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Abstract

Background

The CLN2 Clinical Rating Scale evaluates disease progression in CLN2 disease, an ultra-
rare, neurodegenerative disorder with late infantile onset. To validate the Clinical Rating
Scale, a comparison with the Pediatric Quality of Life Inventory (PedsQL) was conducted
utilising clinical trial data investigating cerliponase alfa use in CLN2 disease.

Methods

Linear regression and mixed effects models were used to investigate the relationship
between the Clinical Rating Scale and PedsQL using open-label, single-arm, phase 1/2
(NCT01907087) and ongoing extension study (NCT02485899) data of 23 children with
CLN2 disease treated with cerliponase alfa for >96 weeks.

Results

Correlations between the four Clinical Rating Scale domains were low. Linear mixed effects
analyses showed significant correlation between PedsQL and Clinical Rating Scale (Total
score or motor-language [ML] score adjusted p-values <0.05), driven by the relationship
with the PedsQL Physical domain. A statistically significant relationship was identified
between the Clinical Rating Scale motor domain and PedsQL (Total score: adjusted p-value
= 0.048, parameter estimate [PE] = 8.10; Physical domain score: adjusted p-value = 0.012;
PE = 13.79).
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Conclusions

Each domain of the Clinical Rating Scale provides unique information on disease state.
Validity of the scale is supported by its relationship with the PedsQL. Among the four
domains of the Clinical Rating Scale, motor has the highest correlation to PedsQL, suggest-
ing motor function as a driver of patients’ quality of life. The lack of association between the
remaining domains of the Clinical Rating Scale and PedsQL suggests that additional dis-
ease-specific measures may be needed to fully capture the quality of life impact of CLN2
disease.

Trial registration
NCT01907087, NCT02485899.

Introduction

Neuronal ceroid lipofuscinosis type 2 (CLN2) disease is an ultra-rare, autosomal recessive dis-
order typically presenting in children aged between 2 and 4 years of age [1]. CLN2 disease has
an estimated prevalence of 0.75 per million population and incidence of 0.5 per 100,000 live
births based on literature reports [2]. CLN2 disease is caused by mutations in the CLN2 gene
leading to deficiency of the lysosomal proteinase known as tripeptidyl peptidase 1 (TPP1) [3].
Deficient TPP1 activity leads to intralysosomal accumulation of autofluorescent storage mate-
rial and is associated with neuronal and retinal cell loss [4]. The classic phenotype of CLN2 dis-
ease generally manifests with new-onset seizures and/or ataxia, typically in combination with a
history of early language delay [5]. This is followed by rapid disease progression including pro-
gressive language loss, movement disorders, dementia, seizures, myoclonus and visual deterio-
ration [6, 7]. Ultimately, patients with CLN2 disease experience reduced life expectancy, with a
median age at death reported as 10.0 years [6, 7]. The natural course of the condition over time
is described in Fig 1.

The Hamburg scale is a CLN2 disease-specific rating scale, which was developed to quantify
the loss of function that occurs as CLN2 disease progresses [6]. The four-item instrument
assesses motor function (walking ability), visual function, language and seizures, with each
item scored 0-3 to give a total combined score between 0 and 12. The four-domain CLN2
Clinical Rating Scale, hereafter referred to as the Clinical Rating Scale, is an adapted form of
the Hamburg scale designed to allow consistent ratings in multinational, multisite, clinical effi-
cacy studies [6, 8, 9]. The Clinical Rating Scale is comprised of the visual function and seizure
items of the Hamburg scale and adapted versions of the motor function and language items
(Table 1).

For each domain of the Hamburg and Clinical Rating Scales, a score from 0-3 represents
age-appropriate best function (3) to essentially no function (0). The summation of the domain
scores leads to a four-domain Total score between 0 and 12 [9]. The Clinical Rating Scale was
devised to enable prospective acquisition of clinical trial data that could be compared to exist-
ing historical data [8]. Changes to the items included the description of a motor score of 2
from “frequent falls, obvious clumsiness” in the Hamburg scale to the more specific definition
of “abnormal gait; independent >10 steps; frequent falls, obvious clumsiness” in the Clinical
Rating Scale. The Motor-Language (ML) scale is the sum of the Motor and Language domains
(score 0-6) and a primary measure of CLN2 disease progression. The ML score has
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Fig 1. Natural course of CLN2 disease. CLN2: Neuronal ceroid lipofuscinosis type 2. Sources: Steinfeld R, et al. 2002 [6] and Nickel M, et al. 2018 [7]
image.

https://doi.org/10.1371/journal.pone.0302382.g001

demonstrated adequate similarity to the equivalent items of the Hamburg scale, based on their
application in treated and untreated CLN2 populations [8].

The Clinical Rating Scale was the primary outcome measure in the open-label, phase 1/2
study (Study 190-201; NCT01907087) and ongoing extension study (Study 190-202;

Table 1. Comparison between the Hamburg Scale and Clinical Rating Scale.

