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Intended reply strategy for draft Major Objections (25" November)
Quality items in revised submission plan

Updated drug product specifications

Updated process validation strategy for drug product

Additional filling line and increased batch size for drug product
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1. Major Objection #1 (GMP status)

1) GMP status for DS and DP manufacturing sites is currently not acceptably demonstrated:

a.) A statement on GMP compliance issued by EU supervisory authority of the DS and DP manufacturing and
testing sites Wyeth BioPharma Division, Andover, United States and Pfizer Inc, Chesterfield, United States

should be available by adoption of the CHMP opinion.

Response for Andover and Chesterfield sites
= Ongoing inspection with EMA. Expected to be completed prior to CHMP opinion.

b.) The MIA for Pfizer Puurs is limited to the formulation and filling only. It should be clarified if authorisation
will be extended to all operations listed in 3.2.P.3.1, including LNP manufacturing. Moreover, GMP
certificate or a statement of GMP compliance issued by the Supervisory authority of BioNTech
Manufacturing GmbH, Mainz, Germany should cover batch certification of the DP.

Response for Pfizer Puurs
= Section 3.2.P.3.3 describes all formulation activities starting from Drug Substance Thaw until the addition of

cryoprotectant. All those activities are considered as part of formulation and filling processes and are licensed
Manufacturing Operations for Biotechnology Products in MIA 277H.
= Pfizer Puurs confirms that a license has been obtained for all manufacturing activities as described in 3.2.P.3.1.
Response for BioNTech Mainz
= GMP certificate received yesterday and will be provided in MAA
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Major Objection #2 (Comparability)

2. Comparability between clinical and commercial material has not yet been demonstrated, which raises
uncertainties about consistency of product quality and hence uncertainties as regards product safety and
efficacy of the commercial product. Significant differences between batches manufactured by DS Process 1
and 2 are observed for the CQA mRNA integrity. In addition, the characterisation of BNT162b2 DS is
currently not found acceptable in relation to this quality attribute. This is especially important considering
that the current DS and DP acceptance criteria allows for up to 50% fragmented species. Therefore, the
dossier should be updated with additional characterisation data on mRNA integrity in sections 3.2.S5.2.6
(comparability) and 3.2.S.3 of the dossier.

Response:

A comprehensive drug substance comparability study was performed and summarized in roll #2 of the MAA,
which includes updated data in 3.2.S.2.6. In addition, we are revising the RNA integrity specification for drug
substance to >=60%, drug product release to >=55%, and drug product shelf life to >=50%. The sponsor
agrees to update the 3.2.5.3 section with additional characterization data concurrent with the establishment of
primary/working reference material.
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Major Objection #2 (Comparability)

a.) Truncated and modified RNA species should be regarded as product-related impurities. Even though two
methods, namely agarose gel electrophoresis and capillary gel electrophoresis (CGE), have been applied to
determine RNA integrity of BNT162b2 DS, no characterisation data on truncated forms is presented. Results
obtained on RNA integrity by CGE and agarose gels should be included in the characterisation section
(3.2.S.3). The truncated forms should be sufficiently characterised, i.e. they should be described, and it
should be discussed if the fragmented species are expected to be similar between batches. In addition, the
possibility of translated proteins other than the intended spike protein (S1S2), resulting from truncated and/or
modified mMRNA species should be addressed and relevant protein characterization data for predominant
species should be provided, if available.

Response:

Fragments have been observed in all toxicology, clinical, and representative commercial supply drug substance from
Process 1 and Process 2

— Expected product impurity from incomplete in vitro transcription and are confirmed to be RNA
— Most abundant fragment species are 1500-3500 nucleotides in length

— Extensive oligonucleotide mapping data are provided in the revised 3.2.S.2.6 comparability — no significant differences observed

Fragmented species observed by CGE are expected to be comprised of truncated transcripts that include the 5’ region of
BNT162b2 but lack the 3’ region and poly(A) tail
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1. Major Objection #2 (Comparability)

* b.) Upon changing to DS Process 2, a decrease in RNA integrity was observed (only numerical values
provided). Concerning this difference in RNA integrity between Process 1 and Process 2 DS batches the
Applicant is requested to provide capillary electropherograms together with an evaluation of any batch
differences in peak patterns. The potential safety risks associated with truncated RNA isoforms should be
thoroughly discussed with reference to the batches used, clinical experience and possibly literature data.
The quantitative and qualitative differences observed between Process 1 and 2 should be discussed with

respect to their impact on safety and efficacy.

