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ABSTRACT

Introduction: Late infantile neuronal ceroid lipofuscinosis type 2 (CLN2), is a neurodegenerative autosomal
recessive disease caused by TPP1 gene variants, with a spectrum of classic and atypical phenotypes. The aim of
treatment is to slow functional decline as early as possible in an attempt to improve quality of life and survival.
This study describes the clinical characteristics as well as the response to treatment with cerliponase alfa.
Materials and methods: A retrospective study was conducted in five Latin-American countries, using clinical re-
cords from patients with CLN2. Clinical follow-up and treatment variables are described. A descriptive and
bivariate statistical analysis was performed.

Results: A total of 36 patients were observed (range of follow-up of 61-110 weeks post-treatment). At presen-
tation, patients with the classic phenotype (n = 16) exhibited regression in language (90%), while seizures were
the predominant symptom (87%) in patients with the atypical phenotype (n = 20). Median age of symptom onset
and time to first specialized consultation was 3 (classical) and 7 (atypical) years, while the median time interval
between onset of symptoms and treatment initiation was 4 years (classical) and 7.5 (atypical). The most frequent
variant was ¢.827 A > T in 17/72 alleles, followed by ¢.622C > T in 6/72 alleles. All patients were treated with
cerliponase alfa, and either remained functionally stable or had a loss of 1 point on the CLN2 scale, or up to 2
points on the Wells Cornel and Hamburg scales, when compared to pretreatment values.

Discussion and conclusion: This study reports the largest number of patients with CLN2 currently on treatment
with cerliponase alfa in the world. Data show a higher frequency of patients with atypical phenotypes and a high
allelic proportion of intron variants in our region. There was evidence of long intervals until first specialized
consultation, diagnosis, and enzyme replacement therapy. Follow-up after the initiation of cerliponase alfa
showed slower progression or stabilization of the disease, associated with adequate clinical outcomes and stable

functional scores. These improvements were consistent in both clinical phenotypes.

1. Introduction

Ceroid neuronal lipofuscinoses (CLN) are a set of neurodegenerative
lysosomal storage diseases that, collectively, have an estimated inci-
dence of 1-3/100.000 births per year and a prevalence of 2-4,/1000000
[1]. To date, 14 NCL types have been described with specific charac-
teristics in terms of age of onset and causative gene [2], and approxi-
mately 537 causal variants [3]. Ceroid neuronal lipofuscinosis type 2
(CLN2) is an autosomal recessive disease caused by variants of the TPP1
gene (11p15.4). Approximately 131 variants have been described for the
classic and atypical phenotypes [4]. The most frequent variants found
across the world are ¢.509-1G > C and ¢.622C > T [p.Arg208X]. In Latin
America, where allelic variations are high [5-7], different variants have
been reported with varying frequency in patients with CLN2, the most
frequent being ¢.827 A > T/p.Asp276Val [8,9]. The incidence and
prevalence of the disease might vary by geographic region [10,11].

Patients are pre-symptomatic during the first two years of life,
although some manifest milder sings [12,13]. The first symptom is
usually early language delay [14], while polymorphic seizures are
among the primary symptoms at the time of medical consultation (70%
of cases) with an age of onset between 2 and 4 years [15,16], when
ataxia usually manifests [17]. At the same time, there is cognitive
decline as well as progressive motor deterioration, leading eventually —
by approximately 6 years of age — to the loss of voluntary movements
and of the ability to swallow and speak. Patients also experience visual
loss as a result of retinal degeneration, as well as abnormal movements
(myoclonus, spasticity, dystonia, and chorea). Death occurs between 8
and 15 years of age [15]. CLN2 presents as a well-described spectrum,
with the atypical phenotype having a more variable presentation later
on in life [18,19].

Arriving at a precise clinical suspicion is often not possible given the
heterogeneity described above and the low level of awareness regarding
this disease. This results in delayed specific testing [20], and hence the
recommendation to use multigene testing in the diagnosis of unex-
plained seizures, even in the absence of a specific clinical suspicion [19].
Diagnosis is confirmed by the presence of two pathogenic homozygous
or heterozygous TPP1 variants, accompanied by deficient or absent
TPP1 enzyme activity [33]. Early diagnosis is crucial for the immediate
initiation of disease-modifying therapy. With the advent in recent years
of new advances in genetics and genomic medicine, low-cost and faster

techniques are now available for accurate and early diagnosis, particu-
larly in cases of clinical suspicion of CLN2 or in families with evidence of
affected individuals. This allows initiation of the therapy while the pa-
tient is still pre-symptomatic or has early symptoms of the disease [20].

