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2 SUMMARY

There is an urgent need for the development of a new prophylactic vaccine given the
threat posed by the increasing number of globally distributed outbreaks of Severe Acute 
Respiratory Syndrome (SARS) -CoV-2 infection and thus its associated disease 
Coronavirus Disease 2019 (COVID-19).

The development of a ribonucleic acid (RNA)-based vaccine encoding a viral antigen that 
is translated by the vaccinated organism to protein to induce a protective immune 
response provides significant advantages over more conventional vaccine approaches.

At BioNTech, there are three different RNA platforms under development, namely non-
modified uridine containing mRNA (uRNA), nucleoside modified mRNA (modRNA), and 
self-amplifying mRNA (saRNA).

The non-clinical safety and toxicity of the BNT162 family of lipid nanoparticle (LNP)
enveloped uRNA, modRNA, and saRNA vaccine platforms encoding SARS-CoV-2
antigens was tested in a GLP-compliant repeat-dose toxicity study. In this study in Wistar 
Han rats, administration of the vaccine candidates BNT162a1, BNT162b1, BNT162b2, or 
BNT162c1 using intramuscular (IM) injections weekly for 2 (BNT162c1) or 3 
administrations was tolerated without evidence of systemic toxicity. Non-adverse 
inflammatory changes at the injection sites and the draining lymph nodes, increased 
hematopoiesis in the bone marrow and spleen, and clinical pathology changes consistent 
with an immune response or inflammation in the injection sites were observed. Transient 
vacuolation of portal hepatocytes unassociated with evidence of hepatocellular damage 
was observed in dosed animals. The findings in this study are consistent with those 
typically associated with the IM administration of LNP encapsulated RNA-based vaccines.

BNT162 vaccine candidates based on the uRNA, modRNA, and saRNA formats are 
currently under investigation in three clinical trials with healthy adults (men and women) 
aged between 18 and 85 yrs. In these trials, the subjects are either younger adults (aged 
18 to 55 yrs), older adults (aged 55 to 85 yrs), or elderly adults (aged 65 to 85 yrs). 

As summarized below, as of August 6th, 2020, a total of 1,506 subjects (men and women) 
were dosed at least once with BNT162 vaccine candidates in the ongoing clinical trials 
(i.e., BNT162-01, BNT162-02/C4591001, and BNT162-03). 

BNT162 vaccine candidate

Dosing regimen (age group)

BNT162b2

Phase I

SD (younger adults) 30 93 199 71

P/B (younger adults 24 61 121 1

SD (elderly adults) 0 36 36 0

P/B (elderly adults) 0 36 36 0

Phase II/III

SD (younger and older adults) 1,041*

Total all adults dosed at least once in 
Phase I & II/III

30 129 1,276* 71 Sum = 1,506

* Estimated / includes estimated number based on 1.1 verum:placebo assignment.

Years = yrs; Younger adults = adults aged 18 to 55 yrs; Elderly adults = adults aged 65 to 85 yrs.
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Preliminary immunogenicity data (status July 24th, 2020) are available from younger and 
elderly adults dosed with BNT162b1 or BNT162b2. The available immunogenicity data 
suggest that, by day 21, the BNT162b (i.e., modRNA-based) vaccine candidates induce a 
robust IgG-binding response to RBD/S1 and neutralizing response specific to SARS-CoV-
2. Immunogenicity appears to be substantially increased following the second dose of 
vaccine.

For BNT162b1, P/B doses of 1, 10, 30, and 50 µg administered 21 d apart elicited 
antibodies and robust CD4+ and CD8+ T cell responses. All subjects exhibited antibody 
responses superior to those observed in a COVID-19 convalescent human serum (HCS) 
panel. The COVID-19 HCS panel is comprised of 38 human COVID-19 HCS sera drawn 
from individuals aged 18 to 83 yrs, at least 14 d after PCR-confirmed diagnosis, and at a 
time when the individuals were asymptomatic. The serum donors predominantly had 
symptomatic infections (35/38), and one had been hospitalized.

For BNT162b2, P/B doses of 10 μg of BNT162b2 administered 21 d apart elicited 
substantial Th1-type CD4+ and CD8+ T cell responses. 

The BNT162b1 and BNT162b2 vaccines-elicited, antigen specific CD8+ and CD4+ T cell 
responses were comparable to or higher than the memory responses in the same subjects 
against cytomegalovirus (CMV), Epstein-Barr virus (EBV), influenza virus, and tetanus 
toxoid. 

In the trial BNT162-02/C4591001 (status July 24th, 2020) in younger adults administered 
BNT162b1 P/B at 10 µg or 30 µg, RBD-binding IgG levels had increased at day 7 to 
approximately 8- and 46-fold that seen in a COVID-19 HCS panel. After 10 µg or 30 µg
BNT162b1 doses, preliminary data show modest increases in SARS-CoV-2 neutralizing 
titers (geometric mean titers, GMTs) at 21 d after the prime dose. Higher titers were 
observed at 7 d after the boost dose, reaching 1.8 to 2.8-fold neutralization GMT, 
compared to that seen in the COVID-19 HCS panel. Similar results were seen for 
BNT162b2.

Similar results were seen for BNT162b1 and BNT162b2 after administration to younger 
adults in the trial BNT162-01.

Preliminary safety data are available from the ongoing trials BNT162-01 and BNT162-
02/C4591001. 

Generally, good tolerability was observed. Overall, many of the reported adverse events 
(AEs) appear to be similar to reactogenicity events anticipated for intramuscularly (IM)-
administered vaccines, typically with an onset within first 24 h post immunization. All AEs / 
reactogenicity symptoms resolved spontaneously, mostly within 24 h of onset, and were 
managed with simple measures (e.g., paracetamol). There were no serious adverse 
events (SAEs) and no unexpected toxicities. 

In the trial BNT162-01, BNT162a1 P/B has been tested at doses of 0.1, 0.3, and 3 µg in 
younger adults. In the first 6 subjects treated with the 3 µg prime dose, the frequency and 
duration of systemic reactogenicity (predominantly of moderate intensity) led to a decision 
not to administer the 3 µg boost dose and to defer further dosing with this vaccine 
candidate.
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In the trials BNT162-01 and BNT162-02/C4591001, BNT162b1 P/B dosing has been 
tested at dose levels between 1 µg and 100 µg in younger adults. Acceptable tolerability 
was shown after both doses up to 50 µg BNT162b1. 

In the trials BNT162-01 and BNT162-02/C4591001, BNT162b2 P/B has been tested at 
dose levels between 1 µg and 30 µg in younger adults. Acceptable tolerability was shown 
after both doses at all dose levels. 

In the trial BNT162-02/C4591001, overall, P/B dosing with BNT162b1 and BNT162b2 
doses of 10 µg to 30 µg showed acceptable tolerability in elderly adults. This tolerability 
appears to be better than seen in younger adults at the same doses.

The BNT162 vaccine candidates have neither been approved for use nor been marketed 
in any country.
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3 INTRODUCTION

3.1 Background

The number of SARS-CoV-2 infections and the associated disease, COVID-19, is
increasing every day and continues to spread globally. The World Health Organization 
(WHO) classified the COVID-19 outbreak as pandemic on March 11th, 2020. The WHO 
Situation Update Report dated August 6th, 2020 noted 18,614,177 confirmed cases with 
702,642 deaths globally (WHO Situation Update Report 199).

