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Background

Biomarkers of immune responses are key components for the clinical development and
licensure of preventive vaccines. Immune bridging studies using these biomarkers are critical
for expanding population coverage, establishing vaccine effectiveness when a validated
correlate of protection is available, and assessment of the impact of vaccine co-administration
on immunogenicity. Specifically, an immune bridging strategy is planned to establish vaccine
effectiveness in:

1) the pediatric investigation plan, including mRNA-1273-P203 and mRNA-1273-P204,

2) immunocompromised and special populations,

3) in the evaluation of modified mRNA-1273 vaccines which encode antigens derived from

emerging SARS-CoV-2 variants such as B.1.351, and
4) other development program objectives.

Although regulatory agencies have recently stated that a neutralizing antibody assay is
preferred as a representation of antibody function (for example, neutralization or pseudotyped
virus neutralization as cited in the recent FDA Guideline on EUA for COVID vaccines (February
2021)), its variability is higher than that of appropriately developed binding assays.
Concordance between a neutralizing and binding assay can be established to allow bridging
based on the more precise binding assay.

An analysis was proposed (Concordance Analysis Plan, ModernaTx) to determine the
concordance of Anti-spike binding assays with the pseudotyped virus neutralization assay
(PsVNA). This report includes both the Anti-spike by MSD (NIH, 2020) and the Anti-spike ELISA
(PPD, 2020) assays for the detection of IgG specific to SARS-CoV-2 spike protein (Anti-S) to
assess their concordance with PsVNA (Montefieri, 2020). Additional information on these
assays is shown in Table 1.

Table 1: Assays Assessed in the Analysis

ReportTest| \ . Category | 2D Test LLOQ ‘ uLoQ ‘
Name v 8O | Name (Log10)

PsVNT50 PsVNT50
Duke/ nAb
Montefiori lab

PsVNT80 ontefiori la PSVNTS0

Anti-spike | VRC (NIH,

MSD McDermont | PAP SARSCOV2S2P
lab)

Anti-spike . bAb VACB6S5 Spike

ELISA PPD vaccine IgG Antibody

Note: The PsVNA assays data points above the ULOQ were included in the analysis.
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The principle of each assay has been accepted, with the binding assays seeking to determine
the titers against virus epitopes related to entry into the cell and the PsVNA seeking to
determine the inhibition of cellular entry and single-round of infection by lentivirus particles
expressing SARS-CoV-2 Spike protein on their surface and containing a firefly luciferase (Luc)
reporter gene. Concordance between the MSD and PsVNA, FRNT, PRNT and nLuc assays has
been demonstrated in Study 20-0003 (Jackson, 2020).

Objectives:

The purpose of these analyses is to assess the concordance of both binding assays (the Anti-
spike by MSD and Anti-spike by PPD) to the Pseudotyped Virus Neutralization Assay (PsVNA).
Concordance between each of the binding assays and the neutralization assay is meant to be
descriptive and not inferential.

Population:

As of 09-Mar-2021, there were 885 subjects (1554 observations) that received mRNA-1273 in
the 301 clinical trial and had data from all four assays for a given timepoint (Day 29 or Day 57)
and met the following constraints: 1) Above the LLOQ for all four assays, 2) below the ULOQ for
the two binding assays, and 3) HIV negative. Table 2 provides a summary of the available data
and the number of patients and observations for each subgroup and the associated model
results.

Statistical Methodology
(b) (4) was used to

describe the relationship between the binding and neutralization assays (in Log10 scales). The
(b) (4)
(b) (4)
(b) (4)
(b) (4)

