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3.2.P.2.3. PROCESS DEVELOPMENT AND CHARACTERIZATION

3.2.P.2.3.1. Process Development and Characterization Studies for Unit Operations

This section describes the process development and characterization studies performed to 
understand the effect of process parameters on BNT162b2 product quality attributes. As both 
BNT162b2 and BNT162b1 were under clinical development at the same time, it was 
considered whether available data on BNT162b1 could provide additional support for
manufacture of BNT162b2 drug product. Some process development and stability studies 
were performed using BNT162b1. Since the difference between the constructs is the length 
of the mRNA (BNT162b2 RNA: 4283 nucleotides; BNT162b1 RNA: 1262 nucleotides) it is 
reasonable that once encapsulated in the LNPs, freezing and temperature stress might be 
expected to impact LNP size, LNP polydispersity and % RNA encapsulation in a similar 
fashion for both constructs. As discussed in Section 3.2.P.2.2 Drug Product, 
Section 3.2.P.2.2.1.3.2 BNT162b2 Drug Product Development Stability, BNT162b1 and 
BNT162b2 show similar physicochemical and colloidal stability under the same storage 
conditions. However, other attributes related to BNT162b1 RNA integrity or potency may 
not be representative of BNT162b2. Therefore, physicochemical and colloidal data as 
available for the BNT162b1 drug product are in some cases discussed here in lieu of or in 
addition to data for BNT162b2.

The initial process including LNP fabrication and drug product formulation, designated as 
the Research process, was developed at Acuitas Therapeutics, Vancouver, BC, Canada. A 
stage-appropriate scaled process was then developed in two phases at Acuitas Therapeutics, 
based on the same mixing apparatus configuration and using the same principles as the 
research scale process. During the first phase of the scale up process development (referred 
to as the Classical process), the changes involved introduction of pumps more suitable to 
higher flow rates and the implementation of conventional tangential flow filtration for the 
buffer exchange in order to manage the larger intermediate volumes at larger scales. The 
second phase of the scale up process (referred to as the Upscale process) focused on 
increasing the mass throughput of the RNA and lipids though the mixing device, in order to 
increase the batch size by six-fold in comparison to the Classical process. Suitability of the 
scaled manufacturing process was demonstrated with representative formulations in other 
programs. Transfer of the scaled manufacturing process for RNA/LNPs with the ALC-0315 
formulation has been performed for manufacturing of animal and clinical trial material (using 
the Classical process) and emergency supply of the vaccine (using the Upscale process) at 
Polymun Scientific Immunbiologische Forschung GmbH. The commercial supply of the 
vaccine is achieved through a scale out approach in manufacturing of the LNPs. Scale out 
process is defined as the use of more than one T-mixer for LNP formation (i.e. 2-8 T-mixers) 
depending on the batch size, which was implemented at Polymun and at Pfizer Puurs and 
Kalamazoo.

The ongoing process development and characterization studies represent a combined 
experience derived both from laboratory scale studies using scale-down models and 
scaled-up manufacturing experience. A global approach to development is being undertaken 
across multiple manufacturing facilities in order to maximize vaccine production and 
availability with a highly aligned drug product manufacturing process across all sites and 
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manufacturing lines. The process as currently defined (Section 3.2.P.3.3 Overview) is
supported by clinical manufacturing experience and manufacturing trials performed at scale 
for the lipid nanoparticle (LNP) manufacturing process as well as fill/finish of the final drug 
product. While not all manufacturing facilities are intended to be registered in all markets, 
the high degree of alignment in the manufacturing process design across all sites enables
process understanding from development at one facility to be directly relevant to 
development for the process to be executed in other facilities.  Process performance 
qualification (PPQ) manufacturing will confirm that the developed process is appropriate as 
defined for clinical and commercial manufacture.

The drug product commercial manufacturing process is outlined below and fully described in 
Section 3.2.P.3.3 LNP Fabrication and Bulk Drug Product Formulation and Section 3.2.P.3.3 
Fill and Finish. 

