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SUMMARY OF QUALITY ASSESSMENTS

I. Primary Reviewer Summary Recommendation
The data submitted in this Biological License Application support the conclusion that the 
manufacture of Brineura (cerliponase alfa) is well controlled and leads to a product that is pure 
and potent. Therefore, from the Chemistry, Manufacturing, and Controls perspective, it is 
recommended that Brineura (cerliponase alfa) to be approved for human use (under conditions
specified in the drug product label).

II. List Of Deficiencies To Be Communicated
None.

III. List Of Post-Marketing Commitments/Requirement
A cell based cellular uptake potency assay that reflects the presumed in vivo mechanism of 
action should be incorporated into drug product lot release testing with appropriate acceptance 
criteria. 

IV. Review Of Common Technical Document-Quality  Module 1   
A. Environmental Assessment Or Claim Of Categorical Exclusion 

The Sponsor claims that the BLA is categorically excluded from the requirements of 
environmental assessment pursuant to the provisions provided under 21 CFR 25.31(c). Thus, no 
environmental assessment or environmental impact needs to be performed. 
The Sponsor’s claim for Categorical Exclusion is acceptable.

V. Primary Container Labeling Review 
Draft package labeling review provided by Jibril Abdus-Samad.

VI. Review Of Common Technical Document-Quality  Module 3.2 
Review of CTD Module 3 provided.  See below.

VII. Review Of Immunogenicity Assays – Module 5.3.1.4
Review of immunogenicity assays provided by Frederick Mills
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Seal Aluminum Seal Not Applicable

The secondary package of the proposed DP contains two vials of the BMN 190 DP and one vial 
of the FS in one carton. In addition, the administration kit contains two syringes, two 
hypodermic needles, an infusion set with an inline filter, an extension line, and a port needle.
The administration kit will be supplied separately from BMN 190 and stored at ambient 
temperature.

A list of the device components that will be supplied in the BMN 190 DP administration kit is 
shown in Table P.1.3.

Table P.1.3: Medical device components

Component Construction Manufacturer
Manufacturer
Part Number

510(k)
Number

Infusion set with 0.2μm 
filter

Extension line

(16mm Port needle)

Syringe ( 20mL)

Hypodermic needle 
(21 gauge Syringe 

needle)

Administration:
The BMN 190 DP and BMN 190 FS will be supplied as frozen and to be thawed prior to 
administration via intraventricular infusion. During administration, the content from two vials 
of BMN 190 DP will be combined to obtain a dose of 300 mg in a volume of 10 mL and will be 
administrated every other week to patients at a rate of 2.5 mL/hour. Following DP 
administration, the infusion set, port needle, and intraventricular device are flushed with 2 mL 
of the BMN 190 FS in order to fully administer the BMN 190 DP. 

Reviewer’s comments: The description of the DP presentation, composition, and excipients is 
adequate.
During clinical development, BMN 190 DP was presented in two extractable volumes: 1 mL 
and 5 mL. The 1 mL presentation was used in the early clinical study program. The sponsor 
introduced changes to the commercial DP development process including: 1) an increase in 
extractable volume from 1 mL to 5 mL, 2) a modification of the fill volume target of overfill 
from  mL, and 3) a modification to the long-term storage condition from -40 ± 10 
°C to -20 ± 5°C. Details of these modifications are discussed in the respective sections of the 
BLA review.

(b) (4)

(b) 
(4)

(b) (4)

(b) (4)

(b) (4)
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BLA 761052 cerliponase (BMN190) for treatment of CLN2 (TPP1 deficiency)
Immunogenicity assay validation and testing 

From:  Frederick C. Mills, Ph.D., Staff Scientist, Division IV, OBP, OPQ, CDER, FDA

To: Gerald M. Feldman, Ph.D., Lab Chief, Division IV, OBP, OPQ

Subject: Clinical immunogenicity data and Immunogenicity assay validation 

Sponsor: Biomarin

Comments to the File
This document contains the review of antibody testing method validation and antibody testing 
results on clinical samples from BLA 761052, original submission for treatment of CLN2 disease 
with recombinant human TPP1, which is designated by Biomarin as BMN190.  Clinical antibody 
testing data is from two studies on 24 CLN2 patients, with one completed clinical study (190-
201, Phase 1/2 study) and one ongoing extension study (190-202).  CSF (CerebroSpinal Fluid) 
and serum samples were tested for total anti-drug antibody (ADA), serum samples for IgE in 
cases of suspected hypersensitivity or anaphylaxis. Since the route of drug administration is 
IntraCerebroVentricular (ICV) and the site of localized enzyme activity is within acidic 
lysosomes in the CNS, neutralizing antibodies (Nabs) to drug were only measured in the CSF 
matrix and not in serum.

The ADA assay method is an Electro Chemi-Luminesence (ECL) method that has been 
adequately validated, consistent with FDA 2016 Guidance for development of immunogenicity 
testing methods, and is suitable for testing of patient samples. Significant features include 
sensitivity of 17.1 ng/ml for CSF and 12.3 ng/ml for serum, and a Drug Tolerance (DT) of 50 
mg/ml BMN190 in CSF and 10 mg/ ml in serum, well above the PK trough concentrations when 
antibody samples were taken. IgE was measured with a RAST (RadioAllergo Assay Test), which
has a sensitivity of ~ 1 ng/ml IgE, adequate to measure expected anti-BMN190 IgE responses.  
The Nab assay measures antibody blocking of BMN190 uptake into cells, but it has a poor 
validated sensitivity and a new assay with appropriate sensitivity will need to be 
developed and used to test patient samples post-marketing.

Serum ADA were found in 79% of the patients after 49-107 weeks of treatment, and were also 
found in the CSF of 21% of the patients. Although titers were generally low, the ADA data 
raises some concern about the potential impact of immunogenicity since titers for three subjects 
were close to or above 100,000. Subjects who met anaphylaxis or hypersensitivity criteria (15 
out of 24) were tested using RAST and were negative for anti-BMN190 IgE. The clinical review 
team finds the relationship between the adverse reaction and serum or CSF ADA titers to be
unclear. No statement about Nab incidence or levels can be made due to the insensitivity of the 
Nab method.

Overall, given that BMN190 is a lifesaving product for a universally fatal lysosomal storage 
disease, there are no immunogenicity concerns that would preclude approval, although Biomarin 
will need to agree to PMRs for development of a more sensitive Nab assay, and testing of patient 
samples.

(b) (4)
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Use the validated neutralizing antibody assay developed under PMR#1 to test the anti-BMN190 
antibody positive CSF samples detected during clinical trials.

1. During application review, explain why this issue is appropriate for a PMR/PMC 
instead of a pre-approval requirement.  

BMN190 is a lifesaving product for a universally fatal lysosomal storage disease, and there 
are no immunogenicity concerns that would preclude approval, however, the neutralizing 
capacity of the ADAs should be evaluated, since neutralization of BMN190 uptake is likely 
to impact the efficacy of this therapy. However, the validated sensitivity of the Sponsor’s 
existing Nab assay is poor, making it impossible to ascertain if the neutralizing capacity 
ADAs has been accurately assessed. Therefore, confirmed ADA positive CSF samples from 
the clinical trials should be re-tested with the improved Nab assay developed and validated 
under PMR#1.

2. Describe the particular review issue and the goal of the study/clinical trial.  If the 
study/clinical trial is a FDAAA PMR, describe the risk.  If the FDAAA PMR is created 
post-approval, describe the “new safety information.”

Please see the response to #1 above. The neutralizing capacity of the ADAs should be accurately 
evaluated, since neutralization of BMN190 uptake is likely to impact the efficacy of this therapy 
for an otherwise fatal disease. The goal is to use the improved neutralizing antibody assay 
developed and validated under PMR#1 to test the confirmed ADA positive CSF samples 
detected in pre-licensing studies, and evaluate the relationships between neutralizing antibody 
status and the drug safety and efficacy.

4. What type of study or clinical trial is required or agreed upon (describe and check type 
below)?  If the study or trial will be performed in a subpopulation, list here.

The improved neutralizing antibody assay developed and validated under PMR#1 will be used to 
test the confirmed ADA positive CSF samples detected in pre-licensing studies, and evaluate the 
relationships between neutralizing antibody status and the drug safety and efficacy.
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Executive Summary
BMN190 (rhTPP1, recombinant human Tripeptidyl peptidase 1) has been developed as an
enzyme replacement therapy for the treatment of classical Late Infantile Neuronal Ceroid
Lipofuscinosis (cLINCL), which is lysosomal storage disease resulting from TPP1 deficiency.  

Clinical immunogenicity results
The clinical immunogenicity data is from studies on 24 CLN2 patients that consist of one 
completed clinical study (190-201, Phase 1/2 study) and one ongoing extension study (190-202).  
Anti-Drug Antibodies (ADA) were measured in both serum and CSF using an appropriately 
validated assay for total binding antibodies, designated Tab by Biomarin.  Serum ADA were 
found in 79% of the patients after 49-107 weeks of treatment, and were also found in the CSF of 
5/24=21% of the patients. Serum ADA titers had a mean of 18,579 and a median 110, but three 
subjects had titers approaching or above 100,000, which raises some concern about potential 
impact of immunogenicity.
.
Subjects who met anaphylaxis or hypersensitivity criteria (15 out of 24) were tested for BMN 
190-specific IgE using an appropriately validated RAST method, which has a sensitivity of ~1
ng/ ml IgE.  All of these tested patients were negative for anti-BMN190-specific IgE.

