Sterne 2017).

Data synthesis

When data are sufficient and no substantial clinical, methodolog-

ical, and statistical heterogeneity are identified in the above as-

sessment, we will conduct meta-analysis using a random-effects

model. If fewer than three studies are included in a meta-analysis,

we will use a fixed-effect model. If we determine that conducting a

meta-analysis is inappropriate due to heterogeneity, we will report

a narrative or tabulated summary. We will use 95% confidence

intervals throughout.
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Subgroup analysis and investigation of heterogeneity

We will analyse studies undertaken to evaluate prevention of at-

rophic AMD in participants with early or intermediate forms of

the diseases separately from those undertaken to evaluate treat-

ment of people with already established geographic atrophy.

Sensitivity analysis

We will perform the following sensitivity analyses on the primary

outcome:

• excluding studies defined as ’high risk’ of bias in one or

more domains based on the Cochrane ’Risk of bias’ checklist;

• comparing fixed-effect and random-effects models (if there

are three or more studies)

GRADE and ’Summary of findings’ table

Where there is sufficient evidence, we will prepare a ’Summary

of findings’ table to present estimated relative and absolute risks

(GRADEpro GDT). Two review authors will independently grade

the overall quality of the evidence for each outcome using the

GRADE classification (Guyatt 2008). We will include the follow-

ing outcomes in the ’Summary of findings’ table at 24 months

(Schünemann 2017).

• Mean change in BCVA

• Proportion losing 15 letters of BCVA

• Proportion losing 10 letters of BCVA

• Progression of geographic atrophy

• Progression to advanced AMD (geographic atrophy or

neovascular AMD)

• Mean change in macular sensitivity

• Adverse events: all-cause mortality, all serious systemic

adverse events

We will use the five GRADE considerations (risk of bias, con-

sistency of effect, imprecision, indirectness and publication bias),

grading the evidence for each outcome as high, moderate, low, or

very low. We will justify all decisions to down- or up-grade the

quality of studies using footnotes and comments to aid the reader’s

understanding of the review where appropriate.
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A P P E N D I C E S

Appendix 1. Ovid MEDLINE search strategy

1. (age related macular degeneration or age related maculopathy or AMD or ARMD or geographic atrophy).tw.

2. exp Macular Degeneration/

3. exp Geographic Atrophy/

4. 1 or 2 or 3

5. exp *Enzyme Inhibitors/

6. retinol binding protein*.mp.

7. (fenretidine or fenofibrate or emixustat).mp.

8. (visual cycle adj3 (inhibit* or modulat*)).mp.

9. RBP4 antagonist*.tw.

10. 5 or 6 or 7 or 8 or 9

11. 4 and 10

12. exp Geographic Atrophy/

13. geographic atrophy.tw.

14. (atrophic adj (age-related macular degeneration or AMD)).tw.

15. 12 or 13 or 14

16. 11 or 15

17. randomized controlled trial.pt.

18. controlled clinical trial.pt.

19. (random* or trial or group* or control or placebo).tw.

20. 17 or 18 or 19

21. 16 and 20

22. Animals/

23. Humans/

24. 22 not 23

25. 21 not 24

26. (letter or comment or editorial).pt.

27. 25 not 26

28. limit 27 to yr=“2005 -Current”

Appendix 2. Data on study characteristics

Mandatory items Optional items

Methods

Study design • Parallel group RCTi.e. people

randomised to treatment

• Within-person RCTi.e. eyes

randomised to treatment

• Cluster RCTi.e. communities

randomised to treatment

• Cross-over RCT

• Other, specify

Exclusions after randomisation

Losses to follow-up

Number randomised/analysed

How were missing data handled? e.g., avail-

able case analysis, imputation methods

Reported power calculation (Y/N), if yes,

sample size and power

Unusual study design/issues
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(Continued)

Eyes or

Unit of randomisation/ unit of analysis

• One eye included in study, specify

how eye selected

• Two eyes included in study, both

eyes received same treatment, briefly

specify how analysed (best/worst/average/

both and adjusted for within person

correlation/both and not adjusted for within

person correlation) and specify if mixture

one eye and two eye

• Two eyes included in study, eyes

received different treatments,specify if

correct pair-matched analysis done

Participants

Country Setting

Ethnic group

Equivalence of baseline characteristics (Y/

N)

Total number of participants This information should be collected for total

study population recruited into the study. If

these data are only reported for the people who

were followed up only, please indicate.

Number (%) of men and women

Average age and age range

Inclusion criteria

Exclusion criteria

Interventions

Intervention (n = )

Comparator (n = )

See MECIR 65 and 70

• Number of people randomised to

this group

• Drug (or intervention) name

• Dose

• Frequency

• Route of administration

Outcomes

Primary and secondary outcomes as defined

in study reports

See MECIR R70

List outcomes

Adverse events reported (Y/N)

Length of follow-up and intervals at which

outcomes assessed

Planned/actual length of follow-up

Notes

Date conducted Specify dates of recruitment of participants

mm/yr to mm/yr

Full study name: (if applicable)

Reported subgroup analyses (Y/N)

Were trial investigators contacted?
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(Continued)

Sources of funding

Declaration of interest

See MECIR 69
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