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Abstract 
Sorsby fundus dystrophy (SFD) is a rare autosomal dominant disorder with complete penetrance affecting the macula. This is 
caused by a mutation in the TIMP-3. This objective narrative review aims to provide an overview of the pathophysiology, current 
treatment modalities, and future perspectives. A literature search was performed using “PubMed,” “Web of Science,” “Scopus,” 
“ScienceDirect,” “Google Scholar,” “medRxiv,” and “bioRxiv.” The molecular mechanisms underlying SFD are not completely 
understood. Novel advancements in cell culture techniques, including induced pluripotent stem cells, may enable more reliable 
modeling of SFD. These cell culture techniques aim to shed more light on the pathophysiology of SFD, and hopefully, this may 
lead to the future development of treatment strategies for SFD. Currently, no gene therapy is available. The main treatment is the 
use of anti-vascular endothelial growth factors (anti-VEGF) to treat secondary choroidal neovascular membrane (CNV), which is a 
major complication observed in this condition. If CNV is detected and treated promptly, patients with SFD have a good chance of 
maintaining a functional central vision. Other treatment modalities have been tried but have shown limited benefit, and therefore, 
have not managed to be more widely accepted. In summary, although there is no definitive cure yet, the use of anti-VEGF 
treatment for secondary CNV has provided the opportunity to maintain functional vision in individuals with SFD, provided CNV is 
detected and treated early.

Abbreviations: AMD = age-related macular degeneration, CNV = choroidal neovascular membrane, iPSC = induced pluripotent 
stem cells, LogMAR = logarithm of Minimum angle of resolution, PDT = photodynamic therapy, PRN = pro re nata, RPE = retinal 
pigment epithelium, SFD = Sorsby fundus dystrophy, T&E = treat and extend, TIMP-3 = tissue inhibitor of metallproteinase-3, 
TNF-α = tumor necrosis factor-α, VEGF = vascular endothelial growth factor, VEGFR = vascular endothelial growth factor receptor.
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1. Introduction
Sorsby fundus dystrophy (SFD) is a rare hereditary macular dys-
trophy with an autosomal dominant mode of inheritance and 
full penetrance. It was first described in the literature published 
in 1949 by Sorsby et al[1] and named after the leading author 
of this manuscript.[1] Patients with this condition may become 
symptomatic during their second decade of life, however, the 
average onset of the disease is usually during the fourth to fifth 
decade of life.[1,2] Prior to the era of anti-vascular endothelial 
growth (anti-VEGF) injections, SFD led to severe bilateral visual 
reduction and blindness.[1,2]

The aim of this narrative review is to provide a descriptive 
overview of this inherited genetic disorder.

This descriptive review also aims to answer the following 
questions:

	 A.	 What is the prevalence of SFD?
	 B.	 What are the underlying pathophysiological mechanisms 

of SFD?
	 C.	 What are the signs and symptoms of the disease?
	 D.	 What are the current treatment modalities available for 

SFD and how effective are they?

	 E.	 What potential future strategies can be developed to treat 
the disease?

2. Materials and Methods
A literature search was performed using “PubMed,” “Web 
of Science,” “Scopus,” “ScienceDirect,” “Google Scholar,” 
“medRxiv,” and “bioRxiv.” The main keywords for the literature 
search were “Sorsby Fundus Dystrophy,” “Choroidal Neovascular 
Membrane (CNV),” “Photodynamic Therapy (PDT),” “Tissue 
Inhibitor of Metallproteinase-3 (TIMP-3),” “Vascular Endothelial 
Growth Factor (VEGF),” “Bevacizumab,” “Ranibizumab,” 
“Triamcinolone,” “ARPE-19 cells,” and “induced pluripotent 
stem cells (iPSC).” The author attempted to collect data from 
manuscripts that were mainly published in the past 15 years so 
that the most recent and up-to-date information on SFD could 
be incorporated into this manuscript. Nevertheless, published 
manuscripts >15 years of age were also used, as they contained 
pertinent information about SFD. The literature search yielded 
approximately 300 manuscripts. To comply with the maximum 
number of references, 101 articles were selected.

As this is a narrative review, no ethical approval was required.
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All data generated or analyzed during this study are included in this published 
article [and its supplementary information files]; data sharing not applicable 
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3. Narrative review findings

3.1. Epidemiology

Due to the paucity of SFD cases, no large epidemiological stud-
ies exist that calculate the prevalence of the disease in the gen-
eral population. The only manuscript that attempts to calculate 
the prevalence is the manuscript by Christensen et al published 
in 2017.[3] The authors of this study estimated the prevalence of 
SFD to be 1 in 220,000.[3] Since the condition is inherited in an 
autosomal dominant manner with complete penetrance, there 
is no gender predilection. Hence, both men and women can be 
equally affected by this rare hereditary macular dystrophy.

3.2. Signs and symptoms

Patients with this condition may become symptomatic during 
their second decade of life; however, the average onset of the 
disease is usually during the fourth to fifth decade of life.[1,2] 
Deposition of drusen within the posterior pole is typically 
observed during the initial stages of the disease.[4,5] Reticular 
drusen and pseudodrusen may also be observed on dilated fun-
doscopy.[2] In more advanced stages of the disease, formation 
of a secondary choroidal neovascular membrane (CNV) or 
geographic atrophy can be observed.[4,5] Because the primary 
affected location of the retina is the macula, the main symptoms 
include distortion, reduced distant and near vision, impaired 
color vision, and nyctalopia.[2,4–6] The peripheral retina may be 
involved during the process of the disease and loss of ambula-
tory vision may ensue during the 7th decade of life.[2,4–6] Prior 
to the era of anti-VEGF injections, SFD led to severe bilateral 
visual reduction and blindness.[1,2]

3.3. The role of TIMP-3 gene—a brief overview

SFD is attributed to mutations affecting TIMP-3.[3,4] This gene 
is 1 of the 4 genes encoding enzymes that serve as inhibitors 
of the matrix metalloproteinases (MMP).[3,7] The cluster of 
these 4 genes demonstrates a robust tertiary molecular struc-
ture induced by the presence of 6 intramolecular disulfide bonds 
forming between 12 cysteine residues.[3] All 4 genes halt the 
breakdown of the extracellular matrix due to their N-terminal 
domain.[3,8–10] This is of paramount importance for a wide range 
of physiological processes at a cellular level, including wound 
healing, angiogenesis, and tissue remodeling.[3] In addition, 
TIMP-3 seems to be able to inhibit the interaction of VEGF with 
its receptor VEGF receptor 2 (VEGFR2) by directly binding to 
the receptor, thus preventing angiogenesis.[3,11] Nevertheless, it is 
still unclear whether TIMP-3 gene is involved in the apoptosis 
of retinal pigment epithelial (RPE) cells and how this can affect 
SFD.[3] Unlike TIMP-1, TIMP-2, and TIMP-4, which are soluble, 
TIMP-3 is insoluble.[3,12,13]

