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Abstract: The aim of this paper is to summarise our own and to review published experience re-
garding the long-term outcome of intravitreal treatment for macular neovascularisation (MNV) sec-
ondary to Sorsby’s fundus dystrophy (SFD). A systematic literature search using the MeSH terms
[Sorsby] and [anti-vascular endothelial growth factor (VEGF)] was conducted in NCBI/PubMed,
Cochrane Central Register of Controlled Trials (CENTRAL), ScienceDirect, Google Scholar and
ClinicalTrials.gov to identify publications reporting anti-VEGF treatment outcomes in SFD. Treat-
ment outcomes were extracted for this meta-analysis from 14 publications and an own patient re-
porting a total of 31 cases with a mean follow-up (FU) of 54 months. Both eyes were affected in ten
(32.3%) instances. Heterogenous reporting limited the comparability of the outcomes. All papers in
common, however, reported satisfied to excellent responses to anti-VEGF therapy if patients were
diagnosed and treated immediately after onset of symptoms. Of 20 eyes, for which visual acuity
was reported before and after treatment, five worsened and seven improved by more than 1 line,
whereas eight eyes maintained their function by end of the follow up, and 11 eyes (55%) maintained
a driving vision (Snellen VA > 0.5). Of six eyes with a VA < 0.5, VA improved in one to VA > 0.5,
whereas of 14 eyes with an initial VA > 0.5, this dropped to <0.5 despite therapy. In MNV secondary
to SFD, the delay between first symptoms and access to anti-VEGF treatment determines subretinal
scar formation and thereby, functional prognosis. If treated early, this is generally favourable under
regular controls and a consequent anti-VEGF treatment of MNV activity.

Keywords: Sorsby’s fundus dystrophy; Sorsby; hereditary retinal dystrophy; choroidal neovascu-
larisation; macular neovascularization; anti-VEGF treatment; long-term FU; treatment outcome

1. Introduction

Sorsby's fundus dystrophy (SFD) is a rare, autosomal dominant inherited retinal dis-
ease with complete penetrance affecting both genders similarly, typically becoming
symptomatic after the second decade of life, with an average onset in the 4th to 5th decade
of life, leading to severe bilateral vision loss and blindness if left untreated [1,2]. The path-
ophysiological mechanisms underlying the disease have yet to be identified while it is
known to be caused by mutations in the gene encoding tissue inhibitor of metalloprotein-
ases-3 (TIMP3) [3]. TIMP3 regulates remodeling of the extracellular matrix by inhibiting
metalloproteases (MMPs) and competes with VEGF in binding to its receptor VEGFR?2,
thereby inhibiting angiogenesis [4-6]. It is expressed by retinal pigment epithelium (RPE)
cells and is an element of Bruch's membrane in healthy individuals. Altered structure and
aggregation of the protein can lead to characteristic accumulations in Bruch's membrane
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in SFD patients, resulting in Drusen-like deposits and thickening of the membrane [7,8].
What remains to be discovered is whether the accumulation of TIMP3 directly leads to
disruption of Bruch's membrane, or indirectly, by the failure to inhibit MMP activity and
VEGF-driven angiogenesis, resulting in the development of choroidal neovascularisation
(CNV) or, due to the underlying pathophysiology more appropriately synonymously
used, macular neovascularisation (MNV) [9,10].

SFD is characterised by the loss of central vision due to the development of a classical
MNYV (Figure 1A, B), and in the clinical course central geographic atrophy (Figure 2) [11].
Classical MNV was found to be a significant risk factor for a poor long-term prognosis in
response to foveal scar formation in aged related macular degeneration [12]. Early symp-
toms in SFD include metamorphopsia, reduced colour vision, difficulties with dark adap-
tation and nyctalopia [2,13]. The typical clinical presentation of affected patients also in-
cludes drusen, reticular pseudodrusen and peripheral pseudodrusen. The hallmark of the
angiogenic switch to macular neovascularisation is subretinal haemorrhage and exuda-
tion, whereas disciform macular scarring and central pigment epithelium atrophy repre-
sent the late stages (Figure 3) [13-15]. Progressive peripheral chorioretinal atrophy (Figure
4) and loss of ambulatory vision may be seen [11,13].