Neutralizing antibodies (Nab) were assessed in CSF samples, and none were detected.  However, 
the existing Nab assay has a poor sensitivity, and Biomarin is being asked to agree to PMRs for  
developing a more sensitive Nab assay and reanalyzing the samples.                                                           
Reviewer comments
Failure to detect BMN-190 specific IgE makes it unlikely that these were Type I hypersensitivity
reactions to the product.  Although there is some potential concern due to the high rate of ADA 
incidence and high titers in three of the patients, the clinical review team finds the relationship 
between the adverse reaction and serum or CSF ADA titers unclear. Thus the existing data does 
not suggest specific immunogenicity concerns.  However, because BMN190 treatment is a long-
term therapy for an otherwise fatal illness, it is important that Nab antibodies be accurately 
assessed using a better Nab assay, as is suggested in the PMRs. 

ADA (Tab assay-Biomarin in house validation)
This assay is for detection of Total anti-BMN190 Antibodies (TAb) in Human Cerebrospinal 
Fluid (CSF) and Serum by ECL.  The assay validation is adequate, and the aspects of the 
validation are summarized individually below.
Positive Controls
The positive control antibody for the Tab assay is an affinity-purified goat anti-rhTPP1 
polyclonal antibody.  This antibody was diluted in either CSF or serum to yield the
High Quality Control (HQC), 0.3 Low Quality Control (LQC), or 0.0 Negative 
Quality Control (NQC). QC performance was very consistent in validation, which resulted in 
narrow acceptance ranges (%CV across all plates 

ls).
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Reviewer comments
The validation exercises for the QCs in both CSF and serum showed a high degree of 
reproducibility, and thus are acceptable from that aspect. The signal for the LQC is low but 
substantially above the NQC; i.e. in CSF, there is a 1.89 ratio of LQC/NQC while in serum, 
there is a 2.86 ratio of LQC/NQC.  The RLU values are closely spaced between runs, 
indicating the Sponsor’s QCs are appropriate controls for this assay.

Matrix/ Minimal Required Dilution (MRD)
The MRD is 1/20 in serum.
Reviewer comment
This MRD is consistent with the maximum MRD recommended in draft FDA Guidance for 
Immunogenicity Assay Development, 2016 

Limit of Detection / Sensitivity
The LOD was determined using data from the same runs as those for the titer precision 
determination; i.e.  6 plates run by 3 analysts over 4 days (CSF) or 3 days (serum).
Reviewer comments
The calculated sensitivities for the Tab assay of 17.1 ng/ml for CSF and 12.3 ng/ml for serum are 
acceptable because they indicate the assay can detect low levels of anti-BMN190 antibody.  
These are well within the 100 ng/ ml sensitivity cited in the 2016 FDA Draft Guidance for Assay 
Development and Validation for Immunogenicity Testing of Therapeutic Proteins.

Screening CP and Titer CutPoints
Screening, confirmation, and titer cut points and cut point factors were calculated from data 
generated by running a panel of 24 male and 24 female normal drug-naïve individual samples in 
the assay without and with excess unlabeled BMN190 (for screening and confirmation methods, 
respectively).
For CSF, the total data set distributions of raw signal data (RLU) and Log10 (RLU) data were
analyzed and it was determined that the raw signal (RLU) data analysis resulted
in an essentially normal distribution, without the need to exclude identified outliers.  The 
validation results for the Screening and Titer CPs in serum were very similar to those for CSF;
i.e. the raw data showed a normal distribution, with no outliers. The same formulas were used for 
Screening CP (Mean+1.645SD) and Titer CP (Mean +3.09SD), again yielding values that are 
close together with Screening CP of 144.6 RLU and a slightly higher TCP value of 150.9.  
Reviewer comments
The Sponsor’s summary statements appear accurate, with no obvious outliers.  The procedures 
for calculating CPs using Mean +1.645SD for screening (target 5% false positive rate) and 
Mean +3.09SD for titer (target 0.1% false positive rate) are consistent with 2016 FDA Draft 
Guidance for Development of Immunogenicity Assays, and the use of additive Cut Point Factors 
is appropriate, since the data are not log transformed.  The use of additive Cut Point Factors is 
supported by the fact that these CPFs approximately yield the expected false positive rates of 5% 
for screening and 0.1% for titer.  Moreover, the titer CPs are very close to the screening CP so 
the titer determinations can extend to high sample dilutions/low signal, optimizing the likelihood  
of accurate titer determinations.  
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Confirmatory CP Evaluations
The CSF confirmation cut point was determined to be > 6.6% SI, which corresponds to a 1.4% 
false-positive rate, while the serum confirmation cut point was determined to be > 7.2% SI, 
which corresponds to a 1.0% false-positive rate

Reviewer comments
These confirmatory Cut Points require only modest signal inhibition, and thus are likely to score 
even low affinity/avidity patient antibody responses as positive.  Moreover, they provide a high 
degree of certainty (99%). Thus the Confirmatory Cut Points are acceptable.

Drug tolerance 
Drug Tolerance (DT) was found to be 50 mg/ml in CSF and 10 mg/ ml in serum.
Reviewer comments
Sampling for antibody determination were taken before each BMN190 dosing. For serum 
samples the trough (pre-dose) concentrations of BMN190 were below the limit of quantitation.
For CSF samples the trough concentrations ranged from 20.6 ng/ml -6.58 mg/mL.  Given these 
expected BMN190 levels, together with the fact that samples are diluted 1/20 (MRD), the Drug 
tolerances in both CSF and serum are acceptable.

Precision
For the determination of intra- and inter-assay  precision in screening and confirmation Tab 
assays for CSF and serum, four sets of HQC, LQC and NQC in duplicate wells per plate were 
assayed on a total of 6 plates by 3 analysts over 4 days (CSF) or 3 days (serum). 
The tabulated screening assay precision i well below the 20% acceptance criteria. Therefore, the 
assay precision validation results indicate good reproducibility of the assay, and are thus 
acceptable.  These results also support the precision of the confirmatory assays, in which %SI 
(%Signal Inhibition) is the % inhibition of RLU values for the QCs resulting from addition of 
BMN 190 to the samples.  Thus the precision of the confirmatory assays is directly related to the 
precision of the QCs in the screening assay.  Moreover, in the Selectivity Phase of the validation 
for the three QCs diluted in serum from 10 different individuals, the %SI values for inhibition of 
HQC, LQC, and un-spiked (Neat) serum, are closely clustered for each of the respective QCs, 
indicating adequate precision of the confirmatory assays

Selectivity: Effects of Hemolysis and Lipidemia
Samples from 8 normal individuals were used to assess the effect of lysed RBC (hemolysis) on
Tab detection.  Two lipidemic serum samples (one male, one female) were also assessed. 
Reviewer comments
The ratios of HQC/NQC values for spiked samples were shifted so that 4 out of 8 samples were 
below the normal range, but significantly, the range of ratios for the LQC/NQC was essentially 
the same as normal, so that hemolysis does not appear to affect low signals.  Thus low positive 
CSF signals are expected to be captured without difficulty in the presence of hemolysis. 
Moreover HQCs still show robust signals, with HQC/NQC ratios > 83% of the lower values for 
non-hemolyzed samples.  For serum the HQC signals are also robust; i.e. hemolyzed HQC/NQC 
ratios were > 94% of the lowest values for non-hemolyzed samples, while lipidemic samples 
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were within the normal range.  LQC values were reduced below the normal range, but well 
above the NQC, so low patient antibody signals should still be detectable.  Thus hemolysis and 
lipidemia appear to be manageable issues for the Tab assay.

Specificity for anti-TPP1 antibody versus total IgG
CSF or serum samples were prepared that contain non-

g/mL, without added QCs, or with LQC.
Reviewer comments
There appears to be no non-specific inhibition of the Tab assay by added IgGs. Moreover, the 
IgG concentration in serum vastly exceeded any IgG added either from the positive controls or 
patient responses. Thus assay specificity in the face of excess non-specific IgG is demonstrated,
although there was little a priori reason to be concerned about this issue. 

Robustness
This study showed that for both CSF and serum, 3 sets (plates) of QCs at each level had intra-
duplicate %CV ranging from 0.0 - 7.5% and signals were within the QC acceptance ranges 
established during validation for all 3 plates, The resulting validated incubation ranges are: 25 -
70 minutes Confirmation Incubation, 60 - 245 minutes for Block Incubation, 40 - 95 minutes for 
Master Mix Incubation, 40 - 95 minutes for Streptavidin Plate Incubation, and 0 - 35 minutes for
Read Buffer Incubation.
Reviewer comment
In the Robustness study, relatively broad ranges of incubation times were validated and thus 
adequate robustness is demonstrated.

