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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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