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1. EXECUTIVE SUMMARY 
 
The Applicant is seeking marketing approval of cerliponase alfa, a recombinant human 
tripeptidyl peptidase 1 (rhTPP1), as an enzyme replacement therapy (ERT) for the treatment of 
patients with neuronal ceroid lipofuscinosis type 2 (CLN2).  CLN2 is a rare, rapidly progressing, 
irreversible neurodegenerative disease that is characterized by the deficiency of TPP1 resulted 
from mutations in the TPP1 gene.  The incidence of CLN2 is approximately 0.5 per 100,000 
births in US.  Currently, there is no approved product for the treatment of CLN2.  The 
Applicant’s proposed dosing regimen of cerliponase alfa is 300 mg every other week (Q2W) 
delivered via the intracerebroventricular (ICV) infusion over approximately 4 hours. 
 
The Applicant evaluated the 300 mg ICV Q2W dosing regimen in an open-label, dose escalation 
Phase 1/2 study and submitted historical control data in untreated subjects in Study 1901-901. 
 
The Agency’s independent evaluations of the efficacy can be found in the discipline reviews by 
the Statistics review team and the Clinical review team.  This Clinical Pharmacology review will 
present the evaluations of clinical pharmacokinetics (PK) of cerliponase alfa, TPP1 genotype 
evaluation for facilitating efficacy assessment, and exploratory analysis of the exposure-response 
(E-R) of efficacy and safety.   

1.1 Recommendations 
 
From a clinical pharmacology perspective, information submitted to support this BLA is 
acceptable to support the product labeling.  However, the clinical pharmacology data in the BLA 
are not sufficient to provide supportive evidence of effectiveness.  See Clinical Review for the 
evidence of effectiveness assessments.  
 
The key review findings with specific recommendations/comments are summarized below: 
 

Review Issue Recommendations and Comments 

Pivotal or supportive evidence 
of effectiveness 

Comparison of CLN2 scores between cerliponase alfa treated 
subjects and untreated historical control subjects serves as 
pivotal evidence of effectiveness (see Clinical Review for 
details). 
 
Evidence of exposure-response relationship for effectiveness 
could not be established given the limitations in the available 
study data. 

General dosing instructions The proposed dosing regimen of 300 mg Q2W administered 
via ICV infusion over approximately 4 hours was the dose 
regimen evaluated in Study 190-201/202.  A demonstration of 
effectiveness as determined by the Clinical review team would 
support the appropriateness of the dosing regimen because the 
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clinical pharmacology data were unable to form supportive 
evidence of the effectiveness.  

Dosing in patient subgroups 
(intrinsic and extrinsic 
factors) 

No dose individualization is recommended because no 
intrinsic or extrinsic factors have been identified to have an 
impact on cerliponase alfa exposure.    

Immunogenicity The assessment of the impact of immunogenicity on PK, 
efficacy, and safety is inconclusive because of the small 
number of subjects, the measurement of total concentration by 
the PK assay, high inter- and intra-subject PK variability, and 
lack of a sensitive neutralizing antibodies (NAb) assay for 
detecting the capacity to inhibit cellular uptake of cerliponase 
alfa.      

Bridge between the to-be-
marketed and clinical trial 
formulations 

Not applicable.  The to-be-marketed formulation was used in 
the clinical trial. 

Labeling  The review team recommends revision of Section 12.3 
Pharmacokinetics in the labeling (See Section 2.4 below) 

1.2 Post-Marketing Requirements and Commitments 
 

The Clinical Pharmacology review team recommends the following Post-Marketing 
Requirement (PMR) and Post-Marketing Commitment (PMC) studies. 
 
PMC or 
PMR 

Key Issue(s) to 
be Addressed 

Rationale Key Considerations for Design Features 

PMR Impact of 
immunogenicity 
on PK, efficacy, 
and safety 

Neutralizing 
antibody (NAb) 
assay has low 
sensitivity.  
  
Insufficient 
number of 
subjects for 
immunogenicity 
impact 
assessment 

Conduct an immunogenicity study to evaluate the 
relationship between Brineura (cerliponase alfa) 
treatment and neutralizing antibody status.  ADA-
positive serum and CSF samples detected in Studies 
190-901 and 190-202 will be re-tested with validated 
neutralizing antibody assays for enzyme neutralization 
and cellular uptake (per PMR 2307-3 and PMR 2307-2, 
respectively), and patient serum and CSF samples will 
be collected and analyzed for immunogenicity 
assessment in Study 190-203. 

PMC Impact of 
genotype based 
on predicted 
protein function 
on efficacy and 
safety 

Limited sample 
size in the BLA 
for the analyses 

For patients in Studies 190-203 and 190-501, obtain a 
blood sample prior to cerliponase alfa treatment to 
determine TPP1 enzyme activity at baseline and collect 
the TPP1 genotype information.  Evaluate the 
association of enzyme activity with efficacy and safety 
data from PMR 3207-1 and PMR 3207-5.  Derive the 
predicted protein function from the TPP1 genotype for 
each patient, and compare efficacy and safety in patients 
with different TPP1 genotypes based on their predicted 
protein function.  In addition, perform similar analyses 
using a combined dataset from 4 clinical studies, 
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including Studies 190-203, 190-501, 190-201 and 190-
202 

2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT 

2.1 Pharmacology, Clinical Pharmacokinetics, and Immunogenicity  
 
Mechanism of Action 
 
CLN2 is caused by mutations in the TPP1 gene leading to deficiency of the lysosomal enzyme 
tripeptidyl peptidase-1 (TPP1), which catabolizes polypeptides.  Deficiency in TPP1 activity in 
the central nervous system (CNS) results in the accumulation of lysosomal storage materials 
normally metabolized by this enzyme in CNS, resulting in neurodegeneration, loss of 
neurological function and ultimately death.   
 
Cerliponase alfa (rhTTP1), an inactive pro-enzyme, is taken up by target cells in the CNS and is 
translocated to the lysosomes through the cation independent mannose-6-phosphate receptor (CI-
MPR, also known as M6P/IGF2 receptor).  Cerliponase alfa is activated in the lysosome and the 
activated proteolytic form of rhTPP1 cleaves tripeptides from the N-terminus of proteins.  TPP1 
has no known substrate specificity. 
 
Cerliponase Alfa PK  
 
Following the initial single dose ICV administration, cerliponase alfa CSF exposure increased 
less than dose-proportionally across the dose range of 30 mg, 100 mg, and 300 mg.  On the other 
hand, dose proportionality cannot be assessed for plasma exposure because of insufficient 
plasma PK data at 30 mg and 100 mg.  Cerliponase alfa PK in CSF and in plasma both exhibited 
high inter- and intra-subject variability, and the peak concentrations were three orders of 
magnitude lower in plasma than in CSF.   
 
Single and multiple dose PK data suggested no apparent accumulation of cerliponase alfa PK 
with ICV administration of 300 mg Q2W. 
 
The CSF cerliponase alfa PK characteristics are summarized below.  Plasma PK parameter 
values for half-life, volume of distribution, and clearance were not available due to insufficient 
quantifiable samples during the elimination phase of the concentration-time profile in most 
patients. 
 
Distribution: The median CSF volume of distribution estimates ranged from 186 to 245 mL 
across three study visits over 13 weeks after treatment with 300 mg dose Q2W. 
 
Metabolism: Upon uptake into the lysosome via CI-M6PR, the pro-enzyme cerliponase alfa is 
cleaved in the acidic environment to yield the active enzyme.  The putative catabolism of 
cerliponase alfa is via peptide hydrolysis. 
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Elimination: In subjects who received 300 mg of cerliponase alfa Q2W and had CSF PK 
characterized at three study visits over 13 weeks, the median CSF clearance of cerliponase alfa 
from the three study visits was from 24.2 to 32.3 mL/h, with a range of 11.4 – 81.9 mL/h.  The 
median half-life was approximately 7 hours across three study visits over 13 weeks.   
 
Immunogenicity 
 
The incidence of immunogenicity was 33.3% (8/24) in CSF and 79% (19/24) in serum after 
cerliponase alfa treatment up to 129 weeks.  No patients were tested positive for neutralizing 
antibodies (NAb) in the CSF, but the NAb assay was not sensitive.  The NAb assay was for 
detecting the capacity to inhibit cellular uptake of cerliponase alfa. 
 
Given the small sample size, measurement of total cerliponase alfa by the PK assay, high inter- 
and intra-subject variability in PK, and the lack of a sensitive NAb assay, the assessment of the 
impact of immunogenicity on PK and efficacy is inconclusive.   
 
A lower incidence (25%) of treatment related hypersensitivity reactions was observed in subjects 
who had at least three consecutive serum samples with ADA titer > 10000 compared to subjects 
who had no or low serum ADA titer (50%).  The reason for this unexpected finding is unknown.     

2.2 Dosing and Therapeutic Individualization 

2.2.1 General dosing 
 
The Applicant’s proposed cerliponase alfa dosing regimen for the treatment of CLN2 is 300 mg 
Q2W via ICV infusion over approximately 4 hours.  The proposed dosing regimen was evaluated 
in an open-label, dose escalation Phase 1/2 study 190-201/202 and was selected based on the 
allometric scaling of juvenile dachshund dog brain mass to human brain mass and a half-life of 
11.5 day in TPP1-deficient human fibroblasts.   
 
A demonstration of effectiveness as determined by the Clinical review team would support the 
appropriateness of the dosing regimen.  See Clinical review for details on the efficacy 
assessment based on the comparison of CLN2 scores between cerliponase alfa treated subjects in 
Study 190-201/202 and untreated historical control subjects (in Study 190-901).  Exposure-
response relationships for efficacy and safety have not been established to support 300 mg ICV 
Q2W or an alternative dosing regimen (see Appendix 4.3).  

2.2.2 Therapeutic individualization 
 
Therapeutic individualization is not recommended because no intrinsic or extrinsic factors have 
been identified to have an impact on cerliponase alfa PK. 

2.3 Outstanding Issues 
 
The impact of immunogenicity on PK and efficacy was inconclusive because the NAb assay was 
not sensitive and the sample size was too small, further evaluation of the impact of 
immunogenicity on PK, efficacy, and safety and benefit-risk assessment with a newly validated 
NAb assay in a larger population is warranted.   
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and 12 of the 24 patients were enrolled in Germany and United Kingdom at the time of the 
original IND submission.  On February 20, 2015, the Applicant submitted an open label 
extension study protocol 190-202 to evaluate the long-term efficacy and safety of cerliponase 
alfa in patients who completed the 190-201 study.  
 
In 2015, the Applicant submitted two separate requests for Breakthrough Therapy Designation 
for cerliponase alfa, one on February 27 and one on July 1.  The designation was denied for the 
first submission and subsequently granted for the second submission on August 27. 
 
Between February and August 2015, multiple meetings were held between the Agency and the 
Applicant to discuss the suitability and appropriateness of study 190-901 data to serve as 
historical control for study 190-201 and, in particular, the comparability of instruments used for 
CLN2 score evaluation in study 190-201 and the 190-901 analysis.  These two issues remain to 
be the major issues during the BLA review.   
 
