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Memorandum of Review: 

 
STN: BLA 761055 

Subject: Immunogenicity Review 
Date: July 28, 2016 

Review/Revision Date: December 6, 2016 / January 18, 2017 
Primary Reviewer: Cristina Ausin-Moreno, Ph.D. 

Secondary Reviewer: Michele Dougherty, Ph.D. 
Applicant: Regeneron 
Product: Dupilumab 

Indication: Treatment of adult patients with moderate-to-severe atopic 
dermatitis whose disease is not adequately controlled with 
topical prescription therapies or when those therapies are 
not advisable 

Filing Action Date: September 27, 2016 
Action Due Date: March 29, 2017 

 
_______________________________________________________________________ 
I. Executive Summary: 
 
Binding antibodies are measured using an electrochemiluminescence (ECL) assay in a bridging 
format. The cut points are established according to current FDA guidance, the sensitivity is 
significantly higher than that recommended in the current guidance (9.9 vs.100 ng/mL), and the 
drug tolerance is above the expected dupilumab serum concentration of 74 µg/mL at 
concentrations of positive controls between 150 and 500 ng/mL.  
 
Neutralizing antibodies (NAbs) are detected using a competitive ligand binding assay. The 
sensitivity is within the typical range for NAb assays; however, the validated drug tolerance is 
significantly lower than the expected dupilumab concentration in the samples. Because the NAb 
assay is able to detect NAbs even in the presence of high binding antibody titers and, according 
to the clinical pharmacology team, the PK assay is adequate to quantify differences in dupilumab 
concentration in serum that may be caused due to the presence of NAbs, the low drug tolerance 
of the NAb assay does not constitute a safety concern. 
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II. Review: 
 
Introduction 
 
Dupilumab (REGN668) is a human IgG4κ monoclonal antibody produced in CHO cells that 
binds specifically with high affinity to the IL-4 receptor alpha subunit, thus blocking IL-4 and 
IL-13 signaling. Under BLA 761055 (IND 107969), dupilumab is being developed for the 
treatment of atopic dermatitis (AD) by SC administration. 
 
AD is a systemic inflammatory allergic disease of the skin characterized by intense pruritus and 
scaly, dry eczematous lesions. AD is associated with a type 2 immune response that involves 
both the innate and the adaptive immune systems. Because activation of IL-4 and IL-13 signaling 
precedes the release of pro-inflammatory mediators, the sponsor developed dupilumab as an 
antagonist of these two cytokines to reduce the type 2 inflammatory responses characteristic of 
AD.  
 
The sponsor provided reports corresponding to three phase 3 clinical studies. These include a 
randomized, double-blind, placebo-controlled study of 52-week concomitant treatment with 
topical corticosteroids (r668-ad-1224) and two replicate, randomized, double-blind, placebo-
controlled, confirmatory, monotherapy, 16-week treatment studies (r668-ad-1334 and r668-ad-
1416). All three studies assessed safety and efficacy in patients with moderate-to-severe AD 
whose disease was not adequately controlled with topical medication. 
 
Total Antibodies Assay 
 
The bioanalytical method uses an electrochemiluminescence (ECL) assay in a bridging format. 
The sponsor uses REGN1097 (mouse anti-REGN668) as a positive control and biotinylated 
REGN668 and ruthenium-labeled REGN668 as the bridge components. The plates are coated 
with streptavidin to capture the biotinylated REGN668. In presence of the positive control or 
ADA, a bridge is formed because the anti-REGN668 antibodies bind to both BioREGN668 and 
Ru-REGN668. The bound complexes are detected by an ECL signal generated by the Ru label. 
The measured ECL signal is proportional to the amount of ADA present in the sample. 
 
The method is a non-quantitative, titer-based assay involving three tiers: 

1. Initial screening assay to identify samples that are potentially positive for anti-drug 
antibodies (ADA). 

2. Confirmation assay to determine if a positive response in the screening can be inhibited 
by the presence of excess unlabeled drug. 

