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Clinical impact of the worldwide shortage of
verteporfin (Visudyne®) on ophthalmic care

Marc J. Sirks,' @ Elon H.C. van Dijk,>@® Noa Rosenberg,>* @ Carla E.M. Hollak,**>
Stamatios Aslanis,’@ Chui Ming Gemmy Cheung,”* @ Itay Chowers,”'® Chiara M. Eandi,'"'"
K. Bailey Freund,'*>'*@® Frank G. Holz,'® Peter K. Kaiser,'®@ Andrew J. Lotery,!”
Kyoko Ohno-Matsui,'® @ Giuseppe Querques,'” @ Yousif Subhi,?>?! @ Ramin Tadayoni,?*>*:**
Charles C. Wykoff,25’26 Dinah Zur,>”?*@ Roselie M.H. Diederen,' (9 Camiel J.F. Boon"*' and
Reinier O. Schlingemann'''-

'Department of Ophthalmology, Amsterdam University Medical Centres, University of Amsterdam, Amsterdam, The Netherlands
"Department of Ophthalmology, Leiden University Medical Centre, Leiden, The Netherlands

*Medicine for Society, Platform at Amsterdam University Medical Centres - University of Amsterdam, Amsterdam, The
Netherlands

“Department of Endocrinology and Metabolism, Amsterdam UMC - University of Amsterdam, Amsterdam, The Netherlands
>Sphinx, Amsterdam Lysosome Center, Amsterdam, The Netherlands

°St. Erik Eye Hospital, Stockholm, Sweden

’Singapore National Eye Center, Singapore, Singapore

8Singapore Eye Research Institute, Singapore, Singapore

“Department of Ophthalmology, Hadassah Medical Center, Jerusalem, Israel

10Faculty of Medicine, Hebrew University of Jerusalem, Jerusalem, Israel

"Department of Ophthalmology, University of Lausanne, Jules Gonin Eye Hospital, Fondation Asile Des Aveugles, Lausanne,
Switzerland

2Department of Surgical Sciences, University of Turin, Turin, Italy

3Vitreous Retina Macula Consultants of New York, New York, New York, USA

“Department of Ophthalmology, New York University Grossman School of Medicine, New York, New York, USA
5Department of Ophthalmology, University of Bonn, Bonn, Germany

%Cole Eye Institute, Cleveland, Ohio, USA

Faculty of Medicine, University of Southampton, Southampton, UK

¥Tokyo Medical and Dental University, Tokyo, Japan

YIRCCS San Raffaele Scientific Institute, University Vita Salute San Raffaele, Milan, Italy

20Department of Ophthalmology, Rigshospitalet, Glostrup, Denmark

2'Department of Clinical Research, University of Southern Denmark, Odense, Denmark

22University of Paris, Paris, France

= Hopital Lariboisiere, AP-HP, Paris, France

24Hépital Fondation Adolphe de Rothschild, Paris, France

2Retina Consultants of Texas, Retina Consultants of America, Houston, Texas, USA

26Blanton Eye Institute, Houston Methodist Hospital, Houston, Texas, USA

2TOphthalmology Division, Tel Aviv Medical Center, Tel Aviv, Israel

28Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel

ABSTRACT.

Introduction: Since July 2021, a worldwide shortage of verteporfin (Visudyne®) occurred: an essential medicine required
for photodynamic therapy (PDT). PDT with verteporfin has a broad range of indications in ophthalmology, including
chronic central serous chorioretinopathy, polypoidal choroidal vasculopathy and choroidal haemangioma. For these
disorders, PDT is either the first-choice treatment or regarded as a major treatment option.

Materials and methods: A questionnaire was sent to key opinion leaders in the field of medical retina throughout the world, to
assess the role of PDT in their country and the effects of the shortage of verteporfin. In addition, information on the application of
alternative treatments during shortage of verteporfin was obtained, to further assess the impact of the shortage.

Results: Our questionnaire indicated that the shortage of verteporfin had a major impact on ophthalmic care worldwide
and was regarded to be a serious problem by most of our respondents. However, even though there is ample evidence to
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support the use of PDT in several chorioretinal diseases, we found notable differences in its use in normal patient care
throughout the world. Various alternative management strategies were noted during the verteporfin shortage, including
lowering the dose of verteporfin per patient, the use of alternative treatment strategies and the use of a centralized system
for allocating the remaining ampoules of verteporfin in some countries.

Conclusion: The shortage of verteporfin has had a large effect on the care of ophthalmic patients across the world and may
have resulted in significant and irreversible vision loss. Mitigation strategies should be developed in consultation with all
stakeholders to avoid future medication shortages of verteporfin and other unique ophthalmic medications. These strategies
may include mandatory stock keeping, compulsory licensing to an alternative manufacturer or incentivizing the
development of competition, for example through novel public-private partnerships.

Key words: age-related macular degeneration — central serous chorioretinopathy — choroidal haemangioma — photodynamic therapy — polypoidal
choroidal vasculopathy — verteporfin
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Introduction

In 2021, there was a worldwide shortage
of verteporfin (Visudyne®, Chep-
lapharm Arzneimittel GmbH, Greif-
swald, Germany). Verteporfin is a
photosensitizing, pharmacological agent
used to perform ocular photodynamic
therapy (PDT) in patients with choroidal
neovascularization (CNV), central ser-
ous chorioretinopathy (CSC), poly-
poidal choroidal vasculopathy (PCV)
and several other chorioretinal diseases.

The constrained supply of vertepor-
fin was caused by a manufacturing
problem in a factory situated in the
United States, which is apparently the
single producer of verteporfin world-
wide. Recent reports suggest that the
medication will not be available until
the first quarter of 2022 (Cheplapharm
Arzneimittel GmbH 2021; European
Medicines Agency 2021b).