Regular assessment of functional performance in patients with CLN2
using scales validated in the literature [21] including the Hamburg [22],
Weill Cornell [23] and CLN2 clinical rating scales [24], as well as the
SARA scale [25] (supplement 1), allows to evaluate motor and language
parameters, determine disease progression, and assess the degree of
disability, among other things [21]. These patients require compre-
hensive management with a multidisciplinary approach to ensure early
diagnosis and treatment initiation with the aim of achieving a positive
impact on quality of life [13].

Recombinant TPP1 (Cerliponase alfa, BioMarin Pharmaceutical Inc.,
Novato, CA) is, to date, the only FDA and EMA-approved medication for
the treatment of patients diagnosed with CLN2, with documented effi-
cacy at modifying the natural history of the disease [9,26-28]. Cerli-
ponase alfa has been shown to slow the progression of the disease in
terms of motor and language impairment, or both, when comparing the
results on the CLN2 functional assessment scale between patients treated
with cerliponase alfa versus historical cohorts [28].

This study describes the characteristics of the cohort with the largest
number of CLN2 patients reported in the world, before the start of
treatment and during follow-up, as well as the impact of cerliponase alfa
on disease progression.

2. Materials and methods
2.1. Patients and methods

A retrospective study was carried out in institutions across Latin
America, in 36 patients diagnosed with CLN2 who had at least 6 months
of treatment. Patients with enzyme and genotype confirmation of the
CLN2 classic phenotype (defined as onset at 2-3 years with rapid pro-
gression) and atypical phenotype (defined as onset at 5 years with slow
progression) who were prescribed cerliponase alfa in accordance with
product label and medical judgment were included. At least two follow-
up visits after treatment initiation were reviewed.

The study was approved by the ethics committee of all the in-
stitutions where patients received treatment and was carried out in
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accordance with the local regulations and the principles set forth in the
Declaration of Helsinki [29].

2.2. Study design

An Excel (version 16.35) database was created with descriptive pa-
tient variables (age at enrollment, gender, carrier family members,
consanguinity and perinatal history); disease onset variables (age at the
time of consultation, initial symptoms, symptoms at the time of the first
consultation, initial pharmacological management, initial tests and
TPP1 gene sequencing); follow-up variables (additional symptoms
manifesting over the course of the disease, score on the Weill Cornell,
Hamburg, SARA and CLN2 functional assessment scales); enzyme
replacement-related variables (age at initiation, dose, interval, time on
therapy, adherence percentage) and post-treatment variables (score on
the CLN2 functional assessment, Weill Cornell, Hamburg, and SARA
scales). Slower progression was defined as maintenance or loss of up to 1
point on the CLN2 functional assessment scale, or up to 2 points on the
Weill Cornell and Hamburg scales at the end of follow-up. Patients were
followed at least 6 months after treatment initiation or until the drug
was discontinued due to any cause, such as family choice or medical
judgment.

Anonymized data were collected by the treating physicians, while a
third party was entrusted with data preservation, conservation, and
verification. Researchers were trained in data collection. Cases in which
missing or incomplete data were found were reviewed, when available,
by the treating physicians.

2.3. Statistical analysis

The statistical analysis was carried out using the SPSS software
package (version 26). A descriptive analysis was performed following the
normality test (Shapiro-Wilk). Categorical variables were described as
frequencies and percentages; quantitative variables were described as
central trends and scatter. For the bivariate analysis, tables were built,
and normal distribution quantitative variables were analyzed using
Student’s t-test; the Wilcoxon test was used for non-normal distribution.
Qualitative variables were analyzed using Pearson’s chi square or the
exact Fisher test, as appropriate.

3. Results

A total of 36 patients with a diagnosis of CLN2 coming from 5 Latin
American countries [Argentina (41.7%, n = 15), Colombia (27.8%, n =
10), Brazil (16.7%, n = 6), Chile (11.1%, n = 4) and Uruguay (2.8%, n =
1)] were included in the study. Median age at the time of enrollment was
13.5 (IQR 9.5) years, and 47.2% (n = 17) were males. A total of 20
(55.6%) had a classic phenotype and 16 (44.4%) had an atypical pheno-
type, with no differences in gender by phenotype (p = 0.709) (Table 1).
In patients with the classic phenotype, the most frequent symptoms at the
time of the first consultation were language regression (90%), seizures
(80%), ataxia (60%), and developmental delay (60%), while in patients
with the atypical phenotype, the most frequent symptoms were seizures
and language delay (87% and 68%, respectively) at the time of the first
consultation.

