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1 OVERVIEW OF THE NONCLINICAL TESTING STRATEGY

AstraZeneca (the Sponsor) is developing AZD1222 for the prevention of coronavirus disease-
2019 (COVID-19). AZD1222 is arecombinant chimpanzee adenovirus (ChAd) expressing the
severe respiratory syndrome-coronavirus-2 (SARS CoV-2) spike (S) surface glycoprotein.
Development of AZD1222, previoudly referred to as ChAdOx1 nCoV-19, was initiated by the
University of Oxford with subsequent transfer of development activities to the Sponsor.

AZD1222 is arecombinant replication-defective ChAd vector expressing the SARS CoV-2

S surface glycoprotein, driven by the human cytomegal ovirus major immediate early promoter
that includes intron A with a human tissue plasminogen activator (tPA) leader sequence at the
N terminus. Spike (S) isatypel, trimeric, transmembrane protein located at the surface of the
viral envelope, giving rise to spike shaped protrusions from the SARS-CoV-2 virion. The

S protein’s subunits are responsible for cellular receptor angiotensin-converting enzyme

2 (ACE-2) binding viathe receptor-binding domain and fusion of virus and cell membranes,
thereby mediating the entry of SARS-CoV-2 into the target cells. The S protein has an
essential role in virus entry and determines tissue and cell tropism, aswell as host range. The
roles of the S in receptor binding and membrane fusion make it a desirable target for vaccine
and antivira development. AZD1222 expresses a codon-optimised coding sequence for

S protein from the SARS-CoV -2 genome sequence accession MN908947.

The ChAdOx1 platform technology was used to support the first-in-human (FIH) and other
early clinical AZD1222 studies. This approach of using platform data to support aFIH clinical
study is consistent with the views expressed by global regulators at the International Coalition
of Medicines Regulatory Authorities— Global Regulatory Workshop on COVID-19 vaccine
development, 18 March 2020 (ICMRA 2020).

To date, immunology and biological activity studies (including prime boost vaccination) of
AZD1222, have been conducted in mice, non-human primates, ferrets and pigs (Table 1).

For the FIH study, biodistribution studies with AZD1222 were not performed based upon
previously generated biodistribution data with similar replication-defective ChAd vaccines
(AdCh63 ME-TRAP and AdCh63 M SP-1) in mice that showed no evidence of replication of
the virus or presence of disseminated infection after intramuscular (IM) injections (Table 2).
A recent biodistribution study (Table 2) of IM ChAdOx1 HBV in mice detected, based on
interim data using a q°PCR method, low levels of disseminated ChAdOx1 HBV. Low copy
numbers were found in arange of organs (spleen, brain, heart, kidney, liver, lung, lymph
node, testes, ovary) at levels 1,000 to 100,000 fold less than at the injection site (skeletal
muscle). Toxicology studies on arelated betacoronavirus (MERS-CoV) ChAdOx1 vectored
vaccine expressing full-length S protein, as well as other ChAd vaccines (AdCh63 MSP-1,
ChAd OX1 NP+M1) were aso used to support the FIH study and are shown as a reference
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(Table 2). Toxicology studies with AZD1222 have either been recently completed or are

AstraZeneca

ongoing (Table 1 and Table 3). Ongoing or planned nonclinical studies are listed in Table 3.

All pivotal nonclinical safety studies were conducted in OECD member countries and in

accordance with OECD Test Guidelines and Principles of Good Laboratory Practice (GLP),
and according to relevant International Conference on Harmonisation guidelines.

Tablel List of Nonclinical Phar macology Studieswith AZD1222
Study Species Dose and route of Sour ce GLP
(Report Number or publication) administration Y/N
Primary Phar macology
Effect of D614G Mutation in
SARS-CoV-2 Spike Protein on Invit NA CSIRO Health and N
AZD1222 nvitro Biosecurity, Australia
(20-01700)
Single dose, IM Jenrer Intitut
Murine lmmunogenicity Balb/C and CD-1 6x10°vp ner thsiiiute -
5 o ol 2020 mice AZD1222 Oxford University, N
(van Doremalen et ) UK / NIH, USA
Jenner Ingtitute -
. . Day 0 and 28
Murine Immunogenicity Balb/C and CD-1 & Oxford University /
(Graham et al 2020) mice IM,602x109 | piont ingtitute, |
vp/animal AZD1222 UK ’
Non-human Primate Efficacy and Day 0 and 5)8' 'M Jenner Institute -
Immunogenicity Rhesus macagues i;éllgzz\g? Oxford University, N
UK / NIH, USA
(van Doremalen et a, 2020) ChAJOX1 GEP
. Jenner Ingtitute -
Efficacy of ChAdOx1 nCoV-19 ! L
Against Coronavirus Infection in Single doi)e, 'M OX]I;(ISI _U T'\gs;]ty !
Rhesus Macagues Rhesus macaques 25x10% vp ic t N
62 AZD1222 England, Porton
(6284) Down, UK
Assessment of Efficacy of SARS- Singledose, IM, IN
CoV-2Vaccine Candidatesin the Ferret 25x10% vp CSIRO Health and N
Ferret Mode e AZD1222 or Biosecurity, Australia
(20-01125) ChAdOx1 GFP
Efficacy of ChAdOXL nCoV-19 Day 0 and 28, IM OJef””grL'J”_s“t“t? "
Against Coronavirus Infection in 2.5x 10 vp xtor . niversity
Ferret Public Health N
Ferrets AZD1222 or
6285 ChAdOx1 GFP England, Porton
(6285) X Down, UK
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Tablel List of Nonclinical Phar macology Studieswith AZD1222
Study Species Dose and route of Sour ce GLP
(Report Number or publication) administration Y/N