This article highlights the history of
the use of PDT in ophthalmology and in
other medical fields, provides the current
evidence of its efficacy for ophthalmic
indications and describes the impact of
its decreased availability on ophthalmic
patient care in different regions in the
world. In addition, we describe the
results of a questionnaire among inter-
national experts in the field of

ophthalmic use of PDT on the variability
of PDT use worldwide for common
treatment indications. Moreover, we
suggest possible solutions, which may
prevent similar problems in the future.

History of Photodynamic
Therapy

PDT is the activation of a photosensitive
drug using laser treatment, which creates
free oxygen radicals that induce a local
cytotoxic  reaction  (Kwiatkowski
et al. 2018). The discovery of this effect
was attributed to Von Tappeiner
et al. (1903) in the beginning of the 20th
century. These researchers were working
with fluorescent dyes, when subsequent
illumination proved to have destructive
effects on the studied microorganisms,
called paramecia. However, already in
the 16th century this ‘photodynamic’
reaction was observed in patients suffer-
ing from porphyria (Hurst 1982), a
group of diseases that result from a
deficiency of one of the enzymes involved
in the haem synthesis pathway. In these
patients, accumulation of the metabo-
lites of intermediates in this pathway,
known as porphyrins, can cause damage
to organs or skin tissue, especially when
exposed to sunlight (Batlle 1993). Vari-
ous photosensitizers that are used today

are derived from porphyrins, including
the benzoporphyrin derivative vertepor-
fin (Santosa & Limantara 2008). Fol-
lowing Von Tappeiner’s discovery, Figge
et al. (1948) recognized the tendency of
some photosensitizers to accumulate in
neoplastic tissues in 1948. This affinity of
photosensitizers for tumour cells and the
tumour stroma was utilized to explore
PDT in different malignancies. A photo-
sensitizer was injected either intraperi-
toneally or intravenously, and the
tumour was subsequently illuminated
with a light source to activate the photo-
sensitizer locally and destroy the cancer
(Diamond et al. 1972). However, the use
of PDT in oncology did not become a
part of the standard of care until the
1970s. Currently, oncological indications
for PDT are mainly cutaneous malig-
nancies, but PDT also serves a purpose in
several other types of cancer, facilitating
tumour resolution while sparing the
function of normal tissues (Dolmans
et al 2003; Nyst et al. 2009; Allison
et al. 2010; Ozog et al. 2016).

The early photosensitizers had to be
illuminated for several hours to achieve
the desired effect. In addition, the half-
life of these photosensitizers was so
long that patients were required to
protect themselves from sunlight for
several weeks after injection of the
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photosensitizer to prevent skin dam-
age. The discovery of various new
photosensitizers over the years, includ-
ing agents with shorter half-lives and
shorter time of required illumination,
has allowed PDT to be used for a
variety of new purposes, including
retinal diseases (Allison et al. 2010).
Verteporfin is one of these photosensi-
tizers.

Photodynamic Therapy
in Ophthalmology

Nearly a century after the discovery of
the basic concept of PDT, PDT was
introduced in ophthalmology in 2000,
after the TAP Study reported PDT with
verteporfin to be effective for slowing
vision loss in certain forms of subfoveal
choroidal neovascularization (CNV)
due to age-related macular degeneration
(AMD) (TAP study group 1999). This
study demonstrated PDT’s utility could
extend beyond treating malignant tis-
sues to targeting other fast-growing
vascular cell structures as found in the
new blood vessels in AMD. For several
years, PDT was the standard of care in
the management of AMD. However,
PDT has been found to be inferior to
intravitreal injections of anti-vascular
endothelial growth factor (VEGF)in the
ANCHOR study (Brown et al. 2009).
Thus, although verteporfin is registered
for the treatment of CNV caused by
either AMD or pathologic myopia
(European Medicines Agency 2020), in
current practice, indications for PDT
with verteporfin in ophthalmology have
shifted to PCV, a particular subtype of
AMD, and to off-label use for condi-
tions such as CSC and various types of
ocular haemangioma (van Dijk
et al. 2020; Raizada & Naik 2021).
PDT is also sometimes used in choroidal
melanomas (Quhill er al. 2021) and
retinal angiomatous proliferations
(Saito et al. 2012), but these conditions
are rare and will therefore not be
discussed in this article.

A standard treatment with PDT
requires a 10-minute intravenous infu-
sion of verteporfin with a dosage of
6 mg/m? body surface, diluted in 30 ml
of infusion fluid. At 15 minutes after
the start of the infusion, verteporfin is
activated with a diode laser that uses
689 nm wavelength light. At the rec-
ommended light intensity of 600 mW/
cm?, the spot of interest is illuminated

for 83 seconds to achieve the required
light dosage of 50 J/cm? (European
Medicines Agency 2020).

Photodynamic therapy in central serous
chorioretinopathy

CSC is a disease originating in the
choroid, in which specific choroidal
abnormalities  (thickening  (‘pachy-
choroid’), venous congestion and leak-
age) are associated with serous subretinal
fluid (SRF) accumulation, generally
occurring in the macula. If the fluid does
not resolve, subsequent damage to the
retinal pigment epithelium (RPE) may
occur (Cheung et al. 2019; van Rijssen
et al. 2019b; van Dijk & Boon 2021;
Spaide et al. 2022). This macular SRF
can cause blurred vision, loss of contrast
sensitivity, metamorphopsia and
micropsia. Male gender, type-A person-
alities, psychiatric disorders, steroid
exposure and sleep disturbances are risk
factors, and first, symptoms usually
occur in patients aged between 30 and
50 years old. In the case of persistent
(>3 months) SRF, when relapses occur,
and when the patient has other signs of
chronicity on multimodal imaging, such
as more diffuse atrophic RPE alterations
(DARA), treatment is often advised
(Mohabati et al. 2018; van Rijssen
et al. 2019b).