3.4. Mutations in TIMP-3 gene

Based on the author’s literature review and on the manuscript 
by Christensen et al,[3] 18 mutations of the TIMP-3 gene have 
been implicated in the manifestation of SFD.[3,6,14–29] In the 
United Kingdom, most patients with SFD carry the Ser204Cys 
mutation in exon 5 of the TIMP-3 gene.[5]

The presence of different variants in TIMP-3 makes SFD 
a condition that exhibits heterogeneity in the severity of dif-
ferent clinical phenotypes.[3] Although most mutations are 
located closer to the C-terminus of the protein, there are muta-
tions affecting the N-terminus as well, and the severity of the 
disease cannot be easily correlated with the affected amino 
acid.[3,14–16,21,22,24,29] Some authors suggest that some additional 
risk factors may affect the severity of SFD, such as smoking or 
age-related macular degeneration (AMD) genetic factors.[3,17,30]

Most mutations described in the manuscripts referenced above 
affecting the amino acid cysteine leading to the dimerization of 
TIMP-3 variants observed with these mutations.[3,15,18,25,27,28] 
However, mutations not involving the amino acid cysteine have 
also been described.[3,17,23] It is also unclear whether TIMP-3 
variants retain their ability to inhibit MMP, although most stud-
ies advocate this.[3,11,18,31] It is postulated that loss of the ability 
to inhibit MMP leads to a more severe phenotype, but some 
studies dispute this hypothesis.[3,17,32]

Another controversial topic is whether various TIMP-3 vari-
ants preserve the ability to impede the interaction between 
VEGF and its receptor.[3,33,34] As mentioned above, TIMP-3 
seems to be able to inhibit the interaction of VEGF with its 
receptor VEGF receptor 2 (VEGFR2) by directly binding to the 
receptor, thus preventing angiogenesis.[3,11] It is postulated that 
this may represent a pivotal step leading to formation of CNV.[3] 
Nevertheless, patients with SFD do not seem to have an abnor-
mal choroidal structure, as other studies conducted using mouse 
animal models have shown.[3,35] Hence, SFD variants may still 
retain the ability to impede the VEGF signaling cascade to some 
extent.[3,35]

Another interesting point is the observations of the manu-
script by Meunier et al.[36] The authors described a series of SFD 
patients from 2 unrelated families, where not only the eyes were 
affected, but the patients also exhibited pulmonary involve-
ment.[36] Of note, pulmonary involvement has been described 
in mouse models with TIMP-3 mutations.[37] Meunier et al also 
posed the question of whether the substitution of a smaller 
amino acid with a larger amino acid may lead to a more signif-
icant impact in the TIMP-3 protein structure, leading to a more 
severe clinical phenotype of SFD.[3,36] However, the early onset 
of disease associated with the Ser179Cys variant (where again a 
smaller amino acid is replaced by a larger amino acid) suggests 
that age of onset is not solely determined by the change in the 
size of the variant amino acid.[3] Therefore, the hypothesis pro-
posed by Meunier et al could not be confirmed.[3,36]

In addition, another study using mouse models proposed that 
mutations in TIMP-3 can potentially lead to osteoporosis.[38] 
Tsokolas et al[5] described 2 sisters who suffered from SFD that 
were referred for lung function tests and bone densitometry, 
which were both normal. Hence, it could be postulated that 
SFD can be perceived as a syndromic disease with potentially 
affected extraocular tissues.

In summary, there are still unanswered questions regarding 
TIMP-3 expression. Solving these mysteries around TIMP-3 can 
open new pathways in the development of therapeutic strategies 
for SFD.[3]

3.5. Pathophysiology associated with TIMP-3 mutations

TIMP-3 is expressed primarily in the RPE and choroidal endothe-
lial cells.[3,39–41] It is also an integral part of Bruch membrane.[3,42]

Studies have suggested that increasing age may lead to 
increased deposition of TIMP-3 on the Bruch membrane.[3,43] 
Other studies have suggested that this is because of increased 
deposition of TIMP-3 molecules rather than true overexpres-
sion of the gene.[3,44,45] This is supported by using immuno-stain-
ing.[3,40] Despite the fact that TIMP-3 gene is expressed in both 
RPE and choroidal endothelial cells, the previously mentioned 
studies postulate that the accumulation of TIMP-3 protein orig-
inates most likely from the RPE rather than the choroidal endo-
thelium, making the RPE the primary location of the changes 
that eventually lead to SFD.[3]

Mutations in TIMP-3 result in the accumulation in the dru-
sen-type of deposits at the level of Bruch membrane observed 
clinically on fundoscopy in SFD patients.[3,18,32] The subsequent 
thickening of Bruch membrane eventually affects RPE function. 
The subsequent disruption of the RPE–retina barrier may result 
in macular atrophy or CNV formation.[3,18,32]
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At this stage, it is imperative to highlight that TIMP-3 pro-
tein accumulation is not only observed in SFD but also in 
other pathological conditions, including retinitis pigmentosa 
and AMD, where there is abnormal material deposition at the 
level of Bruch membrane.[3,40,43,46,47] Therefore, understanding 
the underlying pathophysiological mechanisms associated with 
TIMP-3 variants will shed more light into gaining more insight 
about SFD and other TIMP-3 associated retinopathies as well 
and will help devise treatment strategies in the future.[3]

3.6. Cell culture models to understand SFD

Culture of RPE cells has been used for decades to better under-
stand their roles and functions.[3] In the past, different types of 
tissues were used for this purpose.[48–52] In recent years, RPE cells 
are cultured on porous materials.[3,53]