There are currently no approved vaccines or antiviral drugs to prevent or treat infection 
with SARS-CoV-2 or its associated disease COVID-2019 (Habibzadeh and Stoneman 
2020).

3.2 BioNTech’s RNA therapeutics

BioNTech has longstanding and diversified expertise in utilizing messenger RNA (mRNA)
to deliver genetic information to cells, where it is used to express proteins for the 
therapeutic effect. BioNTech has been working in the RNA field for more than a decade 
and is developing a portfolio of RNA therapies that utilize four different mRNA formats and 
three different formulations to derive five distinct platforms, each optimized for delivering a 
particular therapeutic mode-of-action. 

These mode-of-actions include using mRNA as a vaccine to induce antibody and T-cell 
immune responses. Three of these platforms are currently in human testing in oncology 
indications, primarily as repeatedly administered therapeutic cancer vaccines, where over 
613 patients have been dosed to date (data on file). This clinical experience includes a 
large number of patients who have had long-term exposure, i.e., who have received more 
than 8 administrations. 

RNA is a highly versatile multi-purpose molecule. What makes it attractive as vaccine 
platform is that it enables timely and effective response to emerging threats. RNA vaccines
can mimic antigen expression during natural infection by directing expression of virtually 
any pathogen antigen with high precision and flexibility of antigen design. RNA occurs 
naturally in the body, is metabolized and eliminated by the body’s natural mechanisms, 
does not integrate into the genome, is transiently expressed, and therefore considered 
safe. Vaccination with RNA in general generates robust immune responses as RNA not 
only delivers the vaccine antigen, but also has intrinsic adjuvanticity.

The production of RNA requires only a single development and manufacturing platform, 
irrespective of the encoded pathogen antigens. Thus, RNA has the potential of rapid, cost-
efficient, high-volume manufacturing and flexible stockpiling (long term storage of low-
volume libraries of frozen plasmid and unformulated RNA, which can be rapidly formulated 
and distributed). BioNTech has expertise in production-process development for various 
RNA chemistries and formulations.
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3.3 Introduction to BioNTech RNA-based vaccines

A LNP-formulated RNA-based vaccine would provide one of the most flexible, scalable,
and fastest approaches to provide protection against new, fast spreading, virus infections 
(Rauch et al. 2018; Sahin et al. 2014).

The development of an RNA-based vaccine candidate encoding a viral antigen that is 
translated by the vaccinated organism to protein to induce a protective immune response,
provides significant advantages over more conventional vaccine approaches. 

Unlike live attenuated vaccines, RNA vaccines do not carry the risks associated with 
infection and may be given to people who cannot be administered live virus (such as 
pregnant women and immunocompromised persons). RNA-based vaccines are 
manufactured using a cell-free in vitro transcription process, which allows an easy and 
rapid production and the prospect of producing high numbers of vaccine doses within a 
shorter time period than possible with conventional vaccine approaches. This capability is 
pivotal to enable the most effective response in outbreak scenarios.

BioNTech has three different RNA platforms for the development of BNT162 vaccine
candidates: RNA which contains the standard nucleoside uridine (uRNA), nucleoside-
modified RNA (modRNA), in which uridine is replaced by the nucleoside pseudo-uridine;
and self-amplifying RNA (saRNA), which also contains uridine nucleosides (Figure 1).

Figure 1: Overview of the three RNA platforms

The RNA vaccine molecules are capped, contain ORFs flanked by the UTR, and have a polyA-tail at the 3’ end. The ORF of the uRNA 
and modRNA vectors encode the vaccine antigen. The saRNA has two ORFs. The first ORF encodes an alphavirus-derived RNA-
dependent RNA polymerase (replicase), which upon translation mediates self-amplification of the RNA. The second ORF encodes the 
vaccine antigen. Abbreviations: A30-L-A70 = poly(A) tail interrupted by a linker; CMC = chemistry, manufacturing and controls; SGP= 
subgenomic promotor; ORF = open reading frame; UTR = untranslated region; vUTR = viral untranslated region.

The utility of each of these RNA platforms for the development of infectious disease 
vaccines is supported by various non-clinical studies that demonstrated the efficient 
induction of potent neutralizing antibody and T-cell responses against a variety of viral 
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pathogens including influenza, Ebola, human immunodeficiency virus (HIV), and Zika virus
(Vogel et al. 2018; Moyo et al. 2018; Pardi et al. 2017).

The structural elements of the vector backbones of BNT162 vaccine candidates are 
optimized for prolonged and strong translation of the antigen-encoding RNA component. 
The potency of BNT162 vaccine candidates is further optimized by encapsulation of the 
RNA component into LNPs, which protect the RNA from degradation by RNAses and 
enable transfection of host cells after IM delivery (Figure 2). Due to RNA’s inherent 
adjuvant activity mediated by binding to innate immune sensors such as toll like receptors, 
RNA-LNP vaccines induce a robust neutralizing antibody response and a concomitant T-
cell response resulting in protective immunization with minimal vaccine doses.

Figure 2: RNA-LNP-based BNT162 vaccines

The BNT162 vaccines are GMP-grade RNA drug substances that encode SARS-Cov-2 antigens. The RNA is formulated with lipids as
RNA-LNP drug product. The vaccine candidates are supplied as buffered-liquid solutions for IM injection. Abbreviations: GMP = good 
manufacturing practice; i.m. = intramuscular; mRNA = messenger RNA; ORF = open reading frame; RNA-LNP = RNA complexed with 
liposomes; UTR = untranslated region.

The three RNA platforms used in the BNT162 vaccine candidates have complementary 
strengths (Figure 1): uRNA with high intrinsic adjuvanticity, modRNA with blunted innate 
immune sensor activating capacity and thus augmented expression, and saRNA from 
which higher amounts of protein per injected RNA template can be produced.

The different BNT162 vaccine candidates exhibit distinct antigen expression profiles after 
IM injection. All RNA-encoded antigens are expressed transiently. While for BNT162a 
(uRNA) and BNT162b (modRNA) the antigen expression peaks shortly after injection, for
BNT162c (saRNA) the antigen expression peaks later and is more prolonged due to self-
amplification. 

All vaccine candidates may be administered using P/B or prime-only administration 
regimens (Figure 3). 
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Figure 3: Rationale for the administration schema of BNT162 vaccines

Two different dosing regimens are proposed for the different BNT162 vaccines. While vaccines based on the BNT162a and BNT162b 
platforms have the highest antigen expression shortly after immunization, a second immunization may be necessary to induce a higher 
antibody generation (see the upper graph). For vaccines based on the BNT162c platform, due to the self-amplification properties of the 
saRNA, the antigen expression peaks later and is more prolonged, therefore enabling one immunization to induce a high antibody 
generation (see the lower graph).