LNP Fabrication and Bulk Drug Product Formulation

 Drug substance thaw – Thawing of BNT162b2 drug substance

 Dilution of drug substance – Dilution with water and mixing of BNT162b2 thawed 
drug substance

 Preparation of organic phase – Dissolution of lipids in ethanol

 Lipid nanoparticle formation and stabilization – In-line dilution of water-diluted drug 
substance with citrate buffer to form aqueous phase; mixing of aqueous phase and 
organic phase in T mixer(s); dilution in-line of T-mixer output with citrate buffer

 Concentration, buffer exchange and filtration – Diafiltration, concentration, 
diafiltration, final concentration; 0.2 µm bioburden reduction filtration  

 Concentration adjustment and addition of cryoprotectant – Concentration adjustment 
with PBS, addition of sucrose solution resulting in bulk drug product

Fill and Finish

 Sterile filtration - Bulk drug product 0.2 µm sterile filtration

 Aseptic filling - Aseptic filling into sterile glass vials, stoppering, capping

 Visual inspection

 Labeling and freezing

 Storage, packaging and shipment of BNT162b2 drug product

Characterization studies in support of various process steps took a holistic approach to 
evaluate physicochemical stability, considering the impact of various factors such as 
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formulation stage, contact materials, and temperature on quality attributes unrelated to 
microbial control. Microbial control is considered on a facility basis via media fill 
simulation.

Best practice guidance is that sampling and testing for bioburden and endotoxin should be 
performed prior to 0.2 µm filtration and at any step with hold time ≥24 hours. The process 
was reviewed and a risk-based approach was taken to address process steps that fall within 
this guidance (3.2.P.3.4 LNP Fabrication and Bulk Drug Product Formulation and 3.2.P.3.4 
Fill and Finish). 

Hold times for the commercial process will be confirmed based on PPQ. There are four steps 
in the drug product process (LNP Fabrication and Fill and Finish) that were tentatively 
assigned hold times ≥24 hours:

 Drug Substance Thaw: The hold time for this step is  
 This step is being further evaluated as there is no port on the 

EVA bags for sampling after thaw. The drug substance process includes bioburden and 
endotoxin testing at release which ensures that the drug substance is within specification 
for bioburden and endotoxin and thus is low risk for the drug product process, even with 
a hold time of 

 Concentration, Buffer Exchange and Filtration: PBS buffer is held at  
 This buffer is sampled for bioburden and endotoxin prior to bioburden 

reduction filtration and use in this process step. In addition, the diafiltered and 
concentrated LNPs are passed through a bioburden reduction filter upon completion of 
this step.

 Concentration Adjustment and Addition of Cryoprotectant: As in the previous step, 
PBS buffer is held at . This buffer is sampled for bioburden and 
endotoxin prior to bioburden reduction filtration and use in this process step. The sucrose 
solution though held for  is sampled for bioburden and endotoxin 
prior to use in this step.

 Sterile Filtration: Prior to redundant sterile filtration, the bulk drug product is sampled 
for bioburden and endotoxin. This step is included in the hold time for Drug Product 
(liquid) in vessels or glass vials at until the 
start of freezing.

Overall, the process is well controlled and appropriately tested for bioburden and endotoxin 
starting from the drug substance and ending with sterile filtration and fill/finish.

Process development to support operations related to drug substance is discussed in 
Section 3.2.S.2.6 Process Development and Characterization.

Process development studies to support the drug product process include studies designed to 
understand the thawing of the drug substance, mixing of the diluted drug substance and the 
lipid components in the T-mixer for formation of the lipid nanoparticles (LNP), followed by
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tangential flow filtration (TFF) for removal of process-related components and formulation 
of the LNP drug product, followed by sterile filtration, filling, capping and visual inspection.  
Freezing studies were also performed to support the freezing and storage operations of the 
final drug product which is stored at the recommended temperature of -90 °C to -60 °C. 
Studies are presented as follows:

 Hold times and compatibility of drug substance and drug product with process contact 
materials (Section 3.2.P.2.3.2)

 Drug substance storage and thaw in ethylene vinyl acetate (EVA) bags
(Section 3.2.P.2.3.3)