Stability of QCs and reagents
For the QCs, stability was demonstrated for 3 hours at RT, 24 hours at 2-8 0C and 6 F/T cycles,
with 14 day stability demonstrated for the capture and detection reagents at 2-8 0C.
Reviewer comments
Stability has been demonstrated for what are typical conditions for this type of assay, and is 
therefore adequate.

IgE assay-Conventional RAST assay (Assay developed and validated by )
In the RAST assay (RadioAllergoSorbent Test) BMN190 drug is covalently coupled to paper 
discs, which are then incubated with serum samples so that antibodies to the BMN190 will bind 
to the drug-coated discs. The discs are washed to remove excess sample and incubated with 125I
labeled anti-human IgE antibody. The discs are then washed again and counted on a gamma 
counter. Drug- specific IgE concentration is measured against a heterologous calibration curve 
and the results reported as kU/L. In the confirmation assay, competitor BMN190 is pre-incubated 
with the clinical sample for 1 hour prior to addition of the sample to the drug-coated disc.

An Enzyme AllergoSorbent Test or EAST) was used to assess the binding of BMN190 to the 
paper discs because there is no positive control for human IgE with anti-BMN190 specificity.  In 
this assay BMN190-coated discs are incubated with goat anti-TPP1 polyclonal antibody.  In a 
procedure conceptually similar to an ELISA, the discs are washed to remove excess serum and 

(b) (4)
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incubated with Alkaline Phosphatase (AP) conjugated rabbit anti-goat IgG. The discs were then 
washed again, incubated with a detection reagent and absorbance at 450 nm read using a plate 
reader.                                                        

To assess assay specificity, BMN190 was pre-incubated with the goat anti-TPP1 PAb spiked in 
FBS for 1 hour prior to being added to the drug-coated discs. After washing discs are incubated 
with the detection reagent, and absorbance read at 450 nm using a plate reader. Positive controls 
are IgE positive serum from a patient allergic for ragweed with known level of IgE in kU/L, 
where 1kU/L is ~ 7 ng/ml IgE.  The Low Quality Control has a mean of 0.62 kU/L + 0.14 (1SD) 
, and the High Quality Control has a mean of 3.6 kU/L + 0.77 (1SD).  

Reviewer comments
The ragweed patient positive controls provide assurance that the assay can, as is necessary, 
detect IgE in the low-ng and sub-ng range, with reasonable reproducibility. The RAST assay has 
been appropriately validated for Specificity, Screening and Confirmatory Cut Points, and
stability of BMN190 coated paper discs.  For Specificity, blocking of BMN190 binding to the 
paper RAST discs by anti-BMN190 antibody demonstrated that the discs are coated with the 
BMN190 product.  One out of 47 samples was above the cutpoint for a 2.1% false positive rate, 
with the corresponding sensitivity very high (0.15 kU/L~1 ng/ ml IgE) and near the sensitivity 
limit of a RAST assay. The Sponsor’s tabulated data for the Confirmatory Cutpoint shows 
considerable variability across the samples, and therefore requiring a robust inhibition of 66.92 
% is appropriate in order to obtain a reproducible signal above this individual-to-individual 
background. Disc stability was evaluated out to 2 years.  There was a twofold reduced signal at 
two years, but has demonstrated that this was actually due to reduced activity of the 
anti-BMN190 alkaline phosphatase conjugate, with equivalent signals obtained comparing 2 
year discs and new discs using a new lot of antibody-enzyme conjugate.  

Nab assay

(b) (4)

(b) (4)
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Reviewer comments
Although allowance may be made for use of a poor quality positive control if there is robust 
detection of patient Nabs, in the case of this anti-BMN190 Nab assay, the Sponsor was unable to 
detect any patient Nabs.  Taking these considerations together, it is impossible to say that the 
Sponsor has performed a meaningful assessment of neutralizing antibodies, and no statement
regarding Nab levels can be included in the label.  Therefore, the Sponsor is being asked to 
provide PMRs to develop an adequate Nab assay, and re-test stored patient samples from 
clinical trials with the new assay.

(b) (4)



12
BLA 761052 Immunogenicity Review                                   

Introduction
BMN190 (rhTPP1, recombinant human Tripeptidyl peptidase 1) is being developed as an
enzyme replacement therapy for the treatment of classical Late Infantile Neuronal Ceroid
Lipofuscinosis (cLINCL). The cILINC disorder is one of a group of autosomal recessive genetic 
diseases collectively referred to as Batten disease, or neuronal ceroid lipofuscinoses (NCLs).
NCLs are responsible for the majority of childhood neurodegenerative diseases, and are 
invariably fatal. NCLS are caused by mutations in one of at least 20 genes involved in lysosomal 
transport,

In the case of cLINCL the mutations are in the gene CLN2, which codes for the TPP1 enzyme.
TPP1 is 61kDa in size and 563 amino acids in length. TPP1 is highly expressed in  bone 
marrow, placenta, lung, pineal gland and lymphocytes, but loss of function most critically 
affects the CNS, where accumulation of lysosomal storage materials normally metabolized by 
this enzyme accumulate and lead to the neurodegenerative symptoms. TPP1 functions in the 
lysosome to cleave N-terminal tripeptides from substrates and. It is synthesized as a catalytically 
inactive enzyme which is activated and autoproteolyzed upon acidification.

Recombinant TPP1 or BMN190, is administered in Biomarin–sponsored trial into the patients’ 
cerebral ventricles via a surgically implanted ICV access device (reservoir and catheter).
Immediately following BMN190 administration, there is administration of a flushing solution, to 
ensure a complete delivery.

BLA 761052 contains clinical data from 2 clinical studies – one completed and one ongoing. 
There are final results from the completed Phase 1/2 study 190-201 for 24 subjects exposed to 
BMN190 is contained in this BLA, including 23 subjects exposed for at least 48 weeks. In this 
study dosing was every other week with aa dose escalation of 30, 100, and 300 mg BMN190.
Subjects were maintained at a given dose level for > 4 weeks before dose escalation followed by 
stable dose administration of 300 mg for at least 48 weeks.
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The second, ongoing clinical trial is a Phase 1/2 open label extension study 190-202. Finally, to
better understand the CLN2 disease patient population, a natural history analysis (190-901) was 
also conducted. The analysis consists of two parts: the original analysis which included 29 
patients from a database in Hamburg, Germany; and a supplemental analysis (dated 3 May 
2016), which includes a total of 41 patients (including 26 of the 29 from the original Hamburg 
analysis) from a database put together by a clinical consortium (DEM-CHILD).

APPEARS THIS WAY ON ORIGINAL
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Clinical Immunogenicity Summary
The clinical immunogenicity data is based on safety results from one completed clinical
study and one ongoing extension study in 24 subjects with CLN2 disease exposed to BMN 190 
for up to 107.6 weeks of treatment every other week. The 2 studies are:

190-201 Completed Phase 1/2 study for which there is safety data up to the study end date 
(November 30, 2015])

190-202 An ongoing Phase 1/2 extension study

The schedule for the immunogenicity assessments in Studies 201 and 202 was as follows:

Study 201- Samples of blood were collected for TAb testing and samples of CSF were collected 
for TAb and NAb testing before the first infusion (Baseline or Week 1 before the infusion), 
every 4 weeks during the Dose Escalation Period, at the start of the Stable Dose Period (Week 
1), and every 4 weeks thereafter (or within one week of the Early Termination visit). Collection 
preceded the next infusion. NAb were tested in CSF at baseline in all subjects and only tested at 
subsequent time points when TAb was positive in CSF. Baseline samples were used to obtain a 
baseline total and drug-specific IgE levels in the event of later hypersensitivity reactions 
requiring additional lab work. 

Study 202 - Samples of blood were collected for TAb testing and samples of CSF were collected 
for TAb and NAb testing prior to infusion. Samples from the Study Completion visit in Study 
190-201 were used to obtain a baseline total and drug-specific IgE levels, baseline C4, and 
baseline tryptase in the event of later hypersensitivity reactions requiring additional lab work. 
CSF NAb samples were collected at the Study 190-201 Study Completion visit in all subjects 
and only tested at subsequent time points when TAb was demonstrated to be positive in CSF. 
Samples of blood were collected for total IgE, C4, and tryptase as part of the Safety Follow-Up 
visit.

Sample collection for immunogenicity assessment preceded drug infusion. For serum samples, 
all trough concentrations were below the limit of quantitation. For CSF samples, the trough 
concentrations ranged from 20.6 to 6580 ng/mL and were within the drug tolerance value for 
CSF (50 mg/ml).

ADA results
In serum, the immunogenicity of BMN190 was significant; i.e.  anti-drug antibodies (TAb) were 
detected in the serum of most patients at a rate of 19/24 subjects (79%) by 49-107 weeks of 
treatment. ADA were first detected between weeks 5-13, and in subjects who developed an ADA 
response, the response was either sustained (12/19, 63%), declined (5/19, 26%), or reverted to 
undetectable (2/19, 11%) in subjects that developed antibodies by Week 109.
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Reviewer comments
The distribution of titers had a mean of 18,579 and a median 110. However, as seen in Figure 
27.4.3.2.1 above, when reaching a stable dose (SDO) three subjects had titers approaching or 
above 100,000, indicating reason for concern about the potential impact of immunogenicity
resulting from BMN190 treatment.