Various forms of treatment have been
used for CSC, including focal thermal
laser, micropulse laser treatment, oral
eplerenone, intravitreal injections with
anti-VEGF agents and PDT. For PDT,
several studies have shown that altering
the standard parameters for PDT treat-
ment may give results similar to those
achieved when standard settings are
used (van Rijssen et al. 2019b; van Dijk
et al. 2020). For example, the adminis-
tered dosage of verteporfin in PDT can
be reduced to 3 mg/m? (referred to as
‘half-dose PDT’), or alternatively, the
laser settings can be altered to emit light
at a dosage of 25 J/em? (referred to as
‘half-fluence PDT’). The available stud-
ies suggest that these reduced settings
have a similar treatment effect, while
reducing the risk of side effects (van
Rijssen et al. 2019b).

In the European PLACE trial, the first
large prospective treatment trial for
chronic CSC, Van Dijk et al. showed
that half-dose PDT is superior to high-
density subthreshold micropulse laser
treatment in chronic CSC patients, both
in terms of functional and anatomical

outcome measures (van Dijk et al. 2018).
In the PLACE trial, complete resolution
of SRF occurred in 67.2% of PDT-
treated patients at 7 to 8 months after
treatment, as compared to only 28.8% of
micropulse laser-treated patients (van
Dijk et al. 2018). Additionally, a signif-
icantly larger increase in retinal sensitiv-
ity on microperimetry was seen in the
PDT-treated eyes. Furthermore, a sig-
nificantly higher proportion of PDT-
treated chronic CSC patients in the
PLACE trial had an improvement in
functional parameters in comparison
with the micropulse laser-treated group.
This was also the case after crossover
treatment to half-dose PDT after unsuc-
cessful micropulse laser, but not vice
versa, as shown in the REPLACE trial
(van Rijssen et al. 2020). This superior
treatment effect of half-dose PDT was
seen regardless of the presence of focal or
more extensive leakage on fluorescein
angiography (van Rijssen et al. 2019a).
Recently, van Rijssen ez al. (2021) have
shown in another large prospective treat-
ment trial from the Netherlands, the
SPECTRA trial, that half-dose PDT is
also superior to the oral mineralocorti-
coid receptor (MR) antagonist eplere-
none for the treatment of chronic CSC.
The SPECTRA study used similar out-
come measures as the PLACE trial and
showed a complete resolution of SRF in
87% of PDT-treated patients, as com-
pared to only 17% of eplerenone-treated
patients. In addition, a significantly
higher increase in retinal sensitivity on
microperimetry was seen in the PDT-
treated group. Similarly, low rates of
SRF resolution with eplerenone treat-
ment were found in the VICI trial, in
which eplerenone treatment was com-
pared with placebo in chronic CSC
patients (Lotery et al. 2020). These and
other (retrospective) publications sup-
port a prominent role of PDT with
reduced settings in the treatment of
chronic CSC, for which no alternative
treatment is presently available (van
Rijssen et al. 2019b).

Photodynamic therapy in
choroidal vasculopathy

polypoidal

PCV is a disease manifestation in which
CNV is associated with sub-RPE
aneurysmal vascular dilations (Dansin-
gani et al. 2018; Chaikitmongkol
et al. 2020; Cheung et al. 2021). The
origin of the name is not entirely clear,
but may come from the resemblance of




these ‘polyps’ to either intestinal polyps
or animals called freshwater and salt-
water polyps. PCV may cause haemor-
rhages and leakage of SRF and
lipoproteins, and, consequently, loss of
visual acuity. They may be present in
patients with neovascular AMD, but
they can also present in other diseases
associated with CNV including CSC. In
Asian populations, between 22.3 and
61.6% of patients diagnosed with neo-
vascular AMD have evidence of PCV,
as compared to between 8 and 13% of
White patients of European descent
(Wong et al. 2016). As a result of this
higher prevalence in Asian patients,
most of the available data on clinical
characteristics and treatment in PCV
come from Asian populations. The
pathophysiology and its possible corre-
lation with AMD remain a subject of
discussion. A recently proposed classi-
fication of subtypes of PCV may resolve
the discussion by suggesting different
aetiologies in different PCV cases (Van
Dijk et al. 2021). Van Dijk et al. (2021)
suggested differentiating the following
subtypes of PCV: (1) PCV within the
context of AMD, characterized by the
presence of at least S macular drusen; (2)
PCV without the presence of drusen, but
with a non-polypoidal CNV or a
branching vascular network, defined as
a network of intertwining choroidal
vessels supplying the polyp with blood;
(3) Idiopathic PCV without the presence
of drusen, a branching vascular network
or a non-polypoidal CNV. PCV is not
easily recognized due to its resemblance
to a type 1 CNV in ‘classic’ neovascular
AMD. However, it is important to
establish this diagnosis, as PCV patients
often do not respond as well to
monotherapy with anti-VEGF as ‘clas-
sicc. AMD patients. Indocyanine green
angiography (ICGA) is considered the
gold standard for diagnosing PCV, but
this imaging technique is not available
to every ophthalmologist. Therefore,
recent studies have focused on develop-
ing diagnostic criteria based on other
imaging modalities, including the
appearance of a sharp-peaked RPE
detachment with a hyperreflective ring
under it on optical coherence tomogra-
phy or a red-orange nodule on colour
fundus photography (Cheung
et al. 2021). When the diagnosis is
confirmed using multimodal imaging
(including ICGA), PDT with or without
intravitreal anti-VEGF injections may
be considered, based on several clinical