. | White: DayOand 28, (M | enerInstitute-
Porcine Immunogenicity ) Oxford University /

Graham et a 2020 Landrace Hampshire| 512 10°vp | oo ingtitute, |
(Graham ) cross-bred pigs AZD1222 g UK ’
ChAdOxI-nCoV19 itute -
immunopotency assay Balb/C and CD-1 5 10° vp OJEP(;?; iJnnSit\szrﬁt N

mice AZD1222 ¥
(INT-ChadOx1 nCov19-POT004) UK
Safety Phar macology
Cardiovascular and Respiratory
Assessment Following Day 4, IM CharlesRi
Intramuscular Administration to CD-1 mice 2.59 x 10*° vp aries ver Y
. Laboratories Ltd, UK
Mae Mice AZD1222
(617078)
Repeat Dose T oxicology
AZD1222 (ChAd_Oxl—nCO\_/d-19): Days 1, 22 and 43,
A 6 Week Intermittent Dosing .
Intramuscular Vaccine Toxicity CD-1mice ™ Charles River Y
- 10 ;
Study in the Mouse with a4 Week 3.7x 10" vp Laboratories Ltd, UK
Recovery (513351) AZD1222
Developmental and Reproductive Toxicology
Day 1 (13 days prior
to pairing for
ChAdOx1-nCovd19: A mating) and GD 6 to
Preliminary Intramuscular EFD phase animals _
. . : Charles River
Injection V accine Development CD-1 mice and on GD 6 and Laboratories Ltd. UK Y
and Reproductive Study in GD 15to littering '
Female CD-1 Mice (490838) phase animals, IM
2.59 x 10*° vp
AZD1222

CSIRO = Commonwealth Scientific and Industrial Research Organisation, Geelong, Australia; EFD = embryo-
fetal development; GD = gestation day; IM = intramuscular; IN = intranasal; NIH = National Institute of Health
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Table2 List of Nonclinical Studieswith Similar Replication-defective ChAd
Vaccines (AdCh63 and ChAdOx1)
Study Species Dose and route of Source GLP
(Report Number) administration Y/N
i istributi udy By 0 . Sciences b
Muscular Administration To Mice mice 111> 10" vp AdCh63 MSP-1 UK ' Y
(Report UNOOO14/RMBIODIST-001) 1.04x 10° pfuMVA MSP-1
AdCh63ME-TRAP Tissue Distribution Huntinadon Life
Study By Intra-Dermal Administration | Balb/C Day 1, ID "9
. . Sciences,? YP
To Mice mice 3.3x10°vp UK
(UNOO009/MAB-001)
ChAdOx-1 HBV and MVA-HBV
Days1and 28, IM
Biodisribution Study in BALB/cMice | Babic |, 0 TRA N e
with Shedding A ssessment mice A4 X \;p X-1- ?Jf gt:r ies,
(0841MV/38.001) 6.1 x 10’ pfuMVA-HBV
ChAdOx1 Chik Vaccine or ChAdOx1 Day 1 and 15, IM :
i . 0 Envigo CRS
MERS: Toxicity Study by Balb/C 1x10%vp 2
. . ) Limited Y
Intramuscular Administration to mice UK
Mice (QS18DL)
Day 1, IM
hAd g ChAd OX1 NP+M1
ChAd OX1NP+M1and MVA 1x 10"vp Huntingdon Life
NP+M1: Toxicity Study by Bab/C g Seiences @ v
Intramuscular Administration to Mice mice an UK '
(XMMO0003) Day 15, 1M
MVA NP+M1
1.5x 107 pfu
Day 1, IM
AdCh63 MSP-1
1.11 x 10"%vp
N Day 15, IM
MVA MSP-1 or a Combination of Balb/C 10.4 x 107 ofu Huntingdon Life
AdCh63 ME-TRAP and MVA ME- ) ' P Sciences,? Y
TRAP mice UK
AdCh63ME-TRAP/
MVA ME TRAP
0.78 x 10'°vp/ 6.85 x 107 pfu

&  Currently Covance CRS Ltd.

b In-life phase conducted to GLP; biodistribution phase (RBIODIST-001 or MAB-001) not conducted to GLP
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Table3 List of Ongoing and Planned Nonclinical Studieswith AZD1222
Study Species Status GLP
(Report Number) Y/N
AZD1222 (ChAdOx1-nCovd-19): A Single CD-1 mice Ongoing
Dose Intramuscular Vaccine Biodistribution Audited draft Y
Study in the Mouse (514559) February 2021
AZD1222 (ChAdOx1 -nCovd19): An
Intramuscular V accine Development and Ongoing
Reproductive Study in Female CD-1 Mice CD-1 mice Audited draft Y
(490843) February 2021
2 PHARMACOLOGY
2.1 Primary Pharmacodynamics