In CSF the ADA occurrence was reduced, but still appreciable at a rate of 5/24=21%, with 2 out 
of 5 positive patients showing sustained antibody levels.  One of these sustained patients (SDO 
1323-1018) showed titers in the range of several hundred, while the second patient (SDO 1323-
1016) had titers in the low 1000’s.  
Reviewer comments
The two sustained CSF patients also showed sustained high titers in serum, indicating that in 
these two cases the serum and CSF antibody levels represent parts of the same immune response, 
potentially resulting from peripheral lymphocyte trafficking into the CNS.  A hypothesis would be 
that the other patients with robust serum responses but low or undetectable CNS levels have a
more intact blood brain barrier.

Neutralizing antibodies
Neutralizing antibodies were assessed in the CSF. No neutralizing antibodies (Nabs) were 
detected, but the Nab assay (reviewed below) has a very poor sensitivity

(b) (4)
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  Thus, given the deficiencies in this assay, a definitive statement 
cannot be made about Nab levels.
Reviewer comments
Testing for Nabs in the CSF is appropriate because BMN 190 is targeted to the CNS
A PMR for an adequate Nab assay is being developed.

Hypersensitivity and IgE (from Synopsis of Individual Studies)
During the clinical trials, if subjects had a suspected anaphylactic reaction, serious 
hypersensitivity reaction, or severe hypersensitivity reaction, serum samples from subjects were 
tested for BMN 190-specific IgE using the RAST method, which has a sensitivity of ~1 ng/ ml 
IgE.  Overall, there were 15 out 24 total subjects who met these anaphylaxis or hypersensitivity 
criteria, and thus underwent BM190 –specific IgE testing.  All of these subjects were negative 
for BMN 190–specific IgE.  Ten of these subjects were also tested for complement component 
C4, serum tryptase, and total IgE.
Reviewer comments
The failure to detect BMN-190 specific IgE makes it unlikely that these were Type I
hypersensitive reaction to the product, indicating other mechanisms. Tryptase and C4 were 
within normal ranges, as was total IgE in 9 out of 10 cases.  Interestingly, one individual had 
unusually high total IgE (398-475 ng/ml) raising the possibility that non-specific IgE might have 
contributed to hypersensitivity.

Clinical Correlations
The Sponsor states that there was no apparent correlation between the magnitude of BMN190
plasma exposure, within range evaluated with 300 mg every other week dosing, and magnitude 
of ADA response or the time to ADA development in the serum.  The Sponsor also states that 
there is no discernable impact of serum ADA or CSF ADA on plasma PK and CSF PK
Reviewer comments
The clinical review team finds the relationship between the adverse reaction and serum or CSF 
ADA titers unclear.

(b) (4)
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Total Antibody Binding (TAb) Assay

This assay is for detection of Total anti-BMN190 Antibodies (TAb) in Human Cerebrospinal 
Fluid (CSF) and Serum by Electrochemiluminescence
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Positive Controls
The positive control antibody for the Tab assay is an affinity-purified goat anti-rhTPP1 
polyclonal antibody.  This antibody was diluted in either CSF (for validation studies in CSF) or 
serum, to the following concentrations:
HQC
LQC 0.3
NQC 0.0
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QC performance was very consistent in validation, which resulted in narrow acceptance ranges 
(%CV across all plates 
control levels). The QC validation data is summarized below.

Reviewer comments
As summarized above, the validation exercises for the QCs in both CSF and serum showed a 
high degree of reproducibility, and thus are acceptable from that aspect. The signal for the LQC 
is low but substantially above the NQC; i.e. in CSF, there is a mean signal of 1.89 + 0.153 for 
the LQC vs 1.01 + 0.0278 for the NQC, for a 1.89 ratio of LQC/NQC while in serum, there is a 
mean signal of 2.86 + 0.245 for the LQC vs 1.01 + 0.0280 for the NQC for a 2.86 ratio of 
LQC/NQC.  I have examined Sponsor’s tabulated data from which these LQC and NQC values 
were derived, and find the RLU values are in fact closely spaced between runs, indicating
reproducible performance of the assay in the low signal range. Therefore, I find that the 
Sponsor’s LQC and NQC are appropriate controls for this assay.
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Matrix/ Minimal Required Dilution (MRD)
The MRD is 1/20 in serum.
Reviewer comment
This MRD is consistent with the maximum MRD recommended in draft FDA Guidance for 
Immunogenicity Assay Development, 2016 

Sensitivity and Cut Points

The screening, confirmation, and titer cut points and cut point factors were calculated from data 
generated by running a panel of 24 male and 24 female normal drug-naïve individual samples in 
the assay without and with excess unlabeled BMN190 (for screening and confirmation methods, 
respectively). A ‘cut point run’ in this validation was a set of 3 plates containing the full panel of 
individual samples used for cut point analysis. For each cut point run, the samples were divided 
evenly among 3 plates, with samples assayed in both the screening and confirmation procedures.
Two analysts each assayed 3 plates containing a total of 48 samples (24 males (M1-M24) and
24 females (F1-F24)) per cut point run per day for 3 days, with samples processed in rotating
order on each of the 3 days. Fresh individual tubes of matrix were thawed each day for analysis

Cut point analyses were designed to determine a confirmation cut point (CCP) with an 
approximate 1% false-positive rate, a screening cut point factor (SCPF) with an approximate 5% 
false-positive rate, and a titer cut point factor (TCPF) with an approximate 0.1% false-positive 
rate.

CSF: Screening CP and Titer CutPoints
The total data set distributions of raw signal data (RLU) and Log10 (RLU) data were analyzed 
and it was determined that the raw signal (RLU) data analysis resulted in an essentially normal 
distribution, without the need to exclude identified outliers.
Therefore, the screening cut point (SCP) was calculated using the formula: Mean (RLU) + (1.645 
x SD(RLU)) = SCP, and the titer cut point (TCP) was calculated using the formula: 
Mean(RLU)+ (3.09 x SD(RLU)) = TCP. The CSF screening cut point was determined to be 
150.0, and the CSF titer cut point was determined to be 156.7.  

Additive screening and titer cut point factors were employed for CSF, since raw RLU data was 
used for cut point analysis. The additive screening cut point factor (SCPF) and additive titer cut 
point factor (TCPF) were calculated using the formula: Additive CPF = (Cut Point – CC Grand 
Mean). The CSF screening cut point factor was determined to be 7.2, which corresponds to a 
4.9% false-positive rate. The CSF titer cut point factor was determined to be 13.9, which 
corresponds to the 99.9th% CL (equivalent to a 0.1% false-positive rate).
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Reviewer comments
I have examined the Sponsor’s Cut Point determination data in Tables 16.2 and 16.4, and find 
that the Sponsor’s summary statements appear accurate, with no obvious outliers.  The 
procedures for calculating CPs using Mean +1.645SD for screening (target 5% false positive 
rate) and Mean +3.09SD for titer (target 0.1% false positive rate) are consistent with 2016 FDA 
Draft Guidance for Development of Immunogenicity Assays, and the use of additive Cut Point 
Factors is appropriate, since the data are not log transformed.  The use of additive Cut Point 
Factors is supported by the fact that these CPFs approximately yield the expected false positive 
rates of 5% for screening and 0.1% for titer.  Moreover, I note that the titer CP (156.7) is 
actually very close to the screening CP (150 RLU) so that the titer determinations can extend to 
high sample dilutions/low signal, optimizing the likelihood of accurate titer determinations.  

Serum: Screening and Titer CutPoints
The validation results for the Screening and Titer CPs in serum were very similar to those for 
CSF; i.e. the raw data showed a normal distribution, with no outliers. The same formulas were 
used for Screening CP (Mean+1.645SD) and Titer CP (Mean +3.09SD), again yielding values 
that are close together with Screening CP of 144.6 RLU and a slightly higher TCP value of 
150.9. Because raw data are used, additive Cut Point Factors were derived: SCPF=8.2 RLU and 
TCPF=14.5 RLU.  Using these CPFs, an appropriate 7.6% false positive rate was observed for 
screening, and a 0.1% false positive rate was observed using the Titer CPF.  
Reviewer comments
Examining the serum CutPoint determination data in Tables 16.2 and 16.4, shows that the 
summary statements appear accurate, with no obvious outliers. Again the determinations follow 
FDA guidance, and should capture all candidate positives in screening, and high sample 
dilutions yielding accurate titer determinations.

In conclusion, the CSF and serum SCP, SCPF, TCP, and TCPF are acceptable

Confirmatory CP Evaluations
The total data set distributions of %SI (%Signal Inhibition) and Log10(S/U) data were analyzed 
and after the box plot removal of outliers, it was determined that %SI analysis resulted in a 
higher degree of normality according to the Shapiro-Wilk test (normal = p > 0.05). Each 
individual cut point run was then evaluated for normality.  Those that were not normal were 
analyzed for outliers using the box plot method. However, after the exclusion of outliers, only 3
of 6 individual cut point runs achieved normal distributions according to the Shapiro-Wilk test. 
Therefore, the empirical 99th percentile of the %SI population was used to define the 
confirmation cut point, after exclusion of outliers identified by the box plot method.