3. Titer assay to assess levels of ADA in samples positive in the confirmation assay.  
 
The original assay (validation report regn668-av-09106-va-01v2, reviewed by Carla Lankford, 
reviews uploaded in DARRTS under IND 107969 ) had a drug tolerance limit (b) (4)
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Reviewer’s comment: The titers for the stability samples are in all cases higher than or the same 
as the titers for the control, this indicates that storage at -20°C and -80°C does not have a 
negative effect on the stability of the controls. There appear to be differences with time in the 
titers measured for the stability and control samples, which could indicate assay variability. 
However, a graphical analysis of the data indicates that the results for the 3 month time point 
are an outlier for both storage conditions, while all the other results are significantly more 
consistent. The counts for the negative control (not reproduced in this review) are low and 
consistent, which is indicative of good assay sensitivity. The sponsor provided sufficient 
information to support the stability of the QCs for 24 months at -20°C and -80°C. 
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2. Cut points re-evaluation for AD and asthma patients  

 
During the original validation, the sponsor used samples from 54 AD patients to determine the 
screening, confirmation, and titer cut point factors (CF). Gunther Boekhoudt concluded that all 
cut points had been established correctly, with the appropriate percentage of false positive cases. 
After the original assay validation was completed, the sponsor analyzed baseline samples from 
571 AD patients and re-evaluated the CF values. The results are provided in report regn668-mx-
15116-sr-01v1. 
 
For the screening cut point, a statistical analysis was performed on the log-transformed S/N ratio 
of all 1142 values obtained for the samples of those 571 patients. This analysis justified the 
elimination of analytic (11) and biologic (59) statistic outliers. The sponsor determined a non-
parametric floating screening CF of 1.44 based on an empirical 95th percentile for the log-
transformed S/N ratio values, in agreement with the Agency’s recommendation of a 5% false 
positive ratio.  
 
To re-evaluate the confirmatory CF for the AD patients, the sponsor selected 80 of the new 
patient samples with the highest S/N ratios in the screening assay. The samples were analyzed in 
the presence and absence of 50 µg/mL dupilumab. Maintaining the same CF of 28% that was 
calculated during the original validation, after eliminating the outliers, one sample had a percent 
inhibition above the CF, in agreement with the Agency’s suggested minimum of 1% false 
positive error rate.  
 
The titer CF was calculated based on the 99.9th percentile of the S/N. The sponsor determined a 
parametric floating titer cut point factor of 1.64. 
 
The following table contains a summary of the CF results: 
 

 
Original 

Validation 
Revised for AD 

patients 
Revised for Asthma 

Patients* 

Screening CF 1.28 1.44 
Confirmation CF 28% 28% 

Titer CF 1.47 1.64 

Reviewer’s comment: Evaluation of all the reported results indicates that after eliminating the 
outliers, the rate of false positives for the screening assay is 4.9%, which is in agreement with 

(b) (4)

(b) (4)
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tolerance data at positive control antibody concentrations lower than 250 ng/mL are 
included in the report or submit the information. 

 
In BLA amendment 0011 submitted September 30, 2016, the sponsor provided the following 
DTL values for lower concentrations of the positive control antibodies: 
 

 
Reviewer’s comment:  
As requested, the sponsor evaluated the drug tolerance at lower levels of positive control 
antibodies. The incidence of ADA positive cases indicates that the assay is able to detect 
antibodies in the presence of drug concentrations measured in patients. In the case of the single 
patient with a high titer signal, the presence of ADA seems to cause a significant drop in the PK 
measurement. For all other patients, there seems to be a lower PK signal than for ADA negative 
patients, however, due to the variability of the results, the clin-pharm reviewers are not able to 
conclude if the difference is significant. The evaluation of the clinical effect of the presence of 
ADA is deferred to the clinical and clin pharm reviewers.  
 
 

4. Automated execution of the assay 
 
In BLA amendment 0004 submitted July 29, 2016, the sponsor provided a report to demonstrate 
the verification of the performance of the screening and confirmation assays using an automation 
system. The automation system controls the scheduling and pipetting software and all the 
integrated instruments.   
 
The verification of the automation of the screening assay is provided in report aav-lor13577-
pcl3400-r1. QCs and clinical samples were used in the cross-validation exercises. The sponsor 
first verified the suitability of the QC samples:  

- LQC mean counts > plate cut point 
- HQC mean counts > MQC Mean Counts > LQC Mean counts 
- CV% counts for each PQC ≤ 20% (results between 1 and 6%) 
- CV% of the mean counts for each PQC ≤ 20% (results between 3 and 6%) 

 
During the cross validation, the sponsor evaluated the agreement in results by analyzing 50 
antibody-positive and 10 antibody-negative samples and got the same results using the manual 
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and the automation system. In addition, acceptable precision was demonstrated with reproducible 
results obtained after analysis of multiple antibody-positive and antibody-negative clinical 
samples, over multiple plates, in two independent automation runs, over two days. 
 

