Did Pfizer Perform Adequate Safety Testing for its Covid-19 mRNA Vaccine in Preclinical Studies?
Evidence of Scientific and Regulatory Fraud
The rushed “warp speed” development and approval of completely novel Covid-19 mRNA and DNA vaccines pushed on millions of people has resulted today in millions of reported injuries and thousands of deaths according to public health databases such as VAERS (US), Eduravigilance (EU), Yellow Card (UK) and others.  This article reviews some of the publicly available documents on Pfizer’s non-clinical development program and points to its deficiencies, omissions and gaps that were clearly visible, yet never questioned by the regulators or other health authorities.  The cursory nature of the entire preclinical program can be briefly summarized as “we did not find any safety signals because we did not look for them”. The omissions of standard safety studies and glaring scientific dishonesty in the studies that were performed are so obvious that they cannot be attributed to the incompetence of the manufacturers and regulators.  Rather, the question of wilful negligence should be raised. 
The focus of my review was the scope and adequacy of the program of non-clinical assessment for a novel gene therapy vaccine with a brief discussion of relevant regulatory frameworks.  I did not dive deeply into the review of the results of specific studies.  My goal is to illustrate the complete breakdown of the previously known to be rigorous ethical drug development process as well as the shocking negligence on the part of the regulatory agencies that are supposed to keep the pharmaceutical manufacturers honest.  It turns out that both were highly dishonest and pushed an entirely novel technology and product on millions of people without a single well designed safety assessment. 
In summary, I have identified the following:
Finding 1: Pfizer relied on studies for different versions of its product and different formulations of the lipid nanoparticle (LNP) delivery platform. The program did not include a comprehensive test of all components of the final product. 
Finding 2: The safety of the vaccine’s mRNA active ingredient was never studied!
Finding 3: Pfizer claimed absence of potential for enhanced covid illness in a study where no covid illness was observed.
Finding 4: CDC, FDA and Pfizer lied about “vaccine staying in the injection site”.
Finding 5: Pfizer skipped major categories of safety testing altogether.
Finding 6: Pfizer used dishonest and self-serving interpretation of regulatory guidelines to avoid routine safety testing.

Background:
Pre-clinical studies are the initial phase of Pharmaceutical R&D process, where a drug/biological product is tested on cell lines, small animals (e.g., mice and rats), and larger animals (e.g., monkeys or other species). The aim of pre-clinical studies is to demonstrate Proof-of-Concept and characterize safety and efficacy to a “sufficient” level. For traditional vaccines, non-clinical phase is the only phase of development where safety and toxicity are formally assessed.  The phases of drug development have been defined for purposes of de-risking the new medicines, reducing potential for harm to human subjects, and ensuring an improved understanding of its risk/benefit with every step.  
The US Food and Drug Administration (FDA) guidelines for different phases of development are described in FDA Guidance for Industry publications[footnoteRef:1] and are harmonized globally via International Conference on Harmonization (ICH).  Separate sets of guidelines are issued for conventional drugs (small molecules) and biological products, including vaccines. However, for more complex platforms, such as drug-device or drug-biologics combinations, both types of guidelines are applicable depending on the finished product composition.  Since 2013, the FDA has been publishing guidelines that are directed at gene therapy platforms specifically.  [1:  https://www.fda.gov/vaccines-blood-biologics/guidance-compliance-regulatory-information-biologics] 