There are, however, multiple reasons that the (b) (4) might deviate from the ideal. These

include the impacts of different test conditions on the neutralization assay and the range of

titers in the two assays. For these and the lack of a scientific basis for an acceptance criterion

on the (B) (4), the analysis was proposed to be descriptive with the objective to estimate the
(b) (4) support a

conclusion that the binding assay is a suitable alternative to the neutralization assay.
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This approach is furthermore supported by the principles of the assays (both related to the
ability of serum antibodies to inhibit infections of cells), and the superior precision of the

binding assays. For each model, the (b) (4) N
(b) (4) are provided in Table 2. Sixteen figures are

shown, which include the ”® models specified in the Biomarker Concordance Analysis Plan.
Each figure includes a slope reference line of 1 (thick dotted gray line), the raw data points, and
the (b) (4) model estimate.
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Table 1: Summary of Available Data for each Model (885 subjects, 1554 observations)

29 April 2021

Anti-spike MSD | Anti-spike MSD | Anti-spike ELISA | Anti-spike ELISA
vs PsVNAS0 vs PsVNA80 vs PsVNAS0 vs PsVNA80
Overall
Day 29
Day 57
Baseline SARS-
CoV-2 status
Negative
Positive
Age (years)
18 to <65
265
Table 2: Summary of (b) (4)
Model Anti-spike MSD vs ‘ Anti-spike MSD vs Anti-spike ELISA vs Anti-spike ELISA vs
PsVNA50 PsVNA80 PsVNAS80

Overall (all imepoints)
Day 29
Day 57

Age
Ages 18 to <65 years
Ages 65 years and older

Baseline SARS-CoV-2 status
Negative
Positive

Note:
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Overall (all timepoints)
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By da

Key: Day 29 and Day 57,_ for Each Subgroup
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(b) (4 Age (18 to <65 vears and 65 vears and older)

Key: Age 18 to 65y, Age 65 years or more, (b) (4) for Each Subgroup
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Baseline SARS-CoV-2 status [Negative and Positive)

(b) (4)

Key: SARS-CoV-2 status Negative, Positive, (b) (4) for Each Subgroup
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(b) (4)

Thus, the concordance (b) (4) can be used to adjust fold difference criteria (e.g.,, (D) (4) )
for purposes of clinical sample evaluations.
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Fold rise in antibody titer has been used historically both in lieu of a correlate of protection and as a
measure of response in initially seropositive individuals. The threshold for fold-rise was originally
postulated on the basis “distinguishing titers” obtained from a doubling dilution method. As ratios of
reciprocal titers, fold rises can take on values of 1 (i.e. no fold rise), 2, 4, 8 and so forth, and even %5, %,

etc. Arule was established based on the assumption that the titer of a sample (b) (4)
(b) (4)
(b) (4) This is illustrated in the following figure.
This led to the rule that (b) (4) to conclude that an individual seroconverted.

(0) (4)

Summary measures obtained from the validation of the pseudovirus typed neutralization assay and their
corresponding CFR based on the above methodology are given in Table 1.
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Table 1: %GCV and associated In standard deviation (S) for PsVNA50 and PsVNAS8O at various dilutions

Dilution Mean (b) (4) (b) (4) ®) @) (b) (4) Total Critical
Test . Fold-
Category Titer (s o

(b) (4)

{ PsVNA 50 Overall (b) (4) |

(b) (4)

|PsVNA 80| Overall (b) (4)

(b) (4)

David Montefiori and Charlene McDanal. Method Validation Report for SARS-CoV-2 Spike-Pseudotyped
Virus Neutralization Assay with Moderna Phase 1 Samples. November 16, 2020.

(b) (4)
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Background

Fold rise in antibody titer has been used historically both in lieu of a correlate of protection and as a
measure of response in initially seropositive individuals. The threshold for fold-rise was originally
postulated on the basis “distinguishing titers” obtained from a doubling dilution method. As ratios of
reciprocal titers fold rises can take on values of 1 (i.e. no fold rise), 2, 4, 8 and so forth, and even %, %,

etc. Arule was established based on the assumption that the titer of a sample (b) (4)
(b) (4)
(b) (4) This is illustrated in the following figure.
This led to the rule that (b) (4) to conclude that an individual seroconverted.