There are numerous advantages to the use of porous materi-
als for RPE cell cultures. One such advantage is that the cultured 
cells exhibit polarization of their membranes, which allows the 
study and quantification of different secreted proteins and mem-
brane receptors.[3,54–59] In addition, the use of porous material 
allows the study of the interactions between the RPE and cho-
roid, hence the study of the blood–retinal barrier.[3,60,61] Finally, 
RPE cells interact with the photoreceptors and play a pivotal 
role in the regeneration of the photoreceptor outer segment 
during the visual cycle. This interaction can also be using porous 
materials.[3,62] These advantages have made RPE cell cultures 
very useful in modeling conditions, in which there is a break-
down in the normal RPE function and its interactions with the 
retina, including drusen formation.[3,63,64] Such ex-vivo studies 
have provided important advancements in culturing RPE cells 
and have highlighted the necessity to use RPE cells derived from 
live patient human tissue that can provide more reliable insight 
into different aspects of RPE pathophysiology.[3]

A very important novel cell culture technique that seems to 
be quite promising for studying RPE cells is the use of pluripo-
tent stem cells that can differentiate into RPE cells.[3] Pluripotent 
stem cells preserve the ability to differentiate in any type of cell 
originating from the 3 germ layers.[3] Pluripotent stem cells were 
first isolated in 1981, and they derived from mouse embryonic 
stem cells.[3,65,66] Human embryonic stem cells followed 17 years 
later.[3,65,66] Ever since, studies have achieved to generate RPE 
cells from human embryonic stem cells via direct and sponta-
neous differentiation.[3,67–70]

RPE cells originating from pluripotent stem cells exhibit 
morphological features that are identical to those of the typical 
human RPE cells.[3,68,70] Furthermore, studies suggest that these 
cells are superior to other cell lines for modeling human RPE 
cells.[3,70–73] These attributes have allowed the use of pluripotent 
stem cell derived RPE cells in the formation of study models of 
macular dystrophies and in human clinical trials for AMD and 
Stargardt disease.[3,70,74]

Another ground-breaking evolution is the ability to gener-
ate pluripotent stem cells from somatic cells, known as iPSCs.[3] 
This technique allows the propagation of embryonic stem cells 
with the same characteristics shared by conventional pluripo-
tent cells.[3,75] Studies have demonstrated the ability to produce 
RPE cells from iPSCs.[3,76–80] RPE cells originating from iPSCs 
seem to be superior to those originating from embryonic stem 
cells, because they carry the same genetic information in situ 
(including mutations) with the patient’s somatic cells (e.g., skin 
fibroblasts) from which they are produced.[3,77]

The above attributes demonstrated by iPSCs have been used 
to model AMD and other retinal dystrophies, including Best 
disease and retinitis pigmentosa.[3,77,81,82] Nevertheless, iPSCs 
have not been used to model SFD or study various TIMP-3 
mutations.[3] In addition, to date, non-RPE cells or non-hu-
man cells have been used in various studies to emulate SFD, 
but these cell types are not reliable for studying the underlying 

pathophysiological mechanisms associated with SFD and 
TIMP-3 mutations.[3,11,17,18,31,32,83–85] Therefore, exploiting the 
novel advancements in cell culture techniques can open new 
pathways for formulating patient-derived RPE cell types that 
can allow a more reliable and realistic depiction of the various 
TIMP-3 variants under in vitro conditions.[3] Studies focusing on 
the TIMP-3 gene and SFD should incorporate the evaluation of 
TIMP-3 expression, assessment of the role of the RPE in main-
taining the RPE–retina barrier, their role in the renewal of the 
photoreceptor outer segment during the visual cycle and their 
interaction with the choroidal vascular network.[3] Such studies 
will allow us to elucidate the molecular mechanisms that may 
result in CNV formation or geographic atrophy which are the 
hallmark clinical features of SFD.[3]

3.7. Treatment of SFD

To date, there is no definitive treatment for TIMP-3 muta-
tions leading to SFD. Prior to the introduction of anti-VEGF 
agents in clinical practice, CNV formation used to lead to 
rapid irreversible loss of central vision and legal blindness.[2] 
Prior to anti-VEGF treatment, vitamin A was administered 
to treat SFD related nyctalopia.[2,86] Low doses of Vitamin 
A were not efficient in the treatment of nyctalopia, whereas 
higher doses induced liver toxicity.[2,86] Hence, Vitamin A has 
not been widely adopted for the treatment of night blindness 
associated with SFD.

CNV formation is the leading cause of central vision loss 
in patients with SFD. Prior to the introduction of anti-VEGF 
agents in clinical practice, thermal photocoagulation has been 
used as an attempt to treat CNV.[2,6,87] However, thermal pho-
tocoagulation did not improve visual acuity and aggressive 
recurrence of CNV was observed as well.[2,6,87] Therefore, 
thermal photocoagulation has been deemed obsolete as treat-
ment modality for was PDT verteporfin.[2] PDT was used as a 
stand-alone therapy or combined with intravitreal corticoste-
roid injection.[2] Nevertheless, this treatment approach showed 
very limited benefits, was unpredictable and was eventaully 
abandoned.[2,6,19,88,89]

Five years later, anti-VEGF treatment was introduced in clin-
ical practice, which this revolutionized the treatment of CNV 
secondary to SFD. There have been quite a few publications that 
have evaluated the efficacy and safety of anti-VEGF agents in 
treating CNV secondary to SFD and they have been summa-
rized in a comprehensive systematic review by Baston et al pub-
lished in 2021.[2,5,6,19,24,90–99]

A systematic review by Baston et al[2] described a mean fol-
low-up period of 54 months for patients treated for SFD. If CNV 
is recognized and treated early, this systematic review demon-
strated that 51% of eyes can preserve an adequate reading and 
driving visual acuity (measured as Snellen decimal visual acuity) 
of at least 0.5.[2] Furthermore, prompt treatment allowed 67% 
of eyes to maintain a functional level of vision using reading 
aids (Snellen decimal visual acuity of at least 0.2).[2,5,6,19,24,90–96] 
If, however, an established disciform scar has ensued, the use 
of anti-VEGF treatment is of limited benefit.[2] It must also be 
pointed out that even after prompt treatment, SFD can still 
progress either due to geographic atrophy or due to macular 
scar formation.[2,98] In fact, Kaye et al described a linear decrease 
in VA of approximately 0.1 Logarithm of Minimum Angle of 
Resolution units per year until scar formation after a 5-year fol-
low-up period.[2,98]