The exact scope of each new medicine’s development program is negotiated in a series of meetings between the manufacturer and the FDA.  In general, the more novel the new drug or biologics entity, the more stringent and extensive the testing that is required due to lack of well characterized risks and safety data from prior experience with the class or type of product. Numerous unknowns and thus potential for harms in patients need to be assessed, risks, if identified must be characterized so that a well-informed risk/benefit assessment can be performed.  A drug or a biological product is deemed dangerous until proven safe.  Claiming something is safe purely on theoretical grounds or because “all vaccines are safe” is not scientifically or ethically acceptable.  In addition, it should be noted the FDA has not historically permitted the testing of different versions of candidate product under the same IND application. 
A well designed non-clinical testing strategy will contain characterization of the product and its components in the following general categories of research (not complete list of topics, description of each is provided further in the article): 
· Pharmacokinetics/Pharmacodynamics (drug distribution and the processing of it by the body)
· Pharmacology (mechanism of action), including primary and secondary (off target) effects
· Safety Pharmacology and Toxicology, including characterization of risks for major organ classes (cardiovascular, CNS, hepatic, renal, blood and other organ systems selected based on known or predicted effects of the product class or its components)
· Genotoxicity (proclivity to cause damage to genetic material)
· Carcinogenicity (proclivity to cause cancer)
· Reproductive Toxicology (before the product can be administered to people of reproductive potential) 
· Other categories of studies designed to characterize the risk based on previously identified safety signals
Further, while global agencies such as World Health Organization may provide technical or scientific opinion via published recommendations, in the United States the sole authority to regulate drugs/biologics development and approve new products is vested with the FDA.   

Pfizer’s Non-Clinical Program for Covid-19 mRNA Vaccine: 
Recently, some of the documents used by FDA to approve Pfizer’s mRNA platform based Covid-19 Vaccine have been obtained via Freedom or Information lawsuits, overcoming FDA and Pfizer’s motions to keep this information secret for 75 years.  One package of these documents, titled “BNT162b2 Module 2.4. Nonclinical Overview” (466 pages) was obtained by Judicial Watch from HHS[footnoteRef:2].   [2:  FDA FOIA Request 2021-4379; Judicial Watch, Inc. v. U.S. Department of Health and 
Human Services, 21-cv-2418] 





Finding 1: Pfizer relied on studies different versions of its product and different formulations of the lipid nanoparticle (LNP) delivery platform. The program did not include a comprehensive test of all components of the final product. 
On p. 6 Pfizer documents state that (emphasis added):
BNT162b2 (BioNTech code number BNT162, Pfizer code number PF-07302048) is an investigational vaccine intended to prevent COVID-19, which is caused by SARS-CoV-2. BNT162b2 is a nucleoside modified mRNA (modRNA) expressing full-length S with two proline mutations (P2) to lock the transmembrane protein in an antigenically optimal prefusion conformation (Pallesen et al, 2017; Wrapp et al, 2020). The vaccine is formulated in lipid nanoparticles (LNPs). The LNP is composed of 4 lipids: ALC-0315, ALC-0159, DSPC, and cholesterol. Other excipients in the formulation include sucrose, NaCl, KCl, Na2HPO4, and KH2PO4. The dose selected for BNT162b2, with efficacy demonstrated in Phase 2/3 clinical evaluation and intended for commercial use, is 30 µg administered IM as two doses given 21 days apart.
It is clear from the description of the product that this completely novel platform consists of new proprietary biological, genetic, and chemical components comprising a “payload + delivery vehicle” structure.  In situations where complex products containing combinations of drugs and biologics, or biologics and novel delivery vehicles (such as Pfizer product), the manufacturer is required to assess safety of all components separately and in the final assembled version which is intended for human phases of development.[footnoteRef:3]   [3:  FDA Guidance for Industry: Principles of Premarket Pathways for Combination Products, January 2022   https://www.fda.gov/media/119958/download] 