% Agreement (for all samples) = 100 x (Number of Matched Results/Total Results) 
 

% Reproducibility = 100 x (Number of Samples with acceptable %Agreement/Total Number of Samples) 
 
% agreement and % reproducibility were 100% in all cases. The CV% Counts were between 0 
and 10%, which was in agreement with the acceptance criterion of ≤ 20% and with the inter-
plate precision demonstrated during validation of the manual assay (10-11%). 
 
The verification of the automation of the confirmation assay is provided in report avv-lor13577-
pcl3400-r2.  QCs and clinical samples were used in the cross-validation exercises. The sponsor 
first verified the suitability of the QC samples:  

- LQC mean counts > plate cut point 
- HQC mean counts > MQC Mean Counts > LQC Mean counts 
- CV% counts for each PQC ≤ 20% (results between 1 and 7%) 
- CV% of the NQC ≤ 25% 
- CV% of the mean counts for each PQC ≤ 20% (results between 6 and 13%) 

 
40 ADA positive clinical samples were reanalyzed manually and all 40 were confirmed positive. 
The same samples were tested using the automation system and 37 were confirmed positive, 
which constitutes a 93% agreement. The CV% counts ranged from 0 to 17% for the automated 
analysis and between 0 and 18% for the manual analysis. 
 
Precision was confirmed analyzing the results from 15 confirmed ADA positive samples in four 
sets, run in 4 plates (two plates per run, over two different days). 14 out of 15 samples were 
confirmed positive in all 4 plates and the remaining sample was confirmed positive in one of the 
four plates. The CV% Counts for all samples ranged between 0 and 16%, which is in agreement 
with the variability seen in the manual analysis. 
 
Reviewer’s comment: The sponsor provided sufficient information to demonstrate that the use of 
the automation system is acceptable for both the screening and confirmatory ADA assays. ADA-
positive and ADA-negative samples have the same results in both assays and there are no 
significant differences in the CV% of the mean counts for all the samples using the manual or the 
automated analysis. 
 
 
 
 
 



 
 

10 
 

Department of Health and Human Services 
Food and Drug Administration 
Center for Drug Evaluation and Research 
Office of Biotechnology Products 

Neutralizing Antibody Assay  
 
During product development, the sponsor was advised to develop a cell-based neutralizing 
antibody (NAb) assay or to provide a justification to support the adequacy of a competitive 
ligand binding assay to detect NAbs. During a type C meeting, on November 4, 2015, the 
Agency and the sponsor discussed the capabilities of the competitive ligand binding and the cell-
based NAb assays and the Agency concluded that the sponsor provided adequate information to 
support the suitability of the binding assay to measure NAbs, pending review of the assay 
validation. Refer to the corresponding meeting minutes (DARRTS, November 4, 2015) and 
Haoheng Yan’s review uploaded in DARRTS on November 5, 2015. 
 
The competitive ligand binding assay is an ECL-based immunoassay. The sponsor uses a 
neutralizing mouse anti-dupilumab (REGN 2266) as the positive control, biotinylated REGN668 
(Bio-REGN668) as the capture reagent, and Ru-labeled IL-4Rα (Ru-REGN560) as the detection 
reagent. The sponsor also uses a human anti-IL-4Rα monoclonal antibody (REGN675) to 
mitigate any potential circulating target interference in the assay by binding to free IL-4Rα 
present in patient serum. Serum samples are pre-treated with acid to dissociate NAb-dupilumab 
complexes. After dissociation, the samples are neutralized with a Tris-base solution that contains 
Bio-REGN668 and the anti-IL-4Rα MAb (REGN675). Bio-REGN668 is captured on an avidin-
coated microplate. Ru-REGN560 is then added to the plate. In absence of NAbs, Ru-REGN560 
binds to Bio-REGN668 and it is quantified using ECL. When NAbs are present, the NAbs bind 
to Bio-REGN668 preventing the formation of the Bio-REGN668:Ru-REGN560 complex and 
causing a reduction of the ECL signal. The ECL signal is inversely proportional to the 
concentration of NAb in the sample. 
 