Coronavirus spike (S) protein as vaccine target

Coronaviruses like SARS-CoV-2 are a (+)ssRNA enveloped virus family that encode for a 
total of four structural proteins. Within these four structural proteins, the spike glycoprotein 
(S protein) is the key target for vaccine development. Similar to the influenza virus 
hemagglutinin (HA), the S protein is responsible for receptor-recognition, attachment to the 
cell, viral envelope fusion with a host cell membrane, and genomic release driven by the 
S protein conformation change leading to the fusion of viral and host cell membranes 
(Figure 4 and Figure 5). The S protein is cleaved by host proteases into the S1 and S2 
subunits. While S2, with its transmembrane domain, is responsible for membrane fusion, 
the S1 domain with its C-terminal receptor-binding domain (RBD) recognizes the host 
receptor and binds to the target host cell. SARS-CoV and SARS-CoV-2 have similar
structural properties and bind to the same host cell receptor, angiotensin converting 
enzyme 2 (ACE-2) (Zhou et al. 2020). The S protein is not only pivotal for host cell 
recognition and entry, but also for the induction of virus neutralizing antibodies by the host 
immune system (Zakhartchouk et al. 2007; Yong et al. 2019). 
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Figure 4: Schematic lifecycle of a Coronavirus

(Source: de Wit et al. 2016)

Some monoclonal antibodies against the S protein, particularly those directed against the 
RBD, neutralize SARS-CoV and Middle East respiratory syndrome (MERS-)-CoV infection 
in vitro and in vivo (Hulswit et al. 2016).

Targeting the S protein, as well as its S1 cleavage fragment or the RBD alone, with 
vaccines is sufficient to induce neutralizing immune responses (Al-Amri et al. 2017). The 
RBD forms membrane distal “heads” on the S protein that are connected to the body by a 
hinge. In the native S protein, when the RBD is in the “heads down” conformation, the 
neutralizing epitopes at the receptor binding site are occluded. When the RBD is in the 
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“heads up” conformation (also referred to as the “pre-fusion conformation”), the 
neutralizing epitopes at the receptor binding site are exposed. Therefore, two mutations in 
the S2 domain within the central helix domain were included that lead to a “heads up” 
stabilized, pre-fusion conformation variant of S protein which can induce a stronger 
neutralizing antibody response than the native S protein (Pallesen et al. 2017; Wrapp et al. 
2020). 

Figure 5: Schematic overview of the organization of the SARS-CoV-2 S glycoprotein

The sequence within the S1 fragment includes the signal sequence (SS) and the receptor binding domain (RBD), which is the key 
subunit within the S protein that is relevant for binding to the human cellular receptor ACE2. The S2 subunit contains the S2 protease 
cleavage site (S2’) followed by a fusion peptide (FP) for membrane fusion, heptad repeats (HR1 and HR2) with a central helix (CH) 
domain, the transmembrane domain (TM) and a cytoplasmic tail (CT); source: modified from Wrapp et al. 2020. NTD = N-terminal 
Domain.

Lipid nanoparticle (LNP) formulation

The BNT162 vaccine candidate RNA is encapsulated into LNPs, which protect the RNA 
from degradation and enable transfection of the RNA into host cells after IM injection. The
same LNP formulation is used for all of the BNT162 vaccine candidates (Figure 6). 

Figure 6: Schematic overview of a LNP

The LNPs are composed of four different lipids in a defined ratio. During mixing of the RNA 
and the dissolved lipids, the lipids form the nanoparticles encapsulating the RNA. After 
injection, the LNPs are taken up by the cells, and the RNA is released into the cytosol. In 
the cytosol, the RNA is translated to the encoded viral antigen. 
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At the time of this update, further dosing with the  the
BNT162b2 has entered a Phase II/III evaluation of efficacy, with the intent to support an 
application for marketing authorization for this candidate, and development of BNT162b1, 
BNT162b3, and BNT162c2 is ongoing.
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Physicochemical properties and the structures of the four lipids are shown in Table 4.

4.3 Description of the diluent

For the dilution of drug products for IM injection, isotonic NaCl solution (0.9%) is sourced 
as an approved medicinal product. The composition is according to the supplier’s 
specifications.

4.4 Description of the IMP

IMP name: BNT162 vaccine candidates - Anti-viral RNA vaccines for active 
immunization against COVID-19.

IMP type: RNA-LNP vaccine candidates utilizing different BioNTech RNA 
formats, i.e., uRNA (product code: BNT162a1), modRNA 
(product codes: BNT162b1, BNT162b2, BNT162b3), saRNA 
(product code: BNT162c2).

IMP administration route: IM injection.

Dosage frequency: Depending on the vaccine, using either SD or P/B regimens.
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4.5 Storage and handling of the IMP

Drug product of BNT162 will be provided as a frozen concentrate for solution for injection 
at a concentration of 0.50 mg/mL. For preparation of solution for injection, the drug product 
will be thawed and diluted with isotonic sodium chloride solution (0.9% NaCl, saline) by a 
one-step dilution process. The concentration of the final solution for injection varies 
depending on the respective dose level to be administered. 

Administration has to be performed within 6 h after begin of preparation due to the risk of 
microbial contamination and considering the multiple-dose approach of the preparation 
process. In this period of 6 h, two conditions are allowed: room temperature for 
preparation, handling and transfer as well as 2 to 8°C for storage.

Detailed instruction for storage and handling are given in the respective trials-specific 
Pharmacy Manuals.
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5.1.3.2 Immunogenicity of BNT162b2 (modRNA encoding V9)

The immunogenicity of the BNT162b2 (V9) was investigated in mice as summarized in 
Table 6, and depicted graphically in Figure 10 and Figure 11.
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The summary of antibody titers on day 28 is as follows:

BNT162b2 0.2 µg BNT162b2 1 µg BNT162b2 5 µg

Anti S1 protein total IgG [µg/mL] 73.0 ± 10.4 205.9 ± 21.0 392.7 ± 28.9

Anti RBD protein total IgG [µg/mL] 83.1 ± 12.3 241.7 ± 17.2 448.6 ± 28.6

pVN50 titer [reciprocal dilution] 33.0 ± 9.8 192.0 ± 31.4 312.0 ±35.1
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5.2.2 Absorption

The administration route for the BNT162 vaccines is IM, so no absorption studies were
conducted.

5.2.3 Distribution

No biodistribution studies were performed with the BNT162 vaccine candidates. Instead, 
biodistribution of the RNA-LNP formulation comparable to BNT162 vaccine candidates 
was assessed using luciferase as a surrogate marker in place of the antigens encoded in 
the BNT162b vaccines. Luciferase expression can be detected in vivo after injection of
luciferin by measuring the luminescence in vivo. 

Using modRNA as representative for all three RNA platforms, injection of modRNA lead to
a high and long expression of luciferase in vivo (Figure 17). Expression of the luciferase 
reporter was observed at the site of injection and, to a lesser extent, in the liver. 
Distribution to the liver is considered to be mediated by LNPs entering the blood stream. 

It is anticipated that the biodistribution of the antigen encoded by the RNA components of 
the BNT162 vaccine candidates will be dependent on the LNP distribution. Therefore, the 
modRNA results obtained are considered to be representative for all three BNT162 RNA 
platforms.