Pfizer’s document further explains that several versions of the product were tested preclinically, and one selected to be studied in clinical trials, and that specific vaccine candidate BNT162b2 V9 is therefore the subject of the Biologics License Application (BLA), i.e. the product that was ultimately fully licensed for market by the FDA in 2021:
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Note that while multiple versions of a product in early stages of development are often inevitable, for the purpose of product approval, each chemical or biological entity is deemed legally distinct, and therefore studies conducted with versions of the product that are not the exact specification of the final approved product may provide supporting information but should not be deemed definitive tests for the safety or efficacy claims.  
Pfizer states that the primary pharmacology, distribution, metabolism, safety, and immunogenicity of BNT162b2 were studied in-vitro and in-vivo in mice, rats and rhesus monkeys as well as several cell-culture assay experiments.  There was a total of 18 studies included in the Non-Clinical package, of which 7 were for the V9 candidate (including 1 non-GLP[footnoteRef:4] study which should not be acceptable for labelling), and 6 studies were for only two of the four lipid excipients (ALC-0315 and ALC-0159). The other lipids included in the Lipid Nanoparticle Platform (LNP) – DSPC and cholesterol were not studied.  Of the 6 studies of the lipid excipients, 4 were for lipid formulations “comparable to LNP in BNT162b2” and 2 of the studies were non-GLP.  It is not explained anywhere in the document how these formulations differed from the final formulation of the LNP included into the approved product, and how their comparability was determined, other than Pfizer’s assertion that they were comparable.  [4:  GLP = Good Laboratory Practice for Nonclinical Laboratory Studies, Code of US Federal Regulations (21 CFR Part 58).] 

Therefore, only 9 of the 18 studies in this package are directly related to the licensed product and to only some of the components of the final product.    
Also, of note – despite the statement in the Non-Clinical package that version 9 of BNT162b2 is the final vaccine candidate product, in the Clinical Phase I/II Pfizer studied a different product – BNT162b1[footnoteRef:5].  No explanation is available on what differences exist between these two variants, and no comparability studies have been included in either Non-Clinical or Clinical regulatory package. [5:  Mulligan et al, Phase I/II study of COVID-19 RNA vaccine BNT162b1 in adults, | Nature | Vol 586 | 22 October 2020
Phase I/II study of COVID-19 RNA vaccine BNT162b1 in adults | Nature] 


Finding 2: The safety of the vaccine’s mRNA active ingredient was never studied!
In the studies designed to test whether the vaccine remains near the injection site or travels throughout the body, Pfizer did not even use the commercial vaccine (BNT162b2) but instead, studied biodistribution by administering “modRNA encoding luciferase formulated in LNP comparable to BNT162b2 with trace amounts of [3H]-CHE as nondiffusible label” to mice and rats - a “surrogate” mRNA producing the luciferase protein.  This surrogate is clearly not coding for spike protein, and therefore no conclusions can be made whether the theoretical promise of no circulation of spike protein in blood stream is materialized in the final product.  Additionally, the LNP delivery formulation used is not the same, but “close enough” to the final vaccine product.  The claims unsupported by any data in the non-study of only half of the product formulation are breathtakingly scientifically dishonest:
“Distribution to the liver is likely mediated by LNPs entering the blood stream. The luciferase expression at the injection sites dropped to background levels after 9 days. The repeat-dose toxicity study in rats showed no evidence of liver injury (Section 2.4.4.3). The biodistribution of the antigen encoded by the RNA component of BNT162b2 is expected to be dependent on the LNP distribution and the results presented should be representative for the vaccine RNA platform, as the LNP-formulated luciferase-encoding modRNA had the same lipid composition.”
Let’s reiterate this: Pfizer has evaluated an unrelated product surrogate and made the claim that the toxicity and safety results are representative of its mRNA active ingredient encoding spike protein!  More shocking still, the FDA did not find this objectionable.  
No rationale for not testing the mRNA coding for spike protein is provided.  It would have been possible to assess the expression (and subsequent effects or lack thereof) of the spike protein in various tissues of interest.  After all, the recent histopathological studies based on autopsies of post-vaccine deaths[footnoteRef:6] provide ample evidence that the expression of spike protein with subsequent organ damage was possible to detect and study with standard techniques.   [6:  https://doctors4covidethics.org/on-covid-vaccines-why-they-cannot-work-and-irrefutable-evidence-of-their-causative-role-in-deaths-after-vaccination/] 