 Dilution and mixing of drug substance (Section 3.2.P.2.3.4)

 Preparation of the organic phase (Section 3.2.P.2.3.5)

 Lipid nanoparticle formation and stabilization (Section 3.2.P.2.3.6)

 Concentration, buffer exchange, and bioburden reduction filtration (Section 3.2.P.2.3.7)

 Concentration adjustment and addition of cryoprotectant (Section 3.2.P.2.3.8)

 Sterile filtration (Section 3.2.P.2.3.10)

 Aseptic filling (Section 3.2.P.2.3.11)

 Stoppering, sealing and capping (Section 3.2.P.2.3.12)

 Visual inspection (Section 3.2.P.2.3.13)

 Labeling and freezing of drug product (Section 3.2.P.2.3.14)

 Drug product shipping (Section 3.2.P.2.3.17)

A control strategy has been developed for the commercial process and is presented in 
Section 3.2.P.2.3 Control Strategy.

As part of process development, the process was evaluated in a risk assessment. Cause and 
effect matrices were used to help identify process parameters that required further 
investigation. For each step in the manufacturing process, process parameters were identified.  
The potential impact of a deviation in each process parameter on each QA was assessed 
based on likelihood and severity criteria. The outcome of this assessment was a list of the 
most important process parameters throughout the entire manufacturing process. Based on 
the results of this risk assessment, studies were prioritized and performed in the development 
laboratory or at the commercial manufacturing sites. The parameters and quality attributes 
outlined in Table 3.2.P.2.3-1 were evaluated during the respective process step by lab-scale 
studies or during engineering runs, process qualification and/or PPQ. Quality attributes were 
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Table 3.2.P.2.3-12. Drug Product Sample Exposure Times and Intensity 
Measurements

Timepoint
(Hours)

Visible UV
Measured Cumulative Measured Cumulative

Planned Actual Lux Lux-hours mW/cm2 mWh/cm2

3.2.P.2.3.2.3.2.2. Drug Substance and Drug Product Light Exposure Testing Results

The actual exposure times and results of analytical testing are shown in Table 3.2.P.2.3-13
for drug substance and Table 3.2.P.2.3-14 for drug product. 

Results of pH testing of all drug substance samples, including the control (T0) and the 
covered controls, were between 6.3 and 6.6. The T0 sample was at the lower end of the 
acceptance criteria for pH and some test samples were below the acceptance limit, but there 
was no trend. This suggests these results were not due to light exposure. RNA integrity (%) 
and concentration (mg/mL) results were all within the acceptance criteria for test samples 
and covered controls. There were no trends suggestive of any light exposure effects up to 

for drug substance.

Table 3.2.P.2.3-13. Analytical Test Results for Drug Substance Exposed to Visible and 
UV Light

Sample Actual Time
(Hours)

pH RNA Integrity 
(%)

RNA Concentration, 
(mg/mL)

Testing of the drug product exposed to visible and UV light at stated intensities for up to 
 showed essentially no difference from the T0 control or covered controls for pH, 

LNP size (nm) and polydispersity, RNA concentration (mg/mL) and encapsulation efficiency 
(%). 

Integrity of the messenger RNA (mRNA) in the drug product samples was within the range 
 with essentially no difference between the light-exposed samples and covered 

controls. After  of light exposure both the test sample and the covered control were
below the lower acceptance limit of for RNA integrity. However, the T0 sample was at 
the low end of the acceptable range with  RNA integrity. The small difference between 
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3.2.P.2.3.2.4.1. Conclusions

The results of this study indicated no change to the critical quality attributes of the drug 
product and therefore support these conditions outside of long-term storage (-90 to -60 °C)

 14 days at 2-8 °C

 3 days at 25 °C

 Up to 4 freeze/thaw cycles

3.2.P.2.3.2.5. Information from Formal Stability Studies

While development studies only consider physicochemical quality attributes, the formal 
stability studies are designed to follow ICH guidelines. BNT162b2 drug substance stored 
under long-term, accelerated, thermal stress, and temperature cycled conditions in EVA bags 
will be executed and summarized in Section 3.2.S.7.1 Stability Summary and Conclusions. 