(©)

Figure 1. M, 35 years, M. Sorsby. Clinical image of both eyes with a significant submacular fibrovascular lesion after three
courses of photodynamic therapy in the right (a) and four in the left eye (b), prior to the start of intravitreal therapy.
(second panel). Same patient, fluorescein angiography (R middle (c), L early arteriovenous phase(d)) confirming a low-
active predominantly classic macular neovascularisation.
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(b)

Figure 2. Same patient, 5 years later. First reactivation of macular neovascularisation evidenced by vision loss
and a small macular hemorrhage as well as newly present intraretinal fluid in OCT in the right eye (a) and mac-
ular pigment atrophy in both eyes (a, b).

(a) b)

Figure 3. Same patient, 2016, 10 years after the start of intravitreal therapy; no lesion activity after 22 intravitreal
Ranibizumab injections in the right eye (a) and a remarkable progressive macular atrophy despite a stable scar in his
left eye (b).
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Figure 4. Same patient, 2021, meanwhile 51 years old. Eighteen years after diagnosis and 15 years after the start of intrav-
itreal therapy visual acuity was maintained at Snellen 1.0 (20/20) in his right (a) and 0.16 (32/200) in his left eye (b), though
reading and contrast-enhancing optical aids are required for near visual performance; no lesion activity after 22 intravitreal
Ranibizumab injections in the right eye and a widely unchanged macular situation. Progressive macular scarring in both
eyes. Upper panel: Clinical pictures of R + L eye (a and b), second panel, redfree picture and OCT of the right eye (c),
bottom same, left eye (d). The arrows in redfree frames on the left side in figures 4 ¢ and d indicate the location of the line
scans on the right side. Note the progression of severity and extension of RPE changes, Drusen formation and choroidal
sclerosis during the observation period. With consequent clinical controls and Ranibizumab treatment immediately upon
first signs of lesion reactivation, his quality of life is perceived as excellent, he can follow his daily professional and private
activities without relevant restrictions.

The differential diagnosis in this relatively young population is mostly straight for-
ward with a positive family history and includes other inherited macular dystrophies,
presenting an age-related macular degeneration (AMD)-like morphology and secondary
MNV pathologies, though these but rarely present bilateral [16]. As there is no causal ther-
apy available, current symptomatic treatment has focused on the management of hemer-
alopia and neovascular complications. Vitamin A has been used, to some extent, to im-
prove night blindness [3]. While lower doses lack efficacy, high doses increase the risk of
hepatotoxicity [17]. The formation of MNV is the main cause of severe visual impairment.
Thermal laser photocoagulation of MNV has failed to improve vision, but was found to
induced frequent recurrences [11,18]. In the early 2000s, verteporfin became available and
photodynamic therapy (PDT) was used to treat subfoveal MNV alone or combined with
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intravitreal corticosteroids. The effect of PDT on MNV activity was limited and not pre-
dictable [11,17,19-24]. Five years later, access to intravitreal anti-VEGF therapy provided
a new treatment option for different types of MNV, including SFD. Until the advent of
anti-VEGF drugs, SFD had a poor prognosis and eventually led to bilateral loss of central
vision [11,14]; however, more than a decade later, several reports demonstrated promising
long-term results preserving a meaningful VA. This compelled us to review the literature
regarding long-term visual outcomes in patients with SFD since the advent of anti-VEGF
treatment. We also added the experience of our own patient, who has been treated for the
past 18 years in our clinic and retained a VA of 20/20 in his better eye.

2. Materials and Methods

A systematic literature search was conducted on 15 February 2021 of the NCBI/Pub-
Med Cochrane Central Register of Controlled Trials (CENTRAL), ScienceDirect, Google
Scholar and ClinicalTrials.gov databases using the key and MeSH terms [Sorsby] AND
[anti-VEGF OR bevacizumab OR ranibizumab OR aflibercept OR photodynamic] and ac-
cording to PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Anal-
yses) guidelines. To ascertain maximal exhaustiveness, cross-checking was performed in
the reference lists of all papers, including meta-analyses and systematic reviews, to further
identify cases meeting the diagnosis and treatment requirements, but not appearing under
the above-mentioned MeSH terms and key words. Only articles and conference abstracts
providing sufficient information to allow the assessment of the evolution of visual func-
tion with anti-VEGF treatment over a minimal FU of at least 3 months and written in Eng-
lish, German or French were included.