The CSF confirmation cut point was determined to be > 6.6% SI, which corresponds to a 1.4% 
false-positive rate, and the serum confirmation cut point was determined to be > 7.2% SI, which 
corresponds to a 1.0% false-positive rate
Reviewer comments
These confirmatory Cut Points require only modest signal inhibition, and thus are likely to score 
even low affinity/avidity patient antibody responses as positive.  Moreover, they provide a high 
degree of certainty (99%).  Thus the Confirmatory Cut Points are acceptable.
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Limit of Detection / Sensitivity
The LOD was determined using data from the same runs as those for the titer precision 
determination; i.e.  6 plates run by 3 analysts over 4 days for CSF, and 6 plates run by 3 analysts 
over 3 days for serum. 

Review comments
The calculated sensitivities for the Tab assay of 17.1 ng/ml for CSF and 12.3 ng/ml for serum are 
acceptable because they indicate the assay can detect low levels of anti-BMN190 antibody.  
These are well within the 100 ng/ ml sensitivity cited in the 2016 FDA Draft Guidance for Assay 
Development and Validation for Immunogenicity Testing of Therapeutic Proteins.

Drug tolerance 
Drug Tolerance (DT) was assessed by determining the highest BMN190 concentration at which 
the LQC still gave a value above the cutpoint, and thus was positive.  The DT was found to be 50 
mg/ml in CSF and 10 mg/ ml in serum.
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Reviewer comments
Sampling for antibody determination was taken before each BMN190 dosing. For serum samples 
the trough (pre-dose) concentrations of BMN190 were below the limit of quantitation. For CSF 
samples the trough concentrations ranged from 20.6 ng/ml -6.58 mg/mL.  Given these expected 
BMN190 levels, together with the fact that samples are diluted 1/20 (MRD), the Drug tolerances 
in both CSF and serum are acceptable.

Precision
For evaluation of Tab assay intra- and inter-assay  precision in screening and confirmation assays 
for CSF, four sets of HQC, LQC and NQC in duplicate wells per plate were assayed on a total of 
6 plates by 3 analysts over 4 days. For serum, four sets of HQC, LQC and NQC in duplicate 
wells were assayed on a total of 6 plates by 3 analysts over 3 days. 

For the CSF Tab assay, the % CVs for the QCs were as follows:
Intra assay Inter assay

HQC 5.5% 11.0%
LQC 2.6% 4.4%
NQC 2.1 4.4%

For the serum Tab assay, the % CVs for the QCs were as follows:
Intra assay Inter assay

HQC 6.2% 13.5%
LQC 4.7% 10.5%
NQC 2.0% 6.0 %

Reviewer comments
From visual examination of the tabulated screening assay precision data in Tables 16.8-16.15
the RLU values for HQC, LQC, and NQC appear tightly clustered, consistent with the calculated 
% CV values that are well below the 20% acceptance criteria. Therefore, the assay precision 
validation indicates good reproducibility of the assay, and is acceptable.  
These results also support the precision of the confirmatory assays, in which %SI (%Signal 
Inhibition) is the % inhibition of RLU values for the QCs resulting from addition of BMN 190 to 
the samples.  Thus the precision of the confirmatory assays is directly related to the precision of 
the QCs in the screening assay.  Moreover, in the Selectivity Phase of the validation (Tables 
16.20 and 16.21), for the three QCs diluted in serum from 10 different individuals, the %SI 
values for inhibition of HQC, LQC, and un-spiked (Neat) serum, are closely clustered for each of 
the respective QCs, indicating good precision of the confirmatory assays; i.e. HQC %SI range = 
96.8-97.2%, LQC % SI range =41.3-53%, Neat serum % SI range=0-2.7%.

To evaluate intra- and inter-assay precision of the titer assay, three sets of TQC (6 g/ml) were
serially diluted 3-fold so as to produce at least two dilutions above and at least one dilution 
below the titer cut point, with these samples assayed in duplicate wells on a total of 6 plates by 3 
analysts over 4 days (CSF) or 4 days (serum). This yielded 3 titer determinations on each of the 
6 plates, for a total of 18 titer determinations.  From each titer determination that was 
determined, a back-calculation was performed to give an estimate of the RLU signal that would 
have been expected for undiluted (6 g/ml) TQC. 
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For intra-assay precision, a mean and % CV were calculated for the three back-calculated RLU 
values from each plate, and then the averages of theses means and %CVs were calculated.
These values were:

Intra assay average mean Intra assay average % CV
CSF 9718 20.4%
Serum 11871 39.7%

For inter-assay precision, an overall mean was determined for the back-calculated RLU values 
across the 6 runs, and  a % CV was calculated for the variability of the back-calculated RLU 
values between the 6 runs.

These values were:
Inter run mean Intra run % CV

CSF 9718 36.9%
Serum 11871 25.5%

Reviewer comments
The Sponsor did not specify an acceptance criterion for the variability of the back-calculated 
RLU values resulting from the titer determinations.  The variability is substantially larger than 
the small %CV values seen for the screening assay QCs, but the titer variability is still much less 
than a twofold difference, which is typically taken to be a minimum significant difference in 
interpretation of patient titer results.  Therefore, I find that the validation of the titer assay 
precision is acceptable.

Selectivity: Effects of Hemolysis and Lipidemia ,
Eight CSF normal samples (from 4 females and 4 males) were spiked with HQC, LQC, or NQC, 
and assayed in the presence of added RBC (hemolysis).  Similarly, 8 normal serum samples were 
spiked with HQC, LQC, or NQC, and assayed in the presence of added RBC (hemolysis), and 
finally, two lipidemic serum samples (from one female and one male) were spiked with HQC, 
LQC, or NQC, and assayed

For CSF, the range without RBC for ratios of HQC/NQC signals was 36.7-32.6, versus 33.9-27.1
for the same samples spiked with RBC.  The ratios of LQC/NQC signals were 2.0-1.6 for
unspiked samples, versus 2.0-1.5 for RBC spiked samples.  
Reviewer comments
The HQC/NQC for spiked samples were shifted so that 4 out of 8 samples were below the normal 
range, but significantly the range of ratios for the LQC/NQC was essentially the same as normal, 
so that hemolysis does not appear to significantly affect low signals.  Thus low positive CSF 
signals should still be captured in the presence of hemolysis, while high positives will still show 
a robust signal.   

For serum, across validation the ratios of HQC/NQC signals showed a range of 55.7-31.6 versus 
39.8-28.7 for the samples spiked with RBC. Across validation the ratios of LQC/NQC signals 
showed a range 3.1-2.0 of versus 2.0-1.6 for RBC spiked samples.  Two lipidemic serum 



27
BLA 761052 Immunogenicity Review                                   

samples were also assessed (one female, one male).  All of the lipidemic individual spiked 
samples had assay values above the screening and confirmatory cutpoint.  The ratios of 
HQC/NQC signals were 34.7 and 33.7, while the ratios of LQC/NQC signals were 1.83 and 1.68. 
Reviewer comments
For serum with hemolysis or lipidemia, the ranges for both the HQC/NQC and LQC/NQC signal 
ratios for spiked samples were shifted toward low ranges. However, the HQC signals are still 
robust, and the LQC values are well above the NQC, so patient antibody signals are expected to 
be detectable.

Specificity
CSF or serum samples were prepared that contain non-

g/mL (neat) in blank NHPC or NHPS, in addition to NHPC or NHPS containing 
PC at 0.3 
also prepared to verify that the PC was spiked at the correct level. 
For CSF with the 0.3 g/ ml LQC, the mean ECL value (RLU) was 252 RLU with no added IgG, 
and 250-257 RLU for 0.1-10 g/ ml added IgG.  Similarly, the negative control NQC, the mean 
ECL value was 139 RLU with no added IgG, and 138-143 RLU for 0.1-10 g/ ml added IgG. 
Using the confirmation assay, it was possible to confirm the respective positive or negative status 
of all these samples.

For serum with the 0.3 g/ ml LQC, the mean ECL value was 310 RLU with no added IgG, and 
very similar values of 309-312 RLU for 0.1-10 g/ ml added IgG.  Likewise, the negative control 
NQC, the mean ECL value was 129 RLU with no added IgG, and very similar values of 123-127
RLU for 0.1-10 g/ ml added IgG.  For confirmation with added BMN190, the mean ECL value 
was reduced to 121 RLU with no added IgG, and showed very similar inhibited values of 128-
125 RLU for 0.1-10 g/ ml added IgG.  Likewise, for the negative control NQC, as expected 
there was no inhibition by BMN190, with a mean ECL value was 129 RLU for the samples with 
no added IgG, and 126-124 values for 0.1-10 g/ ml added IgG. 

Reviewer comments
There appears to be no non-specific inhibition of the Tab assay by added IgG, which formally is 
an important assessment, since the positive controls (and most patient Tabs) are IgGs.  On the 
other hand, the concentration of IgG in serum for children 0-9 years old ranges from 2-14 mg/ml
(http://emedicine.medscape.com/article/2157901-overview),  so for an assay MRD of 1/20, the 
IgG concentration would be 100-700 g/ml, vastly exceeding any IgG added either from the 
positive controls or patient responses. Thus assay specificity in the face of added IgG is 
demonstrated , but there is little a priori reason to be concerned about this issue. 

