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Ceroid lipofuscinosis type 2 (CLN2) is caused by biallelic pathogenic variants in the TPP1
gene, encoding lysosomal tripeptidyl peptidase 1 (TPP1). The classical late-infantile
phenotype has an age of onset between 2 and 4 years and is characterized by
psychomotor regression, myoclonus, ataxia, blindness, and shortened life expectancy.
Vision loss occurs due to retinal degeneration, usually when severe neurological
symptoms are already evident.

Intracerebroventricular enzyme replacement therapy (ICV-ERT) using recombinant hu-
man TPP1 (rhTPP-1) was shown to slow the neurological decline; however, it does not
prevent loss of vision. Intravitreal rhTPP-1 (IVT-ERT) was described to halt retinal degenera-
tion in a canine CLN2 model and a compassionate-use study in humans.

We report on the clinical and ophthalmological outcome in an early-treated patient
homozygous for a pathogenic variant in TPP1 known to be associated with severe CLN2
retinopathy.

He was started on ICV-ERT at the age of 40 months and 4 weekly IVT-ERT in one eye at the
age of 60 months. The other eye served as untreated control.

Baseline best corrected visual acuity (BCVA) was 0.5 with mild bull’s eye maculopathy
evident in both eyes. After 24 months of IVT-ERT, BCVA in the treated eye was 0.2 with bull’s
eye maculopathy sparing outer retinal layers, whereas the untreated eye had progressed to
endstage retinopathy and BCVA <0.02. No intraocular side effects occurred.

Our results provide further evidence that IVT-ERT appears to be safe and markedly
delays retinal degeneration preserving visual function and increasing the patient’s
quality of life, especially if started early.
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Introduction

Neuronal ceroid lipofuscinoses (CLNs) comprise a group of
13 rare, inherited lysosomal storage disorders clinically
characterized by cognitive and motor regression, myoclonus,
ataxia, loss of vision, and shortened life expectancy.’-? The
age of onset is typically during childhood but varies between
CLN types. Together, CLNs represent the most common
pediatric neurodegenerative diseases.’

Neuronal ceroid lipofuscinosis type 2 (CLN2 disease;
OMIM#204500) is caused by biallelic pathogenic variants
in the TPP1 gene resulting in a deficiency of the enzyme
tripeptidyl peptidase (TPP1),2 which cleaves tripeptides from
the amino terminus of small polypeptides marked for deg-
radation. Its loss of function results in an accumulation of
cytotoxic lipofuscin-containing storage material in lyso-
somes of neuronal tissue, including retinal cells of the eye.

CLN2 manifests between 2 and 4 years of age and follows a
largely predictable course. Symptoms typically start with an
unprovoked seizure, often preceded by a history of speech
delay. The initial symptoms are followed by rapid language
regression, onset or worsening of ataxia, and ultimately the
complete loss of independent mobility due to a complex
movement disorder. Intractable epilepsy, dementia, inability
to swallow, and deteriorating vision mark the progress of the
disease. Death usually occurs between 8 and 12 years of
age.*> Historically, the average onset of obvious visual
symptoms was reported at an age of 48 months when
cognitive and motor decline were already advanced. Loss
of visual functions then follows a tilted S-shaped decline
with rapid progression into blindness within 3 years.®’ The
retinopathy has a cone-rod phenotype and is classified using
the Weill Cornell Batten scale, a scoring system based on
fundus appearance and optic coherence tomography (OCT)
findings. The score divides ocular findings into five severity
categories ranging from a normal fundus (score 1), pigmen-
tary changes in the parafoveal region (score 2), bull’s eye
maculopathy extending less than one disc parameter (score
3) and more than one disc diameter from the fovea (score 4)
to diffuse widespread outer retinal atrophy (score 5).%7

In2017, cerliponase alfa (BioMarin Pharmaceutical, Novato,
CA, USA), a recombinant human TPP1 (rhTPP-1) enzyme, was
approved for intracerebroventricular enzyme replacement
therapy (ERT). The intracerebroventricular administration of
cerliponase alfa has been shown to markedly slow down
cognitive decline and preserve motor and language function
in CLN2 patients compared with untreated historical con-
trols.8° However, the treatment has no effect on CLN2 reti-
nopathy, most likely because the enzyme does not cross the
lamina cribrosa and blood-retinal-brain barrier. Thus, CLN2
patients treated with intracerebroventricular cerliponase alfa
experience a loss of visual function similar to the natural
course.'®"" As cognitive, neurological, and language decline
with ERT is markedly delayed, the unaltered rapid loss of visual
functions becomes a huge burden for the patients. Intriguingly,
intravitreal rhTPP-1 was shown to halt retinal degeneration in
a canine model of CLN2.'% A prospective interventional con-
trolled open-label compassionate-use study evidenced safety
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of 8-weekly 0.2-mg intravitreal rhTPP-1 in severely affected
CLN2 patients and its efficacy in reducing the rate of macular
volume loss in patients who had not yet reached endstage
degeneration before the start of treatment.'314

Here, we report on the clinical and ophthalmological
outcome in an early-treated patient homozygous for the
pathogenic variant ¢.509-1G >C in TPP1, which is known
to be associated with a severe course of CLN2 retinopathy.