I mmunogenicity studies in animal models responsive to AZD1222 were conducted to evaluate
the immunologic properties of this COVID-19 vaccine candidate to support FIH clinical trials.
AZD1222 has been shown to be immunogenic in BALB/c, CD-1 mice, ferrets, non-human
primate (NHP) and pig models. These studies included evaluation of humoral, cellular and
functional immune responses. Whilst a single dose of AZD1222 induced antigen-specific
antibody and T cell responses, a booster immunisation enhanced antibody responses,
particularly in pigs, with significant increases in SARS-CoV -2 neutralising antibody titres
(Graham et al 2020). A post-vaccination SARS-CoV-2 challenge in rhesus macagues was
conducted to evaluate protection and the potential for vaccine-associated enhanced respiratory
disease (ERD). A single administration of AZD1222 significantly reduced viral load in
bronchoalveolar lavage fluid and respiratory tract tissue of vaccinated animals as compared to
vector controls (van Doremalen et al 2020). Importantly, no evidence of ERD following
SARS-CoV-2 challenge in vaccinated rhesus macagues was observed (van Doremalen et a
2020).

Mutations are occurring naturally within the SARS-CoV-2 genome. Most vaccinesin
development rely upon inducing immune responses towards Spike protein (S), the main virus
surface protein. A D614G mutation in Sisincreasing in prevalence amongst sequenced
viruses worldwide. The mutation is thought to increase infectivity of the virus by reducing S1
shedding, increasing infection (Zhang et a 2020). The effect of the D614G mutation on the
efficacy of virus neutralisation following vaccination of ferrets with AZD1222 was assessed
in study 20-01700 (Figure 1). A new Australian isolate containing the D614G mutation
(VIC31) was obtained from VIDRL. Three isolates were used for virus neutralisation assays:
SAOQL: hasidentical amino acid sequencein Sto Wuhan-Hu-1. VICO1: S differs from SAOL
by an Ser247Arg mutation. VIC31: S differs from SAOL by the Asp614Gly mutation.

CONFIDENTIAL AND PROPRIETARY 8of 22
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Overall, there were no significant effects of the D614G mutation in the SARS-CoV-2 Spike
protein on relative neutralisation of D614 and G614 variants with serum samples collected
from ferrets that had received prime-boost administrations of AZD1222. Therefore, animal
challenge studies presented are relevant to strains circulating in the human population.

Figurel Effect of D614G mutation on vaccine-induced antibody-mediated
neutralisation.

1280
= 3
5 ] mm ]
S 640 3 %
= E n
o 3 AA [ [ ] ; AA
£ 3204 = A
2 E A [ | R ¢ Admini .
2 : ] [ ™ % oute o ministration
= 1603 - N & = Intramuscular Administration
‘§ A -4 = Intranasal Administration
= 804 A AA
=~ E
p 3
.2 ] A
B 404 A
Kl 3
™ 3
=] 20
= 3
v ]
= 3

10 4
<10 T T T
VICO1 SAO1 VIC31
(D614) (D614) (G614)
Virus Isolate

Mean neutralising titres (cal culated from log2-values) to three circulating Australian SARS-CoV-2 isolates.
Neutralisation titres of serum samples collected following prime-boost vaccination with AZD1222 in ferrets,
administered by two routes (intramuscular and intranasal). Bold horizontal lines represent overall mean titre of
the vaccination route/isolate combination with uncertainty bars representing Standard Error of the Mean (SEM).
Square and triangle marks represent mean titres of the triplicate titres for each serum sample/isolate combination.

Viral RNA in Gastrointestinal Tract

In the NHP pharmacology study (van Doremalen et al 2020), there was an unexpected finding
of viral RNA in tissues of the gastrointestinal (Gl) tract at 7 days post-challengein
immunised, but not control, animals. Viral gRNA load in intestinal tissues of
prime-boost-vaccinated animals was higher than the levels measured in control and prime-
only-vaccinated animals at 7 days post-challenge and was associated with the detection of
sgRNA. However, no infection of intestinal tissue was observed by immunohistochemistry,
nor were we able to detect infectious virus in intestinal tissue. Given that spike-specific
antibodies were significantly increased after the second immunization (two-tailed signed-rank
Wilcoxon test) higher viral gRNA load intestinal in prime-boost animals may correlate with
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greater intestinal clearance and retention of opsonised virus following challenge. FcRn alows
the entry and retrieval of 1gG from the intestinal lumen throughout health and disease. This
bidirectional transport allows the secretion of 1gG into the lumen, the subsequent uptake of
opsonized bacteria and viruses (Castro and Clatworthy 2020). As previously reported,
SARS-CoV-2 antigen can be detected in lymphocytes and macrophages in the lamina propria
of theintestinal tract of control animals (Munster et al 2020). This may indicate a higher
proportion of plasma cells secreting IgA2 in the gut lamina propria of prime-boost-vaccinated
animals and trapping of SARS-CoV-2 virus. Whilst SARS-CoV-2 virus may make its way to
the gastric lumen, it would be subjected to the adverse effect of the acidic environment of the
stomach that would significantly affects viability.

