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Abstract: Neuronal ceroid lipofuscinosis type 2 (CLN2 disease) is a progressive neurode-
generative disease that results in early-onset, severe, progressive, neurological disabilities,
leading to death in late childhood or early adolescence. Management has relied on sympto-
matic care, and supportive and palliative strategies, but the approval of the enzyme replace-
ment therapy cerliponase alfa in the USA and Europe in 2017 brought different treatment
opportunities. We describe the natural history of CLN2 disease, its diagnosis and manage-
ment, and the preclinical and clinical development of cerliponase alfa. A PubMed search was
undertaken for cerliponase alfa and rhTPP1 to identify preclinical and clinical studies. The
hallmark-presenting symptoms of CLN2 disease are unprovoked seizures and a history of
language delay, and progression involves motor dysfunction, and cognitive and visual
decline. Cerliponase alfa has shown efficacy and tolerability in mouse and canine models
of CLN2 disease when delivered intracerebroventricularly. Administration of cerliponase alfa
in patients with CLN2 disease has led to significant reductions in the rate of decline of motor
and language functions in comparison with a natural history population. The approval of
cerliponase alfa has brought a new era for CLN2 disease, highlighting the need to understand
different patterns of disease progression and clinical needs in treated patients.

Keywords: neuronal ceroid lipofuscinosis type 2, TPP1, cerliponase alfa, late infantile,

seizures

Introduction
Neuronal ceroid lipofuscinosis type 2 (CLN2 disease), is a rare neurodegenerative
pediatric disorder in the neuronal ceroid lipofuscinosis (NCL) family of lysosomal
storage disorders.'” Although the NCLs are the most common cause of childhood
neurodegeneration, even as a combined group they are rare. CLN2 disease is one of the
most commonly reported NCLs, but it still affects fewer than 1 in 100,000 live births in
most studied populations.'” CLN2 disease is caused by autosomal recessive mutations
in the TPPI gene resulting in a deficiency of the lysosomal enzyme tripeptidyl
peptidase 1 (TPP1). TPP1 enzyme is produced as a proenzyme, which is processed
in lysosomes into the active enzyme that cleaves proteins into tripeptides during protein
degradation.®® While the function of TPP1 is not yet fully characterized, in humans, its
deficiency leads to the accumulation of intracellular autofluorescent ceroid lipofuscin,
which is followed by neuronal dysfunction and death, resulting in brain and retinal
degeneration by an as-yet-undetermined mechanism.'*'°

TPP1 is conserved between non-human primates, other mammals, amphibians,
fish, amoeba, and humans,9 and an understanding of its cellular function is being
developed through studies of knockout and loss-of-function mutations in these
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model organisms. Although the substrates of TPP1 are not
fully described, TPP1 has been implicated in a range of
cellular processes. In the amoeba Dictyostelium discoi-
deum roles in growth and development have been shown,
as well as inhibition of autophagy — one of the processes
by which materials are delivered to the lysosome for
degradation.'""'> The TOR pathway and regulation of the
Golgi body are further mechanisms by which TPP1 defi-
ciency may impart its effects.'*'* Zebrafish models of
TPP1 deficiency reiterate some aspects of the human phe-
notype, and show early-onset progressive neurodegenera-
tion, with apoptosis affecting the retina and brain.'> These
zebrafish models display enlarged lysosomes and show
developmental abnormalities of the brain, retina, optic
nerve and spinal cord.'> Murine models show lysosomal
accumulations of ceroid lipofuscin throughout the brain,
such that the neuronal cell body appears “full” of accumu-
lated storage material.'®'” Further, the TPPI Dachshund
displays autofluorescent storage material throughout the
central nervous system.'® The studies in these models,
from simple eukaryotes to mammals, reinforce the impor-
tance of TPP1’s role within the lysosome, and within the
more complex models, it is clear that the nervous system is
the area targeted by lysosomal accumulations. Our grow-
ing understanding of how to treat CLN2 disease is based
not only on managing clinical signs and symptoms but
also on its pathological basis within the lysosome.