Response: The electropherograms comparing process 1 and process 2 drug substance batches, inclusive of
clinical, emergency supply and PPQ batches, are provided. The major fragments are common between both
processes. Truncated transcripts are not expected to impact safety and as they would be degraded or not

translated.
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1. Major Objection #2 (Comparability)

2. Comparability (continued)

c.) For Process 2, the CTP and ATP volumes were adjusted before the manufacture of DS batch PPQ3 to
align better with RNA integrity results from Process 1. Additional batch data (from PPQ4 and PPQ5)
should be provided to confirm that the optimised Process 2 allows for reaching RNA integrity levels
consistent with the Process 1 batches.

Applicant's Reply Strategy

= PPQ4 and PPQ5 data will be included in the 2nd CMC Roll

» 3.2.5.2.6 summary table is provided in the back-up for clinical, emergency use, and PPQ batches from Pfizer
and BioNTech

BNT162b2 Drug Substance Release and Additional Testing Result Ranges
Clinical Emergency Supply ACMF PPQ BNT-REN PPQ
(Process 1) (Process 2) (Process 2) (Process 2)
R427-P020.2-DS 20Y513C101 20Y513C301 20E162001
Method R438-P020.2-DS 20Y513C201 20Y513C401 20E162002
R443-P020.2-DS 20Y513C501 20E162003
R445-P020.2-DS 20Y513C601
20Y513C701
RNA Integrity by capillary 7786 62 — 69 65— 75 7072
gel electrophoresis (%)
5'-Cap by LC-UV (%) 56 — 69 82—-84 84 — 88 89 -91
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1. Major Objection #2 (Comparability)

2. Comparability (continued)

d.) After contact with the applicant it was confirmed that DP batches manufactured from early Process 2
batches, with lower RNA integrity, have been recently introduced in clinical trials. However, as the cut-off
date for the clinical Interim Analysis (IA) was changed, the IA doesn’t include data from subjects dosed
with Process 2 material, and the Company does not expect to have Process 2 included in the Final
Analysis dataset. Therefore, the proposed acceptance criteria of 250% intact RNA for RNA integrity is
considered too wide compared to clinical batch data, 69-81%. The proposed release and shelf-life
acceptance criteria for the DP should therefore be tightened based on the clinical data included in the
dossier or clinically qualified by other means.

Applicant's Reply Strategy

Proposed specifications are now DS release/shelf life >=60%, DP release >=55%, DP shelf life >=50%
Capped-intact is comparable for Process 2 DS, therefore even the slightly lower integrity not expected to
affect efficacy, comparable IVE results are supportive of this as well. Additional adjustments to improve DS
integrity have been implemented.

Clinical drug product batch range from 62-86% integrity; mean - 3SD has lower limit of 47%

Specifications will continue to be assessed following drug product PPQ
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1. Major Objection #2 (Comparability)

2. Comparability (continued)

e.) Release data provided for some of the DP batches indicates a possible decrease in mRNA integrity
during the manufacturing of DP. The applicant should therefore discuss possible root causes, and
present comparative results for DS and DP, on RNA integrity. A consequential need for a more
stringent DS specification should be considered. Sections S.4.1 and P.5.1 in the dossier should be
aligned and updated accordingly.

Response: The sponsor acknowledges a consistent drop in RNA integrity between final DS release and final
DP release. Comparative results for DS and DP are provided. We have implemented a more stringent DS
specification (>= 60% for release/shelf life)

: RNA Integrity (%) Integrity Difference (%)
Il Inigrolag D5 [BELel Drug Product [Drug Substance (DP-DS)
EE8492 20Y513C101 55 62 -7
[EE8493 20Y513C101 55 62 -7
[EJO553 20Y513C501 68 75 -7
[EJ1685 20E162001 (1071539) 66 72 -6
IEJ1686 20E162001 (1071539) 69 72 -3
[EK1768 20Y513C401 60 65 -5
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1. Major Objection #3 (Process validation)

3. Drug product batches manufactured at the commercial facility (whole manufacturing process at the
commercial site Pfizer, Puurs, at commercial scale, drug substance from process 2) were not presented.
Process validation (PPQ) for commercial scale batches are already initiated and validation data should be
provided. Batch results for at least 2 commercial scale batches representative of the commercial process
should be presented. Comparability of commercial batches with clinical batches should be demonstrated
and the data should be provided. The claimed shelf-life and storage condition are not yet acceptable since
no stability data is available for batches from the commercial manufacturing site and scale and shelf-life is
based on very small scale (development) batches (less than 1% of the commercial scale), not
representative of the commercial batches (manufacturing site, scale, process for the drug substance).
Additional stability data (6 months at long-term storage condition) should be presented.

