1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Lancet Child Adolesc Health. Author manuscript; available in PMC 2020 September 25.

-, HHS Public Access
«

Published in final edited form as:
Lancet Child Adolesc Health. 2018 August ; 2(8): 582-590. doi:10.1016/S2352-4642(18)30179-2.

Disease characteristics and progression in patients with late-
infantile neuronal ceroid lipofuscinosis type 2 (CLN2) disease:
an observational cohort study

Miriam Nickel, Alessandro Simonati, David Jacoby, Susanne Lezius, Dirk Kilian, Benjamin
Van de Graaf, Odelya E Pagovich, Barry Kosofsky, Kaleb Yohay, Matthew Downs, Peter
Slasor, Temitayo Aiayi, Ronald G Crystal, Alfried Kohlschiitter, Dolan Sondhi*, Angela
Schulz”

Department of Pediatrics (M Nickel MD, D Kilian, Prof A Kohlschitter MD, A Schulz MD) and
Department of Biometrics (S Lezius), University Medical Center Hamburg-Eppendorf, Hamburg,
Germany; Department of Neuroscience, Biomedicine, Movement—Neurology (Child Neurology
and Psychiatry, and Neuropathology), University of VVerona, Verona, Italy (Prof A Simonati MD);
BioMarin Pharmaceutical, Novato, CA, USA (D Jacoby PhD,P Slasor, T Aiayi PhD); Department
of Genetic Medicine, Weill Cornell Medical College, New York, NY, USA (B Van de Graaf MBA,
Prof O E Pagovich MD, Prof B Kosofsky MD, Prof R G Crystal MD, Prof D SondhiPhD, Prof K
Yohay MD); Department of Neurology, New York University, Langone Medical Center, New York,
NY, USA (Prof K Yohay); and Statistics Collaborative, Washington, DC, USA (M Downs)

Summary

Background—Late-infantile neuronal ceroid lipofuscinosis type 2 (CLN2) disease, characterised
by rapid psychomotor decline and epilepsy, is caused by deficiency of the lysosomal enzyme
tripeptidyl peptidase 1. We aimed to analyse the characteristics and rate of progression of CLN2
disease in an international cohort of patients.

Methods—We did an observational cohort study using data from two independent, international
datasets of patients with untreated genotypically confirmed CLN2 disease: the DEM-CHILD
dataset (n=74) and the Weill Cornell Medical College (WCMC) dataset (n=66). Both datasets
included quantitative rating assessments with disease-specific clinical domain scores, and disease
course was measured longitudinally in 67 patients in the DEM-CHILD cohort. We analysed these
data to determine age of disease onset and diagnosis, as well as disease progression—measured by
the rate of decline in motor and language summary scores (on a scale of 06 points)—and time
from first symptom to death.
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Findings—In the combined DEM-CHILD and WCMC dataset, median age was 35-0 months
(IQR 24.0-38:5) at first clinical symptom, 37-0 months (IQR 35-0 —42.0) at first seizure, and 54-0
months (IQR 47-5-60.0) at diagnosis. Of 74 patients in the DEM-CHILD dataset, the most
common first symptoms of disease were seizures (52 [70%]), language difficulty (42 [57%)]),
motor difficulty (30 [41%]), behavioural abnormality (12 [16%]), and dementia (seven [9%)]).
Among the 41 patients in the DEM-CHILD dataset for whom longitudinal assessments spanning
the entire disease course were available, a rapid annual decline of 1-81 score units (95% CI 1.50—
2-12) was seen in motor—language summary scores from normal (score of 6) to no function (score
of 0), which occurred over approximately 30 months. Among 53 patients in the DEM-CHILD
cohort with available data, the median time between onset of first disease symptom and death was
7-8 years (SE 0-9) years.

Interpretation—In view of its natural history, late-infantile CLN2 disease should be considered
in young children with delayed language acquisition and new onset of seizures. CLN2 disease has
a largely predictable time course with regard to the loss of language and motor function, and these
data might serve as historical controls for the assessment of current and future therapies.

Funding—EU Seventh Framework Program, German Ministry of Education and Research, EU
Horizon2020 Program, National Institutes of Health, Nathan’s Battle Foundation, Cures Within
Reach Foundation, Noah’s Hope Foundation, Hope4Bridget Foundation.