The Natural History of CLN2

Disease

CLN2 disease typically presents between the age of 2 and 4
years, although a small number of patients with later symptom
onset have been reported.'” Although seizures are frequently
reported at an early disease stage, language delay or deficits
are becoming increasingly noted as an early, if not the first,
symptom.>**** Motor dysfunction may also occur in early

20,21 and

disease stages, in the form of clumsiness or ataxia,
a low proportion of patients may present with behavioral
problems or dementia.”® The majority of patients (approxi-
mately 85%) show a classic late-infantile phenotype.'’
Beyond the early stages of the disease (during which there
may be some variation in presenting symptoms), an almost
universal, rapid progression occurs, including further regres-
sion of motor and language skills, development of myoclonus,
decline in vision, deterioration of cognitive function and death
by early adolescence.'**'**® Seizures tend to continue with
disease progression; these are usually polymorphic, including

3,21,23 and

myoclonic, tonic, tonic—clonic, atonic, and absence,
are difficult to treat, becoming resistant to multiple antiepilep-
tic drugs over time.>** A large observational study of the
natural history of CLN2 disease in patients in the DEM-
CHILD registry and Weill Cornell Medical College data set
has shown that this period of rapid progression occurs in most
patients between the ages of approximately 3 and 6 years, in
very quick succession after the onset of symptoms.*® During
this time, children with CLN2 disease can become wheel-
chair-bound and dependent upon caregivers, and commonly
have respiratory infections, and feeding and sleep distur-
bances, before CLN2 disease is fatal.>*?'**** The early-
stage symptoms and progressive symptoms of CLN2 disease

are shown in Figure 1.'20-%3726-%

Monitoring Progression of CLN2

Disease
As CLN2 disease progresses, functional decline is usually
measured using either the Hamburg scale (focusing on sei-
zures, motor function, language, and vision) or the Weill
Cornell scale (assessing gait, language, feeding or swallow-
ing, and myoclonus).”*** The CLN2 Disease Clinical Rating
Scale, a modified version of the Hamburg scale, is used in
clinical trials to understand how treatments affect motor,
language, and visual function, and seizures. The CLN2
Disease Clinical Rating Scale has been shown to be compar-
able with the Hamburg scale and allows comparison of trial
data and historically collected data.*® Clinical trial endpoints
have focused on the motor and language aspects of the CLN2
Disease Clinical Rating Scale as they capture early-stage
disease features and allow a comparison of treatment effect
with natural history progression. In this scale, patients with
the motor or language function of a person from the general
population are given a rating of 3, and patients who are no
longer able to walk or crawl, or produce intelligible words,
are given a rating of 0 (Table 1).*°

With the use of these clinical scores and the relatively
uniform progression of the disease, natural history popula-
tions have been used as the comparator group in clinical
trials.

Diagnosis of CLN2 Disease

Diagnostic delays are common in patients without
a history of CLN2 disease [1], and the delay between the
onset of symptoms and definitive diagnosis may span from

2to3 years.3’2°
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Figure | The presenting symptoms and progression of CLN2 disease. Reprinted from Lancet Child Adolesc Health; 2(8); Nickel M, Simonati A, Jacoby D, Lezius S, Kilian D, van de Graaf B,
Pagovich OE, Kosofsky B, Yohay K, Downs M, Slasor P, Ajayi T, Crystal RG, Kohlschiitter A, Sondhi D, Schulz A; Disease characteristics and progression in patients with late-infantile
neuronal ceroid lipofuscinosis type 2 (CLN2) disease: An observational cohort study; 582-590; Copyright © 2018 Elsevier Ltd. Al rights reserved, with permission from Elsevier.”® Age
ranges represent those typical of the classic late-infantile phenotype. The first circle indicates the age at which the period of rapid progression typically begins (3 years), and the second
circle indicates the typical age at diagnosis (approximately 5 years). Atypical phenotypes of CLN2 disease can vary in age of onset, rate of progression, and disease manifestation.