Response:
= Batch results of at least 2 GMP batches will be submitted around the 2nd CMC Roll (precise date pending)

» Phased approach for process validation (see Agenda Topic 4)
» Phase |, initial validation (5 PPQ lots at 5 sites including Pfizer Puurs): scheduled this week
» Phase I, full validation (7 PPQ lots in total at Pfizer Puurs): to commence in Week 51

» Stability and shelf-life:
» Details presented on next slide
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1. Major Objection #3 (Process validation) continued

= Stability and shelf-life:
= Stability studies have been initiated/are in progress for six additional EUA lots of DP and include
storage at the intended storage condition of -90 to -60°C. These studies are representative of the
commercial process/scale and information on stability protocols and data available are being provided
in MAA roll #2. Additionally, MAA Roll #2 contains the draft, planned PPQ stability protocols, as well as
new data available for BNT clinical lots.

= A summary of the stability data available in MAA roll #2 is summarized below:

» Updated stability data for 6 months at intended storage on clinical lot BCV40420-A and non-clinical
lot CoVVAC/270320 support the current claimed shelf life

= Up to 2 weeks stability data on EUA lot EE8492

= Stability protocols and release data, where available, for EUA lots EK1768, EJ1686, EJ1685,
EJO0553 and EE8493 (information on EE8493 was provided in MAA roll #1)

» Inclusion of protocols and up to 3 months stability data for additional BNT clinical lots, including lots
EE3813 (alias BCV40820-P) and ED3938 (alias BCV40720-P) which were manufactured on a
scale more representative of the commercial process

Confidential 11



2. Quality items in revised submission plan (25" November)

26" November
» Company’s Responses to FDA's questions for the US EUA submitted.

30" November
» Submission of relevant quality data for EU supply chain as ‘pre-read’ for quality assessors:
— ‘Global EUA dossier contains to a remarkable extent CMC data, which are not relevant for EU supply chain
— Change in plans: Submission of a selection of M3 sections which contain either most important
changes/updates or comprehensive update. A copy of sections will be taken from the ongoing process of data
verification. As data verification process is not fully completed the sections are formally considered as draft
although changes are very unlikely.
— Examples: S.2/S.4/ S.5 for New Drug Substance Site BioNTech/Rentschler, P.2 Drug Product,
P.2.6 Compatibility, P.3.2 Batch Formula, P.3.3 Manufacturing Process, P.5.1 Drug Production Specification
and Stability updates for DS and DP

4™ December
= Submission of 2" CMC roll package formally as part of VSI responses via eCTD:
Module 3 and Module 2 abbreviated QoS.
= Abbreviated QoS includes a summary of pending information and confirmation that Quality is acceptable
» The Quality expert signature was already submitted in sequence 0002.
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3. Updated specifications for drug product

Acceptance Criteria Acceptance Criteria

Quality Attribute Analytical Procedure (15t CMC Roll) (2nd CMC Roll)

Appearance
(Visible Particulates)

Essentially free from visible May contain white to off-white

AnElEeS (RS particulates opague, amorphous particles

= 55% intact RNA (release)

RNA Integrity Capillary Gel Electrophoresis |2 50% intact RNA _ N
= 50% intact RNA (stability)

= Visible particles contain lipids and are thus intrinsic to the product

= RNA integrity:
— 255% at release with an allowance of 5% decrease across stability
— Late migrating species (LMS) shown to be intact RNA

= Data and discussion presented in briefing materials
— Draft Section 3.2.P.2.2 Drug Product
— Reply to US EUA Questions
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4. Updated validation strategy for drug product

Phased approach to ensure having preliminary PV data available from individual supply nodes
as soon as possible for conditional EU MAA, US EUA, and other applications