Important Correspondence During the Review Cycle   
 
In the original BLA, the Applicant submitted efficacy and safety data from the completed study 
190-201 and the ongoing study 190-202, as well as results from study 190-901 which serve as 
the historic control data for study 190-201/202.   
 
Study 190-201/202 
 
The submission includes data collected as of study completion date of 190-201 (November 30, 
2015) or up to the data cutoff date for 190-202 (October 15, 2015).  A total of 24 subjects were 
exposed to cerliponase alfa treatment, of which 23 subjects received at least 48 weeks of 
treatment.   
 
On July 20, 2016, The Agency requested the Applicant to provide updated efficacy data up to 84 
weeks by including data for an additional of nine months using a data-cut of July 2016.  On 
August 29, 2016, the Applicant submitted a major amendment to the application which provided 
updated efficacy and safety data up to a total of 72 weeks with the July, 2016 data-cut.   
 
On March 24, 2017, the Applicant submitted additional efficacy data up to a total of 96 weeks 
(SDN 117). 
 
Study 190-901 
 
There are two initial analyses of the 190-901 study data in the original BLA.  The original 
analysis (dated June 30, 2015) included 29 patients from a database in Hamburg, Germany.  The 
supplemental analysis (dated May 3, 2016) included a total of 41 evaluable patients (33 from 
Hamburg, Germany and 8 from Verona, Italy) from a database put together by a clinical 
consortium (DEM-CHILD); 26 of the 41 patients were included from the original Hamburg 
analysis. 
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On July 27, 2016 (SDN 9), the Applicant informed the Agency that Quality Control check of the 
data in 2015 from 33 children originating from Hamburg, Germany revealed several 
discrepancies (i.e., incorrect data entry, missing scores) between source documents and the 
database, and the data analyses submitted in the original BLA were incorrect (see Applicant’s 
response to IR from August 8, 2016; SDN 13 on August 12, 2016).  Subsequently, the Applicant 
submitted an updated 190-901 dataset of 69 subjects, of which 42 evaluable subjects were 
determined by the review team to be the historical controls for the final efficacy evaluation of 
cerliponase alfa in Study 190-201/202. 
 
Center Director (CD) Briefings During the Review Cycle 
 
Two CD briefings were held to discuss the BLA review, one on December 15, 2016 and one on 
January 27, 2017.   The conclusion of the second CD meeting was that the data submitted up to 
72 weeks looked encouraging but were not adequate to support substantial effectiveness of 
treatment with cerliponase alfa on CLN2.  Efficacy and safety data for treatment duration longer 
than 72 weeks would be needed. 
 
A third CD briefing is scheduled for April 18, 2017.  

3.2 General Pharmacology and Pharmacokinetic Characteristics 
 
Pharmacology 
 
In the absence of TPP1, lysosomal storage materials normally metabolized by this enzyme 
accumulate in organs of patients with CLN2; accumulation in the CNS leads to the 
neurodegenerative symptoms and, ultimately, death.  Cerliponase alfa administered via ICV is 
expected to restore TPP1 enzyme activity in the CNS, catabolize the lysosomal storage materials, 
and attenuate the progression of CLN2 disease.  
 
CSF and Plasma PK 
 
Cerliponase alfa PK data summarized below are based on total cerliponase alfa concentrations in 
CSF and in plasma. The bioanalytical assays for determination of cerliponase alfa concentration 
is a ligand-binding assay in which a high pH solution was used to dissociate cerliponase alfa 
from ADA that may have been present.  Therefore, the PK assay measures total cerliponase alfa 
concentrations. 
 
Following single and multiple ICV dose administration of cerliponase alfa, CSF concentrations 
peaked at 15 minutes post-infusion (first PK sampling timepoint) and declined in a biphasic 
manner with a median half-life of approximately 7 hours.  Plasma concentrations peaked at 
approximately 12 hours after the end of the infusion and declined in a bi-exponential manner.  
The half-life, volume of distribution, and clearance values in plasma could not be estimated in 11 
out of 12 patients because of insufficient samples with quantifiable concentrations during the 
terminal phase of the plasma concentration-time profile.  Cerliponase alfa peak concentrations 
were approximately three orders of magnitude lower in plasma than in CSF.     
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Cerliponase alfa CSF exposure following the initial single dose ICV administration increased 
less than proportionally across the doses evaluated namely 30 mg, 100 mg, and 300 mg.  Median 
CSF maximal concentration (Cmax) and area under the concentration vs. time curve from zero to 
infinity (AUC0-∞) increased 6.83-fold and 5.13-fold, respectively from 30 mg to 300 mg.  Dose 
proportionality cannot be assessed for plasma exposure because of insufficient plasma PK data at 
the 30 mg and 100 mg doses. 
 
Single and multiple dose CSF and plasma PK data suggested no apparent accumulation of 
cerliponase alfa PK with ICV administration of 300 mg Q2W.  
 
There was no apparent correlation of Cmax or AUC0-t in CSF and those in plasma following ICV 
administration.  Based on data from the small number of subjects, there is no apparent effect of 
patient baseline sex, age, race, body weight, and body mass index (BMI) on cerliponase alfa PK 
in CSF or in plasma.  
 
There was high inter-subject and intra-subject variability in cerliponase alfa PK.  Cerliponase 
alfa PK characteristics at the 300 mg are summarized as below.  Because plasma PK parameter 
values for half-life, volume of distribution, and clearance were not available in most patients, 
only these PK parameter values in CSF are presented.  
 
Distribution: The median volume of distribution estimates in CSF ranged from 186 to 245 mL 
across three study visit periods at the 300 mg dose level, with a range of 78.4 to 909 mL across 
all study visits.   
 
Metabolism: Upon uptake into the lysosome via CI-M6PR, the pro-enzyme cerliponase alfa is 
cleaved in the acidic environment to yield the active enzyme.  The putative catabolism of 
cerliponase alfa is via peptide hydrolysis. 
 
Elimination: At the 300 mg dose level, the median clearance estimates in CSF ranged from 24.2 
to 32.3 mL/h across three study visit periods, with a range of 11.4 to 81.9 mL/h across all study 
visits.  The median half-life ranged from 6.15 to 7.65 h across three study visit periods, with a 
range of 3.33 – 16.3 h across all study visits.  
 
Immunogenicity 
 
The incidence of immunogenicity was 33.3% (8/24) in CSF and 79% (19/24) in serum.  No 
patients were tested positive for NAb in CSF samples, but the NAb assay was insensitive.   
 
The assessment of the impact of immunogenicity on PK, efficacy, and safety is inconclusive, due 
to the limited number of subjects, measurement of total cerliponase alfa concentration by the PK 
assay, the high inter- and intra-subject variability in PK, and the lack of a sensitive NAb assay. 
 
Cerliponase alfa CSF exposure was highly variable across subjects and within-subjects at three 
occasions of PK assessments, namely Day 1, Week 5, and Week 13, making the assessment of 
the impact of immunogenicity on PK inconclusive.  There appeared to be a lower incidence 
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(25%) of hypersensitivity reactions in subjects who had at least three consecutive serum samples 
with ADA titer > 10000 compared to subjects who had no or low serum ADA titer (50%).   

3.3 Clinical Pharmacology Review Questions 

3.3.1 To what extent does the available clinical pharmacology information provide pivotal or 
supportive evidence of effectiveness? 
 
Clinical pharmacology data were unable to provide supportive evidence of effectiveness for 
cerliponase alpha for the treatment of patients with CLN2. The review team conducted graphical 
evaluations of exposure-response for efficacy which did not reveal any apparent correlation 
between CSF or plasma concentrations and drug effect at the studied dose of 300 mg.     
 
The Clinical Pharmacology Review team has identified a potential limitation of using data from 
Study 190-901 as historical control for efficacy assessment.  One key distinction between the 
two studies is that the patients in Study 190-901 progressed completely to a CLN2 motor score 
of zero, whereas patients in Study 190-201/202 did not progress to a CLN2 score of zero.  For 
further details, see the disease progression analysis in Appendix 4.3.  The difference in CLN2 
time course of motor score is likely due to the limited duration of CLN2 motor score assessment 
in cerliponase alfa treated patients in Study 190-201/202, up to 160 weeks, compared to the 
much longer duration of assessment for Study 190-901, up to 17.3 years.   
 
Seven of the 42 subjects in Study 190-901 were also enrolled in Study 190-201/202 and received 
cerliponase alfa treatment for a duration ranging from 95 weeks to 160 weeks.  While data from 
such a small number of subjects may not be sufficient to support the overall efficacy assessment, 
the graphical presentation in Figure 1 of the time course of CLN2 motor scores through both 
studies showed that the scores may have stabilized in some subjects.  Subjects 190901-HAM-
04990002, 190901-HAM-04870001, and 190-901-HAM-05370001 appear to have stabilized on 
treatment, while four of the others appear to have declined on treatment.  Data from these seven 
subjects exhibited a lack of consistency in response, and, therefore, cannot support efficacy of 
cerliponase alfa for treatment of CLN2 or a lack of efficacy of cerliponase alfa for treatment of 
CLN2. 
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Based on data from the small number of subjects in Study 190-201/202, patient’s baseline sex, 
age, race, body weight, or BMI did not affect cerliponase alfa PK. 

3.3.4 Are there clinically relevant food-drug or drug-drug interactions and what is the 
appropriate management strategy? 
 
No, clinically relevant food-drug or drug-drug interactions are not anticipated because 
cerliponase alfa is administered via ICV infusion into the CNS and, as a therapeutic protein, is 
expected to be catabolized via peptide hydrolysis.   

4. APPENDICES 

4.1 Summary of Bioanalytical Method Validation and Performance 
 
Bioanalytical Assays for the Quantitation of Cerliponase Alfa Concentrations in CSF and 
in Plasma 
 
Total cerliponase alfa (i.e., pro-enzyme) concentrations in CSF and plasma were quantitated 
using sandwich electrochemiluminescent immunoassays (ECLIAs) that specifically detected the 
non-catalytic pro-form cerliponase alfa.  Standard MesoScale Discovery (MSD) plates were 
coated with a mouse monoclonal capture antibody specific for the pro-form of TPP1.  Since 
cerliponase alfa auto-catalytically cleaves itself under acidic conditions, a high pH solution was 
used to dissociate cerliponase alfa from ADA that may have been present.  The pH was then 
neutralized prior to transfer to the coated plate.  The bound cerliponase alfa was then detected 
and quantified using a biotin-labeled anti-cerliponase alfa mouse monoclonal antibody and 
Sulfo-TAG streptavidin.   
 
The performance of the CSF and plasma cerliponase alfa assays is summarized in Table 1 and is 
acceptable. 
 