The scope of this report is to use the (b) (4) “Overall Precision,” (b) (4)
(b) (4) asshown below in Tables 1a and 1bfrom the validation reports for the ELISA Method for
the Detection of IgG Specific to SARS-CoV-2 Spike Protein (Anti-S) as the sole data for analysis.

Table 1a
Assavy Precision (Measured in | (b) (4)

(b) (4)

Reference. Table 13: PPD. Validation of An ELISA Method for the Detection of IgG Specific to SARS-CoV-2
Spike Protein (Anti-S). Version 1 (16 Oct 2020).

Confidential 20of4

FDA-CBER-2022-1614-1790257

15



DocuSign Envelope ID: 9B925F82-333A-4878-AC21-6C364D1E32EA

ModernaTX, Inc
Moderna 1273 Biomarker Seroresponse Analysis Report 29 April 2021

Table 1b

SARS-CoV-2 Spike

Assay Characteristic IgG ELISA Acceptance Criteria

Precision (b) (4)
' (b) (4) b) (4
(b) (4) () (4)
Reference. Table 1: VSDVAC 65: Validation Addendum 2 Statistical Report RPPF: Validation of An ELISA
Method for the Detection of IgG Specific to SARS-CoV-2 Spike Protein in Human Serum at the (B) (4)

(b) (4)

Additional Statistical Methodology to Account for the “critical fold rise” between the (D) (4) to

Table 2: Critical Fold Rise Between Samples
| Dilution CFR |

(b) (4)
(b) (4)

3of4

Dilution
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References

PPD. Validation of An ELISA Method for the Detection of IgG Specific to SARS-CoV-2 Spike Protein (Anti-
S). Version 1 (16 Oct 2020).

PPD. VSDVAC 65: Validation Addendum 2 Statistical Report RPPF: Validation of An ELISA Method for the

Detection of IgG Specific to SARS-CoV-2 Spike Protein in Human Serum at the (b) (4) Dilution (DRAFT
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(b) (4)
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Background

Fold-rise in antibody titer has been used historically both in lieu of a correlate of protection and as a
measure of response in initially seropositive individuals. The threshold for fold-rise was originally
postulated on the basis “distinguishing titers” obtained from a doubling dilution method. As ratios of
reciprocal titers fold rises can take on values of 1 (i.e. no fold rise), 2, 4, 8 and so forth, and even %, %,

etc. Arule was established based on the assumption that the titer of a sample (b) (4)
(b) (4)
(b) (4)
This led to the rule that (b) (4) to conclude that an individual seroconverted.

(0) (4)

The scope of this report is to use the Total %CV as shown in Table 7 of the statistical report for
Amendment to Validation of Multiplex Assay for the detection of IgG antibodies against SARS-CoV-2
proteins.

Table 7: Total Assay Variability

Sample | Inter-Run Variance | Intra-Run Variance | Total Variance | N | Mean [ Inter-Run %CV | Intra-Run %CV | Total %CV

(b) (4)

Reference. Table 7: PPD. Amendment to Validation of Multiplex Assay for the detection of IgG
antibodies against SARS-CoV-2 proteins (December 14, 2020).
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Statistical Methodology to Account for the (b) (4)  ®®” in the MSD assay

(0) (4)

References

NIH. Amendment to Validation of Multiplex Assay for the detection of IgG antibodies against SARS-CoV-

2 proteins (December 14, 2020).
(b) (4)

USP General Chapter <1033> Biological Assay Validation
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to you through the DocuSign system during and immediately after the signing session and, if you
elect to create a DocuSign account, you may access the documents for a limited period of time
(usually 30 days) after such documents are first sent to you. After such time, if you wish for us to
send you paper copies of any such documents from our office to you, you will be charged a
$0.00 per-page fee. You may request delivery of such paper copies from us by following the
procedure described below.

Withdrawing your consent

If you decide to receive notices and disclosures from us electronically, you may at any time
change your mind and tell us that thereafter you want to receive required notices and disclosures
only in paper format. How you must inform us of your decision to receive future notices and
disclosure 1n paper format and withdraw your consent to receive notices and disclosures
electronically is described below.