Clinical Case Description

The patient was born after an uneventful pregnancy to non-
consanguineous parents of Caucasian descent. His psycho-
motor development was normal until the age of 36 months
when his first seizure occurred. Genetic testing revealed the
homozygous pathogenic TPP1 variant ¢.509-1G > C, which is
known to be associated with severe CLN2 retinopathy.10
Determination of TPP1 activity in leukocytes was below
the limit of quantitation, confirming the diagnosis at the
age of 39 months. At diagnosis, the boy was evaluated
neuropsychologically, cognitively, and motorically as age-
appropriate.

At the age of 40 months biweekly intracerebroventricular
ERT with cerliponase alfa was started. CLN2 motor and
language score at first ERT was 6.2

At the age of 49 months, optical coherence tomography
(OCT) revealed first signs of CLN2 retinopathy corresponding
to an ophthalmic severity score of 2 (data not shown).’

Treatment with intravitreal cerliponase alfa at a dosage of
0.2 mg in 0.05 mL balanced salt solution (BSS) was started in
the right eye at an age of 60 months as an individual medical
treatment and applied every 4 weeks under general anes-
thesia. The left eye served as untreated control. The initial
dose was chosen by scaling up the 0.1 mg used in the canine
model'? and increased to 0.4 mg in 0.05 mL after 8 injections.
The decision to shorten the treatment interval to 4 weeks
and to increase the dose after 8 injections was based on the
experience of the compassionate-use study (personal com-
munication).’>' The rationale was to increase the treat-
ment effect by providing more active enzyme and to
approach the intracerebroventricular treatment interval.
The preparation was made from the remains of the intra-
cerebroventricular cerliponase alfa vial of the same pa-
tient.'">”'*  After each intravitreal injection mild
oculopression was performed and the eye was checked for
central retinal artery perfusion. Topical dexagentamicin was
prescribed for 4 days after each injection. Written informed
consent on the off-label nature of the intervention was
obtained from the parents.

Treatment Efficacy

Neurological Impairment and Psychomotor
Development

During 44 months of intracerebral ERT combined with
valproic acid, no epileptic seizures occurred. At the age of
7 years, no language decline and no ataxia were obvious,
resulting in a stable CLN2 motor and language score of 6.
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Recently observed neurological symptoms were intention
tremor and increasing myoclonus.

Visual Impairment

At baseline (age 60 months), best corrected visual acuity
(BCVA) as assessed by LEA charts was 0.5 (decimal) in both
eyes (=Fig. 1). Dilated fundus examination revealed foveal
retinal pigment epithelium condensation and perifoveal
mottling. Ophthalmic severity score was 3 (=Fig. 2A). Until
intravitreal ERT 5, loss of visual acuity and structural degen-
eration continued bilaterally and symmetrically (=Fig. 1
and =Fig. 2A). After intravitreal ERT 8, BCVA was 0.32 in
the right and 0.2 in the left eye; thus, an inter-eye difference
began to become apparent. In near-infrared reflectance
images the diameter of the atrophic zone in untreated left
eye was larger than in the treated right eye. Also from
behavioral observations, a more accelerated disease could
be suspected in the untreated eye. For example, the child
expressed frustration when occluding the treated eye for
BCVA testing of the untreated eye. In addition, in the un-
treated eye, fixation had become increasingly unstable in
OCT. After 2 years of intravitreal ERT, the treated right eye
was still at ophthalmic severity score 3 to 4, while the
untreated left eye had progressed to 5 (~Fig. 2). BCVA was
0.32 in the right eye, and counting fingers in the left eye

(=Fig. 1).
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Fig. 1 Course of best corrected visual acuity (BCVA) in the treated
right (RE) and untreated left (LE) eye. Intravitreal injections consisted
of 0.2 mg cerliponase alfa for the first 8 injections and 0.4 mg
thereafter, starting at the age of 60 months and followed up for

23 months. (A) Distant (5 m) and (B) near (30 cm) BCVA was assessed
by LEA charts and converted to LogMAR. For 6 to 8 months into
treatment, the BCVA followed parallel trajectories with a trend toward
decline in both eyes. Thereafter, an inter-eye difference was increas-
ingly apparent. At the end of follow-up, the treated RE reached a
distant BCVA of 0.49 LogMAR (0.32 decimal) in the treated RE,
whereas the untreated LE had deteriorated to 2.0 LogMAR, which is
equal to counting fingers.
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Treatment Safety

No relevant ocular complications occurred. In particular, no
paracentesis for occlusion of the central retinal artery was
required and no signs for intraocular inflammation were
observed. General anesthesia was well tolerated without
complications.