Figure 17: Bioluminescence imaging measurement using the LNP-candidate formulated BNT162b
encoding luciferase

BALB/c mice were injected IM with 1 µg of LNP-formulated modRNA encoding luciferase in each hind leg. At time points after injection, 
the luciferase expression in vivo was measured by luciferin application. After 9 d, luciferase expression dropped to background levels.
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5.2.4 Metabolism and excretion

RNA, including pseudouridine modified RNA and saRNA, is degraded by cellular RNases 
and subject to nucleic acid metabolism. Nucleotide metabolism occurs continuously within 
the cell, with the nucleoside being degraded to waste products and excreted or recycled 
for nucleotide synthesis. 

The antigens encoded by the RNA in the BNT162 vaccine candidates are proteolytically 
degraded, just like endogenous proteins. Therefore, no RNA or protein metabolism or 
excretion studies were conducted. 

Of the four lipids used as excipients in the LNP formulation, two are naturally occurring 
(cholesterol and DSPC) and will therefore be metabolized and excreted like other
endogenous lipids. The pharmacokinetic profile of the two novel lipids (ALC-0315 and 
ALC-0159) is currently being characterized.

5.2.5 Pharmacokinetic drug interactions

No pharmacokinetic drug interaction studies were performed.

5.2.6 Non-clinical pharmacokinetics and metabolism - Conclusions

Pharmacokinetic studies were conducted using a luciferase reporter RNA, and protein 
expression after IM injection was demonstrated in vivo. Expression of the luciferase 
reporter was observed at the site of injection and, to a lesser extent, in the liver. 

5.3 Toxicology

To enable the rapid development of prophylactic vaccines during a public health 
emergencies, as is the case for the current SARS-CoV-2 outbreak, the WHO has 
published recommendations on the content of a minimum non-clinical safety package to 
support initiation of clinical testing (see “WHO Technical Report Series, No. 1011”, “Annex 
2: Guidelines on the quality, safety and efficacy of Ebola vaccines, 2018”). This guideline 
is considered applicable for the BNT162 vaccines due to the pandemic situation.

5.3.1 Repeat-dose toxicology to support the clinical evaluation of BNT162 vaccine 
candidates

Toxicology of BNT162 vaccine candidates was studied in a GLP compliant repeat-dose 
study. The study design was based on guideline recommendations (“WHO Technical 
Report Series, No. 927”, “Annex 1: WHO guidelines on nonclinical evaluation of vaccines, 
2005”). The study design is summarized in Table 8.
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5.3.1.4 Hematology

In the repeat-dose toxicity study, most hematological parameters remained unchanged 3 d 
after the first dose, 2 d after the last dose and 23 d after the last dose (recovery period).

The most consistent test item-related hematologic changes were dose-related increases in 
neutrophils, leucocytes, monocytes, basophils and large unstained cells, which were seen 
with on test day 4 and with all vaccines on 2 d after the last dose. These 
effects were greater in females relative to males. Other test item-related changes included 
decreases in the absolute and relative reticulocyte count (test day 4 only), platelet count, 
and a very slight reduction in red cell mass (hemoglobin, hematocrit, and red blood cell; 
test day 17 only). 

All changes were considered to be related to the primary pharmacodynamic activity of the 
vaccines. Increases in leucocytes (most notably neutrophils and red blood cells), were 
consistent with an acute phase response secondary to immune activation and 
inflammation at the injection sites. Decreases in numbers of reticulocytes, red blood cells,
and platelets were associated with increased bone marrow haematopoiesis, consistent 
with transient, secondary or peripheral effects. 

At the end of recovery, no noteworthy change in any hematology parameter was observed.

5.3.1.5 Clinical chemistry and acute phase proteins

In the repeat-dose toxicity study, almost all clinical chemistry parameters were unchanged.

Only a slight increase in γ-glutamyl transpeptidase (GGT) was noted for all treatment 
groups 3 d after first dose and 2 d after the last dose. There were no changes in alkaline 
phosphatase (ALKP) and bilirubin levels and no macroscopic or microscopic findings 
consistent with cholestasis or hepatobiliary injury to explain the increased GGT.

Further, a decrease in albumin plasma levels and an increase in globulin plasma levels, 
resulting in an altered albumin/globulin ratio, were observed in all test item treated groups. 
The changes were within the biological range of normal and are consistent with an acute 
phase response in albumin and globulin where albumin goes down and globulin goes up 
with inflammation, and the albumin/globulin ratio decreases. 

Acute phase proteins alpha1-acid glycoprotein and alpha2 macroglobulin were measured 
to assess vaccine-induced inflammatory reactions. The markers were increased in the 
treatment groups 3 d after the first dose or at the end of the main study phase.

No changes in any parameter was observed at the end of the recovery period, 23 d post 
last immunization.

5.3.1.6 Cytokines

No vaccine-related changes were observed. Levels of IFN-γ, TNF-α, IL-1-β, IL-6, IL-10 
were comparable in buffer control and vaccine administered animals during dosing phase.







BioNTech RNA 
Pharmaceuticals GmbH

Confidential

Investigator’s Brochure

BNT162/PF-07302048

Page 48 of 87

Version: 5.0

Date: 12 AUG 2020

indicating partial or complete recovery. The incidence and the severity of the remaining 
findings were markedly reduced at the end of the recovery period.

In the iliac lymph node, plasmacytosis was less severe and present in fewer groups (30 or 
 or 100 µg BNT162b2) indicating partial or complete recovery. 

Macrophage infiltrates were present in the iliac lymph node at the end of the 3-wk recovery 
phase and reflect resolution of the inflammation noted at the end of the dosing phase.

All other observations, in the bone marrow, spleen and liver, fully recovered at the end of 
the 3-wk recovery phase.

5.3.1.13 Genotoxicity

The components of all BNT162 vaccines (lipids and RNA), are not suspected to have 
genotoxic potential. No impurity or component of the delivery system warrants genotoxicity 
testing. Therefore, in accordance with the WHO guideline (WHO Technical Report Series, 
No. 927, “Annex 1: WHO guidelines on nonclinical evaluation of vaccines”, 2005), no 
genotoxicity studies were performed.

5.3.1.14 Carcinogenicity

RNA itself, and the lipids used in the BNT162 vaccines have no carcinogenic or 
tumorigenic potential. Furthermore, according to ICH S1A (ICH S1A Guideline: “Guideline 
on the Need for Carcinogenicity Studies of Pharmaceuticals”, November 1995), no 
carcinogenicity studies are required for therapeutics that are not continuously 
administered. Therefore, no carcinogenicity studies were performed.

5.3.1.15 Reproductive and developmental toxicity

Macroscopic and microscopic evaluation of male and female reproductive tissues were 
included in the GLP repeat-dose toxicity study testing BNT162a1, BNT162b1, BNT162b2, 
and BNT162c1 in rat (Section 5.3.1). No changes in these tissues were reported.

Specific fertility and embryofetal development studies are ongoing.