Frederick Mills reviewed the draft QC version of the validation report regn668-av-13112 (review 
uploaded in DARRTS on January 5, 2016) and concluded that the “assay is generally acceptable, 
with a sensitivity of 135-140 ng/mL, and a cutpoint requiring 22% inhibition of REGN688 MAb 
to its target IL4 receptor, consistent with industry practice and Guidance” and that “the sponsor 
has demonstrated adequate linearity of response, precision, robustness, and ruggedness.” 
 
As part of his review, Frederick Mills had three recommendations for the sponsor. Following are 
the recommendations (italics black font), the new information provided by the sponsor to address 
them (black font) and my evaluation of the responses (italics blue font). 
 

1. You have calculated Drug Tolerance Limits (DTL) for the REG2266 monoclonal and the 
REGN2339 polyclonal controls as 276 ng/mL and 498 ng/mL, respectively, where these 
values correspond to approximately 3 fold reductions in inhibition relative to no added 
REGN668 controls, and thus data acquired at these REGN668 concentrations will not 
accurately represent neutralizing antibody (Nab) activity in serum samples. Therefore, 
we recommend that you instead set Drug Tolerance Limits where the inhibition vs. 
REGN668 curves are slowly varying, and thus allow for more accurate measurement of 
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allowed for these samples to yield inhibitions in the range seen for inter-assay precision 
(i.e., 4%). 
 

Reviewer’s comment: The sponsor did not address this recommendation and the validation 
summary still indicates that the analyte is stable for up to 10 freeze-thaws. The following IR was 
sent to the sponsor on September 20, 2016 to request the results of intermediate FT cycles, if 
available. 

 
In table 14 of report regn668-av-13112-01v1 (Validation of a Competitive Ligand 
Binding Assay for Detection of Neutralizing Anti-REGN668 (Dupilumab) Antibodies in 
Human Serum), you provide the results of the freeze-thaw (FT) evaluation of the analyte 
stability. The background from the negative controls was 6% inhibition after 10 FT 
cycles. However, during the determination of inter-assay precision, the negative quality 
control (NQC) binding inhibition was determined to be 4%. To evaluate if the number of 
FT cycles has a gradual effect on the NQC binding inhibition and determine if the 
binding inhibition after 10 FT cycles is too high, submit the NQC binding inhibition 
results of the intermediate FT cycles. 

 
In BLA amendment 0011 submitted September 30, 2016, the sponsor indicated that the analysis 
was conducted only after completion of 10 FT cycles. In addition, the 6% inhibition is below the 
assay cut point (22%) and within the variability of the inhibition for the NQC during the 
determination of intermediate precision (range: 0-8%, mean: 4%; Table 9 in the report).  
 
Reviewer’s comment: Because the results corresponding to fewer FT cycles are not available, it 
is not possible to determine if there are trends in the inhibition that may correlate with the 
number of FT cycles. However, based on the results corresponding to testing of the NQC 
samples during assay validation, the inhibition after 10 FT cycles appears to be within the assay 
variability. Therefore the sponsor provided sufficient information to support the stability of the 
NQC after 10 FT cycles. 
 
In addition, the sponsor provided the results corresponding to the long-term stability study for 
REGN2266. The QCs were stored at either -20°C or -80°C and tested after 3, 6, 10, 12, 18, 21, 
and 24 months.  
 
Reviewer’s comment: In all cases, the results for the negative controls were below the cut point 
and the results for the positive controls were above the cut point. In addition, the %inhibition 
was the highest for the HQC, and higher for the MQC than for the LQC. Therefore, the 
information confirms that the QCs are stable for up to 24 months at -20°C and -80°C. 
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III. Signatures: 
Printed Name: Electronic Signature: 

 
Cristina Ausin-Moreno 
OPQ/OBP/DBRR IV 
 

 

 
Michele Dougherty 
OND/TBBS (formerly 
OPQ/OBP/ DBRR IV 
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Satisfactory 

 

 

 

Conclusion  

I. The Drug Substance section of this BLA was reviewed from a microbial control and 
microbiology product quality perspective and it is recommended for approval.  

II. Non-microbial information and data from the Drug Substance section of this BLA should be 
also reviewed by OBP.  

III. A pre-license inspection (FACTS assignment 11683525) was conducted at Regeneron 
Pharmaceuticals, Inc., Rensselaer, NY, from October 31st through November 4th 2016 by 
CDER/OPQ: OPF/DMA/BIV (María José López Barragán), OBP/DBRRIV (Gunther 
Boekhoudt) and OPF/DIA/IABI (Wayne Seifert).  