Stability studies, designed to follow ICH guidelines, of BNT162b2 drug product stored under 
the recommended long-term, accelerated thermal cycling and photostability conditions will 
be executed and summarized in Section 3.2.P.8.1 Stability Summary and Conclusion.

3.2.P.2.3.2.6. Full-Scale Manufacturing Experience

The stability of bulk drug product subjected to hold times in processing materials including 
stainless steel will be evaluated during PPQ and provided in Section 3.2.P.3.5 Hold Times. 

Taken together, the information gathered from laboratory scale studies, formal stability 
studies, and full-scale manufacturing experience will confirm the proven acceptable range for 
hold times for commercial manufacturing.

3.2.P.2.3.3. Drug Substance Thaw

3.2.P.2.3.3.1. General Description

Drug substance (DS) is received from the drug substance manufacturing facility stored frozen 
in ethylvinylacetate (EVA) bags. Drug substance is stored in accordance with recommended 
storage conditions (Section 3.2.S.7.1 Stability Summary and Conclusions). Drug substance is 
then thawed in preparation for drug product manufacturing.

The frozen DS provided in EVA bags is thawed at 25 °C or controlled room temperature. 
The thaw time depends on heat transfer rates and fill volumes in the bags. At the end of the 
thaw process, the resulting solution is completely thawed (devoid of ice). Drug substance 
freezing and thawing may be conducted using either controlled freeze/thaw equipment 
consisting of an automated freeze/thaw unit and agitation platform capable of controlling the 
freezing and thawing rates (controlled rate freeze and controlled thaw) or utilizing a freezer 
(for freezing) or controlled temperature room (for thawing) (controlled room temperature 
thaw). Most manufacture of clinical supplies utilized a freezer for freezing and controlled 
room temperature for thawing of drug substance.  
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Table 3.2.P.2.3-21. Product Quality of BNT162b2 Drug Substance: Freeze and Thaw Cycling Study

Quality Attribute Acceptance Criteria

Clarity (NTU)
Coloration Not more intensely 

colored than level of 
the B color standard

pH
Content (RNA 

concentration) (mg/mL)
RNA Integrity (%)

Residual DNA Template
(ng DNA/mg RNA)

dsRNA
(pg dsRNA/µg RNA)
Bacterial Endotoxins 

(EU/mL)
Bioburden

(CFU/10 mL)
a. After cycle at room temperature was performed before analysis.
b. RNA concentration below target is most likely a result of sampling heterogeneity as the result from  is within the acceptance criteria.
Abbreviations: NTU = nephelometry turbidity units; b = Brown; N/T = not tested at that cycle; dsRNA = double stranded RNA; EU = endotoxin units; CFU = 
colony forming units

09
01

77
e1

95
a3

99
97

\A
pp

ro
ve

d\
A

pp
ro

ve
d 

O
n:

 2
8-

N
ov

-2
02

0 
07

:2
2 

(G
M

T
) 4.2 1st ind. 

4.2 1st ind. 
4.2 1st ind. 

4.2 1st ind. 

4.2 1   

4.2 1st ind. 

4.2 1st ind. 

4.2 1st ind. 

4.2 1st ind. 

4.2 1st ind. 

4.2 1st ind. 