Assays for the Detection of Anti-Cerliponase Alfa Antibodies 
 
The Applicant has developed and validated four ADA assays to detect anti-cerliponase alfa 
antibodies in CSF and/or serum, namely total antidrug antibodies in CSF, total antidrug antibodies in 
serum, antidrug IgE antibodies in serum, and neutralizing antibodies in CSF capable of inhibiting the 
cellular uptake of cerliponase alfa.  A summary of the selected assay performance characteristics 
are presented in Table 2.  The Immunogenicity reviewer found the total anti-cerliponase alfa 
antibodies (TAb) and the anti-cerliponase alfa IgE antibodies assays to be sensitive, but 
sensitivity of the NAb assay for detecting the capability of inhibiting the cellular uptake of 
cerliponase alfa is not adequate.  Please refer to the Immunogenicity Review by Dr. Frederick 
Mills for detailed assay description and performance characteristics. 
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4.2 Clinical PK Assessment 
 
Definition of PK Assessment Periods 
 
Study 190-201 consisted of two parts: Dose Escalation period and Stable Dose period.  The Dose 
Escalation period included three dose cohorts (30 mg, 100 mg, and 300 mg).  Subjects started in 
the 30 mg (n = 3) and 100 mg dose (n = 3) cohorts were dose-escalated to higher dose levels up 
to the 300 mg dose once the lower doses were deemed to be safe.  Subjects in cohort 3 received 
300 mg (n= 4) directly; one subject withdrew consent following a single dose of cerliponase alfa.  
When the Dose Escalation period was completed, all Dose Escalation patients entered the Stable 
Dose period.   
 
Fourteen additional patients were enrolled directly into the Stable Dose period, where they were 
administered cerliponase alfa 300 mg Q2W for at least 48 weeks.  
 
All subjects had PK assessments performed at Day 1, Week 5, and Week 13 of the Stable Dose 
period (SD Day 1, SD Week 5, and SD Week 13).  For subjects who entered directly into the 
Stable Dose period, the actual PK assessment visits were at Day 1, Week 5, and Week 13.  
However, for subjects who underwent dose escalation (i.e., cohorts 1 and 2) and cohort 3, the PK 
assessment visits did not correspond to the actual study visits at Day 1, Week 5, and Week 13.  
Therefore, the PK parameters of SD Day 1, SD Week 5, and SD Week 13 were in different time 
periods between subjects in cohorts 1 to 3 and the subjects who directly enrolled in the Stable 
Dose period.    
 
PK in CSF  
 
Single dose CSF PK profiles were available from 3 patients each who received the 30 mg and the 
100 mg dose in the Dose Escalation period, and 18 patients who received the initial dose of 300 
mg in the Dose Escalation period or the Stable Dose period.  Cerliponase alfa concentrations 
peaked at 15 minutes post-infusion (first PK sampling timepoint) and declined in a biphasic 
manner (Figure 2a).   
 
Table 3 summarizes the CSF PK parameter values resulted from the non-compartmental analysis 
(NCA).  Median Cmax and AUC0-∞ values increased less than proportional to the dose increase 
from 30 mg dose to the 300 mg dose, with median Cmax increased 6.83-fold and median AUC0-∞ 
increased 5.13-fold for the 10-fold increase in dose (Figure 3).  The lack of dose proportionality 
was attributable in part to the high exposure observed in one subject (190201-1244-1006) 
following administration of the initial dose at 100 mg, which led to the highly variable Cmax and 
AUC0-∞ values (>100% CV) at the 100 mg dose level. 
 
At the proposed dose of 300 mg, evaluation of the single and multiple dose PK of cerliponase 
alfa in CSF was conducted in 14 subjects who directly entered into the Stable Dose period.  
Comparison of the single and multiple dose PK (Figure 2b) showed no apparent accumulation of 
cerliponase alfa or time-dependence in cerliponase alfa PK in CSF (Figure 4).  CSF Cerliponase 
alfa PK parameter values following ICV administration of 300 mg dose at Day 1, Week 5, and 
Week 13 are summarized in Table 4.  

Reference ID: 4086615



22 
 

 
Table 3. CSF PK parameters following the first dose of cerliponase alfa (source: Table 
2.7.2.3.2.1.1 of Section 2.7.2 Summary of Clinical Pharmacology Studies) 

Dose 
(mg) 

Stat Tmax 
(h) 

t1/2 
(h) 

Cmax 
(ng/mL) 

AUC0-t 
(ng*h/mL) 

AUC0-∞ 
(ng*h/mL) 

Vss 
(mL) 

CL 
(mL/h) 

30 Na 3 2 3 3 2 2 2 
 Mean 5.64 11.5 221000 1600000 1810000 141 16.7 
 SD 2.12 6.61 43000 391000 204000 37.2 1.88 
 Min 4.33 6.81 186000 1180000 1660000 141 15.4 
 Median 4.50 11.5 208000 1660000 1810000 114 16.7 
 Max 8.08b 16.2 269000 1950000 1950000 167 18.0 
 CV% 37.6 57.5 19.5 24.5 11.3 26.5 11.3 
         
100 N 3 3 3 3 3 3 3 
 Mean 4.47 8.94 2320000 24000000 24000000 122 15.5 
 SD 0.0481 3.67 2880000 33500000 33500000 102 13.1 
 Min 4.42 4.79 646000 3620000 3630000 133 1.59 
 Median 4.50 10.3 665000 5740000 5740000 15.3 17.4 
 Max 4.50 11.8 5640000 62700000 62700000 218 27.6 
 CV% 1.08 41.0 124 140 140 83.3 84.3 
         
300 N 17 17 17 17 17 17 17 
 Mean 4.49 7.35 1490000 9510000 9530000 284 38.7 
 SD 0.348 2.90 942000 4130000 4140000 193 19.8 
 Min 4.25 4.13 359000 3360000 3660000 245 15.8 
 Median 4.50 6.13 1420000 9210000 9290000 78.4 32.3 
 Max 5.75c 16.3 4380000 19000000 19000000 909 81.9 
 CV% 7.76 39.4 63.1 43.4 43.5 67.8 51.3 
Notes: Tmax expressed as time since start of ~4 hour infusion.  
aλz could not be estimated for 1 patient in the 30 mg cohort and NCA parameters dependent on λz were not reported for this 
patient and not included in summary statistics.  
bThe 0.25 h post-dose assessment was not done for one patient, and Tmax for this patient is at the first sample collected at 8.08 h. 
cThe 0.25 h post-dose assessment was collected at 1.5 h post-dose for one patient, and Tmax for this patient is at 1.5 h.  
SD = standard deviation; Min = minimum; Max = maximum; CV% = percent coefficient of variation. 
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Figure 2 (a) Median CSF concentration-time profile following the initial dose 
administration of 30, 100, and 300 mg of cerliponase alfa and (b) mean ± SD CSF 
concentration-time profile of cerliponase alfa following 300 mg dose administration at Day 
1, Week 5, and Week 13 (source: Figures 2.7.2.3.2.1.1.2 and 2.7.2.3.2.2.1.1 of Section 2.7.2 
Summary of Clinical Pharmacology Studies)  

(a)             (b) 

  
 
 
Figure 3. Dose proportionality of mean PK parameters in CSF following single dose of 
cerliponase alfa (source: Figure 2.7.2.3.2.2.2.1 of Section 2.7.2 Summary of Clinical 
Pharmacology Studies) 
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Figure 4. Lack of time dependence of cerliponase alfa PK in CSF at Day 1, Week 5, and 
Week 13 following 300 mg dose every 2 week administration (source: Figure 2.7.2.3.2.2.1.2 
of Section 2.7.2 Summary of Clinical Pharmacology Studies) 

 

 
 

Table 4. CSF PK parameters following single dose and multiple doses of cerliponase alfa in 
subjects initiated with 300 mg cerliponase alfa therapy (source: Table 2.7.2.3.2.2.1.1 of 
Section 2.7.2 Summary of Clinical Pharmacology Studies) 

Visit Stat Tmax 
(h) 

t1/2 
(h) 

Cmax 
(ng/mL) 

AUC0-t 
(ng*h/mL) 

AUC0-∞ 
(ng*h/mL) 

Vss 
(mL) 

CL 
(mL/h) 

Day 1 Na 13 13 13 13 13 13 13 
 Mean 4.49 7.74 1430000 9450000 9460000 310 40.8 
 SD 0.402 3.02 1040000 4630000 4630000 213 22.2 
 Min 4.25 5.49 359000 3660000 3660000 78.4 15.8 
 Median 4.50 6.15 1260000 9290000 9290000 245 32.3 
 Max 5.75 16.3 4380000 19000000 19000000 909 81.9 
 CV% 8.97 38.9 73.0 49.0 49.0 68.7 54.5 
         
Week 5 N 14 14 14 14 14 14 14 
 Mean 4.31 7.10 1770000 13000000 13000000 214 26.8 
 SD 0.182 1.69 980000 5170000 5170000 139 12.7 
 Min 3.83 3.33 376000 4620000 4620000 85.4 11.4 
 Median 4.25 7.35 1630000 12400000 12400000 196 24.2 
 Max 4.50 9.53 4670000 26200000 26200000 665 64.9 
 CV% 4.22 23.8 55.3 39.8 39.7 65.0 47.1 
         
Week 13 N 13 13 13 13 13 13 13 
 Mean 4.30 7.34 1500000 11700000 11700000 192 27.8 
 SD 0.156 1.68 382000 3640000 3640000 41.2 8.13 
 Min 4.00 5.05 1110000 7000000 7000000 131 16.5 
 Median 4.25 7.65 1390000 10500000 10500000 186 28.7 
 Max 4.50 9.43 2340000 18200000 18200000 257 42.9 
 CV% 3.62 22.8 25.5 31.0 31.0 21.4 29.2 
aPost-dose CSF PK assessments were not collected from patient 0119-1020 on Day 1 or Week 13.  
SD = standard deviation; Min = minimum; Max = maximum; CV% = percent coefficient of variation. 
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In addition to the assessment of PK profile at Day 1, Week 5, and Week 13, trough CSF PK 
samples were assessed within 15 minutes before infusion start every 4 weeks whenever serial PK 
samples were not collected.  Twenty-one of 240 (8.75 %) of trough CSF samples were 
measurable for cerliponase alfa concentration in 10 subjects.  The median (range) concentration 
was 95.2 (20.6 – 6580) ng/mL.   
 
Since median half-life of cerliponase alfa in CSF was estimated to be 7 hours, trough 
concentrations are not expected to be detectable for a Q2W regimen.  However, further review of 
the PK data could not identify any factors attributable to the measurable trough concentrations.   
 
PK in Plasma 
 
Plasma PK profiles were not available in any subjects following the initial dose at the 30 mg 
dose level and not available in 2 out of 3 patients with an initial dose of 100 mg because plasma 
samples from these 5 subjects were stored outside of the stability range.   
 
Concentration-time profiles from the rest of the subjects showed that cerliponase alfa 
concentrations peaked at 8 – 12 hours after the end of infusion and followed a bi-exponential 
decay thereafter (Figure 5a).  Of note, peak plasma concentrations were approximately three 
orders of magnitude lower in plasma than in CSF.  Due to insufficient number of samples with 
quantifiable levels during the terminal phase of the concentration-time profile, the half-life, 
volume of distribution, and clearance values were not estimated for most patients.  Table 5 
summarizes the PK parameter values in plasma following the initial ICV dose administration of 
cerliponase alfa.     
 