treatment trials. In the EVEREST trial,
conducted by Koh et al., it was shown
that combination therapy of anti-
VEGTF and full-dose PDT was superior
to anti-VEGF monotherapy, with
regard to polyp closure rate (77.8%
versus 28.6%) at 6 months after treat-
ment (Koh ef al. 2012). The follow-up
study, EVEREST II, described the
longer-term follow-up: at 24 months
after treatment, combination therapy
of PDT and anti-VEGF compared with
anti-VEGF monotherapy showed a
greater gain in best-corrected visual
acuity (9.6 versus 5.5 letters) and a
better polyp closure rate (56.6% versus
26.7%) (Lim et al. 2020). Additionally,
the EVEREST II cohort showed that
fewer anti-VEGF injections were
required when combination therapy
was performed (median of 6 versus 12
after 24 months). However, another
study has shown anti-VEGF monother-
apy to yield a good response in 85% of
(predominantly Asian) patients (Lee
et al. 2018). Generally, full-dose PDT
is used in PCV, but half-dose PDT may
be equally effective (Wong et al. 2018).
In summary, PDT may be considered in
patients with PCV, especially when the
response to anti-VEGF alone is inade-
quate.

Photodynamic choroidal

haemangioma

therapy in

Choroidal haemangiomas are benign
vascular tumours that occur in the
posterior pole of the eye. Two forms
exist, which are diffuse choroidal hae-
mangioma and circumscribed choroi-
dal haemangioma. The diffuse form
predominantly occurs in patients with
Sturge—Weber syndrome who usually
have a port-wine stain on the same side
of the face and a diffuse thickening of
the choroid. It is present from birth
and may manifest at a young age.
Circumscribed choroidal haeman-
giomas are usually diagnosed at an
older age and are characterized by a
more localized tumour. In both forms,
the leakage of these tumours can cause
intra- and subretinal fluid and may
eventually lead to an exudative retinal
detachment, resulting in a severe reduc-
tion in visual acuity (Schmidt-Erfurth
et al. 2002). Treatment with conven-
tional laser generally leads to resolu-
tion of SRF and a temporary
improvement in visual acuity, but
long-term results show the visual acuity

to deteriorate further in the majority of
cases (Anand et al. 1989). Although no
large studies have been conducted on
the efficacy of PDT in these tumours,
the available evidence suggests a
good response to treatment with PDT
(Boixadera et al. 2009; Sachdeva
et al. 2010). A review of the literature
has also deemed PDT to be the pre-
ferred treatment (Tsipursky et al. 2011).
Various treatment protocols exist for
PDT in ocular haemangiomas, for
example using a bolus of verteporfin,
or an increased fluence of 100 J/m?,
compared with a standard fluence of
50 J/mz. In all cases, a full dose of
6 mg/m> verteporfin is used. Various
forms of radiotherapy, including low-
dose (20 Gy) external beam radiother-
apy are also used in large choroidal
haemangioma, with good effect. How-
ever, radiotherapy may induce side
effects to ocular and surrounding tissues
(Karimi et al. 2015).

Thus, we have described a range of
ocular diseases that respond well to
PDT with verteporfin. For some dis-
eases, this is in fact the only effective
treatment option.

Current Situation and
Management in the
Netherlands

At a national population of about 17.5
million people, approximately 700
Dutch patients are treated yearly with
PDT (Nederlands  Oogheelkundig
Gezelschap 2021). This consists of 80—
85% of chronic CSC patients, 10-15%
of PCV patients and 5% of other
indications, including choroidal hae-
mangioma. In the second half of 2021,
supplies of verteporfin were so
restricted that only 10-15% of cases
where PDT was indicated could be
treated with the remaining stock that
was available in the Netherlands. This
unwanted situation was covered by
several major national news media.
The Dutch Ophthalmological Society
and Medical Retina Working Group
therefore established a national com-
mittee, consisting of retina specialists
commonly performing PDT treatment
from all PDT expertise centres within
the country, to allocate the remaining
supply of verteporfin based on a
prioritization  scheme (Nederlands
Oogheelkundig Gezelschap 2021;
Werkgroep Medische Retina van het
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Nederlands Oogheelkundig Gezelschap
2021). This was done to ensure that
PDT was available to patients that
were most at risk of a further deterio-
ration of visual function and irre-
versible changes without PDT. The
committee came together once every
4 weeks to evaluate the history and
multimodal imaging of cases nomi-
nated by their treating ophthalmolo-
gists throughout the country.

Several criteria were set to prioritize
cases (Werkgroep Medische Retina van
het Nederlands Oogheelkundig
Gezelschap 2021). For example, chil-
dren with choroidal haemangioma and
(functionally) monocular patients were
prioritized (see full list of criteria in
Table 1). Inevitably, this resulted in
85-90% of cases in whom a suboptimal
treatment had to be given or treatment
had to be deferred until verteporfin was
available again.

Although there are no exact num-
bers to back this up, it can be assumed
that there are many patients whose
visual function was impacted due to
this shortage and that some may have
suffered irreversible damage to their
vision. In addition, when the supply of
verteporfin is restored, PDT treatments
will likely have to be performed at a
higher volume than previously, because
of postponement of treatments in the
previous period. Altogether, this short-
age of verteporfin poses a serious
problem. Drug shortages are not a rare
occurrence, as 1492 drug shortages
were reported for instance in the
Netherlands alone in 2019 (Koninklijke
Nederlandse Maatschappij ter
Bevordering der Pharmacie 2020). In

this report, a drug shortage was defined
as a national unavailability, which was
expected to last for 14 days or more.