Robustness
Three sets of QCs (HQC, LQC and NQC) were each loaded in duplicate wells per
condition for the minimum and maximum incubation times specified below were assayed.
Each condition was tested on a total of 3 plates over 2 days, by 2 analysts for CSF, and by
1 analyst for serum.
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This study showed that for both CSF and serum, all 3 sets (plates)  of QCs at each level had 
intra-duplicate %CV ranging from 0.0 - 7.5% and signals were within the QC acceptance ranges 
established during validation for all 3 plates. The resulting  validated incubation ranges are: 25 -
70 minutes Confirmation Incubation, 60 - 245 minutes for Block Incubation, 40 - 95 minutes for 
Master Mix Incubation, 40 - 95 minutes for Streptavidin Plate Incubation, and 0 - 35 minutes for
Read Buffer Incubation.
Reviewer comments
In the Robustness study, relatively broad ranges of incubation times were validated and thus 
adequate robustness is demonstrated.

Stability Testing 
CSF:
Bench top stability of HQC and LQC and NQC
Bench Top Stability: 3 aliquots of each QC (HQC, LQC, and NQC) were pulled from -60 to
-80 0C storage, thawed and stored on the bench for 3 hours (± 10 min.) prior to being assayed in 
the screening method. In table 16.29, for this stability test there was low intra-assay variability 
(0.5-6.8% CV) with the values meeting the acceptance criteria, demonstrating stability on the 
bench top for 3 hours.  

2 to 8°C Stability: 3 aliquots of each QC (HQC, LQC, and NQC) were pulled from -60 to
-80 0

method. The LQC went to a low value that was out of acceptance, and thus the QCs cannot be 
stored at 2 to 8°C  for 24 hours or longer.

Freeze/Thaw (F/T) Stability: Eighteen aliquots (three aliquots per F/T cycle) of each QC
(HQC, LQC and NQC) were frozen at -60 to -80°C for at least 12 hours after preparation. At 
each F/T cycle, samples were removed and thawed unassisted at room temperature on the bench 
top for 2 hours ± 10 minutes. The set was then returned to -60 to -
Examination of Table 16.29 for CSF stability shows little change, and low intra-assay variability 
(0.5-9.5% CV) for the QC samples between 1 F/T cycle and 3 F/T cycles, with the values 
meeting the acceptance criteria.  However, for 6 F/T cycles the LQC value declined and went out 
of acceptance, so only a maximum of 3 F/T cycle stability is demonstrated.

Critical Reagent Stability: One set of conjugated BMN190 bridging reagents (Biotin-
BMN190 and Ru-BMN190) was removed from -60 to -80°C storage and stored at 2-8°C for
7 ± 2 days, and a separate set was removed and stored at 2-8°C for 14 ± 2 days.   Examination of 
Table 16.29 shows that for this stability test there was low intra-assay variability (0.5-5.2 % CV) 
with the values meeting the acceptance criteria, demonstrating adequate stability at 2-8°C for 
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both 7 and 14 days for the Biotin-labeled BMN190 used to capture antibody in the assay, as well 
as the ruthenium-labeled BMN190 used for detection.  
Reviewer comments
Stability of the QCs in CSF is demonstrated for 3 hour bench top storage, 3 F/T cycles, and also 
for up to 14 days storage at 2-8 0C for the capture and detection reagents in CSF.

Serum:
Identical studies were performed for QCs, capture reagent, and detection reagent in serum.  As 
per Table 16.30, the results were largely similar, except that for samples in serum, QCs in serum 
met the acceptance criteria for (1) 24 hours at 2-8 0C storage and  (2) 6 F/T cycles.
Reviewer comments
Stability of the QCs in serum is demonstrated for 3 hour bench top storage, 24 hour storage at 2-
8 0C, and for 6 F/T cycles.   For the capture and detection reagents in serum, stability is also 
demonstrated for up to 14 days storage at 2-8 0C

Long Term Stability (LTS) of LQC and HQC
CSF 
For stability at -60 to -80 0C (Table 16.37) triplicate samples of the HQC and LQC  were run in 
duplicate for samples stored 3, 6, and 12 months.  The values were in close agreement for the 
HQC and LQC within each time point evaluation, and also between runs for the different time 
point evaluations, and were well within the acceptance criteria.
Similarly, for stability at 10 to -30 0C (Table 16.38) triplicate samples of the HQC and LQC were 
run in duplicate for samples stored 7, 8, and 10 weeks.  Again the values were in close agreement 
for the HQC and LQC within each time point evaluation, and also between runs for the different 
time point evaluations, and were well within the acceptance criteria.
Reviewer comments
Stability of the positive controls in CSF is demonstrated for 12 months at 60 to -80 0C, and 10 
weeks at 10 to -30 0C. 

SERUM (essentially the same evaluation as for CSF)
For stability at -60 to -80 0C (Table 16.39) triplicate samples of the HQC and LQC were run in 
duplicate for samples stored 3, 6, and 12 months.  The values were in close agreement for the 
HQC and LQC within each time point evaluation, and also between runs for the different time 
point evaluation, and were well within the acceptance criteria.
For stability at 10 to -30 0C (Table 16.38) triplicate samples of the HQC and LQC were run in 
duplicate for samples stored 3 months and 6 months.  The values for were in close agreement for 
the HQC and LQC within each time point evaluation, and also between runs for the different 
time point evaluations, and were well within the acceptance criteria. For 6 months, the LQC 
values showed increase variability, and neither the HQC or LQC values met acceptance criteria.  

Reviewer comments
Stability of the positive controls in serum is demonstrated for 12 months at 60 to -80 0C, and 10 
weeks at 10 to -30 0C. 
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IgE assay-Conventional RAST assay
Overview
In the RAST assay (Radioallergosorbent test) BMN190 drug is covalently coupled to 6.5mm 
paper discs. The BMN190 coated disc is then incubated with samples, and antibodies to the 
BMN190 will bind to the drug-coated disc. The discs are then washed to remove excess sample 
and incubated with 125I labeled anti-human IgE antibody. The discs are then washed again and
counted on a gamma counter. The drug specific IgE concentration is measured against a 
heterologous calibration curve and the results reported as kU/L. In the confirmation assay, a 
specified concentration of the drug is pre-incubated with the clinical sample for 1 hour prior to 
being added to the drug-coated disc.

To qualify BMN190 coupled discs, since there was no available positive control containing 
human IgE with anti-BMN190 specificity, a modified RAST method, referred to as an Enzyme 
AllergoSorbent test (EAST) was used.  EAST testing is performed to assess the binding of 
BMN190 to the paper discs. BMN190 coated discs are incubated with goat anti- TPP1 
polyclonal antibody.  In a procedure conceptually similar to an ELISA, the discs are washed to 
remove excess serum and incubated with Alkaline Phosphatase (AP) conjugated rabbit anti-goat 
IgG (PAP). The discs are then washed again and incubated with a detection reagent (AP 
colorimetric substrate -- pNPP). Subsequently, the absorbance at 450 nm is read using a plate 
reader.                                                        

In the specificity assay, BMN190 is pre-incubated with the goat anti-TPP1 PAb spiked FBS for 1 
hour prior to being added to the drug-coated disc.

Controls 
The positive controls are IgE positive serum from a patient allergic for ragweed with known 
level of IgE in kU/L, where 1kU/L is ~ 7 ng/ml IgE. The Low Quality Control has a mean of 
0.62 kU/L + 0.14 (1SD), and the High Quality Control has a mean of 3.6 kU/L + 0.77 (1SD).  
Reviewer comment
The positive controls indicate the assay can, as is necessary, detect IgE in the low-ng and sub-ng
range, with reasonable reproducibility.  

Analytical Specificity
Using EAST, the specificity of the BMN190 coated discs for anti-BMN190 antibody was
assessed in -TPP1 PAb antibody 
was pre- 500

ted discs. The percent inhibition for 
the highest three levels of drug were all >70% indicating that the signal generated in the EAST is 
specific for BMN190.  The 62.5 g/ ml level gave slightly lower inhibition of 67.61%
Reviewer comments
Blocking of BMN190 binding to the paper RAST discs by anti-BMN190 antibody demonstrates 
that the discs are coated with the BMN190 product.