Since only one subject had plasma PK parameters at the 100 mg, the dose proportionality of 
plasma PK cannot be assessed.   
 
Evaluation of the single and multiple dose cerliponase alfa PK in plasma was conducted in 14 
subjects who directly entered into the Stable Dose period.  Comparison of the single and multiple 
dose PK (Figure 5b) showed no apparent accumulation of cerliponase alfa or time-dependence in 
cerliponase alfa PK in Plasma (Figure 6).  Table 6 summarizes plasma cerliponase alfa PK 
parameter values at Day 1, Week 5, and Week 13 following ICV administration of 300 mg dose 
Q2W.   
 
 

 

 

 

 

 

 

Reference ID: 4086615



26 
 

Figure 5. Mean ± SD plasma concentration-time profile following the initial dose 
administration of 100 and 300 mg of cerliponase alfa and (b) mean ± SD plasma 
concentration-time profile of cerliponase alfa at Day 1, Week 5, and Week 13 following 300 
mg dose every 2 week administration (source: Figures 2.7.2.3.2.1.2.1 and 2.7.2.3.2.2.2.1 of 
Section 2.7.2 Summary of Clinical Pharmacology Studies)  

  
 
Table 5.  Plasma PK parameters following the first dose of cerliponase alfa (source: Table 
2.7.2.3.2.1.2.2 of Section 2.7.2 Summary of Clinical Pharmacology Studies) 

Dose 
(mg) 

Stat Tmax 
(h) 

t1/2 
(h) 

Cmax 
(ng/mL) 

AUC0-t 
(ng*h/mL) 

AUC0-∞ 
(ng*h/mL) 

Vss 
(mL) 

CL 
(mL/h) 

100 Na 1 0 1 1 0 0 0 
 Mean 24.0 NA 357 11400 NA NA NA 
 SD NC NA NC NC NA NA NA 
 Min 24.0 NA 357 11400 NA NA NA 
 Median 24.0 NA 357 11400 NA NA NA 
 Max 24.0 NA 357 11400 NA NA NA 
 CV% NC NA NC NC NA NA NA 
         
300 Na 13 1 13 13 1 1 1 
 Mean 13.7 11.8 1390 24100 14300 361000 21000 
 SD 7.90 NC 1040 23200 NC NC NC 
 Min 4.25 11.8 176 1120 14300 361000 21000 
 Median 12.0 11.8 944 11400 14300 361000 21000 
 Max 24.5 11.8 3870 69900 14300 361000 21000 
 CV% 57.6 NC 74.9 96.2 NC NC NC 
Notes: aλz could not be estimated from the plasma PK profile available in the 100 mg dose cohort and could only be estimated 
from 1 plasma PK profile available in the 300 mg dose cohort. Therefore, NCA parameters dependent on λz are only reported for 
1 patient in the 300 mg cohort. NA = not available; NC = not calculable; SD = standard deviation; Min = minimum; Max = 
maximum CV% = percent coefficient of variation.   
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Figure 6. Lack of time dependence of cerliponase alfa PK in plasma at Day 1, Week 5, and 
Week 13 following 300 mg dose every 2 week administration (source: Figure 2.7.2.3.2.2.1.2 
of Section 2.7.2 Summary of Clinical Pharmacology Studies) 

 
 

Table 6. Plasma PK parameters following single dose and multiple doses of cerliponase alfa 
in subjects initiated with 300 mg cerliponase alfa therapy (source: Table 2.7.2.3.2.2.2.2 of 
Section 2.7.2 Summary of Clinical Pharmacology Studies) 

Visit Stat Tmax 
(h) 

t1/2 
(h) 

Cmax 
(ng/mL) 

AUC0-t 
(ng*h/mL) 

AUC0-∞ 
(ng*h/mL) 

Vss 
(mL) 

CL 
(mL/h) 

Day 1 N 12 1 12 12 1 1 1 
 Mean 14.5 11.87 1430 25900 14300 361000 21000 
 SD 7.72 NC 1080 23200 NC NC NC 
 Min 4.25 11.8 176 1120 14300 361000 21000 
 Median 12.0 11.8 1280 16200 14300 361000 21000 
 Max 24.5 11.8 3870 69900 14300 361000 21000 
 CV% 53.2 NC 75.2 89.4 NC NC NC 
         
Week 5 N 12 0 12 12 0 0 0 
 Mean 13.7 NA 2400 40900 NA NA NA 
 SD 5.04 NA 1300 24300 NA NA NA 
 Min 7.50 NA 222 11100 NA NA NA 
 Median 12.0 NA 1920 40100 NA NA NA 
 Max 24.2 NA 4270 78900 NA NA NA 
 CV% 36.9 NA 54.2 59.4 NA NA NA 
         
Week 13 N 9 0 9 9 0 0 0 
 Mean 21.0 NA 1080 17000 NA NA NA 
 SD 22.1 NA 964 17500 NA NA NA 
 Min 4.25 NA 29.5 239 NA NA NA 
 Median 12.3 NA 962 9500 NA NA NA 
 Max 75.9 NA 2570 51600 NA NA NA 
 CV% 105 NA 89.2 103 NA NA NA 
Notes: λz could only be estimated from one plasma PK profile available on Day 1. N=9 on week 13 due to plasma samples not 
being collected from 1 patient and hemolysis of samples from 2 patients. SD = standard deviation; Min = minimum; Max = 
maximum; CV% = percent coefficient of variation; NA = not available; NC = not calculable. 
 
Inter- and Intra-Subject Variability of Cerliponase alfa PK in CSF and Plasma 
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frequent reason for retesting was concentration values outside the validated range of quantitation, 
i.e., above the upper limit of quantification.  Consequently, the samples were further diluted and 
re-analyzed in separate analytical runs to obtain reportable values within the limits of 
quantitation (The Applicant’s response to IR 12/14/16 on January 23, 2016, SDN 83).   
 
The Applicant’s bioanalytical approach is not consistent with the FDA Guidance Bioanalytical 
Assay Validation which recommends all study samples from a subject, in this case each PK 
profile, should be analyzed in a single run.  Nonetheless, the PK assay for measuring CSF 
samples was validated and the incurred sample reanalysis demonstrated acceptable 
reproducibility, with 65 of 89 (73.0%) CSF samples within 30% of the original result.  There 
also appeared to be no associations between the number of analytical runs and the intra-subject 
variability in CSF Cmax or AUC0-t (Figure 8).  Taken together, the current CSF concentration data 
are acceptable. 
 
Figure 8. Intra-subject variability of Cmax and AUC0-t with mean number of analytical runs 
per subject PK profile (source: the Applicant’s response to IR dated January 16, 2017; 
SDN 83 on January 23, 2017)  

 
 
The Applicant also provided the Pharmacy Manual for Study 190-201 (SDN 83 dated January 
23, 2017), which outlines the step-by-step procedures for pre-infusion CSF sampling as well as 
the flushing of the tubing, filter, ICV devise, and catheter with Intraventircular Electrolytes 
solution post-infusion.  The Manual also included the requirement of flushing of the ICV devise 
and catheter with the Intraventricular Electroyltes solution after each sampling period (serial PK 
and safety sampling).  However, no step-by-step procedures for CSF sampling post-infusion are 
included in the Pharmacy Manual.   
 
As Intraventricular Electrolytes solution was supposed to be infused for another 48 minutes (2 
mL with a rate of 2.5 mL/h) after cerlioponase alfa infusion is complete, it is unclear how the 
first post-dose CSF PK sample (15 minutes post infusion) was collected in relation to the 
Intraventricular Electrolytes infusion.  The Applicant also confirmed that a single port was used 
across all sites and patients to collect CSF samples from the reservoir of the ICV access device, 
but the total volume of sample discard varied across sites.  While there was a 1-mL CSF sample 
discard in the United Kingdom, Italy, and the United States, the site in Germany reported that 
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they did not discard any of the CSF collected.  This lack of clear instructions in CSF sample 
collection post-infusion as well as the inconsistent practice in sample discard might have 
contributed in part to the high variability in CSF PK across PK assessment periods and across 
subjects.   

4.3 Efficacy Evaluation and Exposure-Response Analyses 
 
Efficacy Evaluation  
 
The evaluation of efficacy of cerliponase alfa treatment was based on the comparison of CLN2 
scores in treated subjects in study 190-201/202 vs. untreated historical controls in study 190-901. 
 
One key distinction between two studies is that the patients in study 190-901 progressed 
completely to a CLN2 score of zero, whereas patients in study 190-201/202 did not progress to a 
CLN2 score of zero.  This was also apparent in the disease progression analysis below.  The key 
limitation of the efficacy assessment is the limited duration of CLN2 score assessment in 
cerliponase alfa treated patients in 190-201/202 compared to the much longer duration of 
assessment for study 190-901 (Figure 9).  One aspect to note is that the majority of the CLN2 
motor score profiles from 190-901 decline to a value of zero, whereas in 190-201/202 this only 
occurred for one individual.  This potentially suggests that the treatment may prevent decline to a 
value of zero.  It is possible that with a longer duration of observation for 190-201/202 that 
scores of zero would have been observed, but this cannot be concluded without further data.   
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Figure 10.  No apparent exposure-efficacy relationship for cerliponase alfa with either CSF 
of plasma AUC values using the CLN2 score motor sub-component.  The average AUC 
metric used in the plot was determined as the average of noncompartmental AUC values 
for each individual in study 190-201. 

 
The use of the slope of motor score for each individual was necessary for the exposure-response 
analysis because only one subject who had PK information met the efficacy endpoint of a two-
point drop in motor score in study 190-201.  An E-R analysis using dichotomous variable of 
responder/non-responder based on the endpoint of a 2-point drop in motor score would not have 
been informative with only 1 individual responding. 
 
E-R analyses based on language scores are not shown as the COA analysis found the language 
score to be discordant between the trainers and the recorders of studies 190-901 and 190-201.  
As such, analyses using the combined motor-language score are also not presented owing to the 
discordance of the language component.  See the medical review by Dr. Elizabeth Hart and the 
statistical review by Dr. Min Min for further discussion on the use of motor score over the 
combined score. 
 
One limitation in using the mean PK parameter values in E-R analyses is that cerliponase alfa 
AUC exhibited high intra-subject variability of 6.76 % - 85.9 % in CSF and 3.42 % - 120% in 
plasma across Day 1, Week 5, and Week 13.  The mean AUC parameter values may not be truly 
representative of the exposure, rendering the E-R analyses not informative.  Likewise, AUC 
parameter values at a specific study visit may not be representative of exposure and may not be 
useful for E-R analysis as well. 
 
See above for factors contributing to the high variability in cerliponase alfa CSF PK. 
 