Introduction

Late-infantile neuronal ceroid lipofuscinosis type 2 (CLN2) diseasel2 is a form of neuronal
ceroid lipofuscinosis. The autosomal recessive storage disorder results in a severe,
progressive neurodegenerative syndrome with onset most commonly occurring in children
aged 2-4 years.3 The disease leads to seizures, loss of language, psychomotor function,
blindness, and premature death.4® CLN2 disease occurs globally, but data on incidence and
prevalence are scarce.5-8

CLNZ2 disease is caused by mutations in the CLAZ2 gene, which encodes the lysosomal serine
protease tripeptidyl peptidase 1.9 Loss of tripeptidyl peptidase 1 activity leads to
accumulation of autofluorescent storage material (ie, ceroid lipofuscin).>10 Although
substantial allelic heterogeneity exists in the CLNZgene, two mutations (¢.5091G—A
[splicing error] and ¢.622C—T [nonsense mutation]) have been identified in more than half
of patients with CLN2 disease in most white populations.>11:12 Many rarer CL N2 mutations
have been reported,>12 but the effect of these mutations on phenotype and residual
tripeptidyl peptidase 1 activity is not well understood; some mutations are thought to result
in delayed disease onset or prolonged disease course.%:12-15

Until May, 2017, when intraventricular enzyme replacement therapy with cerliponase alfa
was approved, only palliative treatment was available for patients with CLN2 disease.1® The
development of therapeutics requires an understanding of the clinical course and its
variability across a wide range of patients. To date, few reports have provided a quantitative
description of the clinical course of patients with CLN2 disease. Therefore, the aim of this
study was to update and refine the results of previous studies on the natural history of CLN2
diseasel”:18 by analysing onset and characterising initial symptoms and to assess disease
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progression using longitudinal data on motor and language function in an international
cohort of patients with CLN2 disease.

Study design and participants

Procedures

In this longitudinal observational cohort study, we used data from two independent datasets
of patients with untreated CLN2 disease: the DEM-CHILD and Weill Cornell Medical
College (WCMC) datasets. The DEM-CHILD dataset included 74 patients, and data were
collected between April 22, 2002, and July 5, 2016, at University Medical Center Hamburg-
Eppendorf (Hamburg, Germany; n=63) and the University of Verona (Verona, Italy; n=11) as
part of the international DEM-CHILD NCL patient database project. The WCMC dataset
included data for 66 patients collected at Weill Cornell Medical College (New York, NY,
USA) between March 18, 2004, and Nov 20, 2015. Patients were included in the WCMC
dataset if they had genetically confirmed CLN2 disease. Patients were included in the DEM-
CHILD dataset if they had genetically confirmed CLNZ2 disease and deficient enzyme
activity. The study was approved by the local ethics committees and written informed
consent was obtained from the parents of all patients before inclusion. Source data were
verified by independent monitors during data collection.

The DEM-CHILD and WCMC datasets contained quantitative rating assessments with
disease-specific clinical domain scores: the Hamburg CLN2 scalel’ was used for the DEM-
CHILD dataset and the Weill Cornell CLN2 scalel8 for the WCMC dataset (table 1). Both
scales have a total score ranging from 0 to 12 scoring units of disease-based clinical
assessments that measure loss of function in children during the disease course. Each scale
consists of four domains with comparable motor and language domains in each scale (ie, the
motor domain in the Hamburg scale and gait domain in the Weill Cornell scale assess
identical functions). Within each domain of both scales, a score of 3 indicates normal
function, a score of 2 represents slight abnormality, a score of 1 indicates a severe
abnormality, and a score of 0 represents complete loss of function (table 1). Patients were
assessed in independently by three different raters in the DEM-CHILD dataset and by three
to four different raters in the WCMC dataset. No difference in rating scores was identified
between the raters in the DEM-CHILD dataset. Reported scores for patients in the WCMC
dataset were the mean of scores from three to four independent raters scored using a
predetermined set of rules, which are available by request from DS.