4.2 1s   em
a.e

uro
pa

.eu
 

This
 do

cu
men

t c
an

no
t b

e u
se

d t
o s

up
po

rt a
ny

 m
ark

eti
ng

 au
tho

ris
ati

on
 ap

pli
ca

tio
n a

nd
 an

y e
xte

ns
ion

s o
r v

ari
ati

on
s t

he
reo

f 

Rele
as

ed
 un

de
r R

eg
ula

tio
n (

EC) N
o 1

04
9/2

00
1 o

n 1
3 M

ay
 20

25
 



em
a.e

uro
pa

.eu
 

This
 do

cu
men

t c
an

no
t b

e u
se

d t
o s

up
po

rt a
ny

 m
ark

eti
ng

 au
tho

ris
ati

on
 ap

pli
ca

tio
n a

nd
 an

y e
xte

ns
ion

s o
r v

ari
ati

on
s t

he
reo

f 

Rele
as

ed
 un

de
r R

eg
ula

tio
n (

EC) N
o 1

04
9/2

00
1 o

n 1
3 M

ay
 20

25
 



em
a.e

uro
pa

.eu
 

This
 do

cu
men

t c
an

no
t b

e u
se

d t
o s

up
po

rt a
ny

 m
ark

eti
ng

 au
tho

ris
ati

on
 ap

pli
ca

tio
n a

nd
 an

y e
xte

ns
ion

s o
r v

ari
ati

on
s t

he
reo

f 

Rele
as

ed
 un

de
r R

eg
ula

tio
n (

EC) N
o 1

04
9/2

00
1 o

n 1
3 M

ay
 20

25
 



em
a.e

uro
pa

.eu
 

This
 do

cu
men

t c
an

no
t b

e u
se

d t
o s

up
po

rt a
ny

 m
ark

eti
ng

 au
tho

ris
ati

on
 ap

pli
ca

tio
n a

nd
 an

y e
xte

ns
ion

s o
r v

ari
ati

on
s t

he
reo

f 

Rele
as

ed
 un

de
r R

eg
ula

tio
n (

EC) N
o 1

04
9/2

00
1 o

n 1
3 M

ay
 20

25
 



em
a.e

uro
pa

.eu
 

This
 do

cu
men

t c
an

no
t b

e u
se

d t
o s

up
po

rt a
ny

 m
ark

eti
ng

 au
tho

ris
ati

on
 ap

pli
ca

tio
n a

nd
 an

y e
xte

ns
ion

s o
r v

ari
ati

on
s t

he
reo

f 

Rele
as

ed
 un

de
r R

eg
ula

tio
n (

EC) N
o 1

04
9/2

00
1 o

n 1
3 M

ay
 20

25
 



em
a.e

uro
pa

.eu
 

This
 do

cu
men

t c
an

no
t b

e u
se

d t
o s

up
po

rt a
ny

 m
ark

eti
ng

 au
tho

ris
ati

on
 ap

pli
ca

tio
n a

nd
 an

y e
xte

ns
ion

s o
r v

ari
ati

on
s t

he
reo

f 

Rele
as

ed
 un

de
r R

eg
ula

tio
n (

EC) N
o 1

04
9/2

00
1 o

n 1
3 M

ay
 20

25
 



BNT162b2
3.2.P.2.3 Manufacturing Process Development
Process Development and Characterization 

PFIZER CONFIDENTIAL
Page 37

The LNPs were evaluated by size, polydispersity, RNA encapsulation and the lipid to drug
ratio (N/P). In addition, the topology of the LNPs was characterized by small angle X-ray 
scattering. The potency of LNPs from each process was determined as well by mouse 
immunogenicity studies.

As shown in Figure 3.2.P.2.3-3, Figure 3.2.P.2.3-4, Figure 3.2.P.2.3-5 and Figure 3.2.P.2.3-6
the physicochemical properties and the N/P ratios of the LNPs produced in the upscale 
process (Upscale 1, Upscale 2) are comparable to those from the classical process as 
represented by DP lot BCV150620 and clinical trial materials (CTM). Solid and dashed lines 
indicate 3 and 1 standard deviations from the mean respectively.

Figure 3.2.P.2.3-3. Comparability of the Particle Size for LNPs Produced by the 
Classical Process and Upscale Process
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Figure 3.2.P.2.3-4. Comparability of Polydispersity Index (PDI) for LNPs Produced 
by the Classical Process and Upscale Process

Figure 3.2.P.2.3-5. Comparability of Encapsulation Efficiency (%) for LNPs 
Produced by the Classical Process and Upscale Process
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Figure 3.2.P.2.3-8. Biological Activity of Classical Process and Upscale Process Drug 
Product in a Mouse Immunogenicity Model

3.2.P.2.3.6.4. Upscale LNP Manufacturing Process Adjustments for Increased Batch 
Size