Nevertheless, SARS-CoV-2 can cause gastrointestinal symptoms, such as loss of appetite,
vomiting, diarrhoea, or abdominal pain during the early phases of the disease (Villapol 2020).
It has been reported in some patients that although SARS-CoV -2 has been cleared in the
respiratory tract, the virus continues to replicate in the gastrointestinal tract and could be shed
in faeces (Yang et a 2020). Currently, the exact mechanism of SARS-CoV-2 interaction with
the gastrointestinal tract is still not fully understood. However, SARS-CoV-2 shows a high
affinity to ACE2 receptors, making sites of high ACE2 receptor expression such as lungs and
Gl tract prime targets for infection (Dahiya et al 2020). It is therefore possible that
gastrointestinal symptoms in COVID-19 are somehow caused by the direct attack of
SARS-CoV-2 to gastrointestinal tract (Zhong et a 2020). If higher viral gRNA loadsin
intestinal tissues of prime-boost vaccinated animals is associated with continued replication
then it was not associated with any signs of lesions or infection.

L ung Histopatholoqgy

In rhesus macagues 3 out of 6 control animals developed some degree of viral interstitial
pneumonia following SARS-CoV-2 challenge. Lesions were widely separated and
characterised by thickening of alveolar septum. Alveoli contained small numbers of
pulmonary macrophages and rarely oedema. Type-11 pneumocyte hyperplasia was observed.
No histological lesions were observed in the lungs of vaccinees.

In comparison, the majority of histopathological findings made in the lungs of ferrets
following SARS-CoV-2 challenge were modest at most. In control group 3athat received a
prime with ChAdOx1 vector expressing green fluorescent protein (GFP) one ferret showed
mild lesions compatible with acute bronchiolitis and the other animals were similar to group 1
primed with AZD1222. Only mild inflammatory cell foci and no lesions were observed in
group 1. In group 2 that received a prime and boost with AZD1222, inflammatory cell were
also detected in lungs. These changes are likely associated with an immune response to
challenge as they were also observed in controls. In group 4 immunised with inactivated
SARS CoV-2, mild to moderate lesions were observed in the lungs with inflammatory cells
and perivascular cuffing at day 7 post challenge potentially indicative of enhanced respiratory
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disease. In a second ferret study, no significant histological lung changes were present in any
of the animals examined.

Enhanced respiratory disease (ERD) can result from immunization with antigen that is not
processed in the cytoplasm, resulting in a nonprotective antibody response and CD4+ T hel per
priming in the absence of anti-viral cytotoxic T lymphocytes. Thistype of vaccine response
can lead to a pathogenic Th2 memory response with eosinophil and immune complex
deposition in the lungs after respiratory infection. For example, infants and toddlers
immunized with a formalin-inactivated virus vaccine against respiratory syncytial virus (RSV)
experienced an enhanced form of RSV disease characterized by high fever, wheezing and
bronchopneumonia when they became infected with wild-type virus in the community (Acosta
et al 2015). AZD1222 not expected to cause ERD because antigens are expressed
intracellularly, generating anti-viral cytotoxic T cell and protective antibody responses.

In the van Doremalen et a study, significantly reduced viral load in the bronchoal veolar
lavage fluid and lower respiratory tract tissue of vaccinated rhesus macagues challenged with
SARS-CoV-2 with no pneumonia was observed compared to control animals. No evidence of
immune-enhanced disease after viral challenge in vaccinated SARS-CoV-2-infected animals
was found in terms of increased severity of viral infection. At present, there are no known
clinical findings, immunological assays or biomarkers that can differentiate any severe vira
infection from immune-enhanced disease, whether by measuring antibodies, T cells or
intrinsic host responses (Arvin et a 2020). Carefully controlled human studies of sufficient
size to enable the detection of increased frequency of severe casesin vaccinated cohorts
compared to control group are required to determine if antiviral host responses may become
harmful in humans.

In conclusion, the rhesus macague is more predictive than ferret of histological lung changes
and the ability of immunisation with AZD1222 to mitigate these following challenge with
SAR-CoV-2. No enhanced respiratory disease was observed post challenge in AZD1222
immunised animals.

2.2 Secondary Pharmacodynamics
Secondary pharmacodynamic studies have not been conducted with AZD1222.

2.3 Safety Phar macology

In amouse cardiovascular and respiratory safety pharmacology study, a group of 8 male CD-1
mice were dosed by IM injection with the control item for AZD1222 (A438 buffer) on Day 1
and AZD1222 (2.59 x 10% vp dose) on Day 4 (617078).
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There were no changesin arterial blood pressure, heart rate, body temperature or respiratory
parameters considered to be AZD1222-related. The No Observed Effect Level (NOEL) for
cardiovascular and respiratory assessment was an AZD1222 dose of 2.59 x 10'°vp .

Irwin Screen observations (autonomic, neuromuscular, sensorimotor, behavioural parameters)
and effects on body temperature and pupil size were made in the repeat-dose | M toxicity study
(513351) in male and female CD-1 mice on Days 8 and 29 following administration of
AZD1222 at 3.7 x 10'°vp on Days 1, 22. There were no effects on body temperature, pupil
size or Irwin Screen observations considered to be AZD1222-related. The NOEL for the Irwin
Screen phase was 3.7 x 10%°,

24 Phar macodynamic Drug I nteractions
Pharmacodynamic drug interaction studies have not been conducted with AZD1222.

3 PHARMACOKINETICS

3.1 Absorption

Absorption studies evauations are not generally needed for vaccines. WHO guidelines on
nonclinical evaluation of vaccines (WHO 2005) and vaccine adjuvants and adjuvanted
vaccines (WHO 2013), traditional absorption, distribution, metabolism, and excretion
(ADME) evaluations are not generally needed for vaccines. The safety concerns associated
with vaccines are generally not related to the pharmacokinetics but are related to the potential
induction of immune responses.