Data on genetic diagnosis and first symptoms were available for all 74 patients in the DEM-
CHILD dataset. Of these 74 patients, the disease course (assessed by rate of decline in motor
and language clinical domain summary scores) was measured longitudinally in 67 patients.
The entire course of the disease has been scored without interruption in 3 month intervals
since onset of disease (DEM-CHILD core data) in 41 patients, whereas only isolated score
measurements were available for 26 patients. 52 patients had an initial summary score of 6
for the motor and language components; 41 patients had at least one measurement in which
the summary score was 6 and 0. In 24 of the remaining 26 patients, the disease had not yet
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progressed to the final stages of the disease by the end of the study. The lowest summary
scores of these 24 patients were 1 point in five patients, 2 in five patients, 3 in nine patients,
4 in three patients, and 5 in two patients. On the basis of the timing of these assessments, we
subdivided the patients for whom data on disease progression were available in the two
datasets (DEM-CHILD and WCMC) into three different cohorts (table 2).

The core data cohort included 41 patients from the DEM-CHILD database for whom
longitudinal quantitative disease-specific rating assessments spanning the entire disease
course (ie, from onset of first symptoms to complete loss of psychomotor function) were
available. Because of the variable time between clinical onset and diagnosis, the clinical
course before diagnosis was constructed retrospectively from family interviews and patient
records and integrated with prospectively collected data from the time of diagnosis onwards.
These data were collected at the neuronal ceroid lipofuscinosis specialty clinic of the
University Medical Center Hamburg-Eppendorf only, where patients were assessed
prospectively every 3-6 months. Patients were scored longitudinally from diagnosis until
complete loss of function or death, with 28 scoring timepoints obtained per patient. Data
cutoff was July5, 2016. The DEM-CHILD core data were inspected and approved by the US
Food and Drug Administration and European Medicines Agency.

Comparison cohort 1 included patients who had at least two disease-specific rating
assessments as a function of time with an interval of 5-24 months between assessments.
However, in contrast to the DEM-CHILD core data, these assessments did not span the
entire course of disease. 21 patients in the DEM-CHILD dataset and 12 patients in the
WCMC dataset met the inclusion criteria for comparison cohort 1 (table 2).

Comparison cohort 2 included patients who had cross-sectional data with only one disease-
specific rating assessment or two assessments for which the interval between the
assessments was too short (<140 days) or too long (=710 days). Five patients in the DEM-
CHILD dataset and 54 patients in the WCMC dataset met the criteria for comparison cohort
2 (table 2). Detailed information regarding selection criteria for all cohorts is provided in the
appendix.

Data on language acquisition were collected by structured interviews of parents and review
of clinical patient charts in 36 patients from the DEM-CHILD cohorts (appendix).

The key outcomes were CLN2 disease progression, assessed by rate of decline in motor and
language clinical domain summary scores (06 total points), onset and type of first
symptoms, and time from first symptom to death.

Statistical analysis

The complete disease course was assessed using a mixed ordinal regression model, and
expected means and corresponding bootstrap intervals were calculated. To compare the other
cohorts with the DEM-CHILD core data cohort, bootstrap percentiles were calculated using
the same model. Subsequently, each single motor-language score measurement collected in
the two comparison cohorts was superimposed on the respective percentile graphs of the
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DEM-CHILD core data to analyse comparability, and the percentage of datapoints that fell
between the 10thand 90th percentiles of the DEM-CHILD core data were calculated.

The rate of decline was estimated for patients with a complete disease course (ie, patients
whose scores decreased from 6 to 0) by fitting a mixed linear regression model with random
intercept and random slope per patient to all data from onset (last measurement of 6) to total
loss of function (first measurement of 0). To account for the plateaus at the beginning and
the end of the disease course, and to determine the stage at which most rapid decline in
motor and language function occurred, rate of decline was additionally computed for the
decline from score 5to 1.

Median time from first seizure or other first symptom to death was analysed using the
Kaplan-Meier method. Age of the last disease severity scale measurement was used to
censor patients for whom date of death was unknown. Continuous variables are presented as
mean (SD) or median (IQR), and categorical variables are presented as absolute or relative
frequencies.

All statistical analyses were done using Stata (version 14.0).

Role of the funding source

The funders had no role in study design, data collection, data analysis, data interpretation, or
writing of the report. All authors had access to the raw data. The corresponding author had
full access to all the data and had final responsibility to submit for publication.