 

 

 

 

 

(b) (4)
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FDA Information Request for BLA STN 761055/0 (Dupilumab Drug Substance) submitted on 

11/30/2016. Sponsor responses in Amendment 0025 dated 12/05/2016 

FDA Information Request for BLA STN 761055/0 (Dupilumab Drug Substance) submitted on 

1/18/2017. Sponsor responses in Amendment 0037 dated 1/25/2017 

 

 

 

 
 

 

(b) (4)

(b) (4)



Reyes
Candau-Chacon

Digitally signed by Reyes Candau-Chacon

Date: 2/10/2017 08:42:40AM

GUID: 508da7160002977f7ca389c8f849b707
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from one additional batch of 150 mg/mL dupilumab drug product. Submit the data in 
the first annual report. 

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

reviewer.  
 
III. See Panorama for the compliance status of the drug product manufacturing site, Sanofi 

Winthrop Le Trait, Le Trait, France.   
 





BLA 761055/0            Regeneron Pharmaceuticals Inc.        Dupilumab                                      57                                                                                                                                      
 
 

           Shipping 
1. Please provide the following information regarding the simulated shipping validation 

performed as per ASTM D4169-9. 
           PFS (QUA-BD-2015-22437) 

a. Indicate the number of product-filled syringes which were tested for endotoxin 
and sterility. 

b. Indicate the number of media-filled syringes which were tested for sterility. 
c. Please provide the simulated shipping conditions that were used for the plunger 

movement study which was performed to demonstrate that the sterility of drug 
product will not be compromised during air transportation. 

               PFS-S (QUA-BD-2015-22452) 
a. Indicate the number of product-filled syringes which were tested for endotoxin 

and sterility. 
b. Indicate the number of media-filled syringes which were tested for sterility. 

2. Please clarify if a real time shipping validation PFS and PFS-S has been completed 
and submit the information and summary data if real time shipping validation has 
been completed. 

 
IV. Analytical procedures 

Sterility 

V. Validation of Analytical procedures 
Bioburden 
The bioburden qualification study was performed with only two batches of dupilumab 
DP. As a post-marketing commitment, qualification data from one additional batch of 
150 mg/mL DP should be provided in the first annual report. 

 
Sterility 
The sterility qualification study was performed with only two batches of dupilumab DP. 
As a post-marketing commitment, qualification data from one additional batch of 150 
mg/mL DP should be provided in the first annual report. 
 
 

November 16, 2016 
FDA comments on firm’s response submitted in Sequence # 0013:  

I. Container closure integrity test 
1. As per section 3.2.P.7, the commercial dupilumab PFS are 2.25 mL  

syringes but in Regeneron’s AQ- SR-7899 “Determination of Container Closure 
Integrity by Dye Ingress Method for REGN668” mL PFS are used for the 
qualification. Please clarify and confirm if commercial 2.25 mL  syringes 
are used for CCI test method qualification at Regeneron. 

(b) (4)

(b) (4)

(b) (4)

(b) 
(4)

(b) (4)
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2. Please clarify if the system suitability control uses a small breach size, μm for the 
routine dye ingress CCI test of dupilumab PFS at . Please 
implement the use of control with μm breach size if it is not currently used during 
routine CCI testing. 

 
II. Process Validation 

     

 
December  22, 2016 
FDA comments on firm’s response submitted in Sequence # 0021:  
We acknowledge your plan of manufacturing additional batches to support  

 
 is not 

recommended.  
 

Update Table 6, Comparison of validation and production 
parameters in section 3.2.P.3.5, accordingly 

 

 
 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)







CONCLUSION 
 

Adequate descriptions were provided for the facilities proposed for Dupilumab (Dupixent) DS and 
DP manufacture.  The subject BLA is recommended for approval from a facilities assessment 
perspective. 
 
 
 
Wayne Seifert 
Consumer Safety Officer 
OPF Division of Inspectional Assessment 
Branch 1      _______________________________ 
 
 
 
Zhihao (Peter) Qiu, Ph.D.,  
Supervisory Consumer Safety Officer   
OPF Division of Inspectional Assessment 
Branch 1 Chief     _______________________________ 
 
 
 
 

(b) (4)