Finding 3: Pfizer claimed absence of potential for enhanced covid illness in a study where no covid illness was observed.
In another sleigh of hand, the manufacturer claimed “no evidence of vaccine-elicited disease enhancement” in the study where no clinical symptoms of covid illness were elicited in the first place, in either inoculated or control animals after virus challenge.  The study of immunogenicity (VR-VTR-10671) was conducted in 6 rhesus monkeys inoculated with 2 injections 21 days apart, and a control group of 3 monkeys.  Only male monkeys were selected for unspecified reasons.  While inoculated monkeys produced the measurable antibody response, and upon viral challenge, produced much lower levels of viral RNA in the lungs vs the control group, none of the monkeys got clinically ill.  Pfizer states that (emphasis added): “None of the challenged animals showed clinical signs of significant illness, indicating that the 2-4 years old male rhesus challenge model is primarily an infection model for SARS-CoV-2, not a COVID-19 disease model”.   It seems that for Pfizer (and FDA), studying a non-disease model to make claims about lack of the enhanced disease is acceptable.  

Finding 4: CDC, FDA and Pfizer lied about “vaccine staying in the injection site”.
The biodistribution study in rats clearly shows that the payload (whatever it happens to be – luciferase surrogate or never-tested mRNA encoding for spike protein) is getting into the bloodstream and is being distributed all over the body: there are major accumulations in adrenal glands, liver, spleen, ovaries, and other organs such as lymph nodes and bone marrow as the table below illustrates. In fact, one of the studies in rats included in the package anticipates the product reaching the blood stream directly and includes the IV route of administration. This study is also based on the surrogate mRNA and not the spike protein encoding version.  
Since the focus of this article is the scope of Pfizer’s non-clinical program, and not in-depth review of these studies, I refer the readers to an excellent analysis performed by scientific experts in this field.[footnoteRef:7] [7:  https://doctors4covidethics.org/the-pfizer-mrna-vaccine-pharmacokinetics-and-toxicity/] 
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Notably, this study is incomplete: it does not fully characterize the biodistribution of the LNPs carrying their payload.  The study is stopped while the concentrations in the liver, spleen and ovaries of the females are still increasing, and therefore it is not possible to say what maximum concentrations in various organs were observed. No follow-on studies elucidating the complete time course of distribution, time to maximum concentration, maximum concentrations observed, and time to clearance were performed or planned.  No estimates of the therapeutic safety margins were provided.  
The overall nonclinical testing program appears woefully incomplete. This fact was clearly noted in the European Medicines Agency (EMA) summary document[footnoteRef:8] of the “Comirnaty” BNT162b2 vaccine.  The reviewers share an explicit admission that “No traditional pharmacokinetic or biodistribution studies have been performed with the vaccine candidate BNT162b2.” Additionally, the EMA document states “Biodistribution: Several literature reports indicate that LNP-formulated RNAs can distribute rather nonspecifically to several organs such as spleen, heart, kidney, lung, and brain. In line with this, results from the newly transmitted study 185350, indicate a broader biodistribution pattern.”  [8:  https://www.ema.europa.eu/en/documents/assessment-report/comirnaty-epar-public-assessment-report_en.pdf] 

Although not performed to industry GLP standards, these results seem to indicate that lipid nanoparticles with mRNA which codes for the spike protein, reach the bloodstream, circulate throughout the body, and then collect in a variety of organs and tissues. If this results in spike protein expressed in those organs, they will both stimulate immunity and cause those same cells to be attacked by the immune system. The resulting “vaccine reactogenicity” could resemble clinical symptoms seen with autoimmune syndromes of various severity, in some cases severe enough to cause death or permanent disability.  With the rollout of the vaccines globally, these exact types of adverse events have been reported in thousands in the vaccine adverse event reporting systems, yet no public health agency has yet made a connection between this preclinically documented mechanism and the alarming current health outcomes data. 