Results

The DEM-CHILD dataset included 74 patients, of whom 35 (47%) were boys and 39 (53%)
were girls. 18 nationalities were included, and most patients were from Germany (29
[39%]), Italy (11 [15%]), and Poland (eight [11%]; appendix). ¢.622C—T and ¢.509-
1G—C were the two most common CLNZ mutations identified. Of the 74 patients in the
DEM-CHILD dataset, 42 (57%) were either homozygous for one of these alleles (30 [41%])
or compound hetero zygous for both alleles (12 [16%]). 18 other mutations were identified
in the remaining 32 (43%) of 74 DEM-CHILD patients. Only 14 (19%) of 74 patients had a
genotype with no common mutations in the disease alleles (figure 1; appendix).

The WCMC cohort included 66 patients, of whom 28 (42%) were boys and 38 (58%) were
girls. 12 nationalities were included, and most patients were from the USA (32 [48%]),
Canada (seven [11%]), and England (seven [11%]; appendix). Mutational background was
similar to the DEM-CHILD cohort: 36 (55%) of all patients were either homozygous (22
[33%]) or compound heterozygous (14 [21%]) for the two most common alleles. 21 other
mutations were identified in the remaining 30 (45%) of 66 WCMC patients. Only six (9%)
of 66 patients had a genotype with no common mutations in the disease alleles (figure 1;
appendix). The sex of patients was equally balanced in both datasets.

Of 74 patients in the DEM-CHILD dataset, the most common first symptoms of disease
were seizures (52 [70%]), language difficulty (42 [57%]), motor difficulty (30 [41%)]),
behavioural abnormality (12 [16%]), and dementia (seven [9%]). For the combined DEM-

Lancet Child Adolesc Health. Author manuscript; available in PMC 2020 September 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Nickel et al. Page 6

CHILD and WCMC datasets (n=140), the median age at first clinical symptom was 35-0
months (IQR 24-0-38:5; figure 2A). Analysis of age at symptom onset stratified by genotype
showed that disease onset is largely similar across cohorts and genotypes: the median age at
first symptom was 32:0 months (IQR 24-0-36-0) in patients with the two most common
mutations on both alleles, 36-0 months (IQR 26-0-42-0) in patients with the two most
common mutations on one allele only, and 28:5 months (IQR 24-0-40-0) in patients without
the two common mutations (figure 2B-D).

The median age at first seizure in the combined DEM-CHILD and WCMC dataset was 37-0
months (IQR 35:0-42.0; figure 2A). Patients with uncommon alleles generally had later
onset of first seizures: the median age at first seizure was 36-0 months (IQR 34-0-42-0) in
patients who were either homozygous or compound heterozygous for the two common
alleles, 39-0 months (IQR 36:0-44-0) for individuals who were compound heterozygous and
had one uncommon allele, and 41-0 months (IQR 36-0-46-0) for individuals with uncommon
mutations on both alleles (figure 2B-D).

The median age at diagnosis in the combined DEM-CHILD and WCMC dataset was 54-0
months (IQR 47-5-60:-0; figure 2A), and patients were diagnosed after a mean of 22-7
months (SD 9:-8)from the onset of first symptoms. Patients homozygous or compound
heterozygous for the two common alleles were diagnosed at a median age of 52-0 months
(IQR 45.0-57.0; figure 2B). Median age at diagnosis was 56-0 months (IQR 49-0-69-0) for
patients who were compound heterozygous and had one uncommon allele (figure 2C), and
56 months (IQR 49:-0-62-5) for patients with two uncommon alleles (figure 2D).

Data derived from detailed parent interviews in the DEM-CHILD cohort showed that 30
(83%) of 36 patients had a delay in early language development, of whom six (17%)
acquired their first single word after age 18 months, seven (19%) spoke two word sentences
after age 24 months, and 19 (53%) spoke whole sentences after age 36 months (data not
shown).

Of the 74 patients in the entire DEM-CHILD cohort, both vital status (ie, whether the patient
was alive or dead)and age at first symptom were known for 53 (72%) patients. Date of death
was known for 20 (27%) of 74 patients and median age at death was 10-0 years (SE 3-2).
The median time between onset of first disease symptom and death was 7-8 years (SE
0-9;figure 3).