Domain/Item Score Hamburg Scale [6, 8] Clinical Rating Scale [8, 9]
Motor 3 Walks normally Grossly normal gait
Frequent falls, obvious clumsiness Abnormal gait; independent >10 steps; Frequent falls, obvious clumsiness
No unaided walking or crawling only
Immobile, mostly bedridden
Language Normal (individual maximum) Grossly normal
Has become recognisably abnormal Has become recognisably abnormal (worse than the individual maximum)
Hardly understandable
Unintelligible or no language
Visual Recognises desirable object, grabs at it
Grabbing for objects uncoordinated
Reacts to light
No reaction to visual stimuli
Seizures No seizure in 3 months

1-2 seizures in 3 months

N WO =N WO =N WO =N

1 seizure per month

(=}

>1 seizure per month

https://doi.org/10.1371/journal.pone.0302382.t001
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NCT02485899) of the enzyme replacement therapy cerliponase alfa, a recombinant form of
human TPP1, which is administered by an intracerebroventricular (ICV) infusion [9-11].
These studies have demonstrated a clinically significant difference between cerliponase alfa
treatment and historical controls; treatment with cerliponase alfa was shown to result in a
slower rate of decline of motor and language function in CLN2 disease patients [9]. Quality of
life (QoL), as measured by tools such as the PedsQL (Pediatric Quality of Life Inventory), was
also included as an exploratory efficacy outcome of the treatment studies. Cerliponase alfa was
approved for use in paediatric patients with CLN2 disease by both the European Medicines
Agency (EMA) and the U.S. Food and Drug Administration (FDA) in 2017 [12, 13]. Prior to
cerliponase alfa, standard of care had been symptomatic and palliative.

Disease characteristics thought to impact patient QoL may be captured in patient-reported
outcome (PRO) measures. For example, the PedsQL is an established, generic measure for
evaluating QoL in children and adolescents aged between 2-18 years and is available in ver-
sions suitable for completion by the child (self-report) or on their behalf, for example by a par-
ent (proxy-report) [9, 14-18]. The PedsQL 4.0 Generic Core Scales, hereafter referred to as
PedsQL, comprises of four domains: Physical Functioning, Emotional Functioning, Social
Functioning, and School Functioning, which are subsequently referred to as the Physical,
Emotional, Social and School domains [15, 17]. Each domain is scored separately, and a Total
score across the multiple domains is also calculated. Possible scores, both for individual
domains and the Total score, range from 0 to 100, where 0 is the least favourable score and 100
is the most favourable score. The PedsQL offers the advantages of being brief (typically taking
less than 5 minutes to complete) and having an established minimal clinically important differ-
ence (MCID) of 4.5 [15, 16, 19]. The PedsQL has been used to assess QoL in patients with
CLN2 disease but has not been specifically validated in this patient population.

A previous study by Wyrwich et al. examined construct validity of the 2-domain ML scale
by using correlational analyses to compare motor domain scores to the PedsQL (Physical and
Total scores), and ML scores to PedsQL Total scores, using baseline data from the cerliponase
alfa treatment studies [8]. Some evidence of moderate to strong baseline correlations were
identified. This study builds on the findings of Wyrwich et al. in providing further validation
of the Clinical Rating Scale, through utilising all available trial data to investigate the following:
correlations between all four domains of the scale; the relationship of the scale to all domains
of the PedsQL; and the independent contributions of each domain to any identified relation-
ship. The application of mixed effects analyses was also used to account for within-patient cor-
relation. These analyses enable an understanding of the most patient-relevant aspects of CLN2
disease and provide insights into the usefulness of the PedsQL in the CLN2 patient population.

Methods

Data used for analyses

Data from the open label, single-arm, phase 1/2 study (Study 190-201; NCT01907087) and
ongoing extension study (Study 190-202; NCT02485899) of 23 CLN2 disease patients treated
with cerliponase alfa for a minimum of 96 weeks were used in these analyses (24 patients were
enrolled, however, at the parents’ request, one patient withdrew after the receipt of one dose of
the study drug owing to an unwillingness to continue with study visits and procedures, and
was therefore excluded from this analysis; Fig 2); hereafter referred to as Study 201/202 data
[9-11].

In Study 190-201, the first safety cohort (n = 10) underwent dose escalation for up to 23
weeks to establish an acceptable side-effect profile [9]. Subsequently, all patients initiated stable
dosing (SD), which consisted of a fixed dose of 300 mg every 14 days given via an ICV infusion
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Fig 2. Study 190-201/202 summary diagram. *10 patients had a DE period ranging from 5-23 weeks. *14 patients enrolled
directly to the 300 mg SD for 48 weeks of treatment/assessment. At the parents’ request, one patient withdrew after the
receipt of one dose of the study drug owing to an unwillingness to continue with study visits and procedures; the other 23
patients completed the dosing and follow-up for Study 190-201 [9]. “23 patients continued onto Study 190-202 receiving
their first dose immediately after the Week 49 assessment in Study 190-201; *Data are available for all patients up to Week
49 of Study 190-202; “Patients in Study 109-202 continue treatment for up to 239 weeks. DE: dose escalation; SD: stable
dose.

https://doi.org/10.1371/journal.pone.0302382.9002

for 4-5 hours. Patients who joined the study later went directly into SD treatment. Completers
of Study 190-201 were then enrolled in Study 190-202 and continued SD treatment [9]. Writ-
ten informed consent from a parent or legal guardian of each patient was obtained, and assent
was obtained from the patient, if appropriate. The studies were performed in accordance with
the provisions of the Declaration of Helsinki. Approval was obtained from the institutional
review board at each participating centre [9].