Consequences of changing your mind

If you elect to receive required notices and disclosures only in paper format, it will slow the
speed at which we can complete certain steps in transactions with you and delivering services to
you because we will need first to send the required notices or disclosures to you in paper format,
and then wait until we receive back from you your acknowledgment of your receipt of such
paper notices or disclosures. Further, you will no longer be able to use the DocuSign system to
receive required notices and consents electronically from us or to sign electronically documents
from us.

All notices and disclosures will be sent to you electronically
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Unless you tell us otherwise in accordance with the procedures described herein, we will provide
electronically to you through the DocuSign system all required notices, disclosures,
authorizations, acknowledgements, and other documents that are required to be provided or made
available to you during the course of our relationship with you. To reduce the chance of you
inadvertently not receiving any notice or disclosure, we prefer to provide all of the required
notices and disclosures to you by the same method and to the same address that you have given
us. Thus, you can receive all the disclosures and notices electronically or in paper format through
the paper mail delivery system. If you do not agree with this process, please let us know as
described below. Please also see the paragraph immediately above that describes the
consequences of your electing not to receive delivery of the notices and disclosures
electronically from us.

How to contact Moderna Therapeutics:

You may contact us to let us know of your changes as to how we may contact you electronically,
to request paper copies of certain information from us, and to withdraw your prior consent to
receive notices and disclosures electronically as follows:

To contact us by email send messages to: = (B) (6) @modernatx.com

To advise Moderna Therapeutics of your new email address

To let us know of a change in your email address where we should send notices and disclosures
electronically to you, you must send an email message to us at (b) (6) @modernatx.com
and in the body of such request you must state: your previous email address, your new email
address. We do not require any other information from you to change your email address.

If you created a DocuSign account, you may update it with your new email address through your
account preferences.

To request paper copies from Moderna Therapeutics

To request delivery from us of paper copies of the notices and disclosures previously provided
by us to you electronically, you must send us an email to ' (B) (6) @modernatx.com and in the
body of such request you must state your email address, full name, mailing address, and
telephone number. We will bill you for any fees at that time, if any.

To withdraw your consent with Moderna Therapeutics

To inform us that you no longer wish to receive future notices and disclosures in electronic
format you may:
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1. decline to sign a document from within your signing session, and on the subsequent page,
select the check-box indicating you wish to withdraw your consent, or you may;

ii. send us an email to. (B) (6) @modernatx.com and in the body of such request you must
state your email, full name, mailing address, and telephone number. We do not need any other
information from you to withdraw consent.. The consequences of your withdrawing consent for
online documents will be that transactions may take a longer time to process..

Required hardware and software
The minimum system requirements for using the DocuSign system may change over time. The

current system requirements are found here: https://support.docusign.com/guides/signer-guide-
signing-system-requirements.

Acknowledging your access and consent to receive and sign documents electronically

To confirm to us that you can access this information electronically, which will be similar to
other electronic notices and disclosures that we will provide to you, please confirm that you have
read this ERSD, and (i) that you are able to print on paper or electronically save this ERSD for
your future reference and access; or (ii) that you are able to email this ERSD to an email address
where you will be able to print on paper or save it for your future reference and access. Further,
if you consent to receiving notices and disclosures exclusively in electronic format as described
herein, then select the check-box next to ‘I agree to use electronic records and signatures’ before
clicking ‘CONTINUE’ within the DocuSign system.

By selecting the check-box next to ‘I agree to use electronic records and signatures’, you confirm
that:

e You can access and read this Electronic Record and Signature Disclosure; and

e You can print on paper this Electronic Record and Signature Disclosure, or save or send
this Electronic Record and Disclosure to a location where you can print it, for future
reference and access; and

e Until or unless you notify Moderna Therapeutics as described above, you consent to
receive exclusively through electronic means all notices, disclosures, authorizations,
acknowledgements, and other documents that are required to be provided or made
available to you by Moderna Therapeutics during the course of your relationship with
Moderna Therapeutics.
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