Discussion

This case report provides further evidence for the treatment
effect of intravitreal cerliponase alfa in a child with CLN2
retinopathy. CLN2 retinopathy is a primary photoreceptor
disease, where cone dysfunction is followed by combined
degeneration of cones and rods. It shows an accelerated phase
between 3 and 5 years of age and culminates in diffuse outer
retinal atrophy leading to blindness at the age of 6 to 8 years
despite intracerebroventricular ERT.2 %1315 patients homo-
zygous for the ¢.509-1G > C variant have been described to
experience an even more severe retinopathy.10 Both the
aggressive course of this genotype and the rapid decline during
the actively degenerating phase are evident in the case pre-
sented here. Already at the age of 49 months, our patient had
an ophthalmic WCBS severity score of 2. Until the start of
intravitreal ERT 11 months later, retinopathy progressed to
score 3 in both eyes, and the most severe score of 5 in the
untreated eye 15 months later. In a patient cohort comprising
other/distinct genotypes a severity score of 2 was reached at an
average age of 59 months, progressing to score 3 at 69 and
score 5 at 81 months.®”’ This indicates that our patient was in
the rapidly degenerating phase at the commencement of
intravitreal ERT, and might explain why the therapeutic effect
occurred delayed and retinopathy continued to progress quite
symmetrically in both eyes for 6 to 7 months. Only thereafter,
functional and structural differences between the treated eye
and the untreated control eye became apparent. While the RE
began to stabilize at severity score 3 to 4 and BCVA of 0.2, the
untreated left eye continued to deteriorate to endstage reti-
nopathy and BCVA of counting fingers as predicted from the
natural course data.” An equally delayed effect of intravitreal
ERT on structural retinopathy was observed in the four par-
ticipants of a compassionate-use study, who were assumed to
be in the actively degenerating phase at the beginning of
treatment. They showed a significant inter-eye difference
with slowing down of paracentral macular volume reduction
in the treated eye after 6 to 8 months of continuing decline in
both eyes.'>'* The compassionate-use study, however, was
performed on severely affected patients. Thus, visual acuities
could not be assessed. In contrast, our patient was treated early
with intracerebroventricular ERT and remarkably compliant
for his age. Therefore, reliable testing of visual acuity was
reproducibly possible and enabled us to describe, for the first
time, the functional effects of intravitreal ERT corresponding
to the structural/anatomical effects.

In conclusion, we add to the assumption that intravitreal
cerliponase alfa is able to delay CLN2 retinopathy, probably
most effectively if begun before first signs of photoreceptor
involvement are evident.'® Equally important, we show that
intravitreal cerliponase alfa not only slows down anatomical



Intravitreal ERT Slows CLN2 Retinopathy Priglinger et al.

A RE treated LE untreated IVOM

B sp-oct

RE treated LE untreated 016
— — L.,
\m — 018
O 19
0 20
O 21
0 22
O 23

B RE treated LE untreated

Fig. 2 Near-infrared fundus and ultra-wide field retinal imaging over the time course of intravitreal injections of cerliponase alfa into the right
eye (RE). (A) Near-infrared (NIR) fundus images of the posterior pole obtained via confocal scanning laser ophthalmoscope and spectral domain-
optical coherence tomography (SD-OCT) imaging were used to monitor intravitreal enzyme replacement therapy. At the beginning of
treatment, in the NIR imaging a symmetric bull’s eye maculopathy is discernible in both the treated right eye (RE) and untreated left eye (LE). SD-
OCT demonstrates parafoveal outer nuclear layer thinning and disruption of the ellipsoid zone (yellow arrows) in both eyes with well-preserved
subfoveal ellipsoid zone (asteriks) correlating to a severity score of 3 according to the Weill Cornell Batten Scale (WCBS). After eight intravitreal
injections of cerliponase alfa, NIR images evidence a clear inter-eye difference with more extensive diameter of the bull’s eye maculopathy in the
untreated LE compared with baseline and the treated RE. This is also evident in the OCTscans, where a diffuse outer retinal atrophy is discernible
in the NIR and the SD-OCT images of the untreated LE (WCBS severity score 5), while parafoveal ellipsoid zone as well as the external limiting
membrane are still intact in the treated RE and still preserved until 23 months of follow-up. (B) Ultra-wide field retinal imaging 10 months after
start of intravitreal therapy delineates pigmentary changes in the parafoveal region corresponding to bull’s eye maculopathy in both eyes. At the
end of follow-up, the bull’s eye pattern is still discernible in the treated RE, but not in the untreated LE (second row).
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retinal degeneration, but is also accompanied by a stabiliza-
tion of visual acuity and that the child actively suffer from the
loss of vision if left untreated. This is of high ethical rele-
vance, because patients under intracerebroventricular ERT
with cerliponase alfa experience a markedly slower cognitive
decline. The younger they are at the initiation of treatment,
the more they will inevitably have to experience a presum-
ably treatable loss of visual functions that in the natural
course occurs after severe cognitive decline.
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