5.3.2 Immunotoxicology

No dedicated immunotoxicity study was conducted, however immunotoxicity of  
BNT162b2, and was assessed in the GLP compliant repeated-

dose toxicity study in rats (Section 5.3.1). The parameters measured in the study include: 
clinical signs/systemic tolerance, body weight, macroscopic and histopathological 
assessment of lymphatic organs, bone marrow smears, absolute and relative differential 
blood count, albumin/immunoglobulin ratio, coagulation parameters, and changes in body 
temperature.

No vaccine-related systemic intolerance or mortality was observed. Almost no changes 
were observed in the absolute and differential blood count, as described in Section 5.3.1.4. 
Body weight was decreased 24 h after the administrations in all treatment groups 
compared to pre-dose (up to approx. 13%), but the relative body weight gain between the 
administrations was comparable to the control group (Section 5.3.1.3).



BioNTech RNA 
Pharmaceuticals GmbH

Confidential

Investigator’s Brochure

BNT162/PF-07302048

Page 49 of 87

Version: 5.0

Date: 12 AUG 2020

An increase of body temperature was noted at 24 h post each administration in all groups. 
This increase was generally higher in immunized rats than in buffer treated animals. Of 
note, the physiological body temperature of rats is approx. 1°C higher than of humans and 
body temperatures observed 24 h post injection in rats did not exceed 40.2°C. In general, 
only individual animals displayed temperatures beyond 40°C, and then only after the 
second or third immunization. The temperature increase was fully reversible within 48 to 
72 h post immunization.

All cytokines assessed displayed high background levels/variability and were similarly 
elevated in control and vaccinated animals.

5.3.3 Toxicology - Conclusions

The repeat-dose toxicology study in rats demonstrated tolerability of the tested vaccines. 
There were no vaccine-associated adverse findings or mortalities observed.

As expected, all vaccines induced a pro-inflammatory response which was evident in 
clinical signs, clinical pathology findings, and macro and microscopic findings. Increases in 
typical inflammatory blood parameters such as fibrinogen and acute phase proteins 
support this hypothesis. The reversible elevation of GGT activity in the absence of 
increase of specific markers, such as alkaline phosphatase and bilirubin, and relevant 
microscopic findings, suggests hepatobiliary injury is not involved. Hematological changes 
observed included an increase in large unclassified cell and leukocyte (monocyte, basophil 
and neutrophil) counts, as well as a transient, dose-dependent reduction in reticulocytes 
after first immunization. Similar reticulocyte changes have been observed in rats treated 
with the licensed LNP-small interfering RNA (siRNA) pharmaceutical OnpattroTM (FDA 
assessment report of OnpattroTM 2018), but have not been observed in NHPs or patients 
treated with this compound. The effect is therefore considered species specific. After the 
last immunization, a slight reduction in red cell mass and platelet numbers was observed. 
The latter is likely attributable to inflammation, causing specific platelet consumption, 
which is considered a pharmacodynamics attribute (Davidson 2013; Middleton et al. 2016). 
All changes observed in blood parameters reversed fully throughout the 3-week recovery 
period.

Secondary test-item related findings manifested as a reversible reduction in body weight 
post immunization without affecting body weight gain between immunizations. 

Inflammation at the injection site was an anticipated response to the administered RNA-
LNP and expressed antigen. Injection site reactions were greater after the boost dose(s), 
and the accelerated dosing schedule of once weekly may have exacerbated these 
reactions compared to the anticipated clinical dosing regimen.

Macroscopic observations of enlarged spleens and draining lymph nodes correlated with 
increased germinal center cellularity and increased hematopoiesis (as described in 
Sections 5.3.1.10 and 5.3.1.12) together with a tendency of increased spleen weights in 
vaccinated animals (Section 5.3.1.11). In addition, macroscopic injection site findings also 
correlated with microscopic inflammation, consistent with an immune response to the 
administered vaccine.
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Vacuolation in portal hepatocytes was present in all vaccinated animals and was 
unassociated with evidence of hepatocyte injury (e.g., no elevations in ALAT or aspartate-
aminotransferase [ASAT]). This change may be related to hepatic clearance of the 
pegylated lipid in the LNP. 

No unexpected changes were observed during the recovery phase. All vaccine induced 
effects on local tolerance, food consumption and body weight were fully reversible and
clinical pathology changes were partially or completely reversed at the end of the recovery 
phase. Most macroscopic and microscopic findings ameliorated or were also partially or 
completely resolved at the end of the recovery period, though some animals treated with 

or BNT162b2 had enlarged iliac lymph nodes at the end of the recovery period. 
Microscopically, minimal to mild inflammation was also present at the injection site and in 
the draining lymph node in some animals. The infiltration of macrophages in the iliac lymph 
nodes of previously treated recovery animals were regarded as consequence of 
phagocytosis relating to the inflammatory reactions at the injection sites.
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6.1.1.1.4 IFNγ ELISpot analysis - BNT162b2

Vaccine-elicited T cell responses were determined using CD4- or CD8-depleted PBMCs 
obtained from subjects prior to Dose 1 and on day 29 (7 d after Dose 2). IFNγ ELISpot 
data were generated for 5 subjects dosed with 10 μg of BNT162b2 at days 1 and 22.
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For younger adults, the GMT in the 30 µg group was approximately 2.3-times that of the 
10 µg group; GMTs in 30 µg and 100 µg groups were similar, suggesting there may be 
little benefit in doses above 30 µg. The second doses of 10 µg and 30 µg resulted in a 
substantial booster response, with Day 28 GMTs approximately 13.2-times and 9.3-times 
those on Day 21, respectively (note: 100 µg group did not receive a second dose). Similar 
results were observed in elderly adults.

The GMTs in younger adults dosed with 10 µg and 30 µg BNT162b1 were 1.8-times and 
2.8-times that of the COVID-19 HCS panel GMT, respectively (Mulligan et al. 2020).
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Figure 25: BNT162b1 in younger adults: RBD-binding IgG GMCs (BNT162-02)

Figure 26: BNT162b1 in elderly adults: RBD-binding IgG GMCs (BNT162-02)

On this page, each data point represents a serum sample; each vertical bar represents a geometric mean with 95% CI. Numbers within 
bars are GMC or GMT for the group. Note that trial subjects in the 100 µg group only received 1 dose of vaccine.
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Figure 27: BNT162b1 in younger adults: 50% SARS-CoV-2 neutralizing GMTs (BNT162-02)

Figure 28: BNT162b1 in elderly adults: 50% SARS-CoV-2 neutralizing GMTs (BNT162-02)

On this page, each data point represents a serum sample; each vertical bar represents a geometric mean with 95% CI. Numbers within
bars are GMC or GMT for the group. Note that trial subjects in the 100 µg group only received 1 dose of vaccine.
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6.1.2.1.2 BNT162b2 - Summary of immunogenicity

As shown for BNT162b2 in Figure 29 for younger adults and Figure 30 for elderly adults, 
substantial S1-binding IgG was induced by Day 21 in all dosed subjects. 

As seen for BNT162b2 in Figure 31 for younger adults and Figure 32 for elderly adults, all 
BNT162b1 groups showed modest increases in SARS-CoV-2 neutralization GMTs after a 
single dose.