Abbreviation: Cl, confidence interval.

Other subtle clinical features that can be key in raising
suspicion of CLN2 disease may be recorded in patients in the

Table | Motor and Language Scores in the CLN2 Disease
Clinical Rating Scale

Score | Functional Level

Motor 3 Grossly normal gait. No prominent ataxia, no

pathologic falls.

2 Independent gait, as defined by ability to walk
without support for 10 steps. Will have obvious

instability and may have intermittent falls.

| Requires external assistance to walk or can

crawl only.

0 Can no longer walk or crawl.

Language | 3 Apparently normal language. Intelligible and

grossly age-appropriate. No decline noted yet.

2 Language has become recognizably abnormal:
some intelligible words may form short
sentences to convey concepts, requests or
needs. This score signifies a decline from

a previous level of ability (from the individual
maximum reached by the child).

| Hardly understandable. Few intelligible words.

0 No intelligible words or vocalizations.

Notes: Adapted from Wyrwich KW, Schulz A, Nickel M, et al. An adapted clinical
measurement tool for the key symptoms of CLN2 disease. | Inborn Errors Metab Screen.
2018;6:1-7. doi: 10.1177/2326409818788382. © The Author(s) 2018. Published by SAGE.
Available from: http://www.scielo.br/pdf/jiems/v6/2326-4594-jiems-6-el 80005.pdf.3°

early stages of the disease. For example, cerebellar or cerebral
atrophy, cortical thinning, or white matter changes may
be detectable on brain magnetic resonance imaging
(MRI).>?%1733 Indeed, in one study of 14 patients with
CLN2 disease, cerebellar atrophy was identified in 100% of
patients at first brain MRI and periventricular white matter
changes were found in 79% of patients.*’ MRI is frequently
used in the early stages of assessing patients with epileptic
seizures, and ensuring that clinicians are aware that subtle
atrophy could be detected in CLN2 disease may increase the
likelihood of early diagnosis. Patients with CLN2 disease may
also show a characteristic photoparoxysmal response during
electroencephalogram (EEG) with low-frequency (1-3 Hz)
intermittent photic stimulation (IPS).>'**3 At first EEG, this
response has been identified in over 78% of patients in some
studies,’'** although it should be noted that another study
reported that only 22% of patients showed this response at
first EEG.*® EEGs have a key role in the diagnostic process for
patients with seizures, and the use of low-frequency IPS could
raise suspicion of CLN2 disease, providing opportunities for
early diagnosis.

Aside from limited awareness of CLN2 disease, there are
several other factors that may delay its diagnosis. The early
symptoms, such as seizures and language delays, can also
occur in many other more common diseases, and as a result,
non-specific language disorders or epilepsy syndromes are
common misdiagnoses. Given the severity of the seizures;
the potentially subtle, variable language deficits that may be
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present;® and the wide range of language skills in early
childhood in the general population, language deficits may
be overlooked as a key presenting symptom in some patients
and the focus may be on seizure management.® In addition,
antiepileptic drugs may be associated with adverse events
that affect motor function, so any subtle motor deficits that
are present may be attributed to drugs instead of being
recognized as a distinct symptom that should be considered
in the differential diagnosis.’

Diagnosis should be carried out through both genetic test-
ing for mutations in 7PP/ and enzyme activity testing of TPP1
protein.”® In practice, requesting appropriate tests requires
clinicians to have an awareness of CLN2 disease. Indeed,
even if a broad metabolic screen is requested for diagnostic
purposes, the number of screens that include either genetic or
enzymatic activity testing of TPP1 is not known. Clinician
awareness and availability of TPP1 testing have the potential
to cause large regional differences in time to diagnosis, and
ensuring that clinicians keep CLN2 disease in mind during the
differential diagnosis, it is essential that gene panels or meta-
bolic screens utilized within hospitals include the 7PPI gene
and TPP1 enzyme activity, so the diagnosis of CLN2 disease is
not missed. An understanding of these regional variations can
be used to target awareness campaigns, not only on CLN2
disease itself but also on the availability of appropriate genetic
and enzyme activity screens. It should be ensured that CLN2
disease is excluded during any differential diagnosis of
a patient presenting with early language delay and unprovoked
epileptic seizures starting between the ages of 2 and 4 years,
and other symptoms of CLN2 disease, so that opportunities for
early treatment are not missed. As large-scale gene panels
become increasingly available, the key to early diagnosis
may lie in prompt use of these next-generation techniques in
patients with unexplained epilepsies or other symptoms of
developmental regression, rather than waiting for a clear-cut
clinical picture suggesting CLN2 disease.