Finding 5: Pfizer skipped major categories of safety testing altogether.
Even more elucidating is what Pfizer chose NOT to study, i.e. the entire pharmacology sections related to safety and risk characterization.  Specifically, the Non-Clinical document package states that:
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Let’s review what safety studies Pfizer decided to omit entirely:
What is Safety Pharmacology?
The aim of Safety Pharmacology is to characterize the pharmacodynamic/pharmacokinetic (PK/PD) relationship of a drug's adverse effects. Pharmacodynamics aim to describe how the drug acts on the body while Pharmacokinetics-how the body acts on the drug.  The structure of a Safety Pharmacology ‘core battery' studies is to determine the potential undesirable effects of a drug on the central nervous, cardiovascular, and respiratory systems, as well as to implement supplementary tests to evaluate other organ systems (liver, kidney, blood, etc) if there is a potential for risks or damage to these systems.     
What are Secondary Pharmacodynamics Studies? 
Assessments of new drugs for pharmacological activities other than the desired therapeutic target are called Secondary Pharmacology. For an entirely novel class of biological compound with a completely novel and undisclosed excipients it is unacceptable to omit evaluation of secondary pharmacodynamics of the whole product and/or its components.  In the case of BNT162b2, it can be argued that neither primary nor secondary pharmacology studies were performed.  Primary pharmacology of the mRNA encoding for spike protein was never assessed, and the secondary studies were simply dismissed as unnecessary by Pfizer.  
What are Drug Interaction Studies?
Drug interactions studies are designed to assess potential harmful effects from interactions of the novel pharmaceutical product with existing medicines which a patient may be taking.  This considers additional burden on major metabolizing organs, such as liver.  
What are Genotoxicity and Carcinogenicity Studies?  
Studies designed to evaluate the risk of possible damage to DNA cellular processes, and to evaluate the risk of promoting cellular damage and cancer formation.  DNA/RNA based novel technologies have an obvious potential to cause mutagenic effects, and the cationic lipids are known to be cytotoxic, i.e., have the potential to cause cancer[footnoteRef:9].  The product was never tested to determine if it causes cancer - neither in animals nor in humans.  [9:  Lv H, Zhang S, Wang B, Cui S, Yan J. Toxicity of cationic lipids and cationic polymers in gene delivery. J Control Release. 2006 Aug 10;114(1):100-9. doi: 10.1016/j.jconrel.2006.04.014. Epub 2006 May 13. PMID: 16831482.] 


The next logical question is what rationale was used to waive these entire categories of pharmacological safety testing.


Finding 6: Pfizer used dishonest and self-serving interpretation of regulatory guidelines to avoid routine safety testing.
Numerous mechanisms injury on major organ systems[footnoteRef:10],[footnoteRef:11],[footnoteRef:12],[footnoteRef:13] as well as previous failed animal experiments with mRNA platform were documented[footnoteRef:14],[footnoteRef:15] yet Pfizer claimed to the FDA that Safety Pharmacology, Secondary Pharmacodynamic, Genotoxicity or Carcinogenicity studies were not necessary for their product, and as justification of this claim, Pfizer cited World Health Organization’s Guidelines for Vaccine Development from 2005.    [10:  https://ijvtpr.com/index.php/IJVTPR/article/view/23/51]  [11:  SARS-CoV-2 spike protein-mediated cell signaling in lung vascular cells | bioRxiv]  [12:  The spike protein of SARS-CoV — a target for vaccine and therapeutic development | Nature Reviews Microbiology]  [13:  The SARS-CoV-2 spike protein alters barrier function in 2D static and 3D microfluidic in-vitro models of the human blood–brain barrier - PMC (nih.gov)]  [14:  https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0035421]  [15:  https://pubmed.ncbi.nlm.nih.gov/32908214/] 

Pfizer’s product was only arbitrarily reclassified as a vaccine in 2020. Prior to that it was categorized as a gene therapy, so back in 2005 when the WHO guidelines were written, it would not have been regarded as a vaccine.  Furthermore, 2005 recommendations from WHO did not anticipate gene therapy platforms.  Additionally, it is the responsibility of the FDA and other regulatory bodies worldwide to regulate the authorization and licensing of medical products.  WHO does not have this authority as it is only an advisory and coordination non-governmental body. 