For younger adults, the GMT in the 20 µg group was approximately 2.3-times that of the 
10 µg group. The second doses of 30 µg resulted in a substantial booster response, with 
Day 28 GMTs approximately 19.2-times and 12.6-times those on Day 21, in younger and 
elderly adults respectively. 
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Figure 29: BNT162b2 in younger adults: S1-binding IgG GMCs (BNT162-02)

Figure 30: BNT162b2 in elderly adults: S1-binding IgG GMCs (BNT162-02)
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Figure 31: BNT162b2 in younger adults: 50% SARS-CoV-2 neutralizing GMTs (BNT162-02)

Figure 32: BNT162b2 in elderly adults: 50% SARS-CoV-2 neutralizing GMTs (BNT162-02)
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6.1.2.2 Summary of safety in BNT162-02 (status July 24th, 2020)

Data for BNT162b1 P/B dosing in younger and elderly adults are available for the 10 µg, 
20 µg, and 30 µg dose levels post-Dose 1 and Dose 2. Based on the tolerability profile 
observed with the 100 µg dose level after Dose 1, an internal decision was made not to 
give Dose 2 at 100 µg.

The available safety and tolerability data for younger and elderly adults dosed with
BNT162b1 P/B were broadly comparable to those in trial BNT162-01 and are briefly 
summarized below. 

Overall, the dose levels 10 µg, 20 µg, and 30 µg exhibited a tolerability and safety profile 
consistent with modRNA-based vaccines. The tolerability in elderly adults appears to be 
better than seen in younger adults at the same doses.

6.1.2.2.1 BNT162b1 - Summary of safety

Local reactions - BNT162b1

For the dose levels 10 µg to 30 µg, pain at the injection site was the most frequent 
prompted local reaction, increasing in frequency and/or severity with increasing dose level. 
All prompted local reactions were mild or moderate in severity (see Figure 33). There were 
no events graded Grade 4. In both younger and elderly adults, reactogenicity increased 
with increasing dose level and increased after Dose 2 compared to Dose 1.

Systemic reactions  - BNT162b1

For the dose levels 10 µg to 30 µg, the three most frequent prompted systemic reactions 
were fatigue, headache, and chills (Figure 34). All systemic reactions were mild or 
moderate, arose within the first 1 to 2 d after dosing, and were short-lived. Systemic 
reactions were infrequent in placebo recipients except for fatigue post-Dose 1, the 
frequency of which was similar in the active and placebo groups. There were no events 
graded Grade 4. In both younger and elderly adults, reactogenicity increased with 
increasing dose level and increased after Dose 2 compared to Dose 1.

Adverse events & laboratory assessments - BNT162b1

For elderly adults who were dosed with BNT162b1, one severe AE was reported for a 
trials subject 2 d post-dose 2 of 20 µg. This subject experienced herpes zoster, which was 
considered unrelated to the treatment by the investigator. No SAEs were reported. 

The observed poor tolerability after BNT162b1 Dose 1 at 100 µg, led to a decision not to 
administer Doe 2 at this dose level. Acceptable tolerability was shown after Doses 1 and 2 
at 30 µg BNT162b1.

Most laboratory changes in younger and elderly adults were decreases in lymphocyte 
count post-dose 1. One Grade 3 decrease in lymphocyte count was reported for 1 trial 
subject at the 30 µg dose level. One Grade 4 decrease in lymphocyte count was reported 
for 1 trial subject at the 10 µg dose level. Decreases in lymphocytes after the first dose 
were transient and returned to normal 6 to 8 d after dosing. No other change in routine 
clinical laboratory values or abnormalities were observed for the majority of trial subjects 
after the first dose of BNT162b1.
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Figure 33: BNT162b1 in younger adults: Local reactions after doses 1 and 2 (BNT162-02)
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Figure 34: BNT162b1 in younger adults: Systemic events after doses 1 and 2 (BNT162-02)
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6.1.2.2.2 BNT162b2 - Summary of safety

Data for BNT162b2 P/B dosing in younger and elderly adults are available for the 10 µg, 
20 µg, and 30 µg dose levels post-dose 1 and dose 2.

Local reactions - BNT162b2

As shown in Figure 35 (younger adults) and Figure 36 (elderly adults), pain at the injection 
site was the most frequent prompted local reaction, increasing in frequency. Dose level-
and dose number-dependent increases in reactogenicity were minimal to modest in either 
age group. The majority of prompted local reactions were mild in severity. 

Systemic reactions - BNT162b2

As shown in Figure 37 (younger adults) and Figure 38 (elderly adults), the most frequent 
prompted systemic reactions in subjects receiving BNT162b2 were fatigue and headache 
and fatigue in the placebo group. Systemic reactions were mild or moderate, arose within 
the first 1 to 2 d after dosing, and were short-lived. Dose level- and dose number-
dependent increases in reactogenicity were minimal to modest in either age group. 

Adverse events & laboratory assessments - BNT162b2

At the time of the data cut, AEs had been reported by only one elderly adult in each of the 
20 µg and 30 µg groups who were dosed with BNT162b2. With few exceptions, there were 
no changes in most of the routine clinical laboratory values, or abnormalities observed, for 
the majority of trial subjects after the first dose of BNT162b2. Two trial subjects in the 
20 µg group had a transitory Grade 2 decrease in neutrophil count 1 to 3 d post-dose 1. 
Most laboratory changes were decreases in lymphocyte count post-dose 1, which reverted 
to Grade ≤1 by 6 to 8 d after dosing.
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Figure 35: BNT162b2 in younger adults: Local reactions after doses 1 and 2 (BNT162-02)
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Figure 36: BNT162b2 in elderly adults: Local reactions after doses 1 and 2 (BNT162-02)
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Figure 37: BNT162b2 in younger adults: Systemic events after doses 1 and 2 (BNT162-02)
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Figure 38: BNT162b2 in elderly adults: Systemic events after doses 1 and 2 (BNT162-02)
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6.1.2.3 Conclusions from Phase I data (BNT162-02)

The available immunogenicity data from Phase I trial subjects suggest that the BNT162b 
(i.e., modRNA-based) vaccine candidates induce a robust IgG-binding response to 
RBD/S1 and neutralizing response specific to SARS-CoV-2. Immunogenicity appears to 
be substantially increased following the second dose of vaccine.

The reactogenicity, AEs, and laboratory results reported in the clinical studies thus far are 
in line with those commonly associated with vaccination, particularly with mRNA-based 
vaccines. The observed reactogenicity has generally been mild or moderate and short-
lived. No unexpected AEs or SAEs have been reported. Reactogenicity was generally 
higher after the second dose, but symptoms resolved quickly over the course of a few 
days.

6.1.2.4 Selection of the BNT162b2 candidate and dose for Phase II/III

The rationale for the selection of the BNT162b2 candidate and dose for investigation 
Phase II/III is summarized below.

While the local tolerability profiles of BNT162b1 and BNT162b2 are, in general, similar 
between the 2 candidates, the overall systemic reactogenicity profiles (particularly in 
elderly adults) clearly show a more favorable reactogenicity profile for the BNT162b2 
vaccine candidate compared to BNT162b1 while, overall, the immune response data were 
similar between the two candidates. Since development of a safe COVID-19 vaccine is the 
Sponsor’s highest priority, the favorable tolerability profile was the major driver for 
choosing BNT162b2.