Treatment and Management of
CLN2 Disease

No international guidelines exist for the management of
CLN2 disease. However, strategies commonly focus on
a 2017 publication written by a team of CLN2 disease experts
with specialties including neurology, palliative care, genetics,
and pediatrics.” Given the wide range of symptoms experi-
enced by patients with CLN2 disease and the complexity of
clinical needs as the disease rapidly progresses, management
requires a diverse multidisciplinary team. Alongside symptom

management involving pediatric neurologists, epileptologists,
ophthalmologists, physiotherapists, and pediatricians, the pro-
gressive disease requires increasing input from respiratory
clinicians, dieticians, and pain and sleep specialists, and pro-
vision of palliative support to optimize the quality of life and
minimize complications in later disease stages. Management
plans also need to incorporate support for families, not only in
helping them to care for their severely affected child but also
in considering new treatments and entering clinical trials, and
providing them with family planning options.

Adding further complexity, several commonly used
antiepileptic treatments, such as carbamazepine and phe-
nytoin, may be associated with adverse events in CLN2
disease and should be avoided.>*' As the disease pro-
gresses and as language and communication skills con-
tinue to deteriorate, it can become increasingly difficult to
understand patients’ needs; maintaining communication
becomes even more important, as patients may be very
uncomfortable because of motor dysfunction, myoclonus,
and pain, and be totally dependent on caregivers.”'

Several strategies have been examined in the develop-
ment of treatments for CLN2 disease. Three studies of gene
therapy using AAV vectors for CLN2 disease are currently
completed or active,’’ and studies in the canine model of
CLN2 disease have shown that gene therapy can deliver
TPP1 enzyme throughout the brain, and reduce lysosomal
storage and neurological symptoms.*® In a mouse model of
CLN2 disease carrying knockout mutations, injections of
either an AAV2 or AAVS vector containing human 7PP]
resulted in reduced autofluorescent storage material.*® In
a Phase I study of 10 children with CLN2 disease, adminis-
tration of AAV2-delivered TPPI was not reported to have
a clinical benefit; even though there were some reductions in
progression as measured by MRI, this technique was also
associated with serious adverse events.*” A study of stem
cell transplantation into the cerebral hemispheres and lateral
ventricles has not shown efficacy in CLN2 disease, although
this study was undertaken in a small number of patients in
later disease stages.*’ The use of drugs that upregulate
lysosomal function, such as gemfibrozil and fenofibrate,
have been examined in neural progenitor cells from patients
with CLN2 disease, but no increases in 7PP/ messenger
RNA were induced.*?

A further strategy has been the development of an enzyme
replacement therapy and in 2017, enzyme replacement ther-
apy with cerliponase alfa (recombinant human TPP1
[thTPP1]; Brineura) was granted regulatory approval in the
USA and Europe for the treatment of CLN2 disease
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(specifically for slowing the loss of ambulation in sympto-
matic children aged >3 years in the USA), [28] marking the
first disease-specific therapeutic advance for the NCLs.?
Aside from allowing an appropriate multidisciplinary care
strategy to be put in place in early disease® and enabling
families to be provided with support and family planning
advice, prompt diagnosis is now key in providing opportu-
nities to treat patients with cerliponase alfa from an early
stage.

The timeline of the development of cerliponase alfa is
shown in Figure 2.