2.1. Eligibility Criteria
Criteria applied for studies to be considered eligible for this meta-analysis were:

e  Report of single or multiple patient case or cohort study including patients diagnosed
with Sorsby’s Fundus Dystrophy published or treated until February 2021;

e Additional or pre-treatment with corticosteroids or photodynamic therapy was ac-
cepted;

e  Reporting of evolution of visual function.

2.2. Information Retrieved from the Included Publications

The following parameters were retrieved: authors, publication date, title of the pub-
lication, gender of patient(s), age at onset of disease and at treatment initiation, time since
diagnosis, family history, treatment history, laterality of affected eyes, evolution of VA
under therapy, time gap between symptomatic vision loss and treatment initiation, FU
duration after first anti-VEGF injection, total number of injections, additional treatment,
and, if provided, genetic mutations. The same was applied to both eyes of our own patient.

Whenever necessary and to contain a uniform data format, we converted VA scores
into Snellen decimal VA. For the analysis, data for each affected eye were recorded sepa-
rately (one line in the table). For maximal completeness of the data sets, data from eyes
represented in several citations were composed, if the supplemental articles added addi-
tional information on this study.

2.3. Assessment of Risk of Bias

Since this systematic review summarises case studies, we decided to integrate raw
data instead of effect sizes from those reports with no underlying study design that could
be biased. Following, a specific assessment of bias is not applicable. Some selection bias
based on the orphan disease diagnosis may indeed be present, since the target population
is very narrowly outlined. Our demographic data nevertheless show that we have a range
of age in the predicted window (32 to 57 years) as well as a comparably balanced gender
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ratio (60.9% male). Based thereon, we assume that selection bias might not be a relevant
problem.

3. Results

The systematic literature search generated a total of 907 records (PRISMA search
flow, Figure 5). After exclusion of duplicates and the first screening of titles and abstracts,
21 full-text articles remained. After full-text reading, 14 publications reporting on 30 cases
were included in the final analysis. All cases were independently coded by two raters.
Interrater reliability was calculated in order to show agreement between the two raters.
Cohen’s kappa [25] yielded 92%, indicating a high interrater agreement. Differences in
data extraction were resolved by discussion. These data were completed by results of an
own case under long-term treatment for SFD.

907 records identified through Two additional records
database searching identified through CENTRAL
PubMed 18 and ClinicalTrials.gov
»  Google Scholar 730
« ScienceDirect 159

723 records after duplicates

removed
702 records excluded based on
| °  Topic
»  Treafment
Data

21 full-text articles assessed for
eligibility

Sevenrecords excluded
based on
= Treatment
= Data

14 studies included in
qudlitative and quantitative
synthesis

| Included | | Eligibility | | Screening ||Idenfificoiion|

Figure 5. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) search
flow.

Meta-Analysis

The overall FU time was 54 months. Eighteen of the thirty-one patients were case
reports (Table 1). These 18 cases (six female, ten male, two unknown) referred to 27 af-
fected eyes. Mean age at onset of MNV was 40 years. Mean VA at onset of MNV was 0.63
and last reported was 0.55 in all 18 cases. Considering only cases with both onset and last
reported VA, it sums up to 0.63 and 0.62, respectively. Mean FU time was 52.8 months.
VA was reported for all 27 eyes at the end of FU and for 20 of these eyes before and after
treatment. Beyond all 27 eyes, 67% maintained a Snellen VA of 0.2 or better, and 51%
maintained a value 20.5. Beyond the 20 eyes with VA known before and after treatment,
five (28%) lost >one line, three (17%) >three lines, whereas seven eyes (39%) remained
stable (+one line), six (33%) gained >one line, and beyond these, three (17%) gained three
or more lines. When comparing patients with immediate (13 eyes) and delayed treatment
(five eyes), we found that immediate treatment led to an increase of 0.16 of VA, whereas
delayed treatment led to a decrease of 0.38 of VA by the end of observation. It must be
considered, however, that VA at onset was better for the delayed treatment group (1.12)
compared to the immediate treatment group (0.46).

An additional 13 cases participated in two cohort studies [26,27] (Table 1), of which
five were male and three were female (five unknown). The mean age was 45 years, and
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mean FU was 60 months. Five patients in the first series [26] experienced remarkable pro-
tection against severe vision loss over 24 months with anti-VEGF treatment (22.2% of the
treated eyes suffered significant vision loss compared to 100% of the eyes in the control
group). The second series [27] included nine eyes of eight patients that experienced VA
gain with anti-VEGF treatment that was maintained over five years. However, the authors
observed a linear decrease in VA of 0.1 logMAR units per year until scar formation.