All the above published manuscripts have significant limita-
tions, namely their retrospective nature and the limited num-
ber of patients/eyes treated.[2,5,6,19,24,90–99] Some of them have also 
small follow-up periods,[90,92,96,97] whereas others have longer 
follow-up periods.[2,5,6,98,99] In addition, there is no consensus on 
the optimum pattern of anti-VEGF injections, that is, whether 
a treat and extend (T&E) protocol would be preferable to a 
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pro-re-nata (PRN) approach. Kaye et al and Tsokolas et al 
advocated a T&E approach, whereas Baston et al did not.[2,5,98] 
Ideally, prospective studies with larger number of patients that 
will be divided into the 2 above treatment groups should be 
conducted. Nevertheless, such an endeavor is quite challenging 
to come into fruition due to the rarity of SFD patients, which 
will subsequently raise doubts about the cost-effectiveness of 
such an endeavor. Despite the lack of consensus in the pat-
tern of injections, all manuscripts highlight the importance of 
prompt recognition and treatment of CNV secondary to SFD 
and acknowledge that the introduction of anti-VEGF agents 
was a game changer in the clinical outcome of CNV secondary 
to SFD.[2,5,6,19,24,90–99]

Recently, Spaide published a case report of an SFD patient 
who was followed-up for approximately 16 years and treated 
with a series of intravitreal injections of triamcinolone.[100] The 
patient originally presented in 2003 with visual acuities of 20/25 
and 20/400 right and left eye respectively.[100] PDT was origi-
nally tried with no benefit, which confirmed the observations 
of other published manuscripts.[2,6,19,88,89,100] The left eye had no 
further treatment due to permanent foveal structural damage, 
whereas the right eye was further treated with series of intravit-
real injections of triamcinolone in 3 to 4 monthly intervals and 
retained an excellent acuity.[100] The author postulates that the 
anti-inflammatory effect of triamcinolone may be able to mod-
ify the secretion of VEGF and tumor necrosis factor-α (TNF-
α) regulated by TIMP-3 gene.[100] This case report has a long 
follow-up period, but it has 2 main weaknesses: its retrospec-
tive nature and the fact that only 1 eye was treated. Hence, this 
case report does not provide robust data to advocate the use of 
intravitreal triamcinolone as a mainstream treatment for CNV 
secondary to SFD. In addition, intravitreal steroids such as tri-
amcinolone increase the risk of cataract formation and steroid 
response/glaucoma. These 2 additional risk factors must be con-
sidered as they may pose an additional visual burden in patients 
with SFD, who are already at risk of losing central vision in 
a relatively young age. Finally, as with anti-VEGF treatment, 
there is no benefit with steroid treatment when a disciform scar 
has already formed, as with the patient’s left eye. Hence, larger 
prospective studies are needed to provide substantial evidence 
that could make the use of triamcinolone mainstream. However, 
such an endeavor is quite challenging to come into fruition due 
to the rarity of patients with SFD, which will subsequently raise 
doubts about the cost-effectiveness of such an endeavor.

Spaide also described the use of adalimumab in the same 
patient described above for the treatment of SFD.[101] After a 
series of triamcinolone intravitreal injections, the treatment 
was switched to bevacizumab, but CNV became active.[101] 
Then, intravitreal triamcinolone was introduced again, and 
the patient responded with minimal signs of exudation and 
hemorrhage.[101] Due to long-term complications associated 
with intravitreal triamcinolone, the treatment was switched 
to subcutaneous adalimumab.[101] The total follow-up period 
after the initiation of adalimumab was 18 months. Throughout 
this period, CNV in the right eye remained inactive and the 
final visual acuity in the right eye was 20/20.[101] Since TIMP-3 
can regulate the secretion of TNF-α locally, the author sug-
gests that the use of anti-TNF-α agents such as adalimumab 
may offer a molecularly oriented approach to treatment and 
warrants further evaluation.[101] Therefore, larger prospective 
studies are required to elucidate whether adalimumab could 
be a good alternative treatment for CNV secondary to SFD. 
However, as mentioned previously, such prospective studies 
require large numbers of patients and prolonged follow-ups, 
which is very difficult to achieve given the paucity in num-
bers of patients with SFD. In addition, biologic agents such as 
adalimumab have side effects, mainly immunosuppression. In 
addition, application for special funding is usually required 
for biologics, and this process can be quite time consuming; 
hence, patients with SFD will still need prompt treatment 

with anti-VEGF agents in the interim, until adalimumab is 
introduced.

In summary, anti-VEGF agents have changed the visual out-
comes of CNV secondary to SFD. They remain the cornerstone 
of treatment of patients with SFD that develop CNV. Intravitreal 
steroids and biologics have also been reported, but the currently 
available data are limited to support their wider use in the treat-
ment of CNV associated with SFD.

4. Conclusions and final comments
SFD is a rare inherited retinal dystrophy for which no definitive 
treatment is currently available. There are still many unanswered 
questions regarding the underlying molecular pathophysiologi-
cal mechanisms associated with TIMP-3 mutations. Current 
cell types and animal models used to understand these mech-
anisms are not fully reliable. With novel advancements in cell 
culture techniques and the emergence of iPSCs, there is hope 
that SFD can be modeled more accurately and reliably. This may 
open new pathways for developing treatment strategies for SFD 
which can target TIMP-3.

Currently, the main aim is to treat complications of SFD, 
mainly CNV formation. Prior to the introduction of anti-
VEGF agents into clinical practice, CNV was untreatable, 
leading to irreversible foveal damage and subsequent central 
visual loss. Anti-VEGF treatment has allowed for the pres-
ervation of functional vision of individuals with SFD that 
develop CNV. Patients with SFD must be warned about this 
significant complication associated with their diagnosis and 
they must be educated in the regular use of the Amsler grid 
so that they can detect metamorphopsia promptly and seek 
immediate help in their local eye casualty service. This will 
increase the chances of prompt treatment with anti-VEGF 
agents and subsequent preservation of vision and quality 
of life. Patients with SFD should also be educated to avoid 
smoking and follow a diet rich in fruit and vegetables, as 
these 2 lifestyle habits can slow down the retinal degenera-
tion induced by TIMP-3 mutations.

Intravitreal corticosteroids and subcutaneous adalimumab 
were recently described in 2 case reports as treatment modal-
ities for CNV secondary to SFD. However, supporting data are 
limited to advocate their wider use, and their efficacy merits fur-
ther study.