Cerliponase Alfa

Cerliponase alfa is a recombinant human TPP1 (thTPP1)
in its proenzyme form and is manufactured in a Chinese
hamster ovary cell line.*® The drug is processed in lyso-
somes into mature, active TPP1.4%

Preclinical Development of Cerliponase
Alfa

One of the first challenges in the development of
a treatment for CLN2 disease was to determine how it
could be most effectively delivered to degenerating neu-

rons. Preclinical studies have been supported by mouse

and canine models of CLN2 disease.!!8:46:47

The utilized mouse model of CLN2 disease carries
a missense mutation (p.Arg447His) and an intronic insertion,
which results in undetectable TPP1, motor dysfunction (tre-
mor and ataxia) by 7 weeks of age, and extensive neuronal

Safety and
efficacy of ICV
administration

in a canine
model of CLN2

disease™

Safety and
efficacy of IT-L
administration in
a canine model
of CLN2 disease**

2009

2010 2013

CNS distribution

pathology (including accumulation of lysosomal storage
material).'® Administration of rhTPP1 proenzyme into the
lateral ventricles of these mice at Day 60 resulted in the
presence of mature TPP1 throughout the brain, indicating
that the proenzyme had entered neurons and been correctly
processed within lysosomes.*® Lysosomal storage was
decreased, and tremor amplitude was lower than in vehicle-
treated mice and neuronal integrity in the deep cerebellar
nuclei was improved.

The canine model of CLN2 disease, the TPPI-null dachs-
hund, exhibits loss of cognitive function, ataxia, visual
decline, and myoclonic seizures from the age of 9 months,
and death by the age of 12 months, which mirrors the pattern

in patients.'®4647

of neurodegenerative decline seen
Monthly intrathecal-lumbar (IT-L) administration of cerlipo-
nase alfa into one wild-type and one 7PP/-null dachshund
over a 4-7 month period resulted in expression of TPP1
throughout the central nervous system and reductions in
lysosomal storage material in the TPP1-null dachshund ver-
sus the wild-type.*” However, no functional improvements
were reported, and several infusion-associated reactions
occurred, including hypersensitivity, swelling, urticaria,
vomiting, hypotension, and tachycardia.*’

Repeated intracerebroventricular (ICV) infusions of
4 mg or 16 mg rhTPP1 every other week into wild-type
and TPPI-null animals at 2.5 months of age were used to
assay distribution, pharmacology, efficacy, and safety.’%>!
This treatment regimen was associated with reductions in
lysosomal storage in contrast to monthly IT-L infusions.

Neuronal morphology was maintained in comparison with

Phase VI study
in healthy

cynomolgus

monkeys®?

2014 2015 2016 2017 2018

Figure 2 Timeline showing the preclinical and clinical development of cerliponase alfa and the year of its approval in the USA and Europe.
Abbreviations: CNS, central nervous system; ICV, intracerebroventricular; IT-L, intrathecal-lumbar.
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vehicle-treated animals.”® Survival was 39-47 weeks in
vehicle-treated animals, but was extended to 57-67
weeks in animals treated with 16 mg thTPP1.>" All ani-
mals were assessed on a weekly basis, and treatment with
rhTPP1 delayed onset of neurological symptoms such as
ataxia, tremors, myoclonus, and visual deficits, although
all animals eventually progressed to end-stage disease.”’
Cognitive function was also preserved, as assessed through
T-maze testing. Importantly, enlargement of the ventricles,
which was used to assess brain atrophy, was found to be
reduced in rhTPP1-treated animals, and this trend was
higher in animals receiving higher doses.”’ Placement of
the ICV catheters caused inflammation, but this was not
associated with dose. TPP1 enzyme was found throughout
the brain, including in the frontal and occipital cortices,
striatum, thalamus, hypothalamus, midbrain, cerebellum,
pons, and medulla. The higher dose (16 mg) was asso-
ciated with mild to moderate infusion-associated reactions,
including facial edema, erythema, urticaria, hypotension,
diarrhea, and vomiting. These reactions were managed
with antihistamine and could be eliminated by extending
the infusion time from 2 hrs to 4 hrs. Repeated adminis-
tration resulted in the development of anti-rhTPP1 antibo-
dies in the plasma and cerebrospinal fluid (CSF) of all
wild-type and 7PPI-null animals, although levels were
approximately 10- to 100-fold higher in 7PPI-null ani-
mals. Maintaining patency of the ICV catheters was
a challenge because of debris within the catheter or dis-
location of the catheter from the ventricle due to the
growth of the skull. This provided valuable information
for trials in humans, in terms of determining the time at
which to begin treatment in growing patients, although it is
important to consider that these challenges may be asso-
ciated with the small size of animal ventricles in compar-
ison with those in humans.