Table 1. Treatment outcomes of case and cohort studies with Sorsby’s fundus dystrophy, part I.

tf:r;t First Author Year of Publication Gender NR of Eyes  Age at Onset Family Iiil‘s::ry Posi- Prior Treatment VA before Onset Eye
1 Sivaprasad 2008 m 1 nr yes PDT nr nr
2 Gemenetzi 2011 f 34 yes no nr r
2 Gemenetzi 2011 f 37 yes PDT 1.00 1
3 Gemenetzi 2011 f 1 44 yes no 1.00 r
4 Gray 2012 f 1 38 yes no nr 1
5 Balaskas 2013 m 1 41 nr no 1.25 T
6 (?Opete_ 2013 m 2 32 nr no nr r
Piqueras
Copete-
6 . 2013 m 32 nr no nr 1
Piqueras
7 Fung 2013 m 1 44 yes no 1.00 r
8 Kapoor 2013 m 2 57 yes no 1.25 r
8 Kapoor 2013 m 57 yes no 1.00 1
9 Gliem 2015 nr 1 54 yes no 1.00 1
10 Gliem 2015 nr 1 56 yes no 1.00 r
11 Gliem 2015 m 1 45 yes no 1.00 r
12 Keller 2015 m 2 32 yes nr nr r
12 Keller 2015 m 32 yes PDT nr 1
13 Keller 2015 m 2 28 yes no nr r
13 Keller 2015 m 28 yes no nr 1
14 Mohla 2016 f 1 52 nr no 0.63 r
15 Menassa 2017 m 44 yes no 1.60 r
15 Menassa 2017 m 38 yes no nr 1
16 Tsokolas 2020 f 2 34 yes no nr r
16 Tsokolas 2020 f 37 yes PDT nr 1
17 Tsokolas 2020 f 2 36 yes no 1.25 r
17 Tsokolas 2020 f 38 yes no 1.00 1
18 Own patient 2004 m 2 33 yes no nr r
18  Own patient 2004 m 33 yes no nr 1
19-23*  Kaye 2017 nr 5 nr nr nr nr nr
62.5%
24-31*  Sanz 2013 m 9 45.3 (6.9) nr nr nr nr
O,
Mean 621': & 41 41.2 48.4% 9.8% 1.08
Pa VA at Treatment De- Last Follow-.Up after Onset Total %\Iumberh of .
. First Author of Anti-VEGF Treat- Intravitreal Injec- Drug Mutation
tient Onset lay (Months) VA .
ment (Months) tions
1  Sivaprasad 0.50 2 0.50 6 2 2 Bev Ser181Cys
2 Gemenetzi 0.10 0 0.16 33 6 6 Bev p-5204C
2 Gemenetzi 1.60 0.75 1.25 5 3 3 Bev p-5204C
3 Gemenetzi 0.10 0 1.00 3 1 1 Bev p-5204C
4 Gray 1.00 1.5 1.00 13 3 3 Bev Ser181Cys
5 Balaskas  0.16 nr 0.40 27 14 14 Ran c.610A4T (p.Ser204Cys)
6 C.opete— 0.63 0 1.00 6 1 1 Ran mutations in Exon 5 of gene
Piqueras 22.12.3
6 (;opete— 0.80 0 1.00 6 1 1 Ran mutations in Exon 5 of gene
Piqueras 22.12.3
7 Fung 0.63 0 0.80 48 6 6 Bev, PDT Tyr159Cys
3 Kapoor 0.50 0 010 55 8 8 Bev, several normal coding sequence (codons