What Do WHO Recommendations from 2005 Really State?
WHO Guidelines[footnoteRef:16] on nonclinical evaluation of vaccines state that PK studies are not normally needed but should be considered on a case-by-case basis (para 4.2.6), and toxicity studies should be performed where new excipients (and preservatives) are used for which no toxicological data exist (para 5.2). [16:  https://www.who.int/publications/m/item/evaluation-of-the-quality-safety-and-efficacy-of-messenger-rna-vaccines-for-the-prevention-of-infectious-diseases-regulatory-considerations] 

Para 4.2.4 states: “Safety pharmacology. The purpose of safety pharmacology is to investigate the effects of the candidate vaccine on vital functions. If data from nonclinical and/or human clinical studies suggest that the vaccine (e.g. one based on specific toxoids) may affect physiological functions (e.g. central nervous system, respiratory, cardiovascular and renal functions) other than those of the immune system, safety pharmacology studies should be incorporated into the toxicity assessment. Useful information on this topic can be found in the Note for Guidance on safety pharmacology studies for human pharmaceuticals”
Also of note, the FDA Guidance Preclinical Assessment of Investigational Cellular and Gene Therapy Products (2013) states that for investigational gene therapy vaccines the following guidelines should be used: 
“Use of in vitro studies is strongly encouraged for identification of potential safety issues and MOA of an investigational CGT product. However, this testing alone is not sufficient to reliably anticipate the outcome of physiological and functional integration of the product following in vivo administration. Accordingly, the preclinical testing program should incorporate a stepwise, multifactorial approach to achieve an understanding of the biological plausibility for use of the investigational CGT product in the intended patient population.  For in vivo preclinical testing, the use of animal models of disease/injury is encouraged, as such studies allow for the characterization of resulting morphological changes in conjunction with observable functional/behavioural changes.”
Pfizer’s Non-Clinical document states that it considered FDA’s “Development and Licensure of Vaccines to Prevent COVID-19 Guidance for Industry” (2020)[footnoteRef:17]. It’s not clear that any consideration of this document in fact took place since none of the recommendations from the FDA guidance were utilized in Pfizer’s nonclinical assessments.  It’s worth asking why the WHO recommendations from 2005 and not FDA industry guidance document from 2020 was used as the basis for design of the non-clinical testing program?  Specifically, the FDA guidance clearly states that: [17:  https://www.fda.gov/media/139638/download] 

“For a COVID-19 vaccine candidate consisting of a novel product type and for which no prior nonclinical and clinical data are available, nonclinical safety studies will be required prior to proceeding to FIH clinical trials 21 CFR 312.23(a)(8).”
FDA specifically expresses concern about the vaccine-associated enhanced respiratory disease and the need to characterize/exclude the risk with the novel vaccine product:
“Data from studies in animal models administered certain vaccine constructs against other coronaviruses (SARS-CoV and MERS-CoV) have raised concerns of a theoretical risk for COVID-19 vaccine-associated enhanced respiratory disease (ERD). In these studies, animal models were administered vaccine constructs against other coronaviruses and subsequently challenged with the respective wildtype virus. These studies have shown evidence of immunopathologic lung reactions characteristic of a Th-2 type hypersensitivity similar to ERD described in infants and animals that were administered formalin-inactivated respiratory syncytial virus (RSV) vaccine and that were subsequently challenged with RSV virus due to natural exposure or in the laboratory, respectively (Refs. 4-9). Vaccine candidates should be assessed in light of these studies…”
Given this knowledge of potential for disease enhancement, it is even more puzzling that Pfizer chose to disregard these guidelines, and FDA chose to ignore this disregard.    
One paragraph from the guidance document describing when nonclinical safety studies might be waived caught my attention:
“In some cases, it may not be necessary to perform nonclinical safety studies prior to FIH clinical trials because adequate information to characterize product safety may be available from other sources. For example, if the COVID-19 vaccine candidate is made using a platform technology utilized to manufacture a licensed vaccine or other previously studied investigational vaccines and is sufficiently characterized, it may be possible to use toxicology data (e.g., data from repeat dose toxicity studies, biodistribution studies) and clinical data accrued with other products using the same platform to support FIH clinical trials for that COVID-19 vaccine candidate. Vaccine manufacturers should summarize the findings and provide a rationale if considering using these data in lieu of performing nonclinical safety studies.”
It made my antennae go up.  I am possibly jaded by the experience of government health authorities continuously lying, misrepresenting data, suppressing dissenting opinion and open scientific debate in the past few years.  Nevertheless, I am questioning whether this paragraph is inserted to provide Pfizer and Moderna the future “out” of safety testing claiming their products are derivatives of “approved safe products” while erecting a regulatory barrier to other manufacturers who would wish to design a different Covid-19 vaccine?