Exposure-Response for Safety 
 
Hypotension is noted to be a common adverse event in subjects receiving cerliponase alfa 
infusion during the BLA review.  Hence, we evaluated the correlations of PK parameters with 

Reference ID: 4086615



33 
 

blood pressure parameters, including the % change in diastolic pressure from baseline and the 
number of hypotension episodes, during the first 24 hours after the start of the infusion from the 
same PK assessment visits.  The exposure metrics were the individual values of CSF Cmax after 
each of three study visits (i.e., Week 1, Week 5, and Week 13).  The evaluation only included six 
subjects who had appropriate blood pressure measurements using the upper arm.  Please see 
Clinical review from Dr. Elizabeth Hart for more information about the method of blood 
pressure measurement performed in Study 190-201/202. 
 
There were no correlations between cerlipoanse alfa exposure (i.e., Cmax and   AUC0-t) in 
CSF/plasma with either the median % change in diastolic blood pressure from baseline or the 
number of hypotension episodes.   

4.4 Immunogenicity Assessment  
 
ADA were detected in the CSF of 8/24 subjects (33.3%) and in the serum of 19/24 subjects 
(79%) treated with cerliponase alfa for up to 129 weeks in 190-201/202.  Of note, the incidence 
of ADA in CSF was based on the dataset (is.xpt) submitted on February 6, 2017 (SDN 91), 
which contained immunogenicity data for a treatment duration up to 96 weeks with a data cutoff 
date of November 1, 2016.  Results of NAb testing were negative in all of the ADA positive CSF 
samples, but the NAb assay is not adequately sensitive.  Testing of NAb was not performed in 
serum samples.  Please refer to the Immunogenicity review from Dr. Frederick Mills for more 
information regarding the ADA and NAb assays.   
 
Among the eight subjects who were ADA positive in CSF, four of them had sustained high ADA 
titer in serum which is defined as at least three consecutive serum samples with ADA titers > 
10000.  The median ADA titer in serum in these four subjects was high, ranging from 15000 to 
76050, whereas the median CSF ADA titer was low with a range of 28.9 to 505.  The CSF 
samples in Subjects 190201-1323-1016 and 190201-1323-1018 were persistently tested positive 
for ADA, whereas Subjects 190201-1244-1012 and 190201-1244-1017 had only two and one 
ADA positive CSF samples, respectively.  Table 7 shows a summary of the ADA titer values 
from each subject as median (range) of all available ADA+ samples to illustrate the differences 
in ADA titer between CSF and serum samples. 
 
The remaining four subjects had only one or two CSF sample(s) tested positive for ADA, and 
serum ADA in these four subjects sustained over time but the titer was lower compared to those 
in the other four subjects.   
 
While ADA was not found in the CSF samples for the rest of the 16 subjects in Study 190-
201/202, low ADA titer was detected in the serum samples of these subjects.   
 
The assessment of the impact of immunogenicity on PK was limited by the small number of 
subjects was well as the high inter- and intra-subject variability of cerliponase alfa exposure 
across different study visits (Figure 11).  It is worth noting that the PK assay measures the total 
cerliponase alfa levels in CSF and in plasma.  As such, the ADA bound cerliponase alfa, if 
present, may have contributed to the measured concentrations and/or the variability in observed 
PK either across subject or within subject over time.  Taken together, a conclusive determination 
of the impact of ADA on PK of cerliponase alfa in CSF or in plasma is not feasible. 
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Of the four subjects with sustained high ADA titer in serum, one experienced treatment related 
hypersensitivity.  On the other hand, 10 of the 20 subjects with no or low serum ADA titer had 
treatment related hypersensitivity adverse reactions (Table 7).  Grade 3 hypersensitivity reactions 
were reported in two subjects with no CSF ADA and one subject with CSF ADA; two of the 
three subjects had low serum ADA titer and one subject had no detectable serum ADA.  Taken 
together, hypersensitivity appeared to be associated with the presence of no or low ADA titer in 
serum.    
 
Table 7. CSF and serum immunogenicity and hypersensitivity in Study 190-201/202 

 
Subject 

CSF Serum Treatment related 
HAE 

ADA+ Median ADA Titer [N] 
(Range) 

Sustained High 
ADA Titer* 

Median ADA Titer [N] 
(Range) 

No. Subject/Total 
(Grade 3) 

1244-1012 Y 28.9 [2] 
(23.9 – 33.9) 

Y 24350 [17] 
(46.7 – 54200) 

 

1244-1017 Y# 40.8 Y 15000 [16] 
(368 – 33500) 

 

1323-1016 Y 505 [14] 
(38.7 – 3350) 

Y 25900 [15] 
(320 – 110000) 

 

1323-1018 Y 115 [14] 
(26.9 – 232) 

Y 76050 [16] 
(4950 – 299000) 

1/4 (0) 

0146-1021 Y 438 [1] N 145 [14] 
(58.2 – 2020) 

 

1244-1001@ Y 107 [1] N 142 [20] 
(47.8 – 461) 

 

1244-1003 Y# 31.1 [2] 
(29.7 – 32.5) 

N 72.4 [20] 
(30.0 – 1340) 

 

1323-1013 Y# 51.4 [1] 
 

N 464 [14] 
(133 – 1330) 

3/4 (1) 

All Others  
(n = 16) 

N NA N 0 – 1550& 
(0 – 14300) 

 
7/16 (2) 

CSF, cerebrospinal fluid; ADA, antidrug antibodies; HAE, hypersensitivity adverse events 
*At least three consecutive serum samples with ADA titer > 10000, @at 30 mg dose, #during Study 190-202, &range of median 
ADA titer 
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(1) The common allele classification is based on the presence of common (or key) and 

uncommon mutations and the three genotype groups are defined as follows.  The 
Applicant used this classification system for matching patient for efficacy analysis.   
 
2 = two common alleles   
1 = one common allele and one uncommon allele 
0 = two uncommon alleles   

 
(2) The predicted protein classification is based on the predicted biological significance of 

the mutation in the individual subject.  The genotype groups resulted from this system 
are: 
 
2 = both alleles contain mutations that are predicted to result in large protein defect  
1 = one allele contains mutation that is predicted to result in large protein defect  
0 = two missense mutations 

 
Large protein defects are known to be caused by many mutations, including but not limited to 
nonsense mutation, splice defect/frameshift, deletion and insertion that cause a reading frame 
shift, and other mutations that impact disulfide bonding, secondary structure, and protein folding.  
 
Of note, genotypes presented in Table 9 represent the correct genotypes that have been verified 
against certified source documents submitted to the BLA.  Several genotype discrepancies were 
identified between the genotype in source documents (as presented in Table 9) and in the 
Applicant’s ADSL dataset (Table 10).  Please also see the Compliance Review dated April 6, 
2017 from Dr. Susan Leibenhaut for more information.   
 
The review team requested an update of the genotype data in the ADSL dataset via IR dated 
March 29, 2017.  The Applicant did not update the dataset because they claimed that the 
discrepancies did not affect the final analysis results and the discrepancies were submitted as 
notes to file due to data locking (response to March 29, 2017 IR dated April 6, 2017; SDN 124).   
  
Reviewer Comments: 
 
Genotype is considered demographic information and is unique to the individual subject 
characteristics.  The correct genotype information should be included in the ADSL dataset for 
future reference.  However, the Applicant elected to document it in the notes to file.  We note that 
similar corrections are needed for any future analyses that rely on the dataset provided in the 
submission. 
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Table 8. Functional significance of TPP1 genotype 

Nucleotide Change Change Mutation Type Comment; Reference 
Common Allele 
c.509-1G>C  3556G>C Intron 5 change Splice defect/frameshift SDN 17 
c.622C>T 3670C>T Arg208X Nonsense SDN 17 
Uncommon Allele 
c.89+5G>C  Intron 2 change Splice defect/frameshift SDN 17 
c229G>C  Gly77Arg Missense SDN 17 

c.229G>A 1950G>A Gly77Arg Missense 
Highly conserved position, impaired protein folding in vitro; Sleat 
DE et al., Am J Hum Genet 1999;64:1511-23 

c.230-13T>A  Intron 3 change Aberrant Splicing Genotype source document of Subject 1244-1009 
c.237C>G  Tyr79X Nonsense http://www.ucl.ac.uk/ncl/CLN2mutationtable htm 
c.311T>A  Leu104X Nonsense SDN 17 
c.380G>A  Arg127Gln Missense More protracted disease; SDN 17 
c.509-1G>A  Intron 5 change Splice defect/frameshift Sleat DE et al., Am J Hum Genet 1999;64:1511-23 
c.731T>C  Met244Thr Missense SDN1 7 
c.754_757del  4 bp deletion Likely frameshift NA 

c.833A>G  Gln278Arg Missense 
Non-conservative amino acid substitution, likely impact secondary 
structure; SDN 17 

c.857A>G  Asn286Ser Missense Patients performed slightly better; SDN 17 
c.1015C>T  Arg339Trp Missense SDN 17 
c.1016G>A  Arg339Gln Missense SDN 17 
c.1048C>T  Arg350Trp Missense http://www.ucl.ac.uk/ncl/CLN2mutationtable htm 

c.1057A>C  Thr353Pro Missense 
No significant deviation from standard patients with c.622C>T and 
c.509-1G>C mutations; SDN 17 

c.1076-2A>T  Change in intron 8 Splice defect/frameshift http://www.ucl.ac.uk/ncl/CLN2mutationtable htm 

c.1087delinsTT  A363Ffs*40 Nonsense 
Premature stop codon in the mRNA; genotype source document of 
Subject 1244-1017 

c.1093T>C 4654T>C Cys365Arg Missense Sleat DE et al., Am J Hum Genet 1999;64:1511-23 
c.1094G>A 4655G>A Cys365Tyr Missense Involved in disulfide bonding, probably highly disruptive; SDN 17 
c.1261T>A  Tyr421Asp Missense SDN 17 
c.1266G>C 5271G>C Gln422His Missense SDN 17 
c.1439T>G  Val480Gly Missense More protracted disease phenotype and later onset; SDN 17 
c.1448G>A  Gly483Gln Missense SDN 17  
c.1600C>T 6074C>T Glu534X Nonsense SDN 17 
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Table 9. TPP1 genotype group assignment 

Subject ID Allele 1 Allele 2 Mutation Type 1 Mutation Type 2 Genotype Assignment  
Common Allele 
Classification 

Predicted Protein 
Classification 

Three 
Groupsa 

Two 
Groupsb 

Three 
Groupsc 

Two 
Groupsd 

Study 190-201/202 

190201-0119-1020* c.754_757del c.1094G>A  4 bp deletion 
Missense  
(disulfide bond) 0 

 
1 2 2 

190201-0146-1021* c.1093T>C c.1600C>T 
Missense  
(disulfide bond) Nonsense 0 

 
1 2 2 

190201-0146-1022 c.509-1G>C c.1016G>A  
Splice 
defect/frameshift  Missense 1 

 
1 1 1 

190201-0146-1023* c.1094G>A c.1094G>A 
Missense  
(disulfide bond) 