To understand the pharmacological distribution of cerli-
ponase alfa with different techniques, a single dose of
thTPP1 was injected via an ICV or IT-L route in healthy
cynomolgus monkeys, and neurological samples were col-
lected at 3, 7, and 14 days after infusion. Although some
lesions developed in association with the placement of the
infusion devices, no serious adverse events were noted and
there were no effects on blood, serum, or urinary
chemistry.>* Both ICV and IT-L infusions resulted in TPP1
distribution in most areas of the brain, including the frontal
and occipital cortices and the cerebellum, but ICV infusions
also resulted in detectable TPP1 in deep brain structures,
such as the thalamus, midbrain, and striatum. This is

unsurprising given that administration into the ventricles
results in drug entry closer to the site of CSF production
compared with IT-L administration.’> No antibodies to
rhTPP1 were detected in either CSF or plasma, although
because cynomolgus monkeys produce TPP1 that is highly
homologous to thTPP1,” it was unclear if this would provide
useful immunogenicity information for studies in patients
with CLN2 disease who produce very little or no TPP1.

The overall results of these studies in healthy animals
and CLN2 disease models have informed the design of
clinical trials, in terms of administration, infusion times
and frequencies, and dosages. The feasibility of adminis-
tering cerliponase alfa via ICV devices was established, in
terms of causing fewer adverse events and resulting in the
higher distribution of the drug in deep brain structures
compared with IT-L administration. The need for manage-
ment of hypersensitivity reactions through the use of slow
infusion times and the administration of antihistamine has
also been carried forward into studies in patients.

Clinical Trials of Cerliponase Alfa

Safety and efficacy of cerliponase alfa has been studied in
a multicenter, international, open-label study in patients with
CLN2 disease aged between 3 and 16 years.> In the Phase I/
II dose-escalation stage (NCT01907087), doses were
increased every 2 weeks from 30 mg to 100 mg, and then
to 300 mg to determine the side effect profile at each dose.
Patients received at least two infusions of a particular dose
before the dose was increased, and all patients received the
300 mg dose for 48 weeks. A total of 23 patients provided
efficacy data and 24 provided safety data. In the 240-week
extension stage (NCT02485899), patients received 300 mg
doses every 2 weeks for at least 96 weeks. The primary
endpoint for each stage was the time until an unreversed
2-point reduction in motor and language scores of the
CLN2 Disease Clinical Rating Scale (a modified version of
the Hamburg scale) as compared with a group of 42 natural
history patients. As patients with CLN2 disease show
a relatively uniform disease progression, natural history popu-
lations are used as the comparator group in clinical trials,
instead of placebo controls. The use of placebo controls,
when an ICV device would need to be implanted, would
raise some ethical issues in this rare disease population.

At study entry, patients were required to have a combined
motor and language score between 3 and 6 inclusive, with
a score of at least 1 in each domain. At screening, most
patients had a score of 3 or 4, although some patients had
scores of 1 by the time the 300 mg dose regimen was
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initiated. The mean (+ standard deviation [SD]) duration of
treatment at 300 mg was 115 £ 30 weeks (range: 1-145
weeks), with patients receiving 99% of planned infusions.