Data were available for all patients up to 96 weeks of treatment at 300 mg cerliponase alfa
dosing for the clinician-reported Clinical Rating Scale and the proxy-reported PedsQL 4.0
Generic Core Scales (Parent Report for Toddlers) [PedsQL™, Copyright © 1998 JW Varni, Ph.
D. All rights reserved]. Clinical Rating Scale data were collected every 8 weeks and PedsQL
data every 12 weeks, leading to concurrent data for both measures being available every 24
weeks (Fig 2).

Statistical analyses

Assessing the relationships between the domains of the Clinical Rating Scale. The rela-
tionships between the domains of the Clinical Rating Scale were first visually inspected as scat-
ter plots and Spearman correlation coefficients (as well as bootstrap p-values) were calculated
using data from all timepoints. The relationships were subsequently assessed using simple and
multiple linear regression. Variance inflation factors (VIFs) and condition indices were calcu-
lated, which are standard measures of (multi)collinearity [20]. A VIF describes how much the
variance of the regression coefficients can be explained by the correlation between two or
more variables, compared to a model where there is no correlation between these variables. A
condition index provides additional information to the VIF, indicating how possible it is to
explain one or more variables as a weighted, linear combination of other variables. When the
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condition index is high, it is important to assess the relative contribution of the variable of
interest to the variance of the other variables. The following VIF thresholds were assumed in
these analyses: VIF >10 indicates high multicollinearity present between variables; 5< VIF
<10 indicates moderate multicollinearity present between variables. A condition index >30
indicates high multicollinearity between some or all variables within the model, while common
conventions suggest a condition index from 10-30 indicates low/medium multicollinearity
[20].

Investigating the relationship between the Clinical Rating Scale and PedsQL. Linear
mixed effects analyses, which accounted for within-patient correlation, were conducted to
assess the relationships between the PedsQL (domain and Total score) and the Clinical Rating
Scale (ML and Total score). The fixed effects consisted of the Clinical Rating Scale ML or Total
score. In all linear mixed effects models, a selection of random effect structures was consid-
ered, including only random intercepts, only random slopes, and both random intercepts and
slopes. The Akaike information criterion was used to select the final model. P-values were
obtained from Kenward-Roger adjusted F-tests and were Holm-Bonferroni corrected to adjust
for multiple comparisons. Confidence intervals (CIs) were Wald-type approximations.

Exploring the contributions of the domains of the Clinical Rating Scale. Multivariate
linear mixed effects analyses were conducted to understand the individual contributions of the
domains of the Clinical Rating Scale to the relationship with the PedsQL. The individual
domains were used as independent variables in the same regression models; the motor, lan-
guage, vision and seizure domains were entered as fixed effects in the multivariate analyses
and a choice of random slopes considered. In addition, the motor and language domains alone
were tested within the same regression model, in which the fixed effects consisted of these
domains only.

Statistical analyses were conducted using R version 3.5.3 [21].

Results
Relationships between the domains of the Clinical Rating Scale

As a first analysis, scatter plots presenting domain scores of the Clinical Rating Scale from all
timepoints of Study 201/202 were visually inspected. These scatter plots indicated some evi-
dence of correlation between the motor, language and vision domains (Fig 3 and Table 2).
Results of the multicollinearity analyses revealed VIF estimates which were considerably below
the threshold for moderate multicollinearity (5< VIF <10), demonstrating low correlation
among these domains (all VIFs <5) (Table 3).

Pairwise domain comparisons were assessed to determine whether collinearity existed
between any two domains. In all cases, VIFs were below the threshold required to provide evi-
dence of collinearity (Table 4). To further quantify the relationship between the domains, con-
dition indices were calculated. The largest condition index from all comparisons was below
the assumed threshold (>30) required to provide evidence of (multi)collinearity (Table 5).

Relationship between the Clinical Rating Scale and PedsQL

Linear mixed effects models demonstrated that there was evidence of a statistically significant
correlation between the PedsQL and the Total score (adjusted p-value = 0.004; PE = 2.56) or
the ML score (adjusted p-value = 0.004; PE = 4.90) of the Clinical Rating Scale (Table 6). Fur-
thermore, these relationships seem to be driven by the relationship with the Physical domain
of the PedsQL, which was the only domain to show a statistically significant relationship with
the Total score (adjusted p-value = 0.010) and the ML score (adjusted p-value<0.001) of the
Clinical Rating Scale (Table 6). In addition, there was evidence to suggest that a 1-point change
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in the ML score of the Clinical Rating Scale has a patient-relevant impact on QoL as the
parameter estimates (PEs) for both PedsQL Total score (PE = 4.90) and Physical domain score
(PE = 9.24) were larger than the 4.5-point MCID established for the PedsQL (Table 6) [15].