Bev-Dex

124-188 of the mature protein)
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8 Bev, min. 18

normal coding sequence (codons

K . Al 77 1 Bev-Dex, 5 Ran, .
8 apoor 0.63 0 040 3 v Pel);TS an 124-188 of the mature protein)
9 Gliem 0.80 0 1.00 12 1 1 Bev ¢.530A > G (p.Tyr200Cys)
10 Gliem 0.63 0 1.00 8 nr multiple Bev ¢.530A > G (p.Tyr200Cys)
11 Gliem nr 0 1.00 nr 35 35 Bev c.545A > G(p.Tyr182Cys)
12 Keller nr nr 0.70 60 nr several Ran and nr
Bev
12 Keller nr nr 0.03 60 3 PDT, nr
3 Ran
13 Keller nr nr 0.10 48 nr Multiple Ran nr
13 Keller 1.00 nr 0.20 48 nr Multiple Ran nr
14 Mohla 0.10 0 0.32 7 2 2 Bev p-Arg204Cys
15 Menassa 1.25 0.3 0.80 6 5 5 Ran c.610A>T
15 Menassa nr nr 0.10 nr 6 6 Ran c.610A>T
16 Tsokolas  0.10 0.08 144 5 5 Bev Ser204Cys
16 Tsokolas  1.25 0.16 108 79 79 Bev Ser204Cys
17 Tsokolas nr 0.06 72 24 24 Bev Ser204Cys
17 Tsokolas nr 0.50 60 42 42 Bev Ser204Cys
3 PDT, Tri, 24
18 Own patient 1.0 192 24 R,anrll mutation in the TIMP3 gene
4 PDT, 1tipl
18  Own patient 0.16 192 9 J MWHPIE  hutation in the TIMP3 gene
Tri, 9 Ran
mutation in tissue inhibitor of
-23* K .8 (0. .2 (0. in.
19-23 aye  0.8(0.8) nr 0.2 (0.4) Min. 60 16 Bev metalloproteinases-3 (TIMP3)
.25
24-31*  Sanz ?O 2) nr nr nr 9.11 (6.01) Bev, Ran p-Ser204Cys
Mean 0.56 0.45 0.49 54 12.78

Abbreviations: nr, not reported; VA, Snellen visual acuity; FU, follow-up; f, female; m, male; r, right eye; 1, left eye; nr, not
reported; Bev, bevacizumab; Dex, dexamethasone; Ran, ranibizumab; PDT, photodynamic therapy; Tri, triamcinolone. *
Cohort studies: values are reported as mean (standard deviation).

4. Discussion

Secondary MNV is the landmark for the breakdown of VA in SFD. With the intro-
duction of intravitreal anti-VEGF therapy, this previously rapidly blinding disease [11]
has, for the first time, found an unprecedented treatment that may preserve useful central
vison over many years if initiated early, with 51% of eyes maintaining a reading and driv-
ing vision (20.5) and 67% of vision allowing reading with reading aids (20.2)
[11,16,17,19,21,22,28-33]. Even under consequent treatment of neovascular activity, the
underlying, so far only partially understood heredo-degenerative pathology may pro-
gress and result in central geographic atrophy and/or progressive night blindness, for
both of which there is currently no treatment available. Fortunately, such progression has
not been observed in our patient over the past 18 years (Figures 2—4).

Central vision may be maintained as long as a central fibrovascular scar has not de-
veloped. In neovascular age related macular degeneration ani-VEGF therapy was found
to delay scar formation [12]. A significant number of the published patients (Table 1) re-
tained their central vision at least partially over four to seven years after occurrence of
MNYV, if anti-VEGF agents were administered shortly after occurrence of MNV. Sanz et
al. estimated that the risk of significant visual loss may be reduced by 96% over 24 months,
based on their case series of eight eyes if MNV was treated early with anti-VEGF drugs.
In their series, 22.2% of treated eyes suffered a significant vision loss, compared to 100%
of the eyes in the historical control group [26]. Kaye et al. reported a stabilization of VA
with anti-VEGF treatment for MNV in five patients during the five-year observation pe-
riod. They found, however, a linear annual decrease in VA of 0.1 logMAR units, with
macular scar formation as the causative factor [27].

Before the availability of anti-VEGF drugs, treatment aimed at preserving some vi-
sion with a series of PDT and parabulbar or intravitreal triamcinolone that may stabilise
small lesions as in the right, but not so in the left eye of our patient. The functional success
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of PDT, however, is unavoidably linked to a significant subretinal fibrovascular scar for-
mation, which in the long term is accompanied by severe vision loss. Fortunately, disease
remained quiet in the right eye of our patient over seven years. By then, anti-VEGF treat-
ment had become available. This has allowed to maintain a full vision with a total of 24
intravitreal ranibizumab injections on a PRN basis over meanwhile ten years. Given the
long periods of inactive MNYV, the treatment burden remained supportable for this patient
under a PRN regimen. Long times of inactivity of MNV are not unique, why a treatment
following a treat-and-extend strategy in this generally relatively young population cannot
generally be recommended.