Missense  
(disulfide bond) 0 

 
1 2 2 

190201-1244-1001 c.622C>T c.1448G>A  Nonsense Missense  1 1 1 1 

190201-1244-1002 c.509-1G>C c.380G>A  
Splice 
defect/frameshift 

Missense  
(protracted disease) 1 

 
1 1 1 

190201-1244-1003* c.509-1G>C c.833A>G  
Splice 
defect/frameshift 

Missense  
(20 structure) 1 

 
1 2 2 

190201-1244-1004 c.1015C>T  c.731T>C Missense Missense 0 1 0 1 
190201-1244-1006 c.622C>T c.622C>T Nonsense Nonsense 2 2 2 2 
190201-1244-1008 c.622C>T c.622C>T Nonsense Nonsense 2 2 2 2 
190201-1244-1009 c.622C>T c230-13T>A  Nonsense Aberrant splicing 1 1 2 2 
190201-1244-1010 c.622C>T c.1261T>A  Nonsense Missense 1 1 1 1 

190201-1244-1011 c.622C>T c.509-1G>C Nonsense 
Splice 
defect/frameshift 2 

 
2 2 2 

190201-1244-1012 c.622C>T c.622C>T Nonsense Nonsense 2 2 2 2 
190201-1244-1017* c.622C>T c.1087delinsTT Nonsense Nonsense 1 1 2 2 
190201-1244-1024 c.622C>T c.622C>T Nonsense Nonsense 2 2 2 2 

190201-1287-1005 c.509-1G>C c.509-1G>C 
Splice 
defect/frameshift 

Splice 
defect/frameshift 2 

 
2 2 2 

190201-1287-1007 c.509-1G>C c.1048C>T 
Splice 
defect/frameshift Missense 1 1 1 1 

190201-1323-1013 c.509-1G>C c.509-1G>C 
Splice 
defect/frameshift 

Splice 
defect/frameshift 2 

 
2 2 2 

190201-1323-1014 c.1266 G>C c.1266 G>C Missense 
 
Missense 0 1 0 1 
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190201-1323-1015 c.622C>T c.509-1G>C Nonsense 
Splice 
defect/frameshift 2 

 
2 2 2 

190201-1323-1016* c.89+5G>C c.622C>T 
Splice 
defect/frameshift Nonsense 1 1 2 2 

190201-1323-1018 c.622C>T c.622C>T Nonsense Nonsense 2 2 2 2 

190201-1323-1019* c.229G>C c.229G>C 
Missense  
(protein folding) 

Missense  
(protein folding) 0 

 
1 2 2 

Study 190-901e 
190901-HAM-00220001 c.622C>T c.622C>T Nonsense Nonsense 2 2 2 2 
190901-HAM-00720001 c.622C>T c.380G>A Nonsense Missense  1 1 1 1 

190901-HAM-01200001 c.509-1G>C c.509-1G>C 
Splice 
defect/frameshift 

Splice 
defect/frameshift 2 

 
2 2 2 

190901-HAM-01540001 c.622C>T c.622C>T Nonsense Nonsense 2 2 2 2 
190901-HAM-01580001 c.622C>T c.622C>T Nonsense Nonsense 2 2 2 2 

190901-HAM-01630001 c.509-1G>C c.1266G>C 
Splice 
defect/frameshift Missense 1 

 
1 1 1 

190901-HAM-01640001 c.622C>T c.622C>T Nonsense Nonsense 2 2 2 2 

190901-HAM-01680001 c.622C>T c.509-1G>C Nonsense 
Splice 
defect/frameshift 2 

 
2 2 2 

190901-HAM-01700001 c.857A>G c.857A>G 
Missense (patient 
performed better) 

Missense (patient 
performed better) 0 

 
1 0 1 

190901-HAM-01800001 c.622C>T c.509-1G>C Nonsense 
Splice 
defect/frameshift 2 

 
2 2 2 

190901-HAM-02000001 c.622C>T c.509-1G>C Nonsense 
Splice 
defect/frameshift 2 

 
2 2 2 

190901-HAM-02090001 c.622C>T c.509-1G>C Nonsense 
Splice 
defect/frameshift 2 

 
2 2 2 

190901-HAM-02090002 c.622C>T c.509-1G>C Nonsense 
Splice defect/ 
frameshift 2 

 
2 2 2 

190901-HAM-02310001 c.857A>G c.857A>G 
Missense (patient 
performed better) 

Missense (patient 
performed better) 0 

 
1 0 1 

190901-HAM-02850001 c.622C>T c.622C>T Nonsense Nonsense 2 2 2 2 

190901-HAM-03220001 c.622C>T c.509-1G>C Nonsense 
Splice 
defect/frameshift 2 

 
2 2 2 

190901-HAM-03290001* 
c.1057A>C and 
c.237C>G c.509-1G>C Missense + nonsense 

Splice 
defect/frameshift 1 

 
1 2 2 

190901-HAM-03290002* 
c.1057A>C and 
c.237C>G c.509-1G>C Missense + nonsense 

Splice defect/ 
frameshift 1 

 
1 2 2 

190901-HAM-03420001 c.622C>T c.622C>T Nonsense Nonsense 2 2 2 2 
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190901-HAM-04540001 c.622C>T c.622C>T Nonsense 
 
Nonsense 2 

 
2 2 2 

190901-HAM-04550001 c.622C>T c.509-1G>C Nonsense 
Splice 
defect/frameshift 2 2 2 2 

190901-HAM-04570001* c.1094G>A c.1094G>A 
Missense  
(disulfide bond) 

Missense  
(disulfide bond) 0 

 
1 2 2 

190901-HAM-04610002 c.622C>T c.622C>T Nonsense Nonsense 2 2 2 2 

190901-HAM-04670001 c.1439T>G c.509-1G>C 
Missense (protracted 
disease) 

Splice 
defect/frameshift  1 

 
1 1 1 

190901-HAM-04680001 c.509-1G>C c.622C>T 
Splice 
defect/frameshift Nonsense 2 

 
2 2 2 

190901-HAM-04730001* c.311T>A c.509-1G>C Nonsense 
Splice 
defect/frameshift 1 

 
1 2 2 

190901-HAM-04770001 c.857A>G c.857A>G Missense Missense  0 1 0 1 
190901-HAM-04790001 c.622C>T c.622C>T Nonsense Nonsense 2 2 2 2 

190901-HAM-04800001 c.509-1G>C c.622C>T 
Splice 
defect/frameshift Nonsense 2 

 
2 2 2 

190901-HAM-04860001* c.509-1G>C c.833A>G 
Splice 
defect/frameshift  

Missense  
(20 structure) 1 

 
1 2 2 

190901-HAM-04960001 c.622C>T c.622C>T Nonsense Nonsense 2 2 2 2 
190901-HAM-04990001* c.230-13T>A  c.622C>T Aberrant Splicing Nonsense 1 1 2 2 
190901-HAM-05320002 c.622C>T c.622C>T Nonsense Nonsense 2 2 2 2 

190901-HAM-05400001 c.509-1G>C c.509-1G>C 
Splice 
defect/frameshift 

Splice 
defect/frameshift 2 

 
2 2 2 

190901-VER-00260030* c.622C>T c.509-1G>A Nonsense 
Splice 
defect/frameshift 1 

 
1 2 2 

190901-VER-00280032* c.1094G>A c.1094G>A 
Missense  
(disulfide bond) 

Missense  
(disulfide bond)  0 

 
1 2 2 

190901-VER-00290033 c.622C>T - Nonsense - . . . . 
190901-VER-00300034 c.622C>T - Nonsense - . . . . 

190901-VER-00310035 c.229G>A c.380G>A 
Missense  
( protein folding) Missense   0 

 
1 1 1 

190901-VER-00320036 c.509-1G>C c.986_993del8 
Splice 
defect/frameshift Unknown 1 

 
1 1 1 

190901-VER-00330037 c.622C>T c.622C>T Nonsense Nonsense 2 2 2 2 

190901-VER-00720086* c.1076-2A>T c.1076-2A>T 
Splice 
defect/frameshift 

Splice 
defect/frameshift 0 

 
1 2 2 

a2 = two common alleles, 1 = one common allele, 0 = no common allele; b2 = two common alleles, 1 = no or one common allele; c2= both alleles with large 
protein defect, 1 = one allele with large protein defect, 0 = both alleles were missense mutations; d2 = both alleles with large protein defect, 1 = no or one allele 
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with large protein defect; eseven control subjects who also participated in Study 190-201/202 are excluded; *subjects whose disease severity is different between 
the two classifications (also highlighted in red) 
 
Table 10. Genotype in the source documents and ADSL dataset  

Subject ID Genotype in source documents  Genotype in ADSL dataset Comments 
Discrepancy between source document and ADSL dataset 
190201-0119-1020 c.754_757del, c.1094G>A c.745_757del, c.1094G>A Discrepancy identified after IR dated March 29, 2017 and has 

not be communicated to the Applicant 
190201-1323-1016 c.89+5G>C, c.622C>T c.89+5G>C, c.89+5G Discrepancy submitted as note to file on March 17, 2017 (SDN 

114) 
190201-1323-1019 c.229 G>C, c.299G>C  c.229 G>C, c.1542A>T Discrepancy noted by the Applicant on March 17, 2017 (SDN 

114) 
190901-HAM-01630001 c.509-1G>C, c.1266G>C  c.509-1G>C, c.509-1G>C Discrepancy noted by the Applicant on March 17, 20167 (SDN 

114) 
190901-HAM-03290001 c.1057A>C and c.237C>G, 

c.509-1G>C 
c.1057A>C, c.509-1G>C Source indicates additional mutation of c237C>G  in the same 

allele as the c.1057A>C mutation, see IR dated March 29, 2017 
and the Applicant’s response to IR on April 6, 2017 (SDN 124) 

190901-HAM-03290002 c.1057A>C and c.237C>G,  
c.509-1G>C 

c.1057A>C, c.509-1G>C Source indicates additional mutation of c237C>G  in the same 
allele as the c.1057A>C mutation, see IR dated March 29, 2017 
and the Applicant’s response to IR on April 6, 2017 (SDN 124) 

Acceptable genotype in ADSL dataset 
190-201-0146-1023 c.1094G>A, c.1094G>A 

Subjects is also heterozygous 
for POLG c.32 G>A 

c.1094G>A, c.1094G>A POLG c.32G>A is considered a disease-causing mutation and 
has been reported to affect neurologic function, the review team 
proposed to exclude this subject from efficacy analysis (IR dated 
March 29, 2017) 

190901-HAM-02850001 Genotype cannot be proved 
for this patient, but the parents 
are heterozygous for 
c.622C>T 

c.622C>T, c.622C>T It is reasonable to assume that this subject is homozygous for 
c.622C>T as the parents are heterozygous for c.622C>T. 