Pfizer’s dishonest interpretation of guidelines and cherry-picking of the applicable regulations resulted in brazen disregard for all routine safety assessments. 
It is unacceptable for a pharmaceutical manufacturer to not study their product for potential to harm major organ systems, not acceptable to substitute the product with a surrogate or a different version, claim theoretical comparability, and then assert that there are no risks to major human organ systems.  Absence of evidence is not evidence of absence!
The mandate of the FDA as the industry regulator requires the agency to question and check such reckless disregard for safety testing.  An honest regulator would have questioned the assertion by the manufacturer that major categories of safety studies were not applicable to their product. There is no question of incompetence.  The agency is staffed with qualified and experienced pharmacology and toxicology professionals.  At this point, with millions of adverse event reports accumulating rapidly in every public health database, neither the FDA, NIH, CDC, Pfizer nor other manufacturers can claim ignorance of these issues.  The question of wilful negligence by both the manufacturers and the regulators must be raised.  
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In nonclinical studies, two variants of BNT162b2 were tested; designated “variant 8” and
“variant 9” (V8 and V9, respectively). The variants differ only in their codon optimization
sequences which are designed to improve antigen expression, otherwise the amino acid
sequences of the encoded antigens are identical. Only BNT162b2 (V9) has been evaluated in
the clinic, is currently authorized under EUA, and is the subject of this BLA application. The
characteristics of each variant are described in the table below (Table 2.4.1-1).

Table 2.4.1-1. Nomenclature of the Vaccine Candidates

Product RNA Antigen Description/Translated Protein Variant GLP  Clinical

Code Platform  Variant Code Tox Candidate
Data

BNT162b2  modRNA V8§ P2S RBP020.1  Yes No

BNT162b2  modRNA V9* P2S RBP020.2  Yes Yes

a. The V8 and V9 variants of the P2 S antigen have the same amino acid sequence. Different codon
optimizations were used for their ribonucleotide sequences.

Bold: BNT162b2 (V9) vaccine candidate submitted for licensure.
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Test Facility Study No: 185350