3.2 Distribution

Distribution studies are not generally needed for vaccines. WHO guidelines on nonclinical
evauation of vaccines (WHO 2005) and vaccine adjuvants and adjuvanted vaccines (WHO
2013), traditional ADME evauations are not generally needed for vaccines. The safety
concerns associated with vaccines are generally not related to the pharmacokinetics but are
related to the potential induction of immune response.

Biodistribution studies are more informative when a replication-competent virus is
administered since the amount of virus present in the subject (experimental animal or human
volunteer) will increase following injection, and some viruses have a known propensity to
accumulate in particular organs. For example, Vacciniavirus may be found at high titresin the
ovaries and adenovirus accumulatesin the liver. However, replication-deficient viruses are
known to infect cells at the injection site, and although some infectious viral particles may
drain to local lymph nodes and travel through the blood to other sitesin the body,
concentrations of virus at these sites are so low after dilution in the blood and other tissues
that they are not reliably detected. A biodistribution study would demonstrate if,

unexpectedly, viral replication was taking place after injection. However, thisis not an
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appropriate assay to use to detect replication competent virus, which istested for in anin vitro
assay which has much greater sensitivity for detecting even small amounts of replication
competent virus in the vaccine preparation.

AZD1222 isreplication-incompetent in human cells due to a block in gene expression caused
by the deletion of the E1 genes. Therefore, after the initial infection of the cells that the virus
enters, there will be no further infection and no spread of the virus within the body.
Biodistribution studies with similar ChAd vaccines (AdCh63 ME-TRAP and AdCh63 MSP-1)
in mice have previously been performed and showed no evidence of replication of the virus or
presence of disseminated infection after IM injection. A biodistribution and shedding study
using the ChAdOx1 vector with an hepatitis B virus (HBV) insert after IM injection on Days 1
and 28 in mice was conducted (0841MV 38.001). Distribution to some samples of all tissues
was noted on day 2 and Day 29. The highest levels (copiesy'mg sample) were noted at the site
of administration (skeletal muscle), ranging from 3 x 108 to 9.97 x 10° copies/mg sample. In
the majority of samples of other tissues taken on Day 56, the levels were below the level of
quantification, indicating elimination. Low levels were noted in 1 sample (of 6) for each of
heart and liver, 1 of 3 for ovary and testes, and 3 of 6 lymph node samples at this timepoint.
This study does not contain assessment of CNS, relevant peripheral nerves or bone marrow
and it does not include analysis at shorter time points compared to the already available
studies and no description of the validation of method analysis. This platform study will be
superseded by a biodistribution study with AZD1222 (514559). This study includes additional
early timepoints, an assessment of afull set of tissuesincluding spinal cord and bone marrow.
A draft report is due February 2021.

Intramuscular administration of AZD1222 is expected to minimise risk of systemic exposure.
The biodistribution of AZD1222 following intramuscular administration is expected to be
similar to that of AdCh63, confined to the site of injection and draining lymph nodes.

3.3 M etabolism

Metabolism studies have not been conducted with AZD1222. The expected consequence of
metabolism of biotechnology-derived vaccines is the degradation to small peptides and
individual amino acids. Therefore, the metabolic pathways are generally understood.

34 Excretion

Excretion studies have not been conducted with AZD1222. No virus excretion is expected
with AZD1222 as it is a non-replicating vaccine vector. Shedding of ChAdOx1 HBV in mice
following IM administration of Days 1 and 28 have been assessed. DNA was extracted from
mouse fecal and urine samples collected were all negative, suggesting that no shedding had
occurred in these matrices at the times sampled.
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3.5 Phar macokinetic Drug I nteractions
Pharmacokinetic drug interaction studies have not been conducted with AZD1222.

3.6 Other Phar macokinetic Studies
Other pharmacokinetic studies have not been conducted with AZD1222.

4 TOXICOLOGY

4.1 SINGLE DOSE TOXICITY
No single dose toxicity studies have been performed with AZD1222.

4.2 REPEAT DOSE TOXICITY

A repeat-dose GL P toxicity study with AZD1222 in mice was initiated on the 9th September
2020, the audited draft results (excluding recovery pathology) are discussed below. A final
report is due January 2021 (513351).

Asthe ChAdOx1 platform technology utilized for AZD1222 iswell characterized, toxicology
data with ChAdOx1 MERS-CoV vaccine expressing the full-length Spike protein in mice
(Report QS18DL), was used to support first in human (FIH) clinical trialsfor AZD1222
(International Coalition of Medicines Regulatory Authorities — Global Regulatory Workshop
on COVID-19 vaccine development, 18 March 2020 [ICMRA 2020]). In addition, toxicology
studies on similar replication-defective ChAd vaccines (ChAd OX1 NP+M1 and AdCh63
MSP-1) are also discussed.