When the two groups were compared, a higher frequency of seizures
(p = 0.022), language impairment (p = 0.003) and ophthalmological
symptoms (p = 0.001) was found in the patients with the classic
phenotype. Seizures presented as an earlier symptom in patients with the
classic phenotype when compared to patients with the atypical pheno-
type (p = 0.0156). Moreover, there was a higher use of second line
medications (lamotrigine [p = 0.001] and oxcarbazepine [p < 0.001]) in
patients with the classic phenotype when compared to those with the
atypical phenotype (Supplement 2). During the pretreatment visit, the
prevalence of ataxia, movement disorders (p = 0.022), language
impairment (p < 0.001) and developmental regression (p = 0.035) was
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Table 1
Sociodemographic variables for classic and atypical patients.*
Variable Classic Atypical
% Median % (n) Median
(W] (IQR) (IQR)
Carrier family members 35 37.5
@ 6)
Carrier family Sibling
type Parent 10 12,5
) )
Parental consanguinity 10
@
Other history Maculopathy 5(1) 6.25
(€8]
Febrile seizure 6.25
(@]
Head injury / 6.25
subdural (€8]
hematoma
Tripeptidyl Undetectable 50 - 43.8(7)
peptidase (10)
Below range 45 - 56.2 (9)
(C)]
Age (months) 108 191.5
(79.5) (63)
Age (years) 9(7) 15.5
(4.75)
Age of onset of symptoms (years) 3(2.5) 6 (2)
Age of onset of symptoms (months) 39.5 (34) 78 (21)
Age at the time of first consultation 3(4.5) 7 (2)
(years)
Age at the time of first consultation 40 (57) 84
(months) (25.25)
Age of language regression (months) 36 (90.5) 31 (61)
(n=24)
Age of neurodevelopmental regression 48 (87) 96 (51)

(months) (n = 20)

" IQR: Interquartile Range.

found to be slightly higher in patients with the classic phenotype
(Fig. 1).

Enzymatic activity of tripeptidyl peptidase was undetectable in
47.2% of patients; TPP1 gene sequencing data are shown in Supplement
3.

In patients with the classic phenotype, the predominant symptom
immediately before therapy initiation was language impairment
(100%), followed by ataxia (90%) and movement disorders (85%)
(Fig. 2), while in patients with the atypical phenotype, the predominant
symptoms were language regression (87.5%), ataxia (87.5%) and lan-
guage impairment (81.25%) (Fig. 2).

After the first consultation, brain magnetic resonance imaging (MRI),
electroencephalography (EEG), paroxysmal response to light, visual
evoked potentials, electroretinography (ERG), and optical coherence
tomography (OCT) were performed (Supplement 2); concomitant
treatments are stated in Supplement 4.

As part of their treatment, all patients (100%) received intra-
cerebroventricular treatment with cerliponase alfa, at the recommended
dose of 300 mg, with a median interval of 15 days, as indicated by the
treating physicians. Median age at treatment initiation was 14 (IQR = 5)
years for atypical patients with an interval between initial symptoms and
treatment initiation of 7.4 years, and 6.12 years between diagnosis and
treatment initiation. In the classic patients, median age at treatment
initiation was 5 (IQR = 9) years, and the interval between initial
symptoms and treatment initiation was 3.8 years, and 2.4 years between
diagnosis and treatment initiation.

The average length of treatment was 22.86 + 14.82 months, with an
overall median rate of adherence to planned doses of 73%. Treatment
was discontinued in 25% (n = 5) of the classic patients and 37.5% (n = 6)
of the atypical patients, with a mean time between initiation and
discontinuation of 15.9 + 10.03 months; 5.5% (n = 2) of patients
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Fig. 1. Frequency of symptoms at the time of the first consultation in classic and typical patients.
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Fig. 2. Symptoms on follow-up of classic and atypical CLN2 patients.

discontinued treatment due to issues arising during the SARS-CoV2
pandemic; 2.8% (n = 1) due to family decision, 13.9% (n = 5) due to
infection, and 8.3% (n = 3) due to lack of access to insurance.