Current Situation and
Management in the Rest
of the World

The shortage of verteporfin affects
patients and the ophthalmic community
worldwide. However, the impact on
patients may not be the same in every
country. Despite current evidence of the
efficacy of verteporfin-assisted PDT in
the aforementioned diseases, guidelines
on treating these diseases may differ per
country, or even per region within a
country, or be absent altogether (Mehta
et al. 2017). Whereas PDT is the stan-
dard of care for patients with chronic
CSC in the Netherlands, it might not
even be available or used for this indi-
cation in other parts of the world. We
took the opportunity of this severe
situation to assess the ‘normal’ standard
of care across the world when it comes to
treating several retinal diseases, as well
as to evaluate the effect of the unavail-
ability of verteporfin. We contacted
several key opinion leaders in the med-
ical retina field throughout Europe, Asia
and the United States who were known
to the initiators of this article and asked
them to complete a questionnaire to
comment on the following themes: what
is the role of PDT in ophthalmology in
your country in the normal situation
and how has the current shortage
affected your patient care? (See
Appendix S1 for the full list of ques-
tions).

Table 1. Prioritization criteria in the allocation of remaining ampoules of verteporfin in the

Netherlands

Patients with 1 functional eye, or a maximum visual acuity of 20/40 Snellen equivalent in the other

eye, and. . .

Choroidal haemangioma with subretinal fluid in the macula

Central serous chorioretinopathy with optical coherence tomography documented persistent
subfoveal fluid, where the leakage point is not treatable with focal laser

Polypoidal choroidal vasculopathy with foveal intraretinal or subretinal fluid or foveal hard
exudates, deteriorating despite 4-weekly treatment with intravitreal anti-vascular endothelial
growth factor (VEGF) injections and despite switching to aflibercept. Not treatable with focal

laser

Non-inflammatory choroidal neovascularization with subfoveal intraretinal or subretinal fluid
with a height of >200 um or foveal hard exudates, deteriorating despite 4-weekly treatment
with intravitreal anti-VEGF injections and despite switching to aflibercept. Not treatable with

focal laser

Children under the age of 18 with a choroidal haemangioma with subretinal fluid in the macula

anti-VEGF = anti-vascular endothelial growth factor.

Results of the
International
Questionnaire on the
Role of PDT and Effect
of Current Verteporfin
Shortage

The questionnaire was sent to 18 retina
experts who practice in the United
Kingdom, France, Germany, Israel,
Switzerland, Spain, Italy, Denmark,
Sweden, the Netherlands, Singapore,
Japan and the United States. We
received 15 answers from retinal spe-
cialists from 12 different countries (re-
sponse rate 83%). All the questionnaires
were performed between December
2021 and January 2022.

There were notable differences
between countries in the use of PDT
in the normal situation (See Table 2).
For chronic CSC, the treatment of
choice for most countries was PDT.
For Italy, it was reported that PDT
was given in approximately 50% of
cases, while the rest would be treated
with conventional laser treatment, MR
antagonists, nutritional supplements or
acetazolamide tablets. For the United
States, it was reported that 25-50% of
chronic CSC cases receive PDT, while a
larger proportion receive MR antago-
nists. For Japan, it was reported that
conventional laser treatment was per-
formed if dye leakage was observed on
fluorescein angiography. For PCV,
both anti-VEGF and anti-VEGF +
PDT were chosen by most specialists
as treatment of choice. In about half of
the countries only 0-20% of PCV
patients were treated with additional
PDT, whereas in the other half of
countries, roughly 20-50% of cases
were treated with PDT. For choroidal
haemangioma, the consensus was that
80-100% of cases received PDT. For
‘classic’ neovascular AMD, additional
PDT was only applied when patients
responded poorly to anti-VEGF
monotherapy (generally 1% of cases).

In most countries, it was reported that
no more supply of verteporfin was avail-
able at the time when the questionnaire
was completed. Respondents from
France, the Netherlands and Singapore
mentioned that they still had a limited
supply/stock of verteporfin. The number
of patients treated in the normal situation
and during the shortage is shown per
respondent in Table 3. Surprisingly, our




Table 2. Use of photodynamic therapy in the normal situation per country

What is the primary treatment in your country in the normal situation?

What percentage of patients do you estimate is treated with PDT in your country in the normal situation?

Chronic CSC PCV Choroidal haemangioma  Neovascular AMD
% treated Primary % treated Primary % treated Primary % treated
Country Primary treatment with PDT treatment with PDT treatment with PDT treatment with PDT
Denmark PDT 100% Anti-VEGF or 30% PDT 100% Anti-VEGF <1%
Anti-VEGF +
PDT
France PDT 75% Anti-VEGF 5% PDT 80% Anti-VEGF 1%
Germany PDT 80% Anti-VEGF 5% PDT 90% Anti-VEGF <5%
Israel PDT 90% Anti-VEGF or 5-10% PDT 90-100%  Anti-VEGF 0%
Anti-VEGF +
PDT
Italy PDT 50% Anti-VEGF + 20% PDT 80% Anti-VEGF 1%
PDT
The Netherlands PDT 90% Anti-VEGF + 50% PDT 95% Anti-VEGF 1%
PDT
Sweden PDT 75-100%  Anti-VEGF 20-30% PDT 80% Anti-VEGF 0%
Switzerland PDT 100% Anti-VEGF or 35-40% PDT 100% Anti-VEGF 2%
Anti-VEGF +
PDT
United Kingdom PDT 80% Anti-VEGF + 50% PDT 70% Anti-VEGF 5%
PDT
United States MR antagonist (1) 25-50% Anti-VEGF or 5-20% PDT 50-80% Anti-VEGF 0-10%
or PDT (2™) PDT
Japan PDT or 20% Anti-VEGF or 5% Conventional 15% Anti-VEGF or 2%
conventional Anti-VEGF + laser Anti-VEGF
laser treatment PDT treatment + PDT
or PDT
Singapore PDT or 90% Anti-VEGF or 30% PDT 70% Anti-VEGF <5%
conventional Anti-VEGF +
laser treatment PDT