42.1 A 6 -Week Intermittent Dosing I ntramuscular AZD1222 Toxicity Study
in Micewith a4 Week Recovery

At the time of toxicology species selection only ChAdOx1 immunogenicity data for mouse
and rhesus macagues was available to the sponsor. Pig and ferret immunogenicity data were
subsequently made available. Considering the need to expedite toxicity testing given the
urgency of the ongoing pandemic, the longer lead time for NHP toxicity studies and longer
reproductive toxicity study requirements, the CD-1 mouse strain was selected as the
toxicology species dueto its larger size compared to the Balb/c mouse strain.

The objective of this study was to determine the potential toxicity of AZD1222 (total viral
particle dose of 3.7x10'°) when given by intramuscular injection intermittently (on Days 1, 22
and 43) to mice, with a 28 day recovery period to evaluate the potential reversibility of any
findings (513351). In addition, the immunogenicity was evaluated. Scheduled necropsies were
conducted either at the end of the 6 week treatment period (Day 45) or at the end of the 28 day
recovery period.
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The following parameters and end points were evaluated in this study: clinical signs, body
temperature, body weights, body weight gains, food consumption, dermal scoring, Irwin
screen observations, clinical pathology parameters (hematology and plasma chemistry),
immunogenicity, gross necropsy findings, organ weights, and histopathological examinations.

In comparison to controls and pre-study data, a slightly higher body temperature was observed
in AZD1222 treated males, notably on Days 22, 4 hours post dose (range 36.2-39.5°C
compared to 36.2-38.7°C in controls) but was comparable to controls by 24 hours post-dose.
There was no AZD1222-related change in body temperature recorded in males, as part of the
Irwin observations.

In animals administered AZD1222, there was a mild decrease in monocytes on Day 45, which
was consistent with expected pharmacology following immunisation. Additionally, globulin
was mildly higher, and abumin and abumin/globulin ratio were minimally to mildly lower,
which was consistent with an acute phase response. Following the recovery period, globulin
remained mildly higher and albumin/globulin ratio remained mildly lower in
AZD1222-treated females, the other changes had reversed.

All samples collected from animals during the pre-treatment phase prior to immunisation were
below the limit of quantification (BLQ) for the assay (BLQ; 0.250 AU/mL) and considered
seronegative. Samples collected indicate that al animals mounted an antibody response to
S-glycoprotein following a single administration of AZD1222 on Day 1 with most animals
showing a marked increase in the level of antibody response following a second
administration of AZD1222 on Day 22. On Day 74, a further increase in antibody response or
maintenance of response was observed in all animals following athird administration of
AZD1222.

At histopathological examination of the main study animals, mononuclear and/or mixed cell
inflammation was observed in the subcutaneous tissue and underlying skeletal muscle at the
control and AZD1222 administration sites. This finding was of a higher incidence in animals
dosed with AZD1222. In some animals there was an extension of the inflammatory cellsinto
the fascia and connective tissue below the skeletal muscle at the administration sites, that
extended to surround the sciatic nerve. The inflammatory cells did not extend into the
endoneurium of the sciatic nerve and no findings were present in the underlying axons, which
appeared histologically normal. Inflammatory cells were not observed in the nerve roots
contained within the lumbar spinal cord sections, confirming that the epineurial/perineuria
inflammatory cells noted in the sciatic nerve samples resulted from an extension of the
inflammation from the adjacent injection site.

In conclusion, administration of AZD1222 to CD-1 mice (total viral particle dose of 3.7 x
109 by intramuscular injection on 3 occasions (once every 3 weeks) over a 43 day period
was well tolerated, with atransiently higher body temperature in males, decreasesin
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monocytes in males and females (consistent with the expected pharmacology of AZD1222)
and increase in globulin and decrease in albumin and albumin/globulin ratio, consistent with
an acute phase response, observed.

In al animals dosed with AZD1222, antibodies against the S-glycoprotein were raised and
maintained throughout the dosing and recovery periodsin all animals.

In AZD1222 animals, higher spleen weights were observed but with no correlating
macroscopic or microscopic changes. Non adverse, mixed and/or mononuclear cell
inflammation was observed in the subcutaneous tissues and skeletal muscle of the
administration sites and adjacent sciatic nerve of animals dosed with AZD1222 which were
consistent with the anticipated findings after intra-muscular injection of vaccines.

422 Repeat-dose Toxicology Studieswith Similar Replication-defective
ChAd Vaccines (AdCh63 and ChAdOx1)

A brief summary of the key findings from the ChAdOx1 MERS vaccine toxicology study in in
mice is provided below.

e Changes at the intramuscular injection sites (inflammatory cell infiltrates) were observed
in the majority of females and in several males.

e Histopathological changesin the spleen (increased germinal center devel opment)
correlated with an increased spleen weight in females. Increased germinal center
development of the right lumbar lymph nodes (draining lymph node), correlated
macroscopically with enlargement, was observed for the mgority of treated animals.
Slightly higher circulating white blood cell numbers were observed.

e At theend of the study treatment there was a slightly lower than control body weight gain
for treated males and females. For males this was due mainly to slightly lower than
control weight gains during Days 15 to 18 however for females this was due mainly to
small weight losses during this period. Mice were dosed on Day 1 and 15, with necropsy
on day 28.

e Slightly lower group mean liver weight for males and females (0.92X and 0.90X contral),
higher phosphorus concentration for females (1.2X control) or lower triglyceride
concentration for males and females (0.56X and 0.64X) were observed. There was no
correlation with histopathological changes.