At the time of the first follow-up visit (ranging between 11 and 60
weeks after treatment initiation), 55% (n = 11) of the patients with the
classic phenotype showed improvement in abnormal movements, 35% (n
= 7) a lower seizure frequency, 50% (n = 10) of patients were seizure-
free, and central nervous system infections as an adverse therapy-
related event occurred in 15% (n 3) of patients. In the atypical
phenotype, 25% (n = 4) of the patients showed improvement in abnormal
movements, 31.25% (n = 5) a lower seizure frequency, 50% (n = 8) of
patients were seizure-free, and central nervous system infections as an
adverse therapy-related event occurred in 12.5% (n = 2) of patients.

At the time of the second follow-up visit (range of 61-110 weeks
post-treatment), in the classic phenotype, 40% (n = 8) of the patients

showed improvement in abnormal movements, 40% (n = 8) a lower
seizure frequency, and 30% (n = 6) of patients were seizure-free, while
in the atypical phenotype, 12.5% (n 2) of the patients showed
improvement in abnormal movements, 18.75% (n = 3) a lower seizure
frequency, and 43.75% (n = 7) of patients were seizure-free. No as-
sessments of movement disorder by a rating scale were made.

In the classic phenotype, 100% of the patients had slower progression,
defined as maintenance or loss of up to 1 point on the CLN2 functional
assessment scale, or up to 2 points on the Weill Cornell and Hamburg
scales at the end of follow-up (pre-treatment and second follow-up), and
90% on the Hamburg scale. Slower progression of ataxia was evident in
80% (n = 4) of the patients (SARA scale), while in the atypical phenotype,
93.75% (n = 15) had slower progression on the CLN2 functional scale,
100% on the Weill Cornell scale, and 87.5% (n = 14) on the Hamburg
scale. Slower progression of ataxia (SARA scale) was reported in 81.25%
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(n = 3) of these patients (Supplement 5). A statistically significant
decline on the SARA scale (which is used to assess ataxia in many dis-
eases but not specifically for functional evaluation in terms of response
to enzyme replacement therapy) [21] was observed (p 0.048) (pre-
treatment and second follow-up). Of these patients with decline, 86%
were older than 8 years when they started treatment, 43% had an
atypical phenotype, and two patients had low adherence at 19 and 30%,
respectively. In this group, one patient showed an increase of 18 points
on the SARA scale during follow-up, likely due to treatment discontin-
uation driven by SARS-CoV2-related social and family difficulties, 11
months after therapy initiation. Of the patients with decline on the
Hamburg scale, 71.42% were older than 6 years at the time of treatment
initiation, with adherence >60% except for one patient with 19%
adherence.

4. Discussion

This is the largest cohort of patients with CLN2 on treatment with
cerliponase alfa, followed in a real-world setting, reported to date in the
medical literature. The median age of symptom onset in Latin-American
patients, in both the classic and atypical phenotypes, is consistent with
what is described in the literature (2—4 years for the classic phenotype
and a later onset [ >4 years] in atypical patients) [7,18,28]. Symptoms at
presentation and disease progression in our patients are consistent with
the reports in the literature [7,18]. However, there is a median interval
of 1 years for both phenotypes between the moment the patient reports
the first symptom and access to CLN2 specialized consultation. This can
be an indirect marker of healthcare hurdles faced by patients suffering
from orphan diseases such as CLN2, and care inequalities in the region,
probably resulting in delayed diagnosis and treatment.

As already alluded to, the long interval between initial symptoms,
diagnosis and treatment highlights access barriers to diagnosis and
treatment, as well as the fact that diagnosis is challenging given that the
classical literature describes mostly classic phenotypes, thus requiring
physicians to rely on a high index of suspicion and their own medical
judgment. Delayed initiation of disease-modifying therapies was found,
with a potentially negative effect on patient quality of life and survival,
with deterioration between diagnosis and therapy initiation
[9,27,28,30]. Although programs have been created in Latin America for
patients with diseases like CLN2 that also aim to reduce access barriers
[30-32], the data derived from this study suggest that there is a need to
improve access to diagnosis and therapies if quality of life and outcomes
in these patients are to be improved. Moreover, patients with the
atypical phenotype are a clinical challenge because they can be over-
looked and remain with no diagnostic suspicion for a long period of
time. This underscores the importance of suspecting CLN2 in patients
presenting with seizures, ataxia, language impairment or cognitive
deterioration, as reported [7,9,18,19].