Administration of cerliponase alfa resulted in treated
patients being less likely to experience an unreversed decline
in combined motor and language score (hazard ratio [HR]:
0.08; 95% confidence interval [CI]: 0.02-0.23; P < 0.001).
Both motor and language scores were also affected indepen-
dently ([motor: HR: 0.04; 95% CI: 0.00-0.29; P = 0.002]
[language: HR: 0.15; 95% CI: 0.04-0.52; P < 0.003]) [38].
The mean rate of decline in the motor—language score in
treated patients was reduced to 0.27 + 0.35 points compared
with 2.12 £+ 0.98 in the natural history population — a difference
of 1.85 + 0.21 points (95% CI: 1.51-2.18; P < 0.001).[38]
Changes from baseline in combined motor-language scores in
17 matched pairs from the treated and natural history popula-
tions are shown in Figure 3.

If seizures and visual decline were also incorporated
into the clinical scores (each using a scale of 0-3 encom-
passing no function to normal function) at Week 48, trea-
ted patients showed a mean increase of 0.30 = 1.70 points
compared with a decrease of 2.80 + 2.04 in the natural
history population. This difference had become even more
apparent by Week 96, with an increase of 0.40 + 2.08

Change from baseline in motor—
language score
|
N
L

points compared with a decrease of 4.30 £ 2.26 in the
natural history population. Brain atrophy, as assessed by
MRI, was ongoing throughout the trial, occurring at an
annualized rate of 10.5% in Year 1 and 3.3% in Year 2.
In terms of safety, all patients experienced at least one
adverse event, although these were usually mild and resolved
by clinical management. The most common were reported as
convulsions (including seizures; 96%), pyrexia (71%), vomit-
ing (63%), hypersensitivity reactions (63%), upper respiratory
tract infections (54%), nasopharyngitis (42%), and rhinitis
(42%). Fifty-five serious adverse events occurred in 83% of
patients, and included hypersensitivity (29%), upper respira-
tory tract infections (21%), epilepsy (including seizures;
17%), pharyngitis (17%), gastroenteritis (13%), pyrexia
(8%), and device-related infections (8%). Seizures, epilepsy,
and generalized tonic—clonic seizures were mapped to the
Convulsions Standardised MedDRA (Medical Dictionary for
Regulatory Activities) Query term.[39] Although experienced
by the vast majority of patients, seizures are not unexpected
given the natural history of CLN2 disease, and only 6% of all
convulsion events were considered to be associated with
cerliponase alfa treatment.** There were no deaths or treat-
ment discontinuations caused by an adverse event, although
two patients (8%) experienced device-related infections that

Cerliponase alfa

-4 4 Historical controls
-5 4
_6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 9 17 26 33 41 49 57 65 73 81 89 97 105 113 121
Week
No. at Risk
Cerliponase alfa 17 17 17 17 17 17 17 17 17 17 17 17 17 14 10 2
Historical controls 17 17 17 17 17 17 17 16 16 15 15 14 13 9 7 5

Figure 3 Change from baseline in motor and language scores of the CLN2 Disease Clinical Rating Scale in matched pairs of patients treated with cerliponase alfa and
historical controls. From N Engl | Med; Schulz A, Ajayi T, Specchio N, de Los Reyes E, Gissen P, Ballon D, Dyke P, Cahan H, Slasor P, Jacoby D, Kohlschiitter A; CLN2 Study
Group; Study of intraventricular cerliponase alfa for CLN2 disease; 378(20); 1898—1907. Copyright © 2018 Massachusetts Medical Society. Reprinted with permission from
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required replacement of the ICV device, resulting in treatment
delays while these infections were managed.” Antibodies to
cerliponase alfa were detected in serum in 79% of patients and
in CSF in 33%, but these were not associated with the fre-
quency or severity of hypersensitivity events.***