Contributions of the domains of the Clinical Rating Scale

In further support of these findings, linear mixed effects models analysing the relationship
between each domain of the Clinical Rating Scale and the PedsQL confirmed a statistically
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Table 2. Spearman correlation coefficients of domain scores of the Clinical Rating Scale from Study 201/202.

Spearman correlation coefficient (p-value™)
Motor Language Vision Seizure
Motor 1.00 0.63 (<0.001) 0.51 (<0.001) 0.07 (0.143)
Language 0.63 (<0.001) 1.00 0.42 (<0.001) 0.19 (<0.001)
Vision 0.51 (<0.001) 0.42 (<0.001) 1.00 0.07 (0.190)
Seizure 0.07 (0.143) 0.19 (<0.001) 0.07 (0.190) 1.00

*P-values were calculated using the bootstrap approach.

https://doi.org/10.1371/journal.pone.0302382.t002

Table 3. Variance inflation factors for the domains of the Clinical Rating Scale—Study 201/202.

Domain of interest VIF
Motor 2.13
Language 2.05
Vision 1.33
Seizure 1.03

5< VIF <10 is indicative of moderate multicollinearity; results that met this criterion are highlighted in bold. VIF:
variance inflation factor.

https://doi.org/10.1371/journal.pone.0302382.t003

Table 4. Variance inflation factors for all pairwise domain comparisons of the Clinical Rating Scale—Study 201/
202.

Pairwise comparison VIF
Motor and language 1.96
Motor and vision 1.30
Motor and seizure 1.01
Language and vision 1.22
Language and seizure 1.03
Vision and seizure 1.00

5< VIF <10 is indicative of moderate multicollinearity; results that met this criterion are highlighted in bold. VIF:
variance inflation factor.

https://doi.org/10.1371/journal.pone.0302382.t004

Table 5. Condition indices for the domains of the Clinical Rating Scale—Study 201/202.

Domains of interest Largest condition index®
Motor, language, vision and seizure 2.69°
Motor and language 7.57
Motor and vision 1.69°
Motor and seizure 6.45
Language and vision 1.58"
Language and seizure 5.16
Vision and seizure 1.05°

“No values were above the condition index threshold of 30, indicating no significant multicollinearity between some
or all variables within the models

"Values presented are condition indices for models without the intercept.

https://doi.org/10.1371/journal.pone.0302382.t005
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Table 6. Results of the linear mixed effects models comparing the PedsQL to the total and ML scores of the Clinical Rating Scale.

Dependent variable Independent variable (Clinical Rating | Marginal R Parameter 95% CI lower 95% CI upper Adjusted p-
(PedsQL) Scale) estimate limit limit value*
Total score Total score® 0.15 2.56 1.25 3.87 0.004
ML score® 0.21 4.90 2.47 7.34 0.004
Physical score Total score™ © 0.13 3.68 1.69 5.67 0.010
ML score®™ 0.32 9.24 6.17 12.31 <0.001
Emotional score Total score® 0.02 1.18 -0.49 2.85 0.907
ML score® 0.03 2.13 -0.60 4.86 0.863
Social score Total score” 0.05 1.86 0.23 3.48 0.294
ML score® 0.02 1.77 -1.43 4.96 ~1
School score Total score® 0.01 0.84 -0.89 2.56 ~1
ML score® © 0.00 -0.70 -3.25 1.85 ~1

*P-values are Holm-Bonferroni corrected; obtained from Kenward-Roger adjusted F-tests; considered statistically significant and highlighted in bold if less than 0.05.
CI, Confidence intervals are Wald type approximations.

*Random slopes for this independent variable included in model.

*Random intercepts included in model.

“Random slopes for time variable included in model.

https://doi.org/10.1371/journal.pone.0302382.t006

significant relationship between the motor domain and both the PedsQL Total score (adjusted
p-value = 0.048; PE = 8.10) and Physical domain score (adjusted p-value = 0.012; PE = 13.79)
(Table 7). The PEs were again larger than the 4.5-point MCID for PedsQL suggesting a 1-point
change in the motor domain alone has a patient-relevant impact on QoL. The language, vision
and seizure domains were not found to have a statistically significant relationship with the
Total score or domain scores of the PedsQL (Table 7).

To further examine the individual relationships of the motor and language domains of the
Clinical Rating Scale with the PedsQL, multivariate linear mixed effects analyses were also con-
ducted. Vision and seizure domains were removed from the model in order to increase the
likelihood of being able to detect a relationship; the motor and language domains were used as
fixed effects within the same regression model. These results confirmed that the motor domain
was a statistically significant addition to the PedsQL Total score model (adjusted p-
value = 0.023), whereas no significant contribution was observed from the language domain
(adjusted p-value = 0.274) (Table 8).