Phase I:
= Manufacturing of one batch from each global supply node
= Five PPQ lots scheduled this week at five DP manufacturing sites:
— Node #1: EU supply (FC2 filling line, Pfizer Manufacturing Belgium NV, Puurs)
— Nodes #4 & #5: Comparable to EU supply (Pfizer Kalamazoo, USA, filling lines 8 and 18)
— Node #2 & #3: Supportive data (Pulymun / Pfizer Puurs and Dermapharm / Pfizer Puurs)
= Comparability assessment scheduled for all PPQ lots

Phase Il:
= Global validation approach which includes EU supply
= Pfizer Manufacturing Belgium, Puurs:
» Scheduled for Week 51/2020 — Week 02/2021
= Additional six PPQ lots to give a total of seven PPQ lots for Pfizer Puurs
= Matrix approach to address different DS supply sites (Andover vs BioNTech/Rentschler),
different fill lines (FC2 vs VC2) and different scales (139 L vs 278 L)
= Comparability assessment scheduled for all PPQ lots
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5. Additional filling line and increased batch size for drug product

Changes in 2"d CMC Roll for assuring sufficient EU supplies
prior to submission of variations to add further DP manufacturing sites

Additional filling line (Pfizer Manufacturing Belgium NV, Puurs)

= An additional filling line (VC2) is introduced for BNT162b2 drug product and descripted is described in the
respective sections in the MAA.

= Validation of the VC2 filling line is planned in Phase Il of process validation

Batch size increase for DP process (Pfizer Manufacturing Belgium NV, Puurs)
= Two TFF unit operations in parallel during the DP process (Step 5 in Section 3.2.P.3.3) to increase batch size
= Batch size in Section 3.2.P.3.2 changed from 139 Lto 139 L - 278 L range
= Change supported by:
— one completed engineering lot
— afirst GMP lot scheduled to be completed this week.
= Validation of the 139 L - 278 L range is planned in Phase Il of process validation
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Revised manufacturing plan — DP PPQ lots

September

December April May June July

Manufacturing at Pfizer, Puurs

Engineering Runs

GMP1 Execution

GMP1 Release data

GMP2 Execution

GMP2 Release data

GMP3 Execution

GMP3 Release data

Process Validation - Phase | (Network I’I’Q]l

PPQ 1 - Puurs/Puurs (FC2)

PPQ 2 - PLY/ Puurs (w515

PPQ3 - DER/Puurs [W5L5)®

PPO4 - KZOO/KZOO (L8)°

PPQS - KZOO/KZOO (L18)°

(W20 [F S P70 ey

PPOs (1-5) Release data

PPQs (1-5) Extended charaterization and comparabili‘tvq

PPQs [1-5) Stability Studies

Process Validation - Phase Il (Puurs s'rl‘e]s'5

PPO 1- BNT-R / FC2 /13917

PPO2 - ACMF / FC2 / 1391

PPO3 - BNT-R/FC2 f139L

PPO4 - ACMF / VC2 [ 139L

PPO5 - ACMF /VC2 / 278L

PPO6 - ACMF / FC2 / 278L

PPO7 - ACMF / VC2 / 278L

* Bulk DP manufacturer J F&F manufactured (Fill ling)

: Only fill line FC2 will be used in this Phase | and VC2 fill line will
be used in the Phase || PPQ

*potential post-approval sites shown now as supportive data
"Comparability between Network PPOs, CTM, EUA and GMP

* D5 manufacturer / F&F Fill line / Batch size

# Timelines shown are tentative, following the best case scenario
7 First batch from the Phase | Netwrok PPQ (PPQ1)

PLY
DER
KZ00
BNT-R
ACMF

Activities executed

Activities scheduled
Submission dates for roll 1 & 2

Engineering batch
GMP batch
Polymun
Dermapharm
Kalamazoo
BioNTech, Mainz incl. Rentschler, Laupheim
Pfizer, Andover

PPQ No.
PPQ No.
FPQ No.
PPQ No.
PPQ No.
PPQ No.
PPQ No.