In an ongoing study assessing the safety and efficacy of
cerliponase alfa in 11 patients under the age of 3 years, the
most common adverse events have been mild or moderate,
including pyrexia (55%), generalized tonic—clonic seizures
(36%), upper respiratory tract infections (36%), and vomiting
(36%), similar to those in the previous trial in patients over
the age of 3 years.”* Two patients experienced hypersensi-
tivity reactions. A total of 19 serious adverse events occurred
in 9 patients, with pyrexia being the most common (occurring
in 27% of patients). After a median treatment duration of
44.1 weeks (range: 42.6—114.0), no deaths or treatment dis-
continuations had occurred. Over the course of treatment,
seven patients maintained stable combined motor and lan-
guage scores, two gained a point, and one lost a point. The
remaining patient maintained baseline motor score; language
was not assessed, as the patient had an autism spectrum
disorder. This ongoing trial is important because the inclu-
sion of patients under the age of 3 years incorporates
a population that may not yet be showing overt presenting
symptoms and have been diagnosed based on a family his-
tory of CLN2 disease.

An expanded access program trial (NCT02963350)
giving patients over the age of 2 years who cannot parti-
cipate in clinical trials access to cerliponase alfa is also
underway.

Cerliponase Alfa in Patients

Based on the aforementioned clinical trial results, cerlipo-
nase alfa is available in Europe in patients of all ages and
in the USA for patients aged 3 years or over. Treatment is
required every 2 weeks via an ICV Ommaya or Rickham
reservoir device, which is implanted under the scalp of
patients using MRI guidance.***>-?

Based on information from preclinical studies, cerlipo-
nase alfa is infused after antihistamine administration to
reduce hypersensitivity reactions. The procedure has been
accepted by patients and families, and as yet, no patients
have withdrawn from treatment for efficacy or safety
reasons.

Conclusion
CLN2 disease is a severe progressive neurodegenerative
disorder, which in its classic late-infantile form results in

death in late childhood or early adolescence. The hall-
mark-presenting symptoms of unprovoked seizures
between the ages of 2 and 4 years and a history of early
language delay are frequently highlighted as being key in
raising suspicion of CLN2 disease. Because of improve-
ments in, and clarification of, diagnostic processes, the
identification of patients in early disease stages (particu-
larly those with a family history) provides valuable oppor-
tunities to initiate treatment prior to the onset of rapid
progression. The early diagnosis of patients also provides
opportunities to understand the early clinical features
detected by MRI or EEG in more depth, and enables large-
scale biomarker analyses to be carried out to potentially
identify patients with differing rates of progression or
responses to treatment.

With the approval of cerliponase alfa in the USA and
Europe in 2017, the need for early diagnosis has become
even more important, given the clinical benefit of this
therapy in reducing the rate of decline of motor and
language function. Further investigations are required for
a more in-depth understanding of longer-term effects and
the impact of cerliponase alfa on seizures and vision loss,
and indeed prolongation of patient lives. Several other
strategies for treating CLN2 disease and the other NCLs
have been studied or are under development.?>>”** These
have included gene therapy, stem cell therapy, immuno-
modulation, and the use of drugs that upregulate lysosome
function across a range of NCL animal models and cell
lines and in patients in clinical trials.

With the potential for treatment options to be devel-
oped in the coming years, the new era for patients with
CLN2 disease, and potentially other NCLs, means that
clinicians will need to understand a different disease pro-
file for treated patients. Longer-term follow-up of patients
treated at an early stage is required to understand the
potential for functional development; the combination of
early diagnosis and treatment with cerliponase alfa may
lead to patients continuing to develop in terms of, for
example, motor or language skills, instead of regressing
according to the expected patterns seen in the natural
history population. Beyond understanding how disease
progression changes, multidisciplinary approaches may
need to be adapted for patients with longer survival
times and different clinical needs. The established multi-
disciplinary team may need to be expanded to include, for
example, specialists who can provide educational support
as children continue to progress or maintain function
beyond currently expected ages.
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The approval of cerliponase alfa also marks a changing
time for providing support to families; when patients are
diagnosed, families would previously have needed to come
to terms with the expected progression of the disease. The
benefits of treatment with cerliponase alfa must be com-
bined with continued support and guidance for families.
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