Therefore, anti-VEGF agents remain the cornerstone of treat-
ment for CNV secondary to SFD, provided that this complica-
tion is recognized and attended to early.

Author contributions

Conceptualization: Georgios Tsokolas.
Methodology: Georgios Tsokolas.
Writing – original draft: Georgios Tsokolas.
Writing – review & editing: Georgios Tsokolas.

References
	 [1]	 Sorsby A, Mason MEJ, 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 atrophy with massive pigment proliferation). Br J 
Ophthalmol. 1949;33:67–97.

	 [2]	 Baston A, Gerhardt C, Zandi S, Garweg JG. Visual outcome after 
intravitreal anti-VEGF therapy for macular neovascularisation sec-
ondary to Sorsby’s fundus dystrophy: a systematic review. J Clin Med. 
2021;10:2433.

	 [3]	 Christensen DRG, Brown FE, Cree AJ, Ratnayaka A, Lotery JA. Sorsby 
fundus dystrophy: a review of pathology and disease mechanisms. Exp 
Eye Res. 2017;165:35–46.

	 [4]	 Kanski J. Clinical ophthalmology: a systematic approach. 8th ed. 
Amsterdam, Netherlands: Elsevier. 2015.



5

Tsokolas  •  Medicine (2022) 101:38� www.md-journal.com

	 [5]	 Tsokolas G, Almuhtaseb H, Lotery JA. Evaluation of pro-re-nata (PRN) 
and treat and extend bevacizumab treatment protocols in Sorsby fun-
dus dystrophy. Eur J Ophthalmol. 2018;30:26–33.

	 [6]	 Sivaprasad S, Webster RA, Egan AC, Bird CA, Tufail A. Clinical course 
and treatment outcomes of Sorsby fundus dystrophy. Am J Ophthalmol. 
2008;146:228–34.

	 [7]	 Brew K, Nagase H. The tissue inhibitors of metalloproteinases (TIMPs): 
an ancient family with structural and functional diversity. Biochim 
Biophys Acta. 2010;1803:55–71.

	 [8]	 Handsley MM, Edwards RD. Metalloproteinases and their inhibitors in 
tumor angiogenesis. Int J Cancer. 2005;115:849–60.

	 [9]	 Murphy G, Houbrechts A, Cockett IM, Williamson AR, O’Shea M, 
Docherty JA. The N-terminal domain of tissue inhibitor of metallo-
proteinases retains metalloproteinase inhibitory activity. Biochemistry. 
1991;30:8097–102.

	[10]	 Williamson RA, Marston FA, Angal S, et al. Disulphide bond assign-
ment in human tissue inhibitor of metalloproteinases (TIMP). Biochem 
J. 1990;268:267–74.

	[11]	 Qi HJ, Ebrahem Q, Yeow K, Edwards RD, Fox LP, Anand-Apte B. 
Expression of Sorsby’s fundus dystrophy mutations in human retinal 
pigment epithelial cells reduces matrix metalloproteinase inhibition 
and may promote angiogenesis. J Biol Chem. 2002;277:13394–400.

	[12]	 Leco JK, Khokha R, Pavloff N, Hawkes PS, Edwards RD. Tissue inhib-
itor of metalloproteinases-3 (TIMP-3) is an extracellular matrix-associ-
ated protein with a distinctive pattern of expression in mouse cells and 
tissues. J Biol Chem. 1994;269:9352–60.

	[13]	 Lee HM, Atkinson S, Murphy G. Identification of the extracellular matrix 
(ECM) binding motifs of tissue inhibitor of metalloproteinases (TIMP)-3 
and effective transfer to TIMP-1. J Biol Chem. 2007;282:6887–98.

	[14]	 Bakall B, Sohn HE, Riley J, Brack D, Stone ME. Novel mutations and 
change of nomenclature for pathogenic variants in the TIMP3 gene caus-
ing Sorsby fundus dystrophy. Invest Ophthalmol Vis Sci. 2014;55:3290.

	[15]	 Schoenberger DS, Agarwal A. A novel mutation at the N-terminal 
domain of the TIMP3 gene in Sorsby fundus dystrophy. Retina. 
2013;33:429–35.

	[16]	 Tabata Y, Isashiki Y, Kamimura K, Nakao K, Ohba N. A novel splice 
site mutation in the tissue inhibitor of the metalloproteinases-3 gene in 
Sorsby’s fundus dystrophy with unusual clinical features. Hum Genet. 
1998;103:179–82.

	[17]	 Saihan Z, Li Z, Rice J, et al. Clinical and biochemical effects of the 
E139K missense mutation in the TIMP3 gene, associated with Sorsby 
fundus dystrophy. Mol Vis. 2009;15:1218–30.

	[18]	 Langton PK, McKie N, Curtis A, et al. A novel tissue inhibitor of metal-
loproteinases-3 mutation reveals a common molecular phenotype in 
Sorsby’s fundus dystrophy. J Biol Chem. 2000;275:27027–31.

	[19]	 Gliem M, Müller LP, Holz GF, et al. Sorsby fundus dystrophy: novel 
mutations, novel phenotypic characteristics, and treatment outcomes. 
Invest Ophthalmol Vis Sci. 2015;56:2664–76.

	[20]	 Felbor U, Stohr H, Amann T, Schonherr U, Apfelstedt-Sylla E, Weber 
HB. A second independent Tyr168Cys mutation in the tissue inhibitor 
of metalloproteinases-3 (TIMP3) in Sorsby’s fundus dystrophy. J Med 
Genet. 1996;33:233–6.

	[21]	 Felbor U, Stohr H, Amann T, Schonherr U, Weber HB. A novel 
Ser156Cys mutation in the tissue inhibitor of metalloproteinases-3 
(TIMP3) in Sorsby’s fundus dystrophy with unusual clinical features. 
Hum Mol Genet. 1995;4:2415–6.

	[22]	 Felbor U, Benkwitz C, Klein LM, Greenberg J, Gregory YC, Weber 
HB. Sorsby fundus dystrophy: reevaluation of variable expressivity 
in patients carrying a TIMP3 founder mutation. Arch Ophthalmol. 
1997;115:1569–71.

	[23]	 Lin JR, Blumenkranz SM, Binkley J, Wu K, Vollrath D. A novel 
His158Arg mutation in TIMP3 causes a late-onset form of Sorsby fun-
dus dystrophy. Am J Ophthalmol. 2006;142:839–48.