Longitudinal data for the DEM-CHILD core data cohort showed a rapid decline in motor—
language summary scores from normal (score of 6) to no function (score of 0), which
occurred over approximately 30 months (figure 4). Similarly, data derived from the DEM-
CHILD and WCMC comparison cohorts showed a rapidly progressive decline from normal
to no motor and language function over approximately 30 months. When superimposed on
the DEM-CHILD core data, 81% of DEM-CHILD comparison cohort 1 datapoints, 56%of
DEM-CHILD comparison cohort 2 datapoints, 71% of WCMC comparison cohort 1
datapoints, and 80% of WCMC comparison cohort 2 datapoints fell between the 10th and
90th percentiles of the DEM-CHILD data (figure 5A-D). Patients outside the 10th and 90th
bootstrap percentiles had uncommon genotypes. For example, a Japanese patient in the
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DEM-CHILD comparison cohort 2 was compound heterozygous for two uncommon
mutations, ¢.1015C—T and ¢.731T—C, with a motor—language score of 4 at age 78
months. Additionally, a Spanish patient in the WCMC comparison cohort 2 who had a mild
phenotype and was compound heterozygous for the common ¢.622C—T and the uncommon
¢.887-10A—G mutation had a motor-language score of 3 at age 136 months.

The estimated mean annual rate of decline in combined motor and language score was 1-81
score units per year (95% CI 1-50-2:12) in the DEM-CHILD core data cohort. Once a
significant loss in motor and language function had occurred (ie, loss of one scoring point in
either motor or language domain), the estimated annual rate of decline increased to 2-43
score units per year (95% CI1 2:07-2-79) between the motor-language domain summary
scores of 5 to 1.

Discussion

To our knowledge, this is the largest international study of quantitative natural history data
for CLN2 disease. We characterised important disease features and the earliest disease signs
and symptoms with the aim of aiding early diagnosis and establishing the associations
between disease progression, age, and genotype using a motor—language clinical rating scale
that can be easily administered in the clinic. The resulting international cooperative analyses
provide a homo geneous quantitative description of the clinical course of CLN2 disease.

The two independent cohorts of patients with CLN2 disease had a highly homogeneous
course of disease progression. Genotype distribution was consistent with previously reported
data®11.12.17-19 for individuals with CLN2 disease. Overall, 56%o0f patients were
homozygous or compound heterozygous for the two most common mutations (c.622C—T
and ¢.509-1G—C).11

Combined data from the two datasets showed that first clinical signs were observed at a
median age of 35 months, and seizures or delays in language development were the most
common first symptoms reported. Since the seizure phenotype in CLN2 disease is highly
variable—with multiple seizure types observed over the course of the disease, including
myoclonic, tonic, atonic, absence, and tonic-clonic—it is difficult to assess this using a
reliable scoring system. Therefore, we assessed the age at first seizure only. Myoclonic
seizures can predominate as the disease progresses.20 Previous reports®12-14 indicate that
uncommon alleles might be associated with late onset of first clinical signs. However,
considering the results for our large international cohort of patients, we conclude that disease
onset is largely predictable across cohorts and genotypes in these patients.

Consistent with other reports,18:19 |atency to diagnosis is considerable. CLN2 disease was
diagnosed after a mean duration of 22-7 months from the onset of first symptoms, and after
substantial decline in function. Early diagnosis of CLN2 disease remains a major challenge
despite the development of clinical diagnostic algorithms, and the availability of CLNZ2
genetic testing and tripeptidyl peptidase 1 enzyme assays.1® The delay between symptom
onset and diagnosis represents a considerable burden in patients with CLN2 and their
families because it delays genetic counselling, increases the risk of having younger siblings
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who are affected, and delays the initiation of clinical and psychosocial management
strategies. Until May 2017, when intraventricular enzyme replacement therapy with
cerliponase alfa was approved, only palliative treatment was available for patients with
CLN2.21 Moreover, with the approval of intraventricular enzyme replacement therapy as
first-line treatment by the US Food and Drug Administration and European Medicines
Agency in May, 2017,2223 delayed diagnosis means that disease progression can be
substantial before treatment is initiated. The diagnostic delay results in a mean functional
decline of more than 3 score units, which represents an almost complete loss of previously
attained motor—language function. Early diagnosis is therefore beneficial for all patients with
CLNZ2 disease since an approved therapy is now available and additional experimental
therapies are being developed.20.22.23

Abnormal language development in patients with CLN2 has occasionally been reported.17.19
We reviewed the early development of language with the aim of shortening time to diagnosis
by aiding recognition of first clinical signs of disease before onset of regression. Our data
showed that abnormal or delayed development of language abilities in toddlers might
precede classic disease symptoms, such as seizures and ataxia. Although there are no clear
definitions of delayed language development in the literature and the prevalence in the
general population is 13—20%,24-26 a high proportion of patients with CLN2 disease had
delayed language acquisition in our study, which suggests that an unexplained onset of
seizures in children who have delayed language acquisition should lead to the clinical
suspicion of CLN2 disease. The availability of a simple enzymatic dry blood spot test could
help to diagnose this severe genetic disease?’ before the onset of loss of function. Early
diagnosis is of considerable importance for potential therapy, family counselling, and patient
management.