The spectrum and severity of these changes were consistent with the administration of an
antigenic substance such as ChAdOx1 MERS, and were considered to be non-adverse.

Results from the toxicology studies on similar replication-defective ChAd vaccines

(ChAd OX1 NP+M1 and AdCh63 M SP-1) were consistent with ChAdOx1 MERS and were
well tolerated with no associated adverse effects. The toxicity data (and toxicity in the target
organs) from the ChAdOx1 and ChAd63 based vaccines follows the same pattern, where
findings were consistent with a predicted response to vaccine administration.
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4.3 Toxicokinetics

Toxicokinetic studies have not been performed with AZD1222. Consistent with WHO
guidelines on the nonclinical evaluation of vaccines (WHO 2005), Pharmacokinetic studies
(eg, for determining serum or tissue concentrations of vaccine components) are normally not
needed.

4.4 Genotoxicity (M utagenicity)

Genotoxicity studies have not been performed with AZD1222. Consistent with WHO
guidelines on the nonclinical evaluation of vaccines, (WHO 2005), genotoxicity studies are
normally not required for the final vaccine formulation and therefore have not been
conducted.

4.5 Carcinogenicity

Carcinogenicity studies have not been performed with AZD1222. Consistent with WHO
guidelines on the nonclinical evaluation of vaccines (WHO 2005), Carcinogenicity studies are
not required for vaccine antigens. AZD1222 is areplication deficient, non-integrating
adenovirus vector so thereis no risk of carcinogenicity. To date there have been no clinical
reports of chromosomal vector integration following adenovirus vector-mediated gene
transfer.

4.6 Developmental and Reproductive Toxicity

An evaluation of the impact of AZD1222 on embryo-foetal development was completed in a
dose-range study (490838). The main GLP embryo-foetal development study is ongoing with
an audited draft due end January 2021.

Intramuscular administration of AZD1222 to groups of CD-1 female mice on Day 1 (13 days
prior to pairing for mating) and again on Gestation Day (GD) 6 at 2.59 x 10'° per occasion
(embryofetal development phase), or on GD 6 and GD 15 at 2.59 x 10'° per occasion (littering
phase) was well tolerated (490838). Anti-S glycoprotein antibody responses were raised in
dams following administration of AZD1222 and these were maintained through the
gestational and lactation periods. Seropositivity of fetuses and pups was confirmed and was
indicative of placental and lactational anti-S glycoprotein antibody transfer, respectively.
There were no AZD1222-related effects seen for damsin-life including at the injection site,
for female reproduction, fetal or pup survival and no abnormal gross pathology findingsin
pups or in damsin either phase. There were no AZD1222-related fetal visceral or skeleta
findings.

4.7 L ocal Tolerance

Local tolerance of AZD1222 was evaluated as part of the repeat dose toxicity study in mice
(513351). There was no erythema or oedema at the injection sites after administration of
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AZD1222 on any dosing occasion. Histopathology showed minimal subcutaneous oedema
was observed in the administration sites in male and female animals from both the control
group and those administered AZD1222 and was considered to be related to the route of
administration. Minima mononuclear or mixed cell inflammation was observed in the
subcutaneous tissue and underlying skeletal muscle at the administration sitesin both male
and female animals. Thisfinding was of a higher incidence in animals administered with
AZD1222. In some animals there was an extension of the inflammatory cellsinto the fascia
and connective tissue below the skeletal muscle at the administration sites. This resulted in
inflammatory cells being noted surrounding the epineurium/perineurium of the sciatic nerve
samples. In the hind limb, inflammation around the sciatic nerve due to local extension from
the administration site is awell-recognized effect (Sellers et a 2020). Local tolerance was aso
evaluated as part of arepeat dose GL P toxicology study in mice with the related ChAdOx1
MERS vaccine (QS18DL). Changes related to treatment with ChAdOx1 MERS vaccine were
seen in the tissues of the intramuscular injection site, the right lumbar lymph node (draining
lymph node) and the spleen of mice. The inflammatory cell infiltrate seen in the tissues of the
intramuscul ar injection sites (infiltrates of lymphocytic/mononuclear inflammatory cells) were
caused by the intramuscular injection of the vaccine with the increased germinal centre
development of the right lumbar lymph node caused by immune stimulation of the lymphatic
drainage from this area and are not considered adverse.

4.8 Other toxicity Studies
No other toxicity studies with AZD1222 were conducted.

5 INTEGRATED OVERVIEW AND CONCLUSIONS

AZD1222 has been shown to be immunogenic in BALB/c, CD-1 mice, ferrets, non-human
primate (NHP) and pig models. Whilst asingle dose of AZD1222 induced antigen-specific
antibody and T cell responses, a booster immunisation enhanced antibody responses,
particularly in pigs, with significant increases in SARS-CoV -2 neutralising antibody titres
(Graham et al 2020). A post-vaccination SARS-CoV -2 challenge in rhesus macagues was
conducted to evaluate protection and the potential for vaccine-associated ERD. A single
administration of AZD1222 significantly reduced viral load in bronchoalveolar lavage fluid
and respiratory tract tissue of vaccinated animals as compared to vector controls (van
Doremalen et al 2020). Importantly, no evidence of ERD following SARS-CoV-2 challengein
vaccinated rhesus macagques was observed (van Doremalen et al 2020).