	[24]	 Fung TA, Stohr H, Weber HB, Holz GF, Yannuzzi AL. Atypical sorsby 
fundus dystrophy with a novel Tyr159Cys TIMP-3 mutation. Retin 
Cases Brief Rep. 2013;7:71–4.

	[25]	 Jacobson GS, Cideciyan VA, Bennett J, Kingsley MR, Sheffield CV, 
Stone ME. Novel mutation in the TIMP3 gene causes Sorsby fundus 
dystrophy. Arch Ophthalmol. 2002;120:376–9.

	[26]	 Jacobson GS, Cideciyan VA, Regunath G, et al. Night blindness 
in Sorsby’s fundus dystrophy reversed by vitamin A. Nat Genet. 
1995;11:27–32.

	[27]	 Barbazetto AI, Hayashi M, Klais MC, Yannuzzi AL, Allikmets R. A 
novel TIMP3 mutation associated with Sorsby fundus dystrophy. Arch 
Ophthalmol. 2005;123:542–3.

	[28]	 Weber HB, Vogt G, Pruett CR, Stohr H, Felbor U. Mutations in the tis-
sue inhibitor of metalloproteinases-3 (TIMP3) in patients with Sorsby’s 
fundus dystrophy. Nat Genet. 1994;8:352–6.

	[29]	 Warwick A, Gibson J, Sood R, Lotery A. A rare penetrant TIMP3 muta-
tion confers relatively late onset choroidal neovascularisation which 
can mimic age related macular degeneration. Eye. 2016;30:488–91.

	[30]	 Li Z, Clarke PM, Barker DM, McKie N. TIMP3 mutation in 
Sorsby’s fundus dystrophy: molecular insights. Expert Rev Mol Med. 
2005;7:1–15.

	[31]	 Yeow MK, Kishnani SN, Hutton M, Hawkes PS, Murphy G, Edwards 
RD. Sorsby’s fundus dystrophy tissue inhibitor of metalloproteinases-3 
(TIMP-3) mutants have unimpaired matrix metalloproteinase inhib-
itory activities but affect cell adhesion to the extracellular matrix. 
Matrix Biol. 2002;21:75–88.

	[32]	 Langton PK, McKie N, Smith MB, Brown JN, Barker DM. Sorsby’s 
fundus dystrophy mutations impair turnover of TIMP-3 by retinal pig-
ment epithelial cells. Hum Mol Genet. 2005;14:3579–86.

	[33]	 Qi HJ, Dai G, Luthert P, et al. S156C mutation in tissue inhibitor of 
metalloproteinases-3 induces increased angiogenesis. J Biol Chem. 
2009;284:19927–36.

	[34]	 Fogarasi M, Janssen A, Weber HB, Stohr H. Molecular dissection of 
TIMP3 mutation S156C associated with Sorsby fundus dystrophy. 
Matrix Biol. 2008;27:381–92.

	[35]	 Janssen A, Hoellenriegel J, Fogarasi M, et al. Abnormal vessel forma-
tion in the choroid of mice lacking tissue inhibitor of metalloprote-
ase-3. Invest Ophthalmol Vis Sci. 2008;49:2812–22.

	[36]	 Meunier I, Bocquet B, Labesse G, et al. A new autosomal dominant 
eye and lung syndrome linked to mutations in TIMP3 gene. Sci Rep. 
2016;6:32544.

	[37]	 Gill SE, Pape MC, Khokha R, et al. A null mutation for tissue inhibitor 
of metalloproteinases-3 (Timp-3) impairs murine bronchiole branching 
morphogenesis. Dev Biol. 2003;261:313–23.

	[38]	 Mahmoodi M, Sahebjam S, Smookler D, et al. Lack of tissue inhibitor 
of metalloproteinases-3 results in an enhanced inflammatory response 
in antigen-induced arthritis. Am J Pathol. 2005;166:1733–40.

	[39]	 Della GN, Campochiaro AP, Zack JD. Localization of TIMP-3 mRNA 
expression to the retinal pigment epithelium. Invest Ophthalmol Vis 
Sci. 1996;37:1921–4.

	[40]	 Fariss NR, Apte SS, Luthert JP, Bird CA, Milam HA. Accumulation 
of tissue inhibitor of metalloproteinases-3 in human eyes with 
Sorsby’s fundus dystrophy or retinitis pigmentosa. Br J Ophthalmol. 
1998;82:1329–34.

	[41]	 Vranka AJ, Johnson E, Zhu X, et al. Discrete expression and distribu-
tion pattern of TIMP-3 in the human retina and choroid. Curr Eye Res. 
1997;16:102–10.

	[42]	 Fariss NR, Apte SS, Olsen RB, Iwata K, Milam HA. Tissue inhibitor of 
metalloproteinases-3 is a component of Bruch’s membrane of the eye. 
Am J Pathol. 1997;150:323–8.

	[43]	 Kamei M, Hollyfield GJ. TIMP-3 in Bruch’s membrane: changes during 
aging and in age-related macular degeneration. Invest Ophthalmol Vis 
Sci. 1999;40:2367–75.

	[44]	 Bailey AT, Alexander AR, Dubovy RS, Luthert JP, Chong HN. 
Measurement of TIMP-3 expression and Bruch’s membrane thickness 
in human macula. Exp Eye Res. 2001;73:851–8.

	[45]	 Chong HN, Kvanta A, Seregard S, Bird CA, Luthert JP, Steen B. 
TIMP-3 mRNA is not overexpressed in sorsby fundus dystrophy. Am J 
Ophthalmol. 2003;136:954–5.

	[46]	 Crabb WJ, Miyagi M, Gu X, et al. Drusen proteome analysis: an 
approach to the etiology of age-related macular degeneration. Proc 
Natl Acad Sci USA. 2002;99:14682–7.

	[47]	 Mullins FR, Aptsiauri N, Hageman SG. Structure and composition of 
drusen associated with glomerulonephritis: implications for the role of 
complement activation in drusen biogenesis. Eye. 2001;15:390–5.

	[48]	 Albert MD, Tso MOM, Rabson SA. In vitro growth of pure cultures of 
retinal pigment epithelium. Arch Ophthalmol. 1972;88:63–9.

	[49]	 Feeney L, Mixon NR. An in vitro model of phagocytosis in bovine and 
human retinal pigment epithelium. Exp Eye Res. 1976;22:533–48.