Though our study is inherently limited by the paucity of retrospectively reported
cases, this did not question the tremendous effect of early anti-VEGF therapy. The length
of FU period in our and previously published cases proved the long-term efficacy of anti-
VEGF treatment for MNV in SFD. Affected patients deserve to be correspondingly edu-
cated that there is a good chance to retain useful central vision, and to understand the
importance of immediately consulting an ophthalmologist in case of visual irregularities,
ideally before severe VA loss is encountered.

Though there exists, in conclusion, no cure for this heredo-degenerative disease, anti-
VEGF treatment has dramatically changed the prognosis for patients with Sorsby’s fun-
dus dystrophy. The visual function may be preserved in the vast majority for a significant
period of the patients’ lives. More than half of the patients will maintain a driving and
reading vision if macular neovascularisation is diagnosed and treated early.
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tion, J.G.G., A.B,, C.G. and S.Z.; formal analysis, C.G.; writing—original draft preparation, A.B.;
writing —review and editing, ].G.G. and S.Z. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflicts of interest. (Commercial relationships dis-
closures: Arthur Baston, None; Christin Gerhardt, None; Souska Zandi, None; Justus G. Garweg,
AbbVie, Alcon, Chengdu Khanghong, Bayer, Novartis)

References

1.

Sorsby, A.; Mason, M.E.].; Gardener, N. A FUNDUS DYSTROPHY WITH UNUSUAL FEATURES (Late onset and dominant
inheritance of a central retinal lesion showing oedema, haemorrhage and exudates developing into generalised choroidal atro-
phy with massive pigment proliferation). Br. J. Ophthalmol. 1949, 33, 67-97, doi:10.1136/bjo.33.2.67.

Capon, M.R.C,; Polkinghorne, P.J.; Fitzke, F.W.; Bird, A.C. Sorsby’s pseudoinflammatory macula dystrophy —Sorsby’s fundus
dystrophies. Eye 1988, 2, 114-122, doi:10.1038/eye.1988.23.

Jacobson, S.G.; Cideciyan, A.V.; Regunath, G.; Rodriguez, F.J.; VanDenburgh, K.; Sheffield, V.C.; Stone, E.M. Night blindness in
Sorsby’s fundus dystrophy reversed by vitamin A. Nat. Genet. 1995, 11, 27-32, d0i:10.1038/ng0995-27.

Handsley, M.M.; Edwards, D.R. Metalloproteinases and their inhibitors in tumor angiogenesis. Int. . Cancer 2005, 115, 849-860,
doi:10.1002/ijc.20945.

Qi, J.H.; Ebrahem, Q.; Ali, M.; Cutler, A.; Bell, B.; Prayson, N.; Sears, J.; Knauper, V.; Murphy, G.; Anand-Apte, B. Tissue Inhibitor
of Metalloproteinases-3 Peptides Inhibit Angiogenesis and Choroidal Neovascularization in Mice. PLoS ONE 2013, 8, 55667,
doi:10.1371/journal.pone.0055667.

Qi, ].H.; Ebrahem, Q.; Moore, N.; Murphy, G.; Claesson-Welsh, L.; Bond, M.; Baker, A.; Anand-Apte, B. A novel function for
tissue inhibitor of metalloproteinases-3 (TIMP3): Inhibition of angiogenesis by blockage of VEGF binding to VEGF receptor-2.
Nat. Med. 2003, 9, 407-415, d0i:10.1038/nm846.

Fariss, R.N.; Apte, S.S.; Olsen, B.R.; Iwata, K.; Milam, A.H. Tissue inhibitor of metalloproteinases-3 is a compo-nent of Bruch’s
membrane of the eye. Am. J. Pathol. 1997, 150, 323-328.

Langton, K.P.; McKie, N.; Smith, B.M.; Brown, N.J.; Barker, M.D. Sorsby’s fundus dystrophy mutations impair turnover of
TIMP-3 by retinal pigment epithelial cells. Hum. Mol. Genet. 2005, 14, 3579-3586, doi:10.1093/hmg/ddi385.