Discussion

In this study, a series of statistical analyses were used to investigate the relationship between
the domains of the Clinical Rating Scale and to further validate this scale by examining its rela-
tionship with the established PedsQL measure. The estimated correlations between the four
domains of the Clinical Rating Scale from the Study 201/202 data were low, suggesting that
each domain contributes novel information. This may be explained by the respective timing
and progression of the different aspects of CLN2 disease. For example, it has been shown that
for CLN2 disease patients with the classic phenotype the language domain score deteriorates
faster, and to a greater degree, than the motor domain, while vision loss is observed at later
stages only [7, 9]. As such, it is understandable that the levels of correlation between the
domain scores were low.

Linear mixed effects analysis provided evidence of concurrent validity between the Clinical
Rating Scale and PedsQL, with results suggesting that the Physical domain of the PedsQL

PLOS ONE | https://doi.org/10.1371/journal.pone.0302382 May 22, 2024 9/14


https://doi.org/10.1371/journal.pone.0302382.t006
https://doi.org/10.1371/journal.pone.0302382

PLOS ONE CLN2 Clinical Rating Scale versus PedsQL

Table 7. Results of the linear mixed effects models comparing the PedsQL to the domains of the Clinical Rating Scale.

Dependent variable Independent variable (Clinical Rating | Marginal R Parameter 95% CI lower 95% CI upper Adjusted p-
(PedsQL) Scale) estimate limit limit value*
Total score Motor 0.24 8.10 3.07 13.13 0.048
Language® 1.43 -3.17 6.04 ~~1
Vision 2.83 =2.22 7.88 ~1
Seizure 0.52 -1.45 2.50 ~1
Physical score®™ ¢ Motor 0.34 13.79 6.58 21.00 0.012
Language 6.12 0.37 11.87 0.922
Vision -0.44 -7.77 6.88 ~1
Seizure -0.25 -3.35 2.84 ~1
Emotional score Motor 0.06 2.73 =525 8.72 ~1
Language -1.62 -6.72 3.49 ~1
Vision 6.22 -0.15 12.59 ~1
Seizure® 0.47 -2.21 3.16 ~1
Social score Motor 0.04 3.74 -3.00 10.48 ~1
Language® -1.77 -7.86 4.32 ~1
Vision 4.11 -2.69 10.90 ~1
Seizure 1.18 -1.48 3.85 ~1
School score Motor 0.06 4.08 -3.41 11.58 ~1
Language -5.60 -11.61 0.42 ~1
Vision 3.94 -4.56 12.44 ~1
Seizure® 3.22 0.01 6.43 0.944

*P-values are Holm-Bonferroni corrected; obtained from Kenward-Roger adjusted F-tests; considered statistically significant and highlighted in bold if less than 0.05.
CI, Confidence intervals are Wald type approximations.

*Random slopes for this independent variable included in model.

*Random intercepts included in model.

“Random slopes for time variable included in model.

https://doi.org/10.1371/journal.pone.0302382.t007

drives this relationship. Estimates of the regression parameter in the mixed effects models for
the ML score of the Clinical Rating Scale were larger than the 4.5-point MCID for both the
PedsQL Total score and Physical domain score [15]. This relationship could suggest that a
1-point change in the ML score provides a MCID in the PedsQL Total score and Physical
domain score, highlighting the clinical relevance of the motor and language aspects of CLN2
disease. These findings are unsurprising given that the motor and language domains are
thought to most closely reflect disease progression [8, 9].

Table 8. Results of the multivariate linear mixed effects model comparing the Motor and Language domains of the Clinical Rating Scale to the PedsQL Total score
—Study 201/202.
Dependent variable Independent variables | Marginal R> | Parameter estimate | 95% CIlower limit | 95% CI upper limit | Adjusted p-value*
PedsQL Total score® ® Motor 0.20 7.17 2.30 12.05 0.023
Language 2.41 -1.65 6.48 0.274

*P-values are Holm-Bonferroni corrected; obtained from Kenward-Roger adjusted F-tests; considered statistically significant and highlighted in bold if less than 0.05.
CI, Confidence intervals are Wald type approximations.
*Random intercepts included in model.

*Random slopes for time variable included in model.

https://doi.org/10.1371/journal.pone.0302382.t008
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By analysing the motor and language domains of the ML score separately, we hoped to
understand which of the two domains are most closely correlated to the PedsQL or if they
behave in a similar way. Results from the multivariate models suggested that the motor domain
alone may be sufficient to explain the PedsQL Total score, which is consistent with the
observed relationship between the motor domain and the PedsQL Physical domain. The lan-
guage, vision and seizure domains of the Clinical Rating Scale, however, did not show a statis-
tically significant association with the PedsQL when analysed individually in linear mixed
effects models, which may suggest the PedsQL is not able to capture the full impact of CLN2
disease on patients’ QoL. As previously noted, the loss of vision at later stages of the disease is
likely to be in part contributing to the lack of a relationship between the vision domain and the
PedsQL, as by these later stages, the PedsQL score is already low meaning further changes are
likely to be minimal [7, 9]. In addition, there are a number of challenges associated with mea-
suring seizures, for example, the impact of anti-epileptic drugs, that may make identifying a
relationship between the seizure domain and the PedsQL more challenging. Furthermore, the
seizure domain of the Clinical Rating Scale only captures generalised tonic-clonic (grand mal)
seizures; however, it is known that highly variable seizure patterns, consisting of multiple sei-
zure types including myoclonic, tonic, atonic, absence, as well as tonic-clonic seizures, are
observed over the course of CLN2 disease [6, 7]. These other seizure types can either directly
or indirectly impact QoL of patients; for example, myoclonus is known to contribute to sleep
disturbance and reduce QoL for both patients and their families [4, 22]. These results therefore
may indicate the need for a disease-specific QoL measure that is better able to capture the
highly varied emotional and psychological effects of CLN2 disease and allow a more compre-
hensive understanding of patients’ QoL. Such a disease-specific measure may be better able to
capture the QoL impact of, for example, the introduction of a feeding tube, which is often
required in more advanced stages of this disease [4].