When selecting the dose level for BNT162b2, the Sponsor put more weight on the SARS -
CoV-2 neutralizing antibody response level in the elderly adults to maximize the 
neutralizing antibody responses in this age group, which is at highest risk of severe 
disease. Comparing the neutralizing antibody levels in the 20 µg and 30 µg older adult 
cohorts, the 30 µg dose level was favored, as the neutralizing antibody levels were clearly 
higher than those in the 20 µg cohort (Figure 28). As a reminder, the 38 human COVID-19 
HCS sera drawn from individuals aged 18 to 83 yrs, at least 14 d after PCR-confirmed 
diagnosis, and at a time when the individuals were asymptomatic. The serum donors 
predominantly had symptomatic infections (35/38), and one had been hospitalized. 

In addition, S1-IgG antibody binding concentrations in both elderly (Figure 30, post-dose 2) 
and younger (Figure 29, post-dose 1) adult cohorts also favored the selection of the 30 µg
dose level. 

Preliminary human T cell data that are being generated in the BNT162b2-01 trial have 
confirmed the robust CD4+ and CD8+ expected for the RNA platform.

With these considerations, the Sponsor has selected to use BNT162b2 at the 30 µg dose 
level to proceed into Phase II/III because this dose and candidate provides the optimum 
combination of a favorable reactogenicity profile and a robust immune response, likely to 
afford protection against COVID-19 in younger and older adults.
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6.1.3 BNT162-03 in Chinese adults

The trial BNT162-03 is being conducted in healthy Chinese adults by Shanghai Fosun 
Pharmaceutical Development, Inc. (Shanghai, China) and sponsored by BioNTech RNA 
Pharmaceuticals GmbH (Mainz, Germany). 

This is a Phase I, randomized, placebo-controlled, observer-blind trial investigating the 
safety and immunogenicity of SARS-CoV-2 RNA vaccine (BNT162b1) in healthy Chinese 
adults aged 18 to 55 yrs (younger adults) and >55 yrs (older adults). The trial has been 
approved by the Chinese regulatory authorities and dosing has started. 

6.1.4 BNT162-04 for BNT162b3

The trial BNT162-04 will be conducted and sponsored by BioNTech RNA Pharmaceuticals 
GmbH (Mainz, Germany). 

This is a multi-site, Phase I/II, 2-part, dose-escalation trial investigating the safety and 
immunogenicity of a prophylactic SARS-CoV-2 RNA vaccine (BNT162b3) against COVID-
19 using different dosing regimens in healthy adults. Trial approval has been requested 
and trial set up is ongoing.

6.2 Marketing experience

The BNT162 vaccine candidates have neither been approved for use nor been marketed 
in any country.
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7 SUMMARY OF DATA AND GUIDANCE FOR THE INVESTIGATOR

For a summary of the relevant non-clinical and clinical information, see Section 2.

7.1 Mode of action and intended indications

The BNT162 vaccine candidates use an RNA to deliver genetic information to cells, where 
it is used to express proteins for the therapeutic effect.

The intended initial indication is as vaccine for the prevention of COVID-19 in adults aged 
18 yrs or older.

7.2 Posology and method of administration

The BNT162 vaccines are intended for IM administration in the upper arm (deltoid muscle) 
using two doses 21 day apart (P/B regimen). For BNT162c2, optionally a single dose 
regimen is also under investigation. The vaccine should not be injected into areas where 
there may be a major nerve trunk.

7.3 Contraindications

Hypersensitivity to the active substance or any of the excipients listed in Section 4.2.1.

7.4 Special warnings and precautions for use

As with all injectable vaccines, appropriate medical treatment and supervision should 
always be readily available in case of an anaphylactic reaction following the administration 
of the vaccine.

Do not inject vaccine intravenously, intradermally, subcutaneously, orally or by any route 
other than intramuscular.

The vaccine should be administered with caution to individuals with a bleeding disorder or 
receiving anticoagulant therapy since bleeding may occur following an IM administration to 
these subjects.

Syncope (fainting) can occur following, or even before, any injection, including vaccination. 
Procedures should be in place to prevent injury from fainting and manage syncopal 
reactions. 

Immune response to BNT162 may be insufficient in immunocompromised individuals, 
including those individuals receiving immunosuppressant therapy.

Currently there are no data available on the use of BNT162 vaccine candidates in pediatric 
age groups.

There is no data on the use of BNT162 in individuals older than 85 yrs of age, individuals 
younger than 18 yrs of age, or individuals with renal or hepatic impairment.

For trial-specific special warnings and precautions, see the respective trial protocol.
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7.5 Interaction with other medicinal products and other forms of 
interaction

There are no data on the concomitant administration of BNT162 with other vaccines.

Due to the novel mode of action, using RNA to deliver genetic information to cells, where it 
is used to express proteins for the therapeutic effect, pharmacokinetic interactions with 
other medicinal products are consider unlikely.

The immune response to BNT162 may be insufficient in immunocompromised individuals, 
including those individuals receiving immunosuppressant therapy.

7.6 Fertility, pregnancy, and lactation

Currently there are no data available on the use of BNT162 vaccine candidates in 
pregnant or breastfeeding women. It is not known whether BNT162 vaccines are excreted 
in human milk.

Macroscopic and microscopic evaluation of male and female reproductive tissues were 
included in the GLP repeat-dose toxicity study testing of BNT162a1, BNT162b1, 
BNT162b2, and BNT162c1 performed in rats. No changes in these tissues were reported.

BioNTech is currently conducting a developmental and reproductive toxicity study of 
BNT162 vaccines.

7.7 Effects on ability to drive and use machines

The BNT162 vaccine candidates are expected to have no or negligible influence on the 
ability to drive and use machines.

7.8 Undesirable effects

7.8.1 Adverse reactions

This section contains adverse reactions (ARs) which are AEs for which there is a reason to 
conclude that the vaccine caused the event(s). The Sponsor determines ARs following a 
thorough assessment of available evidence from non-clinical, clinical and post-marketing 
information. Factors considered in the determination of ARs may include (but not be 
limited to) temporal relationship, frequency of occurrence, mechanism of action, biological 
plausibility, dose response, class effects, lack of confounding factors, dechallenge and 
rechallenge information, and an investigator’s assessment of relatedness. ARs in this 
section may be non-serious or serious.

The ARs identified for BNT162 vaccines at this time are: injection site pain, fever, fatigue, 
headache, chills, and muscle pain.

7.8.2 Reference safety information for assessment of expectedness of serious 
adverse reactions

The Reference Safety Information (RSI) is used for the assessment of expectedness for 
regulatory reporting of serious adverse reactions that are reported in clinical trials. The RSI 
does not represent a comprehensive overview of the safety profile of BNT162 which is 
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presented in Section 7.8.1. No serious adverse reactions are considered expected by the 
sponsor for regulatory reporting purpose.

7.9 Overdose

There is currently no data about overdose with BNT162 vaccine candidates, including 
accidental overdose in clinical trials.

7.10 Drug abuse and dependence

There is currently no data about drug abuse and dependence with BNT162 vaccine 
candidates. However, BNT162 is not expected to cause drug abuse or dependence.