J. Clin. Med. 2021, 10, 2433 10 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Christensen, D.R.; Brown, F.E.; Cree, A.J.; Ratnayaka, J.A.; Lotery, A.]J. Sorsby fundus dystrophy —A review of pathology and
disease mechanisms. Exp. Eye Res. 2017, 165, 35-46, doi:10.1016/j.exer.2017.08.014.

Anand-Apte, B.; Chao, J.R.; Singh, R.; Stéhr, H. Sorsby fundus dystrophy:Insights from the past and looking to the future. J.
Neurosci. Res. 2018, 97, 88-97, d0i:10.1002/jnr.24317.

Sivaprasad, S.; Webster, A.R.; Egan, C.; Bird, A.C.; Tufail, A. Clinical Course and Treatment Outcomes of Sorsby Fundus Dys-
trophy. Am. J. Ophthalmol. 2008, 146, 228-234.e2, doi:10.1016/j.aj0.2008.03.024.

Daniel, E.; Toth, C.A.; Grunwald, ].E,; Jaffe, G.J.; Martin, D.F.; Fine, S.L.; Huang, J.; Ying, G.-S.; Hagstrom, S.A.; Winter, K ; et al.
Risk of Scar in the Comparison of Age-related Macular Degeneration Treatments Trials. Ophthalmology 2014, 121, 656-666,
doi:10.1016/j.0phtha.2013.10.019.

Hamilton, W.K.; Ewing, C.C,; Ives, E.J.; Carruthers, ].D. Sorsby’s Fundus Dystrophy. Ophthalmology 1989, 96, 1755-1762,
doi:10.1016/s0161-6420(89)32647-9.

Polkinghorne, P.J.; Capon, M.R.; Berninger, T.; Lyness, A.L.; Sehmi, K.; Bird, A.C. Sorsby’s Fundus Dystrophy: A clinical study.
Ophthalmology 1989, 96, 17631768, doi:10.1016/s0161-6420(89)32654-6.

Gliem, M.; Miiller, P.L.; Mangold, E.; Bolz, H.J.; Stéhr, H.; Weber, B.H.; Holz, F.G; Issa, P.C. Reticular Pseudodrusen in Sorsby
Fundus Dystrophy. Ophthalmology 2015, 122, 1555-1562, doi:10.1016/j.0phtha.2015.04.035.

Menassa, N.; Burgula, S.; Empeslidis, T.; Tsaousis, K.T. Bilateral choroidal neovascular membrane in a young patient with
Sorsby fundus dystrophy: The value of prompt treatment. BM] Case Rep. 2017, 2017, 2017220488, doi:10.1136/bcr-2017-220488.
Gliem, M.; Miiller, P.L.; Mangold, E.; Holz, F.G.; Bolz, H.J.; Stohr, H.; Weber, B.H.F; Issa, P.C. Sorsby Fundus Dystrophy: Novel
Mutations, Novel Phenotypic Characteristics, and Treatment Outcomes. Investig. Opthalmol. Vis. Sci. 2015, 56, 26642676,
doi:10.1167/iovs.14-15733.

Holz, F.G.; Haimovici, R.; Wagner, D.G.; Bird, A.C. RECURRENT CHOROIDAL NEOVASCULARIZATION AFTER LASER
PHOTOCOAGULATION IN SORSBY’S FUNDUS DYSTROPHY. Retina 1994, 14, 329-334, doi:10.1097/00006982-199414040-
00006.

Keller, J.; Giralt, J.; Alforja, S.; Casaroli-Marano, R.P. ALTERING THE CLINICAL COURSE OF SORSBY FUNDUS DYSTRO-
PHY WITH THE USE OF ANTI-VASCULAR ENDOTHELIAL GROWTH FACTOR INTRAOCULAR THERAPY. Retin. Cases
Brief Rep. 2015, 9, 104-105, d0i:10.1097/icb.0000000000000103.

Spaide, R.F. LONG-TERM VISUAL ACUITY PRESERVATION IN SORSBY FUNDUS DYSTROPHY WITH CORTICOSTEROID
TREATMENT. Retin. Cases Brief Rep. 2019, doi:10.1097/icb.0000000000000946.