Limitations

Analyses presented in this report were not predefined before the start of Study 201/202 and
therefore should be considered exploratory only. Furthermore, Study 201/202 was not pow-
ered for the comparisons featured in this report and, therefore, results presented cannot pro-
vide definitive evidence against hypotheses and should only be used to inform further analysis.
As such, these results should be interpreted with care. As with many studies investigating rare
diseases, results from statistical significance testing may not have been robust due to the small
amount of data available in many of the analyses.

The large number of tests used in this study also meant that a number of standard assump-
tions associated with regression analyses were not thoroughly tested. Standard assumptions
included a linear relationship between variables of interest, independence and homoscedastic-
ity. However, visual inspection of residual plots across all models indicated no violation of
these assumptions (results not shown). An additional assumption for all the regression analy-
ses that were performed was that the relationship between the independent and dependent
variable does not change over time (study week). When acting as dependent variables, Clinical
Rating Scale (Total score) and PedsQL (Total and domain scores), were treated as continuous
variables.

For multicollinearity analyses, it was assumed that any multicollinearity between the
domains remained constant over time and normality was assumed. It must also be noted that
for the multicollinearity analyses, which used data where multiple observations were taken on
a single patient, the independent errors assumption was violated. Furthermore, due to there
being only one score of zero in the vision domain for Study 201/202, the vision domain was

PLOS ONE | https://doi.org/10.1371/journal.pone.0302382 May 22, 2024 11/14


https://doi.org/10.1371/journal.pone.0302382

PLOS ONE

CLN2 Clinical Rating Scale versus PedsQL

highly correlated with the intercept in the regression analyses giving uninformative large con-
dition indices. Hence, condition indices for models without the intercept were calculated
when the vision domain was included in the analysis.

As previously mentioned, the PedsQL has not been fully validated specifically in this popu-
lation of patients with CLN2 disease. It should also be noted that the use of the parent-reported
proxy version of the PedsQL and the clinician-reported Clinical Rating Scale may result in dif-
fering perspectives on patient functioning between the respective completers of each assess-
ment. Please see the S1 File for further information on study limitations.

Conclusions

This study provides evidence to suggest that each domain of the Clinical Rating Scale provides
unique information on disease state and patient functioning. Both the ML score and Total
score of the Clinical Rating Scale exhibit a relationship with the PedsQL, a generic QoL mea-
sure that has yet to be specifically validated in CLN2 disease. The relationship appears to be
driven by the motor domain of the Clinical Rating Scale and the Physical domain of the
PedsQL. These findings suggest that motor function is a driver of patients’ QoL. The lack of
association between the individual language, vision and seizure domains of the Clinical Rating
Scale and the PedsQL, suggests that in addition to the PedsQL there may be a need for a more
sensitive, disease-specific measure in patients with CLN2 disease to highlight other aspects of
QoL not captured by the PedsQL.

Supporting information

S1 File. Statistical limitations.
(DOCX)

Acknowledgments

The authors thank the patients and their caregivers in addition to the investigators and their
teams who contributed to this study. The authors also acknowledge Bryony Langford, MSc
and Chris McDonald, PhD, who worked at Costello Medical, UK at the time of the study, for
statistical analysis support. Medical writing and editorial assistance in preparing this manu-
script for publication was provided by Costello Medical, UK, based on the authors’ input and
direction. The authors acknowledge Eleanor Thurtle, MChem, Costello Medical, Cambridge,
for writing and editorial assistance. PedsQL™, Copyright © 1998 JW Varni, Ph.D. All rights
reserved. PedsQL™ contact information and permission to use: Mapi Research Trust, Lyon,
France—Internet: https://eprovide.mapi-trust.org and www.pedsql.org.

Author Contributions

Conceptualization: Andrew Olaye, Annabel Griffiths, Thomas Butt.
Formal analysis: Tristan Curteis.

Validation: Peter Slasor.

Writing - original draft: Tristan Curteis, Annabel Griffiths.

Writing - review & editing: Nicola Specchio, Paul Gissen, Emily de los Reyes, Andrew Olaye,
Charlotte Camp, Annabel Griffiths, Thomas Butt, Jessica Cohen-Pfeffer, Peter Slasor,
Zlatko Sisic, Mohit Jain, Angela Schulz.