According to the study results, the proportion of patients with the
atypical phenotype (44.4%) in Latin America is higher than reported in
the international literature [11,18], which is consistent with case series
reported in some Latin-American countries where genetic heterogeneity
has been reported [5,7,9]. Among patients in the region, the most
frequent variants were the ones that involve intron regions in 20/72
alleles, namely ¢.887-10 A > G (10/72 alleles) reported in Argentina,
Chile, Colombia, Portugal, and Spain [7,9,33], likely causing an in-
frame inclusion of intron 7 [32]. With this variant, clinical manifesta-
tions occur at a later age [33,34]; in this study it was found in hetero-
zygosis in 8 atypical patients and 2 classic patients (one in homozygous
state and another in association with ¢.622C > T). In the analysis of exon
mutations, the most frequent variant was ¢.827 A > T in 17/72 alleles,
followed by ¢.622C > T in 6/72 alleles. These two variants have been
reported in the literature, with a frequency of 2% and 23%, respectively.
The most frequent variant in our study was ¢.827 A > T, which has also
been previously reported in Argentina and Chile [33]. A novel variant
(c.496delC) was found in the study population and is predicted to be
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potentially pathogenic based on the results of the in-silico Mutation
Tester [35,36] and SIFT [37-39] software. Finally, it is worth noting that
the changes found in frequencies of allele mutations associated with
atypical phenotypes are likely a cause for the high frequency of this
phenotype in Latin America.

Discontinuation due to issues related to access to the medication
underscores the importance of ensuring that these patients are treated
consistently and of avoiding the effects of access inequalities or
healthcare barriers, as discontinuation might reduce treatment effec-
tiveness and, consequently, patient functionality. In 5.5% of cases,
discontinuation was attributed to the SARS-Cov2 pandemic which likely
disrupted drug administration, as reported for rare diseases [40]; 13.9%
of patients discontinued the medication due to infection, and all of them
reinitiated later, with no other adverse events leading to discontinuation
or drug-related events being reported.

After cerliponase use, there was an improvement in abnormal
movements and seizure frequency, with 50% and 72% of patients being
seizure-free at the time of the first and second follow-up visits, respec-
tively, and a similar result in seizure frequency. The use of cerliponase
showed some absolute change in the scales measured, but when signif-
icant changes were assessed (defined as a loss of up to 1 point on the
CLN2 functional assessment scale, or up to 2 points on the Weill Cornell
and Hamburg scales at the end of follow-up) a slower disease progres-
sion was found in 96.43% of the patients with the classic and atypical
phenotypes, showing a positive effect of the treatment in less than two
years of follow-up, and even in patients who received ERT after a longer
disease course without treatment.

This study has potential limitations. The effect measured is based on
a retrospective study, and some variables (specific to type of seizure and
duration of the seizure) were not available.

For post-treatment weeks 61-110, a mild increase of >2 points in
ataxia was found in 7 patients (median of change 8), using the SARA
scale. In view of the above, in the setting of a real-world study, the
decline on the Hamburg and increase in SARA scores might be at least
partially explained by adherence. Consequently, regular treatment
could be associated with improvement in clinical outcomes [21]; how-
ever, this remains to be studied specifically.

5. Conclusions

This study reports the largest number of CLN2 patients on treatment
with cerliponase alfa followed in the real world setting during a period
of 61-110 weeks post-treatment. The study shows a higher frequency of
the atypical phenotype than previously reported, due in part to a higher
frequency of allele intron mutations. This fact has been reported mainly
in publications coming from Spain and Portugal. In the Americas, access
barriers and inequalities in terms of care and access to genomic studies
have imposed reporting limitations. The behavior of the disease in our
region is consistent with what has been described in previous publica-
tions pertaining to the natural history of the disease. However, time
intervals are longer for diagnosis, access to specialized healthcare and
enzyme replacement therapy initiation, which could affect outcomes in
quality of life and treatment response in patients with CLN2. A high
suspicion index is of paramount importance, as phenotypes might be
variable, and earlier diagnosis is associated with better outcomes. This
study suggests that cerliponase alfa is effective and safe in the treatment
of patients with CLN2, slowing the functional deterioration associated
with the natural history of the disease in adherent patients. Clinical and
functional improvements are related to the amelioration of epileptic
seizures as well as functionality stabilization as assessed by means of
functional scales, with a positive impact on the patients being consistent
in both clinical phenotypes.

Therefore, it is important to work on early diagnosis, including
medical education that can help disseminate information regarding the
characteristics of the atypical phenotype in Latin America. This would
lead to earlier initiation of enzyme replacement therapy, thus improving
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quality of life and functional outcomes in patients with CLN2.
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