	[50]	 Ho CT, Del Priore VL, Kaplan JH. Tissue culture of retinal pigment 
epithelium following isolation with a gelatin matrix technique. Exp Eye 
Res. 1997;64:133–9.

	[51]	 Mannagh J, Arya VD, Irvine RA. Tissue culture of human retinal pig-
ment epithelium. Invest. Ophthalmol. 1973;12:52–64.

	[52]	 Oka SM, Landers AR, Bridges BCD. A serum-free defined medium for 
retinal pigment epithelial cells. Exp Cell Res. 1984;154:537–47.

	[53]	 Ratnayaka AJ, Lynn AS, Griffiths H, Scott J, Cree A, Lotery JA. An ex-vivo 
platform for manipulation and study of Retinal Pigment Epithelial (RPE) 
cells in long-term culture. Invest Ophthalmol Vis Sci. 2015;56:2332.

	[54]	 Becerra PS, Fariss NR, Wu QY, Montuenga ML, Wong P, Pfeffer AB. 
2004. Pigment epithelium-derived factor in the monkey retinal pigment 
epithelium and interphotoreceptor matrix: apical secretion and distri-
bution. Exp Eye Res. 2004;78:223–34.



6

Tsokolas  •  Medicine (2022) 101:38� Medicine

	[55]	 Blaauwgeers GH, Holtkamp MG, Rutten H, et al. Polarized vascular 
endothelial growth factor secretion by human retinal pigment epithe-
lium and localization of vascular endothelial growth factor receptors 
on the inner choriocapillaris. Evidence for a trophic paracrine relation. 
Am J Pathol. 1999;155:421–8.

	[56]	 Ames A, Li YY, Heher CE, Kimble RC. Energy metabolism of rabbit 
retina as related to function: high cost of Naþ transport. J Neurosci. 
1992;12:840–53.

	[57]	 Juuti-Uusitalo K, Delporte C, Gregoire F, et al. Aquaporin expression 
and function in human pluripotent stem cell-derived retinal pigment 
epithelial cells. Invest Ophthalmol Vis Sci. 2013;54:3510–9.

	[58]	 Maminishkis A, Chen S, Jalickee S, et al. Confluent monolayers 
of cultured human fetal retinal pigment epithelium exhibit mor-
phology and physiology of native tissue. Invest Ophthalmol Vis Sci. 
2006;47:3612–24.

	[59]	 Stamer DW, Bok D, Hu J, Jaffe JG, McKay SB. Aquaporin-1 channels in 
human retinal pigment epithelium: role in transepithelial water move-
ment. Invest Ophthalmol Vis Sci. 2003;44:2803–8.

	[60]	 Dardik R, Livnat T, Nisgav Y, Weinberger D. Enhancement of angio-
genic potential of endothelial cells by contact with retinal pigment 
epithelial cells in a model simulating pathological conditions. Invest 
Ophthalmol Vis Sci. 2010;51:6188–95.

	[61]	 Hamilton DR, Foss JA, Leach L. Establishment of a human in vitro 
model of the outer blood-retinal barrier. J Anat. 2007;211:707–16.

	[62]	 Ablonczy Z, Crosson EC. VEGF modulation of retinal pigment epithe-
lium resistance. Exp Eye Res. 2007;85:762–71.

	[63]	 Johnson VL, Forest LD, Banna DC, et al. Cell culture model that 
mimics drusen formation and triggers complement activation associ-
ated with age-related macular degeneration. Proc Natl Acad Sci USA. 
2011;108:18277–82.

	[64]	 Lynn AS, Ward G, Keeling E, et al. Ex-vivo models of the Retinal 
Pigment Epithelium (RPE) in long-term culture faithfully recapitulate 
key structural and physiological features of native RPE. Tissue Cell. 
2017;49:447–60.

	[65]	 Evans JM, Kaufman HM. Establishment in culture of pluripotential 
cells from mouse embryos. Nature. 1981;292:154–6.

	[66]	 Thomson AJ, Itskovitz-Eldor J, Shapiro SS, et al. Embryonic stem cell 
lines derived from human blastocysts. Science. 1998;282:1145–7.

	[67]	 Idelson M, Alper R, Obolensky A, et al. Directed differentiation of 
human embryonic stem cells into functional retinal pigment epithelium 
cells. Cell Stem Cell. 2009;5:396–408.

	[68]	 Klimanskaya I, Hipp J, Rezai AK, West M, Atala A, Lanza R. Derivation 
and comparative assessment of retinal pigment epithelium from human 
embryonic stem cells using transcriptomics. Cloning Stem Cells. 
2004;6:217–45.

	[69]	 Osakada F, Jin BZ, Hirami Y, et al. In vitro differentiation of retinal 
cells from human pluripotent stem cells by small-molecule induction. J 
Cell Sci. 2009;122:3169–79.

	[70]	 Vugler A, Carr JJA, Lawrence J, et al. Elucidating the phenomenon of 
HESC-derived RPE: anatomy of cell genesis, expansion and retinal 
transplantation. Exp Neurol. 2008;214:347–61.

	[71]	 Brandl C, Zimmermann JS, Milenkovic MV, et al. In-depth char-
acterisation of retinal pigment epithelium (RPE) cells derived from 
human induced pluripotent stem cells (hiPSC). Neuromolecular Med. 
2014;16:551–64.

	[72]	 Carr JA, Vugler A, Lawrence J, et al. Molecular characterization 
and functional analysis of phagocytosis by human embryonic stem 
cell derived RPE cells using a novel human retinal assay. Mol Vis. 
2009;15:283–95.

	[73]	 Garcia YT, Gutierrez M, Reynolds J, Lamba AD. Modeling the 
dynamic AMD-associated chronic oxidative stress changes in 
human ESC and iPSC derived RPE cells. Invest Ophthalmol Vis Sci. 
2015;56:7480–8.

	[74]	 Schwartz DS, Hubschman PJ, Heilwell G, et al. Embryonic stem 
cell trials for macular degeneration: a preliminary report. Lancet. 
2012;379:713–20.

	[75]	 Takahashi K, Yamanaka S. Induction of pluripotent stem cells from 
mouse embryonic and adult fibroblast cultures by defined factors. Cell. 
2006;126:663–76.