PLOS ONE | https://doi.org/10.1371/journal.pone.0302382 May 22, 2024 12/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0302382.s001
https://eprovide.mapi-trust.org/
http://www.pedsql.org/
https://doi.org/10.1371/journal.pone.0302382

PLOS ONE

CLN2 Clinical Rating Scale versus PedsQL

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

Worgall S, Kekatpure MV, Heier L, Ballon D, Dyke JP, Shungu D, et al. Neurological deterioration in late
infantile neuronal ceroid lipofuscinosis. Neurology. 2007; 69(6):521-35. https://doi.org/10.1212/01.wnl.
0000267885.47092.40 PMID: 17679671

Moore SJ, Buckley DJ, MacMillan A, Marshall HD, Steele L, Ray PN, et al. The clinical and genetic epi-
demiology of neuronal ceroid lipofuscinosis in Newfoundland. Clin Genet. 2008; 74(3):213-22. https:/
doi.org/10.1111/j.1399-0004.2008.01054.x PMID: 18684116

Junaid M, Brooks S, Pullarkat R. Specific substrate for CLN2 protease/tripeptidyl-peptidase | assay.
Eur J Paediatr Neurol. 2001; 5:63-8. https://doi.org/10.1053/ejpn.2000.0437 PMID: 11589010

Williams RE, Adams HR, Blohm M, Cohen-Pfeffer JL, de los Reyes E, Denecke J, et al. Management
Strategies for CLN2 Disease. Pediatr Neurol. 2017; 69:102—12. https://doi.org/10.1016/j.pediatrneurol.
2017.01.034 PMID: 28335910

Fietz M, AlSayed M, Burke D, Cohen-Pfeffer J, Cooper JD, Dvorakova L, et al. Diagnosis of neuronal
ceroid lipofuscinosis type 2 (CLN2 disease): Expert recommendations for early detection and laboratory
diagnosis. Mol Genet Metab. 2016; 119(1):160-7. https://doi.org/10.1016/j.ymgme.2016.07.011 PMID:
27553878

Steinfeld R, Heim P, von Gregory H, Meyer K, Ullrich K, Goebel H, et al. Late infantile neuronal ceroid
lipofuscinosis: quantitative description of the clinical course in patients with CLN2 mutations. Am J Med
Genet. 2002; 112(4):347-54. https://doi.org/10.1002/ajmg.10660 PMID: 12376936

Nickel M, Simonati A, Jacoby D, Lezius S, Kilian D, Van de Graaf B, et al. Disease characteristics and
progression in patients with late-infantile neuronal ceroid lipofuscinosis type 2 (CLN2) disease: an
observational cohort study. The Lancet Child & adolescent health. 2018; 2(8):582-90. https://doi.org/
10.1016/S2352-4642(18)30179-2 PMID: 30119717

Wyrwich KW, Schulz A, Nickel M, Slasor P, Ajayi T, Jacoby DR, et al. An Adapted Clinical Measurement
Tool for the Key Symptoms of CLN2 Disease. J Inborn Errors Metab. 2018; 6:2326409818788382.

Schulz A, Ajayi T, Specchio N, de Los Reyes E, Gissen P, Ballon D, et al. Study of Intraventricular Cerli-
ponase Alfa for CLN2 Disease. The New England journal of medicine. 2018; 378(20):1898-907. hitps://
doi.org/10.1056/NEJMoa1712649 PMID: 29688815

Schulz A, Specchio N, Gissen P, de los Reyes E, Cahan H, Slasor P, et al. Persistent treatment effect
of cerliponase alfa in children with CLN2 disease: A 3 year update from an ongoing multicenter exten-
sion study. Mol Genet Metab. 2019; 126(2):S133.

ClinicalTrials.gov. A Phase 1/2 Open-Label Dose-Escalation Study to Evaluate Safety, Tolerability,
Pharmacokinetics, and Efficacy of Intracerebroventricular BMN 190 in Patients With Late-Infantile Neu-
ronal Ceroid Lipofuscinosis (CLN2) Disease, 2016. https://clinicaltrials.gov/ct2/show/NCT019070877
cond=cln2&rank=2. (Last accessed February 2018).

European Medicines Agency. Brineura, cerliponase alfa—Summary of product characteristics,
2017. https://www.ema.europa.eu/en/medicines/human/EPAR/brineura (Last accessed February
2018).

U.S. Food & Drug Administration (FDA). Drugs @ FDA: FDA Approved Drug Products—Biologic License
Application (BLA): 761052, 2019. https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=
BasicSearch.process. (Last accessed October 2019).

Mapi Research Trust. Scaling and Scoring of the Pediatric Quality of Life Inventory PedsQL, 2017.
http://www.pedsgl.org/PedsQL-Scoring.pdf. (Last accessed February 2017).