190901-HAM-04990001 No genotype for this patient, 
but genotype tested for sibling 
who is a 190-201 subject 
(1244-1009) 

c.230-13T>A, c.622C>T It is reasonable to assume that this subject has the same 
genotype as the sibling because the same alleles should have 
been inherited from the same parents  
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Comparability of 190-201/202 Study Subjects and 190-901 Historical Controls for Efficacy 
Assessment 
 
Baseline characteristics including sex, TPP1 genotype, year at birth, age at first symptom, and 
age at diagnosis were compared between subjects in Study 190-201/202 and 42 evaluable 190-
901 historical controls.  The Clinical Pharmacology Reviewer defines the age of first symptom 
as the earliest CLN2 related symptom (e.g., epilepsy, motor clumsiness, or delayed language 
development, or language difficulties etc.) that was recorded in the medical history dataset (i.e., 
MH.xpt).  The diagnosis of CLN2 does not constitute a record for symptom as subjects may be 
asymptomatic and diagnosed by genetic testing due to a sibling with CLN2 disease.  Hence, for 
subjects with only CLN2 disease recorded in the medical history dataset, the age at first 
symptom cannot be determined.  Likewise, for subjects with only one record of symptom in the 
medical history dataset, the age of first symptom cannot be assured.       
 
For Study 190-201, Subjects 190201-1244-1003 and 190201-1244-1010 had motor-language 
CLN2 scores of 6 throughout 190-201/202 and the stability of the CNL2 value prior to the 
baseline could not be interpreted (see Clinical review from Dr. Elizabeth Hart for more 
information).  Therefore, the descriptive statistics are summarized for the entire study population 
(i.e., 24 subjects) as well as the study population excluding Subjects 190201-1244-1003 and 
190201-1244-1010 (i.e., 22 subjects).  
 
Table 11 summarizes the demographic characteristics of subjects in Studies 190-201/202 and 
190-901.  More subjects in Study 190-201/202 were of female gender and had at least one 
uncommon allele compared to the 190-901 historical controls.  However, the proportion of 
subjects having two mutations with large protein defect was similar between the two study 
populations.   
 
Approximately 60% of the historical control subjects were born before 2000, while all 190-
201/202 subjects were born at or after year 2000.  This finding suggests that the historical 
controls could be different from the 190-201/202 subjects as methodology of diagnosing CLN2 
changed over time.  The age at first symptom and the age at diagnosis were similar between 
study 190-201/202 subjects and 190-901 historical controls.  
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Table 11. Demographic characteristics of 190-201/202 and 190-901 study populations  

 Study 190-201/202 Study 190-901 
 All Subjects 

(N = 24) 
Subjects with 

Baseline CNL2 Score 
< 6 

(N = 22) 

Evaluable Subjects  
(N = 42) 

Sex    
    Male 9 (37.5%) 7 (31.8%) 25 (59.5%) 
    Female 15 (62.5%) 15 (68.2%) 17 (40.5%) 
Race    
    White 23 (95.8%) 21 (95.5%) NA 
    Asian 1 (4.2%) 1 (4.5%) NA 
TPP1 Genotype by Common 
Allele Classification 

   

    Two common alleles 9 (37.5%) 9 (40.9%) 23 (54.8%) 
    One common allele and one 

uncommon allele 
9 (37.5%) 7 (31.8%) 10 (23.8%) 

    Two uncommon allele 6 (25.0%) 6 (27.3%) 7 (16.7%) 
    Incomplete  - - 2 (4.8%) 
TPP1 Genotype by Predicted 
Protein Classification 

   

    Two mutations with large 
    protein defect 

17 (70.8%) 16 (72.7%) 32 (76.2%) 

    One mutation with large  
    Protein defect 

5 (20.8) 4(18.2%) 4 (9.5%) 

    Two missense mutations 2 (8.4%) 2 (9.1%) 4 (9.5%) 
    Incomplete - - 2 (4.8%) 
Year at Birth    
    1965 – 1989 - - 6 (14.3%) 
    1990 – 1999 - - 19 (45.2%) 
    2000 – 2009 13 12 (54.5%)  16 (38.1%) 
    2010 -  11 10 (45.5%) 1 (2.4%) 
Median (Range) Age at First 
Symptom, months 

 
34.4 (11.8 – 75.6) 

 
34.4 (11.8 – 75.6) 

 
36 (18 – 54), n = 37 

Median (Range) Age at 
Diagnosis, months 

 
51.8 (31.9 – 87.6) 

 
51.8 (31.9 – 87.6) 

 
57 (35 – 118), n = 31

  
 
Impact of TPP1 Genotype on Disease Characteristics 
 
Previous literature suggests that patients with uncommon allele(s) have later onset at first 
symptom and slower progression of disease.  Comparison of baseline motor-language CLN2 
score showed that subjects with at least one uncommon allele in Study 190-201/202 had a higher 
median (range) CLN2 score than subjects with two common alleles (4 [3 – 6], n = 15 vs. 3 [2 – 
4], n =9, p = 0.0122, Mann-Whitney U test) (Table 12 and Figure 12a).  However, the median 
age at first symptom was similar between the two genotype groups (35.1 [23.4 – 75.6] months 
vs. 33.8 [11.8 – 47.9] months, p = NS) (Table 12 and Figure 12b).  Of note, Subject 1287-1007 
from Study 190-201/202 appeared to be a outliner, with a late onset of first symptom at 75.6 
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months and was heterozygous for c.509-1G>C and c.1048C>T.  Similar findings were observed 
when TPP1 genotype is categorized based on predicted protein function or when the two subjects 
with baseline motor-language CLN2 score of 6 were excluded (Table 12).  
 
For the 190-901 historical controls, the median age at first symptom was not different between 
subjects with at least one uncommon allele versus subjects having two common alleles (Table 12 
and Figure 13a).  However, when predicted protein function is considered in categorizing TPP1 
genotype, there appeared a significant difference in the median age at first symptom in subjects 
who had no or one mutation causing significant damaging effect on protein function compared 
with subjects who had two mutations causing large protein defects (Table 12 and Figure 13b).  
Presumably, subjects with two mutations causing large protein defect have more severe disease 
and present symptom early on in their childhood.   
 
There was no difference in median age at diagnosis between the two genotype groups when 
common allele was used to classify genotype groups (Table 12 and Figure 14s).  However, 
subjects who had two mutations with large protein defect were diagnosed at an earlier age 
compared with subjects who had no or one mutation with large protein defect (Table 12 and 
Figure 14b).  Of note, CLN2 diagnosis was established at age ≥ 80 months in three subjects in 
the historical controls; all of these subjects had missense mutations that are associated with 
protracted disease or less severity (i.e., c.380G>A, c.857A>G, and 1439T>G; Table 8).   
 
The above results demonstrate that genotype group assignment may have an impact on data 
analysis and analysis results and highlights the importance of classifying TPP1 genotype based 
on predicted protein function.  This is important as TPP1 genotype has been shown to be a 
significant covariate in the ordinal multiple regression and the time to event analysis that could 
further impact the efficacy assessment.  Please refer to Statistics review by Dr. Min Min for more 
information. 
 
Please also see below for the assessment of genotype group assignment on matching subjects for 
efficacy evaluation.          
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Table 12. Disease characteristics of different genotype groups in 190-201/202 and 190-901 study populations  

 Common Allele Classification 
Median (Range) 

Predicted Protein Classification 
Median (Range) 

0/1 Common allele 
(N = 15 or 13) 

2 Common alleles 
(N = 9 or 11) 

P value 0/1 Mutation with 
large protein defect 

2 mutations with 
large protein defect 

P value 

 
Study 190-201/202 Population (all Subjects) 
N 15 9  13 11  
CLN2 score 4 (3 – 6) 3 (2 – 4) 0.0122 4 (3 – 6) 3 (2 – 4) 0.0184 
Age at first symptom (months) 35.1 (23.4 – 75.6) 33.8 (11.8 – 47.9) 0.682 33.1 (23.4 – 75.6) 35.5 (11.8 – 53.1) 0.733 
Age at diagnosis (months) 53.1 (31.9 – 87.6) 51.4 (38.4 – 65.4) 0.640 55.2 (31.9 – 87.6) 51.4 (38.4 – 65.4) 0.424 
 
Study 190-201/202 Population (without Subjects 190201-1244-1003 and 190201-1244-1010) 
N 13 9  11 11  
CLN2 score 4 (3 – 5) 3 (2 – 4) 0.0304 4 (3 – 5) 3 (2 – 4) 0.0557 
Age at first symptom (months) 35.1 (23.4 – 75.6) 33.8 (11.8 – 47.9) 0.647 33.1 (23.4 – 75.6) 35.5 (11.8 – 53.1) 0.748 
Age at diagnosis(months) 53.2 (37.9 – 87.6) 51.4 (38.4 – 65.4) 0.601 53.5 (37.9 – 87.6) 51.4 (38.4 – 65.4) 0.365 
 
Study 190-901 Population 
N 16 19  8 27  
Age at first symptom (months) 39.0 (24.0 – 53.0) 35.0 (18.0 – 52.0) 0.0883 (43.0 (33.0 – 63.0) 35.0 (18.0 – 52.0) 0.0302 
N 15 16  7 24  
Age at diagnosis (months) 60.0 (45.0 – 118) 54.5 (35.0 – 77.0) 0.232 66.0 (50.0 – 118) 53.0 (35.0 – 77.0) 0.00547 
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systems (Table 9).  For instance, Subject 190201-0146-1021 was a compound heterozygote for 
c.1093T>C and c.1600C<T.  This subject would be considered having a genotype value of “0” 
based on the common allele classification but with a genotype value of “2” based on the 
predicted protein classification.  Likewise, Subjects 190901-HAM-04730001 and 190901-VER-
00260030 would be assigned as genotype group “1” using the common allele classification but 
would belong to genotype group “2” using the predicted protein classification.  While Subject 
190901-VER-00260030 had two mutations that cause large protein defect and is expected to 
have a more severe disease, this subject was coded as genotype group “1” and matched to 
190201-1244-1001 who carries a missense mutation (i.e., c.1448G>A) that is associated with a 
protracted disease.  The matching would have been more appropriate if the predicted protein 
classification were used.  
 
Assessment of Time to Disease Progression by Sex and Number of Common Mutations 
 
A disease progression modeling analysis was performed to determine disease and response 
relevant parameters that may be driven by different patient demographic factors.  A sigmoidal 
inhibitory Emax model was fit to the natural history data using the matched patient data from 
study 190-901 (equation 1).  
  
CLN2 score = Baseline Score · (1 – Imax·Timeγ/(Age50γ + Timeγ))   (eqn 1) 
 
The baseline, Imax and hill coefficients were all sufficiently similar to suggest that patient factors 
could not influence these values.  That is baseline assessments for motor score typically started at 
a value of three.  Most patients who exhibited a decline in the disease declined all the way to 
zero and thus the Imax parameter was almost always 1.  The one parameter that exhibited 
variability was the Age50 (age at which 50% decline in motor score occurred).  This suggested 
that the main difference in the natural history of the disease is when the decline occurs between 
patients.  Figure 15 shows plots comparing the Age50 parameter by patient demographics.  No 
patient demographics were identified that appeared to drive when the disease progression 
occurred.   
 