For the quantitative delineation of the clinical course of CLN2 disease in this study, we used
two domains of disease-specific clinical rating scales, the Hamburg!’ and the WCMC18
motor and language subscales. These subscales are almost identical.1”-18 We selected the
motor and language subscales because motor and language function are clinical hallmarks of
CLNZ2 disease and the domains define a large dynamic range of disease progression (from
normal function to complete loss of function).

The course of disease of all DEM-CHILD patients for whom uninterrupted longitudinal
motor and language scoring data were available was strongly predictable with a narrow
confidence interval. Results of this study are consistent with previous reports1’-18 that
patients with CLN2 disease have a rapid decline in clinical function (during a 2—-3 year time
period), from onset of first symptoms to later stages with almost complete functional loss.
Specifically, motor-language scores decreased rapidly from 3 years of age, progressively
declining from normal function to no remaining function after approximately 2.5 years.

The mean estimated rate of clinical decline was 1-81 score units per year in the DEM-
CHILD core data cohort. Once a significant loss in function had occurred, the rate of clinical
decline was more rapid from a score of 5 to 1 (2:43 score units each year), in which the rate
of decline is almost linear. This finding highlights the importance of early diagnosis and
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treatment because the disease progresses most rapidly immediately after the onset of first
symptoms.

Development of the two-domain motor—language clinical rating scale also enabled
comparison of disease courses between the independently collected and rated WCMC and
DEM-CHILD cohorts. Superimposing the clinical scores for motor—language domains of the
comparison cohorts on the longitudinal DEM-CHILD core data analysis showed a similar
association between age and disease severity: more than 70% of datapoints for the three
comparison cohorts (DEM-CHILD comparison cohort 1, WCMC comparison cohort 1, and
WCMC comparison cohort 2) fell within the 10th and 90th percentiles of the longitudinal
DEM-CHILD core data. 56% of DEM-CHILD comparison cohort 2 cross-sectional
datapoints overlapped with the longitudinal DEM-CHILD core data, which might be due to
the different genotype distribution among these patients (all five patients were homozygous
or compound heterozygous for uncommon alleles only). This finding is consistent with other
publications,2? which found a correlation between late disease onset and a milder phenotype.
In our study, a Spanish patient in the WCMC comparison cohort 2 had a motor—language
score of 3 at age 136 months. This patient also had a late disease onset (96 months) and was
compound heterozygous for the common ¢.622C—T and the uncommon ¢.887-10A—G
mutations.

Our study had limitations, as we were unable to study the correlation between residual
tripeptidyl peptidase 1 activity and disease progression, especially in some patients who
were atypical with regard to age of onset and disease progression. However, since this large
patient cohort was derived from multiple centres and diagnosis was done at various
metabolic laboratories, it is difficult to compare results from enzyme analyses. Different
laboratories use different patient material for testing (eg, fibroblasts, leucocytes, dry blood
spots) and different diagnostic methods (eg, fluorometric analysis, mass spectrometry) with
variable sensitivity to assess residual enzyme activity. Therefore, enzyme activity results
were not used for correlation analyses with clinical progression.

Taken together, these findings suggest that the rate of disease progression was similar for the
DEM-CHILD and WCMC datasets and that, despite patients residing in different countries
and being independently rated, the results are highly reproducible across the two cohorts (ie,
the results are not cohort-dependent and rater bias is not apparent). Data presented in this
study have been used as natural history control data for completed and ongoing experimental
therapy trials of intraventricular enzyme replacement therapy (NCT01907087,
NCT02485899, NCT02678689) and intraparenchymal adeno-associated gene therapies
(NCT00151216, NCT01161576, NCT01414985)21 in CLN2 disease.