Fung, A.T; Stohr, H.; Weber, B.H.F.; Holz, F.G.; Yannuzzi, L.A. ATYPICAL SORSBY FUNDUS DYSTROPHY WITH A NOVEL
TYR159CYS TIMP-3 MUTATION. Retin. Cases Brief Rep. 2013, 7, 71-74, d0i:10.1097/icb.0b013e318267101e.

Kapoor, K.G.; Bakri, S.J. Intravitreal Anti-Vascular Endothelial Growth Factor Therapy for Choroidal Neovascularization Due
to Sorsby Macular Dystrophy. J. Ocul. Pharmacol. Ther. 2013, 29, 444-447, d0i:10.1089/jop.2011.0206.

Peiretti, E.; Klancnik, ].M.; Spaide, R.F.; Yannuzzi, L. CHOROIDAL NEOVASCULARIZATION IN SORSBY FUNDUS DYS-
TROPHY TREATED WITH PHOTODYNAMIC THERAPY AND INTRAVITREAL TRIAMCINOLONE ACETONIDE. Retina
2005, 25, 377-379, doi:10.1097/00006982-200504000-00024.

Wong, S.C.; Fong, K.CS,; Lee, N.; Gregory-Evans, K.; Gregory-Evans, C.Y. Successful photodynamic therapy for subretinal
neovascularisation due to Sorsby’s fundus dystrophy: 1 year follow up. Br. ]J. Ophthalmol. 2003, 87, 796-797,
doi:10.1136/bjo.87.6.796.

Cohen, J. A Coefficient of Agreement for Nominal Scales. Educ. Psychol. Meas. 1960, 20, 37-46, doi:10.1177/001316446002000104.
Sanz, G.F.; Alonso-Gonzalez, R.; Keane, P.; Carreno, E.; Liew, G.; Sim, D.; Patel, P.; Webster, A.; Egan, C.; Tufail, A. Treatment
with Intravitreal An-ti-VEGF for Choroidal Neovascular Membrane secondary to Sorsby’s Fundus Dystrophy: A 24-Month
Analysis. Investig. Ophthalmol. Vis. Sci. 2013, 54, 3863.

Kaye, R.; Lotery, A. Long-term Outcome of Bevacizumab Therapy in Sorsby Fundus Dystrophy, A Case Series. Investig. Oph-
thalmol. Vis. Sci. 2017, 58, 229.

Mohla, A.; Khan, K,; Kasilian, M.; Michaelides, M. OCT angiography in the management of choroidal neovascular membrane
secondary to Sorsby fundus dystrophy. BM] Case Rep. 2016, 2016, 2016216453, d0i:10.1136/bcr-2016-216453.

Tsokolas, G.; Almuhtaseb, H.; Lotery, A. Evaluation of Pro-re-Nata (PRN) and Treat and Extend Bevacizumab treatment pro-
tocols in Sorsby Fundus Dystrophy. Eur. ]. Ophthalmol. 2018, 30, 26-33, doi:10.1177/1120672118811568.

Gemenetzi, M.K,; Luff, A.].; Lotery, A.]. SUCCESSFUL TREATMENT OF CHOROIDAL NEOVASCULARIZATION SECOND-
ARY TO SORSBY FUNDUS DYSTROPHY WITH INTRAVITREAL BEVACIZUMAB. Retin. Cases Brief Rep. 2011, 5, 132-135,
d0i:10.1097/icb.0b013e3181cc216b.

Gray, T.L.; Wong, H.-C.; Raymond, G.L. CHOROIDAL NEOVASCULARIZATION SECONDARY TO SORSBY FUNDUS DYS-
TROPHY TREATED WITH INTRAVITREAL BEVACIZUMAB. Retin. Cases Brief Rep. 2012, 6, 193-196,
doi:10.1097/icb.0b013e31822476fd.

Balaskas, K.; Hovan, M.; Mahmood, S.; Bishop, P. Ranibizumab for the management of Sorsby fundus dystrophy. Eye 2012, 27,
101-102, doi:10.1038/eye.2012.221.

Copete-Piqueras, S.; Cava-Valenciano, C.; Flores-Moreno, I.; Moreno-Valladares, A.; Ruescas, V.B. Tratamiento antiangiogénico
en fondo de distrofia de Sorsby sin mutacién en gen de TIMP-3. Arch. Soc. Espaiiola Oftalmol. 2013, 88, 240-243, doi:10.1016/j.0f-
tal.2011.12.005.