Figure 15.  Time to disease progression, expressed age at which 50% decline in motor score 
occurred (Age50), does not appear to correlate with the number of key mutations or sex. 

 
Sex 

Reference ID: 4086615



49 
 

The disease progression model fit the data well and individual goodness-of-fit plots are shown in 
Figure 16.  Data from study 190-201 were not included as they were on treatment, there was no 
indication of their baseline values, and it was not clear how to incorporate a treatment effect 
when the duration was limited and the response time course was variable.  Age at diagnosis was 
not assessed as this factor is inherently correlated to the parameter (Age50) being assessed.   

Figure 16.  Goodness of fit for sigmoidal disease progression model that characterizes the 
time to ½ of baseline CLN2 motor score.  Each panel represents one of the matched 
subjects from study 901 with their CLN2 observations depicted by orange open circles and 
the model fitting by the solid line and blue open circles 
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The Applicant developed cerliponase alfa as an enzyme replacement therapy (ERT) for the treatment of 
patients with neuronal ceroid lipofuscinosis type 2 (CLN2) disease.  CLN2 disease is a rare genetic 
disease with an estimated incidence of approximately 0.5 per 100,000 births in US.  It is characterized by 
the deficiency of TPP1 caused by mutations in the TPP1 gene.  The two most common disease alleles are 
the c.622C>T and c.509-1G>C alleles. 

The mature native human TPP1 protein is a lysosomal endopeptidase cleaving tripeptides from the N-
terminus of proteins.  In the absence of TPP1, lysosomal storage materials normally metabolized by this 
enzyme accumulate in many organs; accumulation in the central nervous system (CNS) leads to the 
neurodegenerative symptoms and, ultimately, death.  Cerliponase alfa is expected to restore TPP1 enzyme 
activity in the CNS, catabolize the lysosomal storage materials, and attenuate the progression of CLN2 
disease. 

Proposed dosing regimen 

The proposed dosing regimen is 300 mg every other week (Q2W) delivered via the intracerebro-
ventricular (ICV) infusion over approximately 4 hours. 
 
Proposed dosage forms 
The proposed dosage form is 150 mg/5 mL (i.e., 30 mg/mL) solution in vials. 

Reviewer’s Comments 
No formal dose-finding studies were performed in the clinical development program of cerliponase alfa.  
The Applicant claimed that findings from nonclinical studies supported the proposed dosing regimen of 
300 mg Q2W evaluated in the Phase 1/2 trial. 
Regulatory History 

On July 9, 2014, The Applicant submitted an original IND 122472 with an open label Phase 1/2 study 
protocol 190-201 for the treatment of patients with CLN2; the study was already ongoing in Germany and 
United Kingdom at the time of the original IND submission.   

The Applicant submitted two separate requests for Breakthrough Therapy Designation for cerliponase alfa 
on February 27, 2015 and on July 1, 2015.  The designation was denied for the first submission and 
subsequently granted for the second submission on August 27, 2015.   

Between February and August 2015, a few meetings were held between the Agency and the Applicant to 
discuss about the comparability of instruments used in the 190-901 supplemental analysis and Study 190-
201 and the suitability of Study 190-901 data to serve as an appropriate historical control for Study 190-
201. 

3.1. Overview of clinical trials and clinical pharmacology program  
The Applicant submitted efficacy and safety data from two clinical trials to support the current BLA 
application; the two studies are a completed Phase 1/2 study 190-201 and an ongoing study 190-202 
(extension of 190-201) (Appendix 1).  The BLA submission includes data collected as of study 
completion date of 190-201 (November 30, 2015) or up to the data cutoff date for 190-202 (October 15, 
2015).  A total of 24 subjects were exposed to cerliponase alfa treatment, of which 23 subjects received at 
least 48 weeks of treatment.    

In addition, the Applicant included a natural history analysis (190-901) to better understand the disease 
course in the untreated CLN2 disease patient population that aims to serve as a historical control for 
evaluating efficacy results from Study 190-201.  The 190-901 analysis consists of two parts.  The original 
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In addition to the serial PK sampling at the above three occasions, trough CSF and plasma concentrations 
were evaluated before the start of infusion every 4 weeks.  

Reviewer’s Comments 
There are limited PK data for the first infusion of the 30 mg and 100 mg doses.  Three patients each 
received the two doses of cerliponase alfa in Study 109-201.  Furthermore, due to sample mishandling 
during initial period of the study, no PK samples from plasma were evaluable at the 30 mg dose level and 
few were evaluable at the 100 mg dose level.  
The Applicant has submitted the PK concentration dataset for Study 190-201, but no PK parameter and 
PK/pharmacodynamic (PD) analysis datasets have been found.  An IR was sent to request the PK 
parameter dataset with immunogenicity data (see Section 2), and the Applicant has provided the response 
on July 6, 2016 (SDN 6).  

3.4. Exposure-Response analyses  
The Applicant explored the correlation between efficacy/safety and cerliponase alfa exposure using the 
mean PK parameters (Cmax and AUC0-t) resulting from the 300 mg ICV Q2W at Day 1, Week 5, and 
Week 13.  For the E-R relationship analysis with respect to efficacy, cerliponase alfa CSF exposure was 
used to correlate with the treatment response which was measured by the change from baseline in adapted 
CLN2 score.  For the E-R relationship analysis with respect to safety, cerliponase alfa exposure in CSF or 
plasma was used to assess the relationship with the incidence of hypersensitivity, pyrexia, seizure, or 
epilepsy. 

Reviewer’s Comments 

The E-R relationship evaluations for efficacy and safety were performed using data from one dose level of 
cerliponase alfa (i.e., 300 mg ICV Q2W), although lower doses of cerliponase alfa (i.e., 30 mg and 100 
mg) were administered to a small subset of patients initially.  Whether the exposure range of one dose 
level is sufficient for the E-R analysis will be a review issue.  In addition, mean PK parameters from three 
PK study assessment periods may not be the most appropriate exposure measurements for the E-R 
analyses if there is an impact of immunogenicity on PK.  The reviewer plans to use alternative exposure 
metrics, e.g., exposure at Week 13, to further evaluate E-R.     

3.5. Assessment of immunogenicity and its impact on PK, efficacy, and safety 
The Applicant characterized the anti-drug antibodies (ADA) response using a tiered strategy with four 
assays.  CSF and serum samples were initially screened for anti-cerliponase alfa antibodies using a total 
antibodies (TAb) assay.  The specificity of positive samples was further confirmed and ADA titers were 
determined by the confirmation and titer assays.  TAb-positive CSF samples were further characterized 
for cerliponase alfa neutralizing activity using a cell-based neutralizing antibody (NAb) assay, in which 
effects on cellular uptake of cerliponase alfa were measured.  Patient serum samples were screened for 
anti-cerliponase alfa IgE using a radioallergosorbent assay, and anti-cerliponase alfa specificity was 
confirmed for IgE positive samples.  

The Applicant used two approaches to assess the impact of immunogenicity on PK.  For the first 
approach, visit-matched CSF/plasma PK parameters were correlated with corresponding ADA titers in 
CSF/plasma.  For the second approach, individual mean PK parameters from three occasions (Day 1, 
Weeks 5 and 13) were compared between patients with and without ADA status in CSF/plasma.   
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For the assessment of immunogenicity impact on efficacy, the Applicant provided subject listing of CSF 
TAb/NAb titers along with treatment response.  For the assessment of immunogenicity impact on safety, 
the Applicant provided subject listing of serum TAb titer along with the hypersensitivity adverse events.  

Reviewer’s Comments 

The individual mean PK parameters from three occasions may not be the most appropriate variables for 
the assessment of the impact of immunogenicity on PK.  Rather, comparing the PK parameter values 
before and after the formation of ADA at the individual subject level would be most useful.  Of note, the 
bioanalytical assays for determining cerliponase alfa concentrations measure total drug concentrations 
for the pro-enzyme.  Whether the assessment of ADA impact on PK is feasible/reliable will be a review 
issue.   

The Applicant’s submission of the subject listing of ADA and efficacy/safety data for their assessments of 
the immunogenicity impact on efficacy and safety are insufficient; the Applicant should provide aggregate 
analysis results to support the BLA.  

An eCTD Structure and Navigation Orientation teleconference was held on July 12, 2016.  During the 
teleconference, there was discussion regarding the evaluation of the impact of immunogenicity on efficacy 
and safety.  The Applicant stated that ad hoc analyses have been conducted to assess the impact of 
immunogenicity on efficacy and safety and have provided such analyses on July 21, 2016 (SND 8).    

3.6. 190-901 supplemental analysis 
Using the Hamburg ‘motor’ and ‘language’ subscales (HML scale) scores, the Applicant conducted the 
190-901 supplement analysis to identify the rate of CLN2 disease progression (i.e., the decline of HML 
scale score) and variability of the rate of decline to allow determination of cerliponase alfa efficacy in 
190-201/190-202.  The 190-901 supplemental analysis provides the historical control data for comparing 
the rate of decline in CLN2 patients receiving cerliponase alfa treatment.   

The rate of decline of the HML scale score were estimated by first-point/last-point algorithm and a simple 
linear regression model.  As a sensitivity analysis for the slope analysis, mixed-effects model repeated 
measures (MMRM) models at 6-monthly intervals from age 36 months and from age of diagnosis were fit 
with various assumptions for variance.  

3.7. Pharmacogenomic analysis   
In the original analysis of 190-901, the Applicant evaluated the association of TPP1 genotype with 
disease characteristics including age at diagnosis and age at symptom onset.  With a larger patient dataset 
in the 190-901 supplemental analysis (see Section 3.1), the clinical pharmacology reviewer plans to 
conduct additional genotype analysis to reassess the association of TPP1 genotype with disease severity 
and progression.  Specifically, TPP1 genotype will be categorized according to the mutation 
type/functionality of the mutation and correlated with disease characteristics such as age at diagnosis and 
age at symptom onset and the decline of the HML scale score.  The reviewer will also perform 
exploratory analysis to evaluate the impact of genotype on PK, efficacy, and safety using data from 190-
201/202.  
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Appendix 1: Clinical trials and clinical pharmacology studies that support the BLA.  

Study 
Identifier 

Study Design, Study 
Duration 

Study Population (No. 
Subjects) 

Dosing regimen Clinical Pharmacology data 

190-201 Phase 1/2, first-inhuman, 
open-label, dose-escalation 
study, 48 weeks  

Patients with mild to 
moderate CLN2 disease (n 
= 24) 

Dose Escalation period: 30, 100, 
and 300 mg ICV infusion 
over ~4 hours Q2W 
 
Stable Dose period: 300 mg ICV 
infusion over ~4 hours Q2W 

− CSF and plasma PK  
− CSF and serum immunogenicity 
− Efficacy 
− Safety  

190-202 Open-label extension, up 
to 5 years  

Subjects with CLN2 who 
completed 190-201 

300 mg ICV infusion over ~4 
hours Q2W 

− Immunogenicity  
− Efficacy 
− Safety  
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