In conclusion, this large quantitative longitudinal analysis of patients with late-infantile
CLNZ2 disease confirms that the course of disease is highly predictable. Data from this study
can be used as valid controls for the investigation of experimental therapies for CLN2
disease.
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Research in context
Evidence before this study

We searched PubMed for studies published in English from database inception to March
1, 2018, using the search terms “neuronal ceroid lipofuscinosis”, “CLN2 disease”, “late
infantile NCL”, “natural history”, “Batten disease”, “first symptoms”, and “rate of
disease progression”. We also searched the bibliographies of retrieved articles. Before
this study, knowledge about the natural history of neuronal ceroid lipofuscinosis type 2
(CLN2) disease was limited. Previous studies used only cross-sectional or retrospectively
collected data, had small patient cohorts (<30 patients), and were from single centres,
thus limiting generalisability. No longitudinal studies have been done; therefore,
prospective natural history data from an international cohort are urgently needed to assess
the efficacy of new therapies.

Added value of this study

To our knowledge, this is the first longitudinal, multicentre study of patients with CLN2
disease to provide detailed data about the natural history of the disease. Our data have
already been and will be used as natural history control data for completed and ongoing
trials of intraventricular enzyme replacement therapy (NCT01907087, NCT02485899,
NCT02678689) and intraparenchymal adeno-associated gene therapies (NCT00151216,
NCT01161576, NCT01414985). These data will also be important for future clinical
trials investigating treatment options for CLN2 disease, such as gene therapy and small-
molecule therapies.

Implications of all the available evidence

Independently collected natural history data can be used as controls in clinical trials for
rare disease in which accrual of placebo controls might be difficult. Additionally,
knowledge about clinical presentation and first symptoms will support early diagnosis
and treatment.
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Figure 1: Genotype distribution in different patient cohorts
Common mutations are ¢.622C—T and ¢.509-1G—C.
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A Allpatients B Homozygotes or compound C Compound heterozygotes D Patients with uncommon
heterozygotes forc.622C—>T forc.622C—T or ¢.509-1G—C mutations on both alleles
and ¢.509-1G—C with one other mutation
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Figure 2: Age at first clinical sign, first seizure, and diagnosis
Data are combined from both DEM-CHILD and WCMC cohorts (n=140). Boxes show

median values (middle lines) with 25th and 75th percentiles; whiskers show values within
two-thirds of the IQR. Circles represent data points that fall outside this range. CLN2= Late-
infantile neuronal ceroid lipofuscinosis type 2.
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Figure 3: Kaplan-Meier analysis of survival from onset of first symptom in the DEM-CHILD

cohort
Data for age at first symptom onset was available for 53 patients in the DEM-CHILD cohort.
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Figure 4: Longitudinal motor-language scores for the DEM-CHILD core cohort
Data are cross-sectional summaries of disease severity for all patients in the DEM-CHILD

core data cohort for whom longitudinal scoring data were available (n=41).
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Figure 5: Motor—language scores of comparison cohorts superimposed on DEM-CHILD core
data

Motor-language score data for DEM-CHILD comparison cohort 1 (A), WCMC comparison
cohort 1 (B), DEM-CHILD comparison cohort 2 (C), and WCMC comparison cohort 2 (D).
Each assessment is shown as single blue point. Longitudinal assessments for each patient are
linked by dashed red lines. Mean scores and 95% Cls, and 10th, 25th, 75th, and 90th
percentiles for the DEM-CHILD core data are shown for comparison.
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Hamburg and Weill Cornell scales for assessing functional ability in patients with neuronal ceroid
lipofuscinosis type 2 disease

Hamburg scale Weill Cornell scale
Motor Language Gait Language

Score 3 Walks normally Normal Normal Normal

Score 2 Frequent falls, obvious clumsiness Recognisably abnormal Abnormal but independent Abnormal

Score 1 NoI unaided walking or crawling Hardly understandable Abnormal, requires assistance  Barely understandable
only

Score 0  Immobile, mostly bedridden Unintelligible or no language  Non-ambulatory Unintelligible or no speech

Adapted from Steinfeld et all7 and Worgall et al18
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Table 2:

Overview of included cohorts

DEM-CHILD dataset (n=67) WCMC dataset (n=66)

Core data cohort, n 41 0
Comparison cohort1,n 21 12
Comparison cohort 2, n 5 54

Of the 74 patients in the DEM-CHILD dataset, 67 patients had clinical scoring data available and formed the DEM-CHILD core data and
comparison cohorts.
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