As an initial demonstration of comparability of drug product containing BNT162b2 with 
LNP production using the Upscale process, results of release testing are presented in 
Section 3.2.P.5.4 Batch Analyses for drug product lots EE8492, EE8493, EJ0553, EJ1685, 
EJ1686 and EK1768 demonstrating no significant differences from previous lots made by the 
Classical LNP production process. Drug product lots EE8492 and EE8493 were 
manufactured using the Upscale process with 20 g RNA input. EJ0553, EJ1685, EJ1686 and 
EK1768 were manufactured utilizing an input of 40 g of RNA and two parallel T-mixers for 
production of LNPs, effectively doubling the capacity of the LNP fabrication process. 
Parameters for production of EJ0553, EJ1685, EJ1686 and EK1768 are the same as shown in 
Table 3.2.P.2.3-26 (Upscale process column), except that two T-mixers are used in parallel to 
match the increase in RNA input. Results of release testing presented in Section 3.2.P.5.4 
Batch Analyses further demonstrate consistent product quality among lots EE8492, EE8493,  
EJ0553, EJ1685, EJ1686 and EK1768, supporting the consistency of the Upscale process and 
further demonstrating the capability of the scale out approach of additional T-mixers for 
added process capacity and throughput. A comprehensive evaluation of product quality 
comparability of DP lots from the Upscale process, including the scale out approach with 
additional T-mixer, and previous Classical process lots is presented in Section 3.2.P.2.3 
Development History. For commercial manufacture, the scale out approach will be used to 
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further increase capacity of the LNP fabrication process with potential for up to 8 T-mixers 
in parallel.

3.2.P.2.3.6.5. Conclusions

Evaluation of quality attributes of the drug product, including biological activity, indicated 
that there was no difference in drug product produced from the classical process and the 
upscale process.

Addition of T-mixers in parallel can be used to increase capacity of the LNP fabrication 
process for increased batch size.

The process parameters for formation and stabilization of lipid nanoparticles is summarized 
in Table 3.2.P.2.3-27.

Table 3.2.P.2.3-27. Process Parameters for Formation and Stabilization of LNPs

Process Parameter Acceptable Range

a. Target set-point during LNP formation
Abbreviation: LNP = lipid nanoparticle

3.2.P.2.3.7. Buffer Exchange and Concentration

3.2.P.2.3.7.1. General Description

After fabrication of the LNPs, tangential flow filtration (TFF) is used to perform the buffer 
exchange and concentration and formulation of the final drug product in the PBS formulation 
buffer. The formulated LNPs are filtered with a bioburden reduction filter into a holding 
vessel for final formulation.

3.2.P.2.3.7.2. Development of the Process for Buffer Exchange and Concentration

As described in Section 3.2.P.2.3.6.3, the upscale process was developed to enable larger 
scale manufacturing for emergency supply and commercial supply. Equipment and materials 
have been scaled up appropriately at the manufacturing sites to meet the projected batch 
sizes. Table 3.2.P.2.3-28 shows the parameters used during tangential flow filtration (TFF) to 
perform the buffer exchange and concentration and the comparison between the classical and 
upscale processes. After this step the classical and upscale processes converge and there is no 
difference in the further processing of the LNPs. The total volume of the formulated bulk 
drug product and the number of vials are increased in the upscale process.
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Table 3.2.P.2.3-28. Difference between Classical and Upscale Processes for Buffer 
Exchange and Concentration

Process Step Parameter Classical Process Upscale Process Change
TFF1
Buffer 

Exchange and 
Concentration

TFF Loading (g/m2)
LNP concentration 
(mg/mL)
EtOH concentration (%)
DF volumes
Process time (h)
Process temperature
Final LNP concentration 
(mg/mL)
Membrane material of 
construction

Abbreviations: TFF = tangential flow filtration; LNP = lipid nanoparticle; DF = diafiltration; mPES = modified 
polyethersulfone

3.2.P.2.3.7.3. Development of Buffer Exchange and Concentration Step for Increased 
Batch Size 
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Table 3.2.P.2.3-31. Comparison of Commercial Process with Two TFF Membranes in 
Series (Engineering Lot EK2808) to Drug Product Lot EK1768