AMD = age-related macular degeneration; anti-VEGF = anti-vascular endothelial growth factor; CSC = central serous chorioretinopathy;
MR = mineralocorticoid receptor; PCV = polypoidal choroidal vasculopathy; PDT = photodynamic therapy.

respondent in Japan and two out of three
respondents from the United States
declared that they have had no major
problemsin their supply of verteporfin. A
possible explanation may be that remain-
ing batches of verteporfin had already
been released in the United States and
Japan around the time of the production
problems. However, our respondents
from the United States have also
informed us that PDT is performed much
less frequently in the United States, and
therefore, a shortage will not occur as
swiftly as in other countries. Upon fur-
ther inquiry, one of our respondents has
stated that retinal specialists in the
United States are aware of the evidence
supporting the role of PDT in retinal
disease, but that its use is limited due to
insurance coverage and lack of FDA
label. Most ophthalmologists no longer
own the laser device that is required for
performing this treatment and buying
new machines is challenging, as well as

repairing existing machines. Thus, refer-
ral to another centre is the first hurdle to
overcome. Moreover, the need for insur-
ance verification and often additional
out-of-pocket expenses for the patient
are barriers to use. For Japan, we have no
information that may explain why their
supplies of verteporfin were not inter-
rupted.

In contrast to the Netherlands, the
distribution of remaining ampoules of
verteporfin was not centrally organized
in most countries. In France, a similar
system with preset criteria was chosen,
although ophthalmologists only had to
declare that their patient met these
criteria, instead of having to present
multimodal imaging to confirm this
statement (Société Francaise
d’Ophtalmologie 2021). In the United
Kingdom, all remaining ampoules of
verteporfin were sent to the four
national ophthalmological oncology
centres (Royal College of

Ophthalmologists 2021). Thus, they
prioritized treating ocular tumours with
PDT.

There were some differences in the
management of different retinal diseases
in the absence of verteporfin (See
Table 4). For chronic CSC, most
respondents chose a watchful waiting
approach, with the use of focal laser in
select cases. Some reported using anti-
VEGF in cases with a CNV, and some
respondents said they were using MR
antagonists. For PCV, all respondents
said they used intravitreal anti-VEGF
injections, with two specialists using
focal laser if indicated. For choroidal
haemangioma, most respondents chose
a watchful waiting approach while
awaiting PDT, and some respondents
mentioned argon laser, brachytherapy
and intravitreal anti-VEGF therapy as
their current strategy.

In Fig. 1, the average percentage of
patients treated with PDT is depicted for
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Table 3. Absolute number of patients treated with photodynamic therapy per year in the clinic of the respondent, both in the normal situation and

during the verteporfin shortage

What is the approximate number of patients treated with PDT in your centre per year?

— ¢el528

Choroidal
Chronic CSC PCV haemangioma Neovascular AMD
Country and Is PDT still Normal Shortage  Normal Shortage  Normal Shortage  Normal Shortage
respondent available? situation situation  situation situation  situation situation  situation situation
Denmark No Unknown 0 Unknown 0 Unknown 0 2 0
France Yes, but limited 10 2 5 0 3 1 5 0
Germany No 40 0 5 0 8 0 0 0
Israel — Respondent  No 27 0 2 0 6 0 0 0
#1
Israel — Respondent  No 50-60 8 Unknown 0 3-5 1 0 0
#2
Italy No 200 0 100 0 20 0 0
The Netherlands Yes, but limited 150 35 60 6 5 5 5 0
Sweden No 35 0 15 0 4-5 0 0
Switzerland No 70 10 80 0 15 2 5 0
The United No 40 0 10 0 1 0 0 0
Kingdom
The United States —  Yes, as usual 18 N/A <5 N/A 1-2 N/A 0 N/A
Respondent #1
The United States —  Yes, but limited Unknown 5 Unknown 20 Unknown 25 Unknown 0
Respondent #2
The United States —  Yes, as usual 48 N/A 48 N/A 10-20 N/A <2 N/A
Respondent #3
Japan Yes, as usual 20 N/A 2 N/A 0-1 N/A 0-1 N/A
Singapore Yes, but limited 16 1-2 45 10 <7 1-2 <7 0

AMD = age-related macular degeneration; CSC = central serous chorioretinopathy; N/A = not applicable; PCV = polypoidal choroidal vascu-

lopathy; PDT = photodynamic therapy.

the different indications, both in the
normal situation and during the period
of shortage. A significant reduction in
number of patients that were treated can
be noted for cases with chronic CSC,
PCV and choroidal haemangioma.

Fifty per cent of respondents indi-
cated that they more often considered
using half-dose PDT since the short-
age, in cases where they would nor-
mally have used a full dose. None
declared that they were considering
using a different photosensitizer than
verteporfin, mainly due to lack of
evidence of its safety and efficacy.

Eleven out of 12 of our respondents
agreed that the absence of verteporfin
is a very serious situation with grave
consequences for the patients who
require PDT, and 9 out of 12 com-
pletely agreed with this statement
(based on a 5-point scale). Several
respondents think that measures
should be taken at the national or
international level (e.g. the level of the
European Union) to prevent the occur-
rence of future shortages. One measure
that was mentioned several times was
that emergency stocks of essential med-
ications should be kept.

Why is There a Lack of
Verteporfin?