	[76]	 Buchholz ED, Hikita TS, Rowland J, et al. Derivation of functional ret-
inal pigmented epithelium from induced pluripotent stem cells. Stem 
Cells. 2009;27:2427–34.

	[77]	 Golestaneh N, Chu Y, Cheng KS, Cao H, Poliakov E, Berinstein MD. 
Repressed SIRT1/PGC-1a pathway and mitochondrial disintegration in 
iPSC derived RPE disease model of age-related macular degeneration. J 
Transl Med. 2016;14:344.

	[78]	 Hirami Y, Osakada F, Takahashi K, et al. Generation of retinal cells 
from mouse and human induced pluripotent stem cells. Neurosci Lett. 
2009;458:126–31.

	[79]	 Kokkinaki M, Sahibzada N, Golestaneh N. Human induced plurip-
otent stem-derived retinal pigment epithelium (RPE) cells exhibit ion 
transport, membrane potential, polarized vascular endothelial growth 
factor secretion, and gene expression pattern similar to native RPE. 
Stem Cells. 2011;29:825–35.

	[80]	 Parfitt AD, Lane A, Ramsden MC, et al. Identification and correction 
of mechanisms underlying inherited blindness in human iPSC derived 
optic cups. Cell Stem Cell. 2016;18:769–81.

	[81]	 Lukovic D, Artero Castro A, et al. Human iPSC derived disease model 
of MERTK associated retinitis pigmentosa. Sci Rep. 2015;5:12910.

	[82]	 Moshfegh Y, Velez G, Li Y, Bassuk GA, Mahajan BV, Tsang HS. 
BESTROPHIN1 mutations cause defective chloride conductance in 
patient stem cell-derived RPE. Hum Mol Genet. 2016;25:2672–80.

	[83]	 Arris EC, Bevitt JD, Mohamed J, et al. Expression of mutant and wild-
type TIMP3 in primary gingival fibroblasts from Sorsby’s fundus dys-
trophy patients. Biochim Biophys Acta. 2003;1638:20–8.

	[84]	 Weber HB, Lin B, White K, et al. A mouse model for Sorsby fundus 
dystrophy. Invest Ophthalmol Vis Sci. 2002;43:2732–40.

	[85]	 Langton PK, Barker DM, McKie N. Localization of the functional 
domains of human tissue inhibitor of metalloproteinases-3 and 
the effects of a Sorsby’s fundus dystrophy mutation. J Biol Chem. 
1998;273:16778–81.

	[86]	 Jacobson GS, Cideciyan VA, Regunath G, et al. Night blindness 
in Sorsby’s fundus dystrophy reversed by vitamin A. Nat Genet. 
1995;11:27–32.

	[87]	 Holz FG, Haimovici R, Wagner DG, Bird AC. Recurrent choroidal neo-
vascularization after laser photocoagulation in Sorsbyʼs fundus dystro-
phy. Retina. 1994;14:329–34.

	[88]	 Peiretti E, Klancnik JM, Spaide RF, Yannuzzi L. Choroidal neo-
vascularization in Sorsby fundus dystrophy treated with photody-
namic therapy and intravitreal triamcinolone acetonide. Retina. 
2005;25:377–9.

	[89]	 Wong SC, Fong KCS, Lee N, Gregory-Evans K, Gregory-Evans CY. 
Successful photodynamic therapy for subretinal neovascularisation 
due to Sorsby’s fundus dystrophy: 1 year follow up. Br J Ophthalmol. 
2003;87:796–7.

	[90]	 Gemenetzi KM, Luff JA, Lotery JA. Successful treatment of choroidal 
neovascularization secondary to sorsby fundus dystrophy with intrav-
itreal bevacizumab. Retin. Cases Brief Rep. 2011;5:132–5.

	[91]	 Gray LT, Wong H-C, Raymond LG. Choroidal neovascularization sec-
ondary to Sorsby fundus dystrophy treated with intravitreal bevaci-
zumab. Retin. Cases Brief Rep. 2012;6:193–6.

	[92]	 Balaskas K, Hovan M, Mahmood S, Bishop P. Ranibizumab for the 
management of Sorsby fundus dystrophy. Eye. 2012;27:101–2.

	[93]	 Copete-Piqueras S, Cava-Valenciano C, Flores-Moreno I, Moreno-
Valladares A, Ruescas BV. Tratamiento antiangiogénico en fondo de 
distrofia de Sorsby sin mutación en gen de TIMP-3. Arch Soc Española 
Oftalmol. 2013;88:240–3.

	[94]	 Kapoor GK, Bakri JS. Intravitreal anti-vascular endothelial growth 
factor therapy for choroidal neovascularization due to Sorsby macular 
dystrophy. J Ocul Pharmacol Ther. 2013;29:444–7.

	[95]	 Keller J, Giralt J, Alforja S, Casaroli-Marano PR. Altering the clinical 
course of Sorsby fundus dystrophy with the use of anti-vascular endothelial 
growth factor intraocular therapy. Retin. Cases Brief Rep. 2015;9:104–5.

	[96]	 Mohla A, Khan K, Kasilian M, Michaelides M. OCT angiography in 
the management of choroidal neovascular membrane secondary to 
Sorsby fundus dystrophy. BMJ Case Rep. 2016;2016:2016216453.

	[97]	 Menassa N, Burgula S, Empeslidis T, Tsaousis TK. Bilateral cho-
roidal neovascular membrane in a young patient with Sorsby fun-
dus dystrophy: the value of prompt treatment. BMJ Case Rep. 
2017;2017:2017220488.

	[98]	 Kaye R, Lotery A. Long-term outcome of bevacizumab therapy in Sorsby 
fundus dystrophy, a case series. Investig Ophthalmol Vis Sci. 2017;58:229.

	 [99]	 Sanz FG, Alonso-Gonzalez R, Keane P, et al. Treatment with intrav-
itreal anti-VEGF for choroidal neovascular membrane secondary to 
Sorsby’s fundus dystrophy: a 24-month analysis. Investig Ophthalmol 
Vis Sci. 2013;54:3863.

	[100]	 Spaide FR. Long-term visual acuity preservation in Sorsby fundus 
dystrophy with corticosteroid treatment. Retin Cases Brief Rep. 
2022;16:44–7.

	[101]	 Spaide FR. Treatment of sorsby fundus dystrophy with anti-tumor 
necrosis factor-alpha medication. Eye (Lond). 2021 [online ahead of 
print].