Quality Attribute Acceptance Criteria EK1768 EK2808
Appearance White to off-white 

suspension
White to off-white 

suspension
White to off-white 

suspension
Appearance (visible 

particulates)
EFVP EFVP EFVP

Subvisible particles Particles ≥10 µm: ≤ 6000 
per container

≥ 10 µm: 233 ≥ 10 µm: 113

Particles ≥25 µm: ≤ 600 
per container

≥ 25 µm: 10 ≥ 25 µm: 0

pH 7.4 ± 0.5 7.2 7.2
Osmolality
LNP size

LNP polydispersity
RNA encapsulation

RNA content
ALC-0315 content
ALC-0159 content

DSPC content
Cholesterol content
In-vitro expression

RNA integrity

Abbreviations: EFVP = Essentially free from visible particulates; N/A = data not available at time of filing; 
PPC = Particles per container

3.2.P.2.3.7.4. Conclusions

Based on lab scale studies and clinical manufacturing studies performed through classical
process development and upscale process development, the parameters for the commercial 
process were determined and are summarized in Table 3.2.P.2.3-32 and Table 3.2.P.2.3-33.

Additionally, quality attributes of the drug product from a  process using a 
product path  were comparable to those of a representative 
upscale batch. This confirms the feasibility of the increased batch size process  and
supports the manufacturing plan.

Table 3.2.P.2.3-32. Filter Properties for Buffer Exchange and Concentration

Membrane material of construction 
Abbreviations: mPES = modified polyethersulfone
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In addition to these trials on the commercial lines, fill weights for clinical batch EE8492 
filled at Puurs on line WSL5 are shown in Figure 3.2.P.2.3-11. This demonstrates the 
capability of meeting fill weight specifications during manufacture of a clinical lot using
BNT162b2 and the same process design that will be used for commercial manufacturing.
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3.2.P.2.3.14.2.4. Impact of Cooling/Freezing Rates on Product Quality at 0.5 mg/mL

Samples from the experiments were evaluated for LNP size and polydispersity by dynamic 
light scattering, % encapsulation by fluorescence assay, in vitro expression by cell-based 
flow cytometry assay, and RNA integrity and Poly(A) by ddPCR. Results of the evaluation 
are shown in Table 3.2.P.2.3-42 and Figure 3.2.P.2.3-14, Figure 3.2.P.2.3-15, 
Figure 3.2.P.2.3-16 and Figure 3.2.P.2.3-17 for 0.5 mg/mL samples.  There were no trends as 
a function of cooling rates for any of the assay results.

Table 3.2.P.2.3-42. Effect of Cooling Rates on BNT162b2 Drug Product Quality 
Attributes

Abbreviations: PDI = polydispersity index; NT = not tested; LN2 = liquid nitrogen
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Figure 3.2.P.2.3-20. Size and Polydispersity of Drug Product at Terminal Sampling 
Points for Each Process

   

Figure 3.2.P.2.3-21. Encapsulation Efficiency (%) and Total mRNA Content (mg/mL) 
at Terminal Sampling Points for Each Process
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Table 3.2.P.2.3-47. Time Out of Storage Condition for BNT162b2 Drug Product

Abbreviations: CPP = critical process parameter

3.2.P.2.3.15.1. Conclusions

Results of the freezing/warming cycling study support the time out of -90 to -60 °C as 
defined in the manufacturing process in Section 3.2.P.3.4 Process Hold Times – Fill and 
Finish.

3.2.P.2.3.16. Drug Product Storage

Drug product vials are stored frozen at -90 to -60 °C.  Stability data for the BNT162b2 drug 
product is provided in Section 3.2.P.8.3 Stability Data.  

3.2.P.2.3.17. Drug Product Shipping

Shipping validation studies for the frozen drug product have also been performed and are 
described in Section 3.2.P.3.5 Shipping Validation.
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3      Ball, R. L., Bajaj, P., Whitehead, K. A. Achieving long-term stability of lipid nanoparticles: examining the 
effect of pH, temperature and lyophilization. Int. J. Nanomedicine. 2016. 12, 305-315.
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