Verteporfin is manufactured by a single
manufacturer: Alcami Carolinas Cor-
poration (Charleston, South Carolina,
United States). It is produced for
Bausch Health US, LLC (Bridgewater,
New Jersey, United States), and for
Cheplapharm  Arzneimittel GmbH
(Greifswald, Germany) in the European
Union (Cheplapharm  Arzneimittel
GmbH 2020). The marketing autho-
rization holder (MAH) in Europe, Che-
plapharm Arzneimittel GmbH, has
informed the national competent
authorities (who have, in turn, notified
the national organizations representing
ophthalmologists) that there are ‘tech-
nical defects in the filling machine’ in the
United States that is responsible for the
production of Visudyne® (Chep-
lapharm  Arzneimittel GmbH 2021).
The production was transferred to a
new line with equivalent machines
within the same building. In July 2021,
however, Cheplapharm Arzneimittel
GmbH reported that the ‘validation
processes were delayed due to unfore-
seeable technical malfunctions’,

resulting in an estimated delay in supply
until early 2022  (Cheplapharm
Arzneimittel GmbH 2021).

Possible Solutions in
Times of Shortage

There are several management options
during such a longer period of short-
age.

The first solution that should be con-
sidered is to look for alternative medicines
for (subgroups of) patients. In the situa-
tion described here, other photosensitizers
or alternative approaches or medicines
could be considered. Several photosensi-
tizers, such as PhotoPoint (Miravant
Medical Technologies, Inc., Santa Bar-
bara, Florida, United States), have been
developed for PDT but discontinued due
to inadequate efficacy, suboptimal prop-
erties or an unfavourable safety profile
(Ciulla et al 2005; Ziemssen &
Heimann 2012). Indocyanine  green
(ICG), commonly used in retinal angiog-
raphy, could also be used as a photosen-
sitizer. Studies have described the
antimicrobial effect of PDT with ICG,
both in vitro(Wong et al. 2019) and in vivo
in patients with periodontitis (Niazi




Table 4. Managing strategies per respondent in the absence of photodynamic therapy
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How are you managing these diseases in the absence of PDT?

Country and Neovascular
respondent Chronic CSC PCV Choroidal haemangioma AMD
Denmark Watchful waiting. In case of Anti-VEGF Watchful waiting Anti-VEGF
CNV: anti-VEGF. A
few cases: focal laser
France Watchful waiting, focal Anti-VEGF Anti-VEGF Anti-VEGF
laser
Germany Anti-VEGF therapy, focal Anti-VEGF Anti-VEGF Anti-VEGF
laser
Israel — Respondent Watchful waiting. A few Anti-VEGF Watchful waiting, Anti-VEGF
#1 cases: focal laser. brachytherapy
Considering to perform
HSML
Israel — Respondent Focal laser if possible. MR Anti-VEGF Watchful waiting Anti-VEGF
#2 antagonists in selected
cases
Italy HSML, MR antagonist. In Anti-VEGF Mixed strategies Anti-VEGF
case of CNV: anti-
VEGF
The Netherlands Watchful waiting. Focal Anti-VEGF, focal laser PDT Anti-VEGF
laser if possible
Sweden HSML, focal laser Anti-VEGF Focal laser for two Anti-VEGF
extrafoveal tumours.
Two cases awaiting
PDT, for whom anti-
VEGF and oral
propranolol are being
discussed
Switzerland In case of extrafoveal Anti-VEGF, and if not Watchful waiting, while Anti-VEGF
leakage: focal laser. enough: combined anti- awaiting PDT
Watchful waiting and VEGF + focal laser if
reduction in risk factors, extrafoveal aneurysm
HSML. In case of CNV
or FIPED: anti-VEGF
The United Watchful waiting Anti-VEGF PDT, by referring to an Anti-VEGF
Kingdom oncology centre
The United States — N/A N/A N/A N/A
Respondent #1
The United States — Anti-VEGF Anti-VEGF Anti-VEGF Anti-VEGF
Respondent #2
The United States — N/A N/A N/A N/A
Respondent #3
Japan N/A N/A N/A N/A
Singapore Focal laser if possible Anti-VEGF Unknown Anti-VEGF

AMD = age-related macular degeneration; anti-VEGF = anti-vascular endothelial growth factor; CNV = choroidal neovascularization; CSC = cen-
tral serous chorioretinopathy; FIPED = flat irregular pigment epithelial detachment; HSML = high-density subthreshold micropulse laser;

MR = mineralocorticoid receptor; N/A = not applicable; PCV = polypoidal choroidal vasculopathy; PDT = photodynamic therapy.

et al. 2020). Other studies have shown its
efficacy in the treatment of cutaneous
diseases, such as Kaposi sarcoma (Abels
et al. 1998). However, the use of ICG as a
photosensitizer seems not to have been
described in ophthalmology yet. Cur-
rently, only verteporfin seems to have a
favourable profile and a new suitable
photosensitizer will likely take years of
research and development before gaining
regulatory approval.