Table 2 Mean Concentration of Total Radioactivity in Whole Blood, Plasma and Tissues Following Single
Intramuscular Administration of [*H]-08-A01-C01 to Wistar Han Rats
Target Dose Level: 50 pg mRNA/Anim: .29 mg Total Lipid/Animal
Results expressed as pg lipid equiv/g (mL)
Sample 0.25 min 1h 2h 4h 8h 24h 48h
Adipose 0.040 ©0.073 0.050 0.149 0.070 0.182 0.093 0.163 0116 0.069 0.126 0.042 0.129 0232
ﬂ 0302 ©0.240 0.580 2388 1.206 4232 2.569 3.206 6.387 7218 19.948 7.595 21.476 | 14942
* 0.761 ©0.196 0910 1.010 1136 1337 1.557 0915 2397 1274 3579 1.405 3.690 3.851
Eyes 0.014 °0.006 0.027 0.043 0.046 0.058 0.095 0.038 0.088 0.030 0.129 0.052 0.127 0.097
Heart 0419 ©0.144 0.631 1.426 1122 1.682 1.049 0.925 1.189 0391 0.583 0318 0.672 0.420
Large intestine 0.017 °0.008 0.031 0.065 0.080 0.106 0350 0224 0.690 0.608 1.741 0.466 1.426 1.249
Lymy 0.090 ©0.038 0.154 0223 0217 0.362 0424 0.391 0.695 0372 0.744 0363 0.820 0.633
0.052 °0.048 0.095 0.196 0229 0.831 0.441 0.536 0.649 0.729 1.106 0.863 1.057 1675
- ©0.104 - 1339 - 1.638 - 2341 - 3.088 - 5.240 - 12.261
Pancreas 0125 0.037 0.153 0.261 0423 0.404 0361 0.398 0349 0239 0.396 0320 0.587 0611
Prostate (males) 0.061 - 0.091 - 0.128 - 0.157 - 0.150 - 0.183 - 0.170 -
Salivary glands 0114 °0.054 0.148 0237 0214 0.295 0270 0.169 0176 0.094 0243 0.096 0297 0231
Sample 0.25 min 1h 2h 4h h 24h 48h
Small intestine 0.038 °0.021 0.194 0.247 0471 0.481 0919 0.838 1.525 1.033 1.878 0.726 1.630 1314
0.061 °0.024 0072 0.122 0.166 0172 0375 0.124 0.168 0.044 0121 0.048 0.162 0.062
0.354 °0.313 2.140 2.801 5.255 10213 8.945 11.646 | 24.434 19.747 | 22819 | 17.341 19.550 | 27.155
Stomach 0.018 °0.015 0.039 0.091 0.104 0.126 0.186 0.101 0410 0.126 0222 0.081 0235 0.195
Testes (males) 0.031 - 0.042 - 0.079 - 0.129 - 0.146 - 0.304 - 0.320 -
Thymus. 0.106 °0.069 0.187 0.298 0.220 0.459 0461 0.209 0292 0.100 0.255 0.159 0.296 0.366
Uterus (females) ~ °0.043 - 0203 - 0.305 - 0.140 - 0.287 - 0.289 - 0.456
‘Whole Blood 3.003 0.936 2.809 5928 4.028 6.773 3.400 2,698 2.000 0.628 1274 0.544 0535 0.305
Plasma 6.035 1.894 5379 10.884 8714 9.091 8.755 4.251 3573 1.147 2.621 0.945 1.085 0.524

11

111

=Mean includes results calculated from data fess than 30 cpm above background
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2.4.2.2. Secondary Pharmacodynamics

No secondary pharmacodynamics studies were conducted with BNT162b2.

2.4.2.3. Safety Pharmacology
No safety pharmacology studies were conducted with BNT162b2 as they are not considered

necessary for the development of vaccines according to the WHO guideline (WHO, 2005).

2.4.2.4. Pharmacodynamic Drug Interactions

Nonclinical studies evaluating pharmacodynamic drug interactions with BNT162b2 were not
conducted as they are generally not considered necessary to support development and
licensure of vaccine products for infectious diseases (WHO, 2005).
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2.4.4.4. Genotoxicity

No genotoxicity studies are planned for BNT162b2 as the components of the vaccine
construct are lipids and RNA and are not expected to have genotoxic potential (WHO, 2005).

2.4.4.5. Carcinogenicity

Carcinogenicity studies with BNT162b2 have not been conducted as the components of the
vaccine construct are lipids and RNA and are not expected to have carcinogenic or
tumorigenic potential. Carcinogenicity testing is generally not considered necessary to
support the development and licensure of vaccine products for infectious diseases

(WHO, 2005).
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