Screening Assay Cut-Point Determination
A screening assay cut-point, in kU/L units, was established for the RAST method using 
BMN190 coated discs by assaying sera from 50 drug-naïve subjects across 2 independent RAST 
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runs. Analysis in JMP found neither data cohort to be normally distributed [p-value < 0.05] 
(Appendix 2 and 3). Normality was determined by a Goodness of Fit Test (Shapiro Wilk) where 
the p-value (Prob<W) has to be greater than 0.05 for a data set to be considered normally 
distributed. Statistical outliers (as determined by box plot analysis and defined as values less than 
or greater than 1.5 x the Interquartile Range) were excluded from the statistical evaluation of the 
screening cut-point in each data cohort. The log transformed raw data was shown to have the 
higher p-value and thus more closely approximated a normal distribution as determined by box 
plot analysis 
Based on these criteria, log transformed raw CPM values for statistical outliers were removed 
from the screening assay cut-point analysis. After removal of the statistical outliers, the inverse 
logarithm of the log transformed raw CPM mean +2SD value was calculated to be 582.56 CPM.
Using a screening cut-off of 582.56 CPM, 1 out of the 47samples used to establish the screening 
assay cut-point, was above the screening cut point, for a 2.1% false positive rate.
The screening assay cut-point was converted to kU/L by interpolating the CPM value of 582.56 
from each of the two respective standard curves determination study. The mean of these 
interpolated values, which was used as the screening assay cut-point for BMN190 clinical 
studies, was calculated to be 0.15 kU/L.
Reviewer comments
I have examined the Sponsor’s graphical presentations of the raw and log transformed screening 
cut point data, and find that, as stated, only the log transformed data resembles a normal 
distribution, so the log transformation is appropriate, as discussed in the validation report.
Applying the screening cutpoint to the data set generated from the drug-naïve subjects yields 1
out of 47 samples above the cutpoint for a 2.1% false positive rate, which is slightly lower than 
the usual 5% false positive rate for a screening assay.  However, the corresponding sensitivity 
for this cut point is very high (0.15 kU/L~1 ng/ ml IgE) and near the sensitivity limit of a RAST 
assay (Hamilton and Brock (2010)J. Allergy and Clinical Immunology, 126, pp.33-38), so the cut 
point is appropriate.

Confirmation Assay Cut-Point Determination- “Specificity Cut-Point”
The specificity cut-point, which distinguishes specific binding from non-specific binding of
antibodies to the drug conjugated disc, was established via a competitive inhibition assay.
Testing was performed similarly to the screening assay cut-point determination study except 500

-naïve subject
sera prior to RAST testing using BMN190 conjugated discs. The data for the confirmation 
cutpoint determination study is shown in Table 3. The data, expressed as % inhibition, did not 
have a normal distribution when analyzed by the JMP Statistical Analysis Software Program, 
with two box plot identified outliers and a p-value of 0.0409 (Appendix 6). After removal of one 
outlier, Goodness of Fit was re-calculated for an improved normal curve fit [p-value = 0.2952] 
For BMN190, the mean percent change between the spiked and unspiked samples was -7.24 and 
the SD was calculated to be 24.00. Therefore specificity cut-point for the RAST method was
determined to be 66.92%, which is calculated by taking the mean of the % differences+3.09 SD

Reviewer comments
As with the screening Cut Point, deriving the confirmatory Cut Point from a battery of 50 normal 
serum samples is common practice and is consistent with the 2016 FDA Guidance for 
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Development of Immunogenicity Testing Assays.  I have examined the Sponsor’s tabulated data 
for the Confirmatory Cutpoint.  The data shows considerable variability across the samples, and 
therefore requiring a robust inhibition of 66.92 % is appropriate to order to obtain a 
reproducible signal above this background.

Stability of BMN190 coated discs
Stability of the coated discs was assessed using EAST at 0, 6 and 2 years.   There was an issue 
with this validation due to variability in activity of the anti-BMN190 antibody conjugated with 
alkaline phosphatase that is used in the EAST, so that an apparent decrease in bound BMN190
was observed for discs stored for 2 years. The conjugate was shown by an orthogonal method to 
have reduced activity at 2 years, and preparation of a new lot of anti-BMN190 enzyme conjugate 
resulted in an increased signal for the 2 year samples.  Moreover, 2 year discs and new discs 
showed equivalent binding when tested using the new enzyme conjugate.  

Finally, using EAST, the specificity of the BMN190 coated discs for anti-BMN190 antibody was
determined at 3 months and 2 years via a competitive inhibition a
goat anti-BMN190 polyclonal antibody was pre- ited) and 500 

BMN190 drug prior to adding to the BMN190 coated discs. The inhibition was 
similar and > 70% at 0, 6 months, and 2 years.
Reviewer comments

has demonstrated that the observation of reduced EAST signal in the disc stability 
evaluation at 2 years is attributable to reduced activity of the anti-BMN190 alkaline phosphatase 
conjugate, with equivalent signals obtained comparing 2 year discs and new discs using a new 
lot of antibody-enzyme conjugate.  

(b) (4)
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Reviewer comment
As is the case for stability assessments, these validation exercises will need to be repeated with a 
new, more sensitive positive control antibody.

(b) (4)
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From: Candace Gomez-Broughton, Ph.D., Microbiologist CDER/OPQ/OPF/DMA IV
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FEI #: 3004079983
Product: BRINEURA™ (BMN190)
Dosage: Solution for intracerebroventricular infusion
Indication: Treatment of patients with CLN2 disease (tripeptidyl peptidas-1 (TPP1)
Due date: April 27, 2017

Recommendation for Approvability: The drug substance section of the BLA, as amended, is
recommended for approval from a microbiology product quality perspective.

Review Summary
Brinuera™ (BMN190, rhTPP1 or cerliponase alfa) is a recombinant human tripeptidyl peptidase-1
(rhTPP1). BMN190 is indicated as an enzyme replacement therapy for treatment of patients with 
CLN2 disease.  This rare disorder is caused by mutations in the CLN2 gene that result in a deficient 
tripeptidyl peptidase-1 (TPP1) which is responsible to metabolizing lysosomal storage materials.
These materials accumulate in multiple organs including those of the central nervous system leading 
to neurodegenerative symptoms and ultimately death. BMN190 is produced by Chinese hamster 
ovary (CHO) cells .  BMN190 drug substance is 
manufactured at BioMarin Pharmaceutical Inc. in Novato, CA.

BMN190 drug product (DP) is manufactured by 
BMN190 is a sterile solution for intracerebroventricular (ICV) infusion, packaged in a 

container closure system that consists of a Type 1 clear vial,  
 rubber stopper and a flip off cap with an aluminum crimp seal. The DP is has a 150 mg dosage 

strength and is supplied at a temperature of -20 ± 5°C.
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(b) (4) (b) (4)

(b) (4)
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SATISFACTORY

P.8 Stability 
The stability BMN 190 DP is monitored at long-term (-20 ± 5°C) and accelerated (5 ± 3 C) 
storage conditions. Stability data have also been generated for clinical batches stored at a colder 
temperature (-40 ± 10°C). These data support storage of the DP in a range of temperatures 
extending from -50°C to -15°C, as may be encountered during distribution and shipment of the 
commercial DP. DP continues to meet specifications for up to three months at accelerated (5 ± 
3 C) storage conditions. Stability results obtained to date for the commercial and clinical lots 
representative of the commercial process, container/closure and formulation support 24 months 
of expiry for commercial BMN 190 DP. Up to 24 months of long-term stability data are 
available for clinical lots P2408-130011 and P2408-130025 and up to 12 months of stability data 
are available for three of the DP batches  produced during the process 
qualification campaign in 2014. The manufacturing process for DP remained unchanged between 
commercial and clinical with the exception of a change in extractable volume of 1 mL per 
container to 5 mL per container, and a change in long-term storage temperature from -40 ± 10 °C 
to -20 ± 5 °C. The CCIT data are available for 12 and 24 months for lots P2408-130011 and 
P2408-130025 (1 mL delivered volume) and for 12 months for lots P2410-140088, P2410-
140088,  P2410-150021, and P2410-150039 (5 mL delivered volume). 

Reviewer’s comments: CCIT (dye ingress test) is scheduled for 12 and 24 months. There have 
been no out of specification results for the available time points. Sterility and Endotoxin tests are 
not proposed for the stability samples. The reminder of the stability data should be reviewed by 
OBP. 

SATISFACTORY 

Module 1  
Labeling Review: Prescribing Information 

(b) (4)

(b) (4)
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employ a minimum countable inoculum (10-100 CFU) to simulate potential microbial 
contamination that may occur during the product transfer to the syringe. The test should be run 
at the label’s recommended storage conditions, be conducted for twice the recommended storage 
period, and use the drug product concentration, which would be administered to patients. 
Periodic intermediate sample times are recommended. Challenge organisms may include strains 
described in USP <51> plus typical skin flora or species associated with hospital-borne 
infections. In lieu of this data, the product labeling should recommend that the in-use storage 
period is not more than 4 hours at 2-8°C. 

Response summary (0068): 
The final Labeling text will be updated with the following statement: 

Reviewer’s comment: Sponsor did not simulated potential contamination during infusion of DP. 
The DP is thawed and infused without additional dilution. Sponsor do not proposes the storage 
of the thawed DP. The complete infusion, including Brineura DP and the required ICV solution 
(or Flushing Solution), is given over approximately 4.5 hours. No microbial challenge studies 
needed to support labeling. The infusion system components used for administration of DP with 
a direct product contact are sterile and their review is covered separately by CDRH reviewers. 