7.11 Evolving safety information

7.11.1 Clinical safety

7.11.1.1 Patient exposure

For a summary of subject exposure to BNT162 vaccine candidates in ongoing clinical 
trials, see Table 13.

7.11.1.2 Specific adverse events of note

See Section 7.8.1.

7.11.1.3 Known drug class effects and other human experience

The AEs reported in the ongoing clinical trials reported appear similar to anticipated 
reactogenicity events for vaccines administered intramuscularly. In addition to specific 
solicited reactogenicity events collected from subjects, the events flu-like symptoms and 
injection site reactions have been reported. For details, see Section 6.

Prior clinical experience with similar RNA products developed by BioNTech (see 
Section 5.2.3) indicates that the RNA distribution to the liver does not pose a safety risk, 
nonetheless, liver parameters will be carefully monitored in the planned clinical trials.

Vaccine-related enhanced disease for vaccines against related coronaviruses (SARS-
CoV1 and MERS) has been reported only in animal models (Lambert et al. 2020; Graham 
2020). To date, no enhanced disease has been observed in SARS-CoV-2 animal models 
with any SARS-CoV-2 vaccine platform, including RNA-based vaccines. Such effects have 
not been documented so far for SARS-CoV-2. No data are currently available to exclude 
that BNT162 may cause enhanced disease in vaccinated subjects. The planned clinical 
trials will include monitoring of possible COVID-19-related symptoms in trial subjects.

7.11.2 Non-clinical findings of note

All tested non-clinical and clinical vaccine candidates were immunogenic to highly 
immunogenic in non-clinical models. The available data demonstrate that BNT162b1, 
BNT162b2, BNT162b3, and BNT162c2 are capable of inducing robust immune responses 
in mice, (except for BNT162c2) rats and NHPs. 
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The repeat-dose toxicology study in rats demonstrated tolerability of the tested vaccines. 
There were no vaccine associated adverse findings or mortalities observed.

As expected, all vaccines induced a pro-inflammatory response which was evident in 
clinical signs, clinical pathology findings, and macro and microscopic findings. Increases in 
typical inflammatory blood parameters such as fibrinogen and acute phase proteins 
support this hypothesis. The reversible elevation of GGT activity in the absence of 
increase of specific markers, such as alkaline phosphatase and bilirubin, and relevant 
microscopic findings, does not indicate hepatobiliary injury. Hematological changes 
observed included an increase in large unclassified cell and leukocyte (monocyte, basophil 
and neutrophil) counts, as well as a transient, dose-dependent reduction in reticulocytes 
after first immunization. Similar reticulocyte changes have been observed in rats treated 
with the licensed LNP-small interfering RNA (siRNA) pharmaceutical OnpattroTM (FDA 
assessment report of OnpattroTM 2018), but have not been observed in NHPs or patients 
treated with this compound. The effect is therefore considered species specific. After the 
last immunization, a slight reduction in red cell mass and platelet numbers was observed. 
The latter is likely attributable to inflammation, causing specific platelet consumption, 
which is considered a pharmacodynamics attribute (Davidson 2013; Middleton et al. 2016). 
All changes observed in blood parameters reversed fully throughout the 3-wk recovery 
period.

Secondary test-item related findings manifested as a reversible reduction in body weight 
post immunization without affecting body weight gain between immunizations. 

Inflammation at the injection site was an anticipated response to the administered RNA-
LNP and expressed antigen. Injection site reactions were greater after the boost dose(s), 
and the accelerated dosing schedule of once weekly may have exacerbated these 
reactions compared to the anticipated clinical dosing regimen. 

Macroscopic observations of enlarged spleens and draining lymph nodes correlated with 
increased germinal center cellularity and increased hematopoiesis (as described in 
Section 5.3.1.10 and 5.3.1.12) together with a tendency of increased spleen weights in 
vaccinated animals (Section 5.3.1.11). In addition, macroscopic injection site findings also 
correlated with microscopic inflammation, consistent with an immune response to the 
vaccine. 

Vacuolation in portal hepatocytes was present in all vaccinated animals and was 
unassociated with evidence of hepatocyte injury (e.g., no elevations in ALAT or ASAT). 
This change may be related to hepatic clearance of the pegylated lipid in the LNP. 

No unexpected changes were observed during the recovery phase. All vaccine induced 
effects on local tolerance, food consumption and body weight were fully reversible and 
clinical pathology changes were partially or completely reversed at the end of the recovery 
phase. Most macroscopic and microscopic findings ameliorated or were also partially or 
completely resolved at the end of the recovery period, though some animals treated with 
BNT162b1 or BNT162b2 had enlarged iliac lymph nodes at the end of the recovery period. 
Microscopically, minimal to mild inflammation was also present at the injection site and in 
the draining lymph node in some animals. The infiltration of macrophages in the iliac lymph 
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nodes of previously treated recovery animals were regarded as consequence of 
phagocytosis relating to the inflammatory reactions at the injection sites. 

7.12 Overall conclusions

All tested BNT162 vaccine candidates (BNT162b1, BNT162b2, BNT162b3, and 
BNT162c2) were immunogenic to highly immunogenic in non-clinical models. 

The available results from the repeat-dose toxicology study demonstrate tolerability of the 
tested vaccines. There were no vaccine-related clinical signs or mortalities observed. As 
expected, all vaccines induced a pro-inflammatory response, which was evident in clinical 
signs, clinical pathology findings, and macro and microscopic findings. Secondary test-
item related findings manifested as a reversible reduction in body weight post 
immunization without affecting body weight gain between immunizations. 

The were no unexpected changes observed during the recovery phase. All vaccine 
induced effects on local tolerance, food consumption, clinical pathology and body weight 
were either fully reversible. Macroscopic and microscopic changes had either recovered 
completely or were partially present at the end of recovery. 

The BNT162 vaccine candidates have not been evaluated for carcinogenic or mutagenic 
potential, or for impairment of fertility or embryonic/fetal development. 

The AEs reported in the ongoing clinical trials appear similar to anticipated reactogenicity 
events for vaccines administered intramuscularly. The identified risks linked to the 
administration of the BNT162 vaccine candidates are: injection site pain, fever, fatigue, 
headache, chills, and muscle pain.

The sponsor considers the risks related to administration BNT162 vaccine candidates 
identified at this time to be manageable using symptom directed treatment. The safety 
profile of the vaccine is not fully known at this time however continued clinical investigation 
is justified given:

• the urgent need for the development of new prophylactic vaccines for COVID-19, 

• the threat posed by the increasing number of globally distributed outbreaks of 
SARS-CoV-2 infection, 

• the potential of the BioNTech platform of RNA-based vaccines:

o to rapidly deliver high numbers of vaccine doses rapidly in a single 
production campaign, and

o to be both well tolerated and effective.

The results of non-clinical and on-going clinical studies support that BNT162 vaccine has 
an acceptable safety profile and is well tolerated when administered to adults 18-85 yrs of 
age. 

The safety and immunogenicity data support a favorable benefit-risk profile, supporting 
continued clinical development of BNT162 vaccine.
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