Alternative treatment options could
be used. In chronic CSC, alternatives
such as micropulse laser (van Dijk

et al. 2018) and oral eplerenone (van
Rijssen et al. 2021) have been studied,
but various randomized controlled tri-
als indicate that PDT with verteporfin
has better outcomes. The use of epler-
enone has been shown not to yield
superior outcomes when compared to
placebo in one randomized study
(Lotery et al. 2020). In patients with
chronic CSC, ophthalmologists should
watch for the presence of an additional
type 1 CNV (a flat irregular pigment
epithelial detachment with mid-reflective
sub-RPE material), as this could be

treated with anti-VEGF agents, such as
aflibercept, bevacizumab, brolucizumab
or ranibizumab. For PCV, intravitreal
anti-VEGF monotherapy is a good
alternative treatment, although a signif-
icant proportion of patients might not
fully respond to anti-VEGF monother-
apy (Lim et al. 2020). For choroidal
haemangioma, various forms of radia-
tion therapy have been reported to be
effective, but can often only be per-
formed in specialized centres and bring
a risk of several ocular side effects, such
as cataract, subretinal fibrosis, radiation
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Percentage of patients treated with photodynamic therapy
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Fig. 1. Percentage of patients treated with photodynamic therapy per disease, both in the normal situation and during the verteporfin shortage. These
values were calculated by dividing the number of PDT-treated patients by the number of referred patients per clinic and averaging these percentages.
The absolute number of referrals is noted below the bars. AMD = age-related macular degeneration; CSC = central serous chorioretinopathy;
PCV = polypoidal choroidal vasculopathy; PDT = photodynamic therapy.

retinopathy and optic neuropathy
(Karimi et al. 2015). Besides this, intrav-
itreal anti-VEGF therapy could be initi-
ated to reduce SRF, but this still requires
further studies.

Another option in case of a medicine
shortage at a local level is to ask a
pharmacist to compound the medication
in a pharmacy for an individual patient
(Directive/83/EC 2001). However, for
verteporfin, this option was deemed
impossible due to complexity, as stated
by the Dutch Ministry of Health, Wellbe-
ing and Sports (Broekers-Knol 2021). In
addition, no pharmaceutical grade raw
material from an alternative supplier was
available.

On an international level, medicine
shortages need to be reported to regulatory
authorities, who may respond with specific
requests to a market authorization holder
(MAH) (European Medicines
Agency 2021a). The MAH is a company
that is allowed to market a specific medic-
inal product. In principle, the MAH is
responsible for aligning demand with sup-
ply and preparing an appropriate response.
However, it is questionable whether they
understand the impact of a given shortage
on patients. Managing stock is therefore
something that should ideally be directed
by, or at least aligned with healthcare
professionals in collaboration with patient
societies. In the past, shortages of enzyme
replacement therapies have resulted in
international programmes for prioritiza-
tion of patients, for example in Gaucher
disease (Hollak ez al. 2010). Similarly, for

verteporfin, committees were installed,
albeit on a national level, to set criteria to
prioritize patients. Such initiatives were
undertaken in the Netherlands (Werkgroep
Medische Retina van het Nederlands
Oogheelkundig Gezelschap 2021), France
(Société Frangaise =~ d’Ophtalmolo-
gie 2021), the United Kingdom (Royal
College of Ophthalmologists 2021) and
Canada (Canadian Ophthalmological
Society 2021). In general, patients with
ocular cancers were prioritized, followed
by (functional) monocular patients with
other retinal diseases. In some countries,
retina specialists had to present multimodal
imaging to confirm that their patient met
these criteria.

An additional approach, which should
also be orchestrated by healthcare profes-
sionals, is to maximize the number of
treatable patients by reducing the dosage.
As previously described in this article,
half-dose PDT has been proven to be
equally effective in CSC and in PCV when
compared to full-dose PDT. A further
reduction to one-third-dose PDT was
studied in CSC but appeared to be inferior
compared with half-dose PDT (van Rijs-
sen et al. 2019b). This could allow more
patients to be treated with each ampoule.

Possible Preventive
Measures for Future
Shortages

Drug shortages are not a rare occur-
rence. In 2019, 1492 drug shortages were

reported in the Netherlands (Koninkli-
jke Nederlandse Maatschappij ter
Bevordering der Pharmacie 2020). Cur-
rently, MAHSs are expected to develop
shortage prevention and response plans
(European Medicines Agency 2021a,
b). For life-saving and unique products,
incorporating qualified back-ups and
sufficient stock might be essential (Inter-
national Society for Pharmaceutical
Engineering 2014). Several European
Member States have quantified this suffi-
cient stock, for example at 2.5 months in
the Netherlands (Koninklijke Neder-
landse Maatschappij ter Bevordering der
Pharmacie 2021; Tweede Kamer der
Staten-Generaal 2021). This stock, how-
ever, would not have been enough in the
current case, as a halt of supplies has
occurred for over 6 months. In addition
to this, MAHs may inform competitors to
scale up production (International Society
for Pharmaceutical Engineering 2014).
However, competition may be limited by
patent protection and other regulatory
exclusivities (Tomas & Peng 2017). When
the treatment is still under patent protec-
tion, compulsory licensing may be an
option if the raw material can be obtained
from another manufacturer. Compulsory
licensing enables governments to grant the
right to use a patent without the consent of
the patent holder (t Hoen et al. 2017).
When patent protection has expired,
competition by generic manufacturers
may not arise for small patient popula-
tions since manufacturers may not suffi-
ciently recoup their investments (Beall
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et al. 2020). In the case of verteporfin, for
example, the introduction of intravitreal
anti-VEGF therapy as a superior treat-
ment for neovascular AMD has drasti-
cally decreased the population that
requires PDT. This problem may be
overcome by novel publicly funded pub-
lic—private partnerships that develop a
treatment for a cost-based price. How-
ever, due to its complexity, it was not
possible to set up a new short-term
verteporfin production facility
(Broekers-Knol 2021). Implementation
of any of these measures may require
investments and could result in higher
prices.

Conclusions

The shortage of verteporfin due to
production problems at the sole man-
ufacturing plant has had a great impact
on ophthalmological care and patient
outcomes throughout the world. PDT
has a prominent role in several chori-
oretinal diseases, mostly on an off-label
basis, for which fully equivalent alter-
native treatments are not available.
Hence, this shortage of verteporfin for
a prolonged period may have resulted
in significant and irreversible vision
loss worldwide. Steps should be taken
to avoid future shortages.
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