SATISFACTORY 

Drug Product Review (Flushing Solution)

Module 3.2 
P.1 Description and Composition of the Drug Product 
The BMN 190 flushing solution (FS) is a sterile solution for infusion for intracerebroventricular 
(ICV) administration that will be supplied in the same container closure as the BMN190 DP. The 
FS solution is clear and colorless. Each vial is filled to a target volume of mL to enable the 
withdrawal and delivery of 5 mL of solution. The composition of the BMN 190 FS is the same as 
BMN 190 DP, except the FS does not contain the active substance, rhTPP1. A volume of up to 5 
mL will be used to flush the infusion line, port needle, and ICV access device in order to fully 
administer BMN 190 and to maintain patency of the ICV access device. 

Reviewer’s comment: This information is provided in this review memo for reference.  
SATISFACTORY 

P.2  Pharmaceutical Development 

(b) (4)

(b) (4)

(b) (4)

15 Page(s) has been Withheld in Full as b4 (CCI/TS) immediately following this page





STN 761052, BioMarin Pharmaceutical Inc. (Brineura) 

 
Page - 84 - of 87 

P.3.3 Description of Manufacturing Process and Process Controls 
(b) (4)

2 Page(s) has been Withheld in Full as b4 (CCI/TS) immediately following this page
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December, 15, 2016 – response in amendment 0069 
Please provide data of the microbiological challenge studies to support the in-use storage time of 
Brineura (BMN 190) Drug Product held in syringe of up to hours at room temperature, which 
is claimed in the Label. Describe the test methods and results that employ a minimum countable 
inoculum (10-100 CFU) to simulate potential microbial contamination that may occur during the 
product transfer to the syringe. The test should be run at the label’s recommended storage 
conditions, be conducted for twice the recommended storage period, and use the drug product 
concentration, which would be administered to patients. Periodic intermediate sample times are 
recommended. Challenge organisms may include strains described in USP <51> plus typical skin 
flora or species associated with hospital-borne infections. In lieu of this data, the product labeling 
should recommend that the in-use storage period is not more than 4 hours at 2-8°C. 
 
 
NATALIA PRIPUZOVA 
(REVIEWER) 
01/23/2017 
 
PATRICIA HUGHES (BRANCH CHIEF) 
01/23/2017 
 
 

(b) (4)

(b) 
(4)



Patricia
Hughes Troost

Digitally signed by Patricia Hughes Troost

Date: 1/24/2017 07:04:13AM

GUID: 508da717000297bcbfce0919f8c09594

Natalia
Pripuzova

Digitally signed by Natalia Pripuzova

Date: 1/24/2017 07:55:21AM

GUID: 5565e2a10014242a6a2653c966bf9552





STN 761052, BioMarin Pharmaceutical Inc. (Brineura)

P.3.5 Process validation and Evaluation
Reviewer’s question:

SATISFACTORY

Conclusion
I. The BLA, as amended, was reviewed from a product quality microbiology perspective and is 
recommended for approval.

II. Product quality aspects other than microbiology should be reviewed by OBP.

III. No inspection follow up items were identified.

Archived File: 761052.rev.mem.addendum.BLA.02-02-2017.doc

NATALIA PRIPUZOVA (REVIEWER)
02/02/2017

PATRICIA HUGHES (BRANCH CHEIF)
02/02/2017

(b) (4)



Patricia
Hughes Troost

Digitally signed by Patricia Hughes Troost

Date: 2/06/2017 12:52:17PM

GUID: 508da717000297bcbfce0919f8c09594

Natalia
Pripuzova

Digitally signed by Natalia Pripuzova

Date: 2/06/2017 12:42:58PM

GUID: 5565e2a10014242a6a2653c966bf9552





BLA 761052 Cerliponase alfa DS and DP Manufacture

2

  A complete list of facilities associated with cerliponase alfa
manufacturing is provided in Tables 1 and 2.

Cerliponase alfa is rh-tripeptidyl peptidase-1 (rhTPP-1). The DP is provided in one strength, 30
mg/mL.

ASSESSMENT

DRUG SUBSTANCE FACILITIES

3.2.S.2.1 DS Manufacturers.
The sites proposed for cerliponase alfa DS manufacture, cell banking operations, and testing are 
presented below in Table 1. 

TABLE 1.  Proposed Sites for Cerliponase alfa DS Manufacture, Cell Banking and Testing Operations

Site Name/Address FEI Number Responsibilities Profile/Inspection history
BioMarin Pharmaceutical 
Inc., BioMarin Novato 
Campus / Galli Drive 
Facility,46 Galli Drive
Novato, CA 94949

3004079983 -Manufacture of  

-Release and stability testing of 

-MCB and WCB storage
-Manufacture of 

-Quality Control Testing of FS
-Process Testing 

CBI
Inspection-04/17/2014-surveilance-VAI
Inspection- 6/2013 was a pre-license 
inspection for BLA STN  

)

Current inspection for cerliponase alfa:
8/22 to 8/26/2016

Final recommendation:VAI
Acceptable compliance status

MCB manufacture
MCB and WCB storage
Mycoplasma and in vitro Virus Assay 
testing
of 

CTL
Last inspection NAI
Acceptable compliance status

WCB manufacture
in vitro Virus Assay testing of 
Release testing

CTL
VAI

Acceptable compliance status

Mycoplasma testing of 
Release testing

CTL
 NAI

Acceptable compliance status

Reviewer Comment: The facilities for manufacture of Cerliponase alfa DS are adequately 
described.

—Satisfactory—

Prior Inspection History for DS Manufacturing and Testing Sites:
BioMarin Pharmaceutical Inc (FEI:3004079983) Cerliponase alfa DS Manufacturing 
and IPC Testing.
Pre-license Inspection performed 08/22/2016 – 08/26/2016 by CDER-DIA and CDER-OBP.
This inspection was in support of STN 761052/0, cerliponase alfa drug substance 
manufacturing.  The Quality, Production, Laboratory, Raw Materials, Facilities and 
Equipment Systems were covered for fermentation and purification areas. A two item Form 
FDA 483 was issued for incomplete process validation and QA oversight (See CMS WA# 
135004).

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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The initial recommendation for the inspection was VAI, and the final classification was also 
VAI, recommending approval for BLA761052. The responses to the 483 observations were 
deemed adequate.  Additional validation data was submitted for the revised process 
(Observation 1a) and reviewed by Office of Biotechnology Products (OBP). According to OBP
the data support the use of the revised process to consistently manufacture BMN-190 of the same 
quality as the clinical material.  

Inspection performed April 8th to 11th and 14th to 17th, 2014 by SF-DO.
A GMP inspection was conducted covering quality, laboratory control, facilities and equipment 
and production systems.  At the end of the inspection, an 11-item FDA 483 inspectional 
observations was presented to the firm. The inspection was classified as VAI. Responses to the 
483 from surveillance inspection were reviewed and found adequate.

Cerliponase alfa Drug Substance Manufacturing Operations at BioMarin Inc.

(b) (4)

(b) (4)

4 Page(s) has been Withheld in Full as b4 (CCI/TS) immediately following this page
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—Satisfactory—

Qualification/Validation and Change Control

Reviewer Comment:  The Qualification, Validation and Change Control were adequately 
described.   This was also confirmed during the pre-license inspection.

—Satisfactory—

DRUG PRODUCT FACILITIES

3.2.P.3.1.  DP Manufacturers.
The sites proposed for cerliponase alfa DP manufacture, testing, packaging, and labeling are 
presented below in Table 2.

TABLE 2.  Proposed Sites for Cerliponase alfa DP Manufacture and Testing Operations
Site Name/Address FEI Number Responsibilities Profile/Inspection history

- Processing Product and Primary 
Packaging

Secondary Packaging of FS
Quality Control Testing of FS

-Process Testing (
)

(SVL)
Current Inspection: 

Final recommendation: VAI

BioMarin International Ltd
Shanbally, Ringaskiddy,
Co. Cork,
Ireland

3010085632 Quality Control Testing of FS

ng

CTX, DKA
07/23/2013 NAI
Last inspection: 7/14-15/2016
Final recommendation: NAI

Release and stability testing of drug 
product

CTL
Last inspection VAI
Acceptable compliance status

Secondary packager drug product SVL
Last inspection  NAI
Acceptable compliance status

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

5 Page(s) has been Withheld in Full as b4 (CCI/TS) immediately following this 
page

(b) (4)

(b) (4)



BLA 761052 Cerliponase alfa DS and DP Manufacture

14

—Satisfactory—

CONCLUSION
Adequate descriptions were provided for the following sites proposed for Cerliponase alfa DS 
and DP manufacture: 

BioMarin Pharmaceutical Inc. FEI: 3004079983

Final recommendation for the proposed manufacturing and testing sites is to approve BLA 
761052.

(b) (4)

(b) (4)
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_______________________________
Laura Fontan
Consumer Safety Officer
OPF Division of Inspectional Assessment
Branch 1

_______________________________
Zhihao Peter Qiu, Ph.D.
Branch Chief
OPF Division of Inspectional Assessment
Branch 1
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Potential review issues to be forwarded to the Applicant

– Differences in the glycosylation results reported in different sections of the BLA for the 
same DS lots (3.2.S.3 vs. 3.2.S.4.4) 

– No validation data for  
 

 

– Discrepancies between the endotoxin method validation for DP and the established 
specification 

– Missing data on the validation of the  for DP 
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