1w Result from sample after 1 week storage 1M Result from sample after 1 month storage

2w Result from sample after 2 week storage 3M Result from sample after 3 month storage

6M Result from sample after 6 month storage

=l M W s W Rk
e B < LTS B SR
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MAA Draft — Roll 2, 3.2.5.2.6

Table 3.2.5.2.6-6. BNT162b2 Drug Substance Release and Additional Testing Result Ranges
Method Clinical Emergency Supply ACNMF Process BNT-REN Process
(Process 1) (Process 2) Performance Qualification | Performance Qualification
(Process 2) (Process 2)
R427-P0202-DS 20Y513C101 20Y513C301 20E162001
R438-P020.2-DS 20Y513C201 20Y513C401 20E162002
R443-P020.2-DS 20Y513C501
R445-P020.2-DS 20Y513C601 20E162003
20Y513C701
Appearance (Clarity) Clear Clear Clear Clear
(23 NTU) (0 — 1 NTU) (0—1NTU) (0 NTU)
Appearance (Coloration) Colorless Colorless Colorless Colorless
(=B9) (=B9)
pH 7.0-72 6.9 6.9 6.9
;:Zrmgg?ﬁ;ﬁ%?‘q Complies? Identity confirmed Identity confirmed Identity confirmed
Content (RNA
concentration) by UV 1.64 —2.268 219-2127 219-227 2.18-2.20
spectrometry (mg/mL)
RNA Integrity by capillary
el electrophoresis (%) 77 — 868 62— 69 65175 70-172
5'-Cap by LC-UV (%)d 56—-69 82 -84 84— 88 89 -91
Poly(A) Tail by ddPCR (%0)d | 116 —131 88 —104 91-106 85— 106
?gggﬁ;ﬁ;&e‘gﬂm by | <200 17-29 10-211 11-34  pending review
dsRNA by immunoblot
(pe/ug RNA) <120 =240 =240 <40
Osmolality 52-143 18 17 17
a.  Identity of Process 1 batches determined from the starting material (DNA template) by sequencing
b. Acceptance criterion for Content (RNA concentration) changed from 1.7 mg/mL + 10% to 2.25 + 10% during clinical development.
¢.  Value 1s result of a revised integration of electropherograms, consistent with the integration used for Process 2 batches. Side-by-side test results shown in
Table 3.2.5.2.6-7 and Table 3.2.5.2.6-13.
d. Process 1 data taken from side-by-side assessment (Table 3.2.S.2 6-7 and Table 3.2.8.2 6-13). 5°-Cap and Poly(A) tail data were collected for Process 2
batches as an additional characterization test.
Abbreviations: ddPCR. = Droplet digital polymerase chain reaction; dsRNA = Double stranded RINA; NT = Not Tested; NTU = Nephelometric turbidity umt; gPCR =
Quantitative PCR; RP-HPLC = Reversed phase high performance liquad chromatography; RT-PCR. = Reverse transcription PCR.
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Truncated transcripts

[t1s'not-anticipated-that-truncated-transcripts-pose-a-safety-or-efficacy-concern.--As-the-
poly(A)-tail-contributes-substantially -to-mRNA -stability (Guhaniyogi-& -Brewer,-2001 ;-
Nicholson & -Pasquinell1,-2019), truncated-BNT162b2-RNA ‘species-lacking poly(A)-tails-are-
expected-to-be rapidly-targeted-for-degradation-in-the-cytoplasm.

In-the-event-that-transcripts-are-truncated-at-the-5‘-end, the-loss-of-the-5‘-cap-would not-only-
increase-S “‘degradation-of-the-unprotected-mRNA, -but-would-also result-in-a-decrease-or-loss-
of‘translation-efficiency-owing-to-the role-of-the-5‘-cap-in-recruiting-translation-intiation-
factors:(Ramanathan,-Robb,-and-Chan,-2016).q
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Statistical analysis of data sets for integrity specification

Statistical analysis of data sets for integrity specification:
Data set:

Bolded lots used in clinic to date.

Statistical analysis:

75
85
86
83
77
85
71
72
69
ED3938 62
EE8318 63
55
55
68
66
69
60
70.6 10.1 40.3
72,5 10.4 41.3
bolded
74.3 9.0 47.3
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DS release and additional testing ranges

BNT162b2 Drug Substance Release and Additional Testing Result Ranges
Method Clinical Emergency Supply ACMF Process Performance BNT-REN Process

(Process 1) (Process 2) Qualification (Process 2) Performance Qualification
(Process 2)
R427-P020.2-DS 20Y513C101 20Y513C301 20E162001
R443.P020.2.DS oY 205130501 20162002
R445-P020.2-DS 20Y513C601 20E162003
20Y513C701
RNA Integrity _by capillary gel 77 _86 62 — 69 65 — 75 70— 72
electrophoresis (%
5'-Cap by LC-UV (%)d 56 — 69 82-84 84 — 88 89 -91
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