Varni JW, Burwinkle TM, Seid M. The PedsQL™ as a pediatric patient-reported outcome: reliability
and validity of the PedsQL ™ Measurement Model in 25,000 children. Expert Rev Pharmacoeco-
nomics Outcomes Res. 2005; 5(6):705—-19. https://doi.org/10.1586/14737167.5.6.705 PMID:
19807613

Varni J, Burwinkle T, Seid M, Skarr D. The PedsQL 4.0 as a pediatric population health measure: Feasi-
bility, reliability, and validity. Ambul Pediatr. 2003; 3:329-41. https://doi.org/10.1367/1539-4409(2003)
003<0329:tpaapp>2.0.co;2 PMID: 14616041

Varni JW, Seid M, Knight TS, Uzark K, Szer IS. The PedsQL 4.0 Generic Core Scales: sensitivity,

responsiveness, and impact on clinical decision-making. Journal of behavioral medicine. 2002; 25
(2):175-93. https://doi.org/10.1023/a:1014836921812 PMID: 11977437

Varni JW, Seid M, Rode CA. The PedsQL: measurement model for the pediatric quality of life inventory.
Medical care. 1999; 37(2):126—-39. https://doi.org/10.1097/00005650-199902000-00003 PMID:
10024117

Varni JW. PedsQL™ Administration Guidelines, 1998. https://www.pedsqgl.org/PedsQLguidelines.doc.
(Last accessed February 2018).

PLOS ONE | https://doi.org/10.1371/journal.pone.0302382 May 22, 2024 13/14


https://doi.org/10.1212/01.wnl.0000267885.47092.40
https://doi.org/10.1212/01.wnl.0000267885.47092.40
http://www.ncbi.nlm.nih.gov/pubmed/17679671
https://doi.org/10.1111/j.1399-0004.2008.01054.x
https://doi.org/10.1111/j.1399-0004.2008.01054.x
http://www.ncbi.nlm.nih.gov/pubmed/18684116
https://doi.org/10.1053/ejpn.2000.0437
http://www.ncbi.nlm.nih.gov/pubmed/11589010
https://doi.org/10.1016/j.pediatrneurol.2017.01.034
https://doi.org/10.1016/j.pediatrneurol.2017.01.034
http://www.ncbi.nlm.nih.gov/pubmed/28335910
https://doi.org/10.1016/j.ymgme.2016.07.011
http://www.ncbi.nlm.nih.gov/pubmed/27553878
https://doi.org/10.1002/ajmg.10660
http://www.ncbi.nlm.nih.gov/pubmed/12376936
https://doi.org/10.1016/S2352-4642%2818%2930179-2
https://doi.org/10.1016/S2352-4642%2818%2930179-2
http://www.ncbi.nlm.nih.gov/pubmed/30119717
https://doi.org/10.1056/NEJMoa1712649
https://doi.org/10.1056/NEJMoa1712649
http://www.ncbi.nlm.nih.gov/pubmed/29688815
https://clinicaltrials.gov/ct2/show/NCT01907087?cond=cln2&rank=2
https://clinicaltrials.gov/ct2/show/NCT01907087?cond=cln2&rank=2
https://www.ema.europa.eu/en/medicines/human/EPAR/brineura
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=BasicSearch.process
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=BasicSearch.process
http://www.pedsql.org/PedsQL-Scoring.pdf
https://doi.org/10.1586/14737167.5.6.705
http://www.ncbi.nlm.nih.gov/pubmed/19807613
https://doi.org/10.1367/1539-4409%282003%29003%26lt%3B0329%3Atpaapp%26gt%3B2.0.co%3B2
https://doi.org/10.1367/1539-4409%282003%29003%26lt%3B0329%3Atpaapp%26gt%3B2.0.co%3B2
http://www.ncbi.nlm.nih.gov/pubmed/14616041
https://doi.org/10.1023/a%3A1014836921812
http://www.ncbi.nlm.nih.gov/pubmed/11977437
https://doi.org/10.1097/00005650-199902000-00003
http://www.ncbi.nlm.nih.gov/pubmed/10024117
https://www.pedsql.org/PedsQLguidelines.doc
https://doi.org/10.1371/journal.pone.0302382

PLOS ONE CLN2 Clinical Rating Scale versus PedsQL

20. Friendly M, Kwan E. Where’s Waldo? Visualizing Collinearity Diagnostics. The American Statistician.
2009; 63(1):56—65.

21. R Core Team. R: A language and environment for statistical computing, 2017. R Foundation for Statisti-
cal Computing, Vienna, Austria. https://www.R-project.org/.

22. Lehwald LM, Pappa R, Steward S, de Los Reyes E. Neuronal Ceroid Lipofuscinosis and Associated
Sleep Abnormalities. Pediatr Neurol. 2016; 59:30-5. https://doi.org/10.1016/j.pediatrneurol.2016.02.
009 PMID: 27105763

PLOS ONE | https://doi.org/10.1371/journal.pone.0302382 May 22, 2024 14/14


https://www.R-project.org/
https://doi.org/10.1016/j.pediatrneurol.2016.02.009
https://doi.org/10.1016/j.pediatrneurol.2016.02.009
http://www.ncbi.nlm.nih.gov/pubmed/27105763
https://doi.org/10.1371/journal.pone.0302382