Biodistribution studies with similar ChAd vaccines (AdCh63 ME-TRAP and AdCh63 MSP-1)
in mice have previously been performed and showed no evidence of replication of the virus or
presence of disseminated infection after IM injections. WHO guidelines on nonclinical

evaluation of vaccines states that pharmacokinetic studies (eg, for determining serum or tissue
concentrations of vaccine components) are normally not needed and specific studies should be
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considered on a case-by-case basis (eg, when using novel adjuvants or alternative routes of
administration).

A biodistribution study using the ChAdOx1 vector with a hepatitis B virus (HBV) insert
following IM injection on days 1 and 28 in mice has been conducted. This study shows
digtribution to some samples of all tissues on days 2 and 29. The highest levels (copies/mg
sample) were noted at the site of administration (skeletal muscle), ranging from 3 x 108 to
9.97 x 10° copies/mg sample. In the majority of samples of other tissues taken on Day 56, the
levels were below the level of quantification, indicating elimination. AZD1222 is made using
a platform technology utilized for other previously studied investigational vaccinesand is
sufficiently characterized to use toxicology data with other vaccines that use the same
platform (Development and Licensure of Vaccinesto Prevent COVID-19, FDA Guidance for
Industry, June 2020 FDA 2020). Administration of a related betacoronavirus (MERS-CoV)
ChAdOx1 vectored vaccine expressing full-length S protein was associated with treatment
related changes in the right lumbar lymph node, spleen and intramuscular injection site. The
spectrum and severity of the changes were consistent with the administration of an antigenic
substance such as ChAdOx1 MERS which were considered to be non-adverse. Thiswas also
true for the similar replication-defective ChAd vaccines, ChAd OX1 NP+M1 and AdCh63
MSP-1.

In the mouse cardiovascular and respiratory safety pharmacology study there were no changes
in arterial blood pressure, heart rate, body temperature or respiratory parameters considered to
be AZD1222-related. Irwin Screen observations showed no effects considered to be
AZD1222-related.

In the repeat dose (once every 3 weeks over a 43 day period) toxicity study in CD-1 mice,
AZD122 was well tolerated, with atransiently higher body temperature in males, decreases in
monocytes in males and females (consistent with the expected pharmacology of AZD1222)
and increase in globulin and decrease in albumin and albumin/globulin ratio, consistent with
an acute phase response, observed. In al animals dosed with AZD1222, antibodies against the
S-glycoprotein were raised and maintained throughout the dosing and recovery periodsin al
animals. In AZD1222 animals, higher spleen weights were observed but with no correlating
macroscopic or microscopic changes. Non adverse, mixed and/or mononuclear cell
inflammation was observed in the subcutaneous tissues and skeletal muscle of the
administration sites and adjacent sciatic nerve of animals dosed with AZD1222 which were
consistent with the anticipated findings after intra-muscular injection of vaccines.

In the preliminary DART study in mice, there were no AZD1222-related effects seen for dams
in-lifeincluding at the injection site, for female reproduction, fetal or pup survival and no
abnormal gross pathology findings in pups or in damsin either phase. There were no
AZD1222-related fetal visceral or skeletal findings.
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In conclusion, AZD1222 and similar ChAd vaccines are well tolerated and are not associated
with any adverse effects in mice. Further, similar ChAd vaccines show no evidence of
replication or dissemination after IM injection in mice. AZD1222 isimmunogenic in mice,
ferrets, NHP and pig models inducing humoral and cellular immune responses. Vaccination
with AZD1222 significantly reduced viral load following a SARS-CoV-2 challenge in rhesus
macagues with no evidence of ERD.
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1 OVERVIEW OF THE NONCLINICAL TESTING STRATEGY

AstraZeneca (the Sponsor) is developing AZD1222 for the prevention of coronavirus
disease-2019 (COVID-19). AZD1222 is arecombinant chimpanzee adenovirus (ChAd)
expressing the severe respiratory syndrome-coronavirus-2 (SARS CoV-2) spike (S) surface
glycoprotein. Development of AZD1222, previoudly referred to as ChAdOx1 nCoV-19, was
initiated by the University of Oxford with subsequent transfer of development activities to the
Sponsor.

AZD1222 is arecombinant replication-defective ChAd vector expressing the SARS CoV-2

S surface glycoprotein, driven by the human cytomegal ovirus major immediate early promoter
that includes intron A with a human tissue plasminogen activator (tPA) leader sequence at the
N terminus. Spike (S) isatypel, trimeric, transmembrane protein located at the surface of the
viral envelope, giving rise to spike shaped protrusions from the SARS-CoV-2 virion. The

S protein’s subunits are responsible for cellular receptor angiotensin-converting enzyme

2 (ACE-2) binding via the receptor-binding domain and fusion of virus and cell membranes,
thereby mediating the entry of SARS-CoV-2 into the target cells. The S protein has an
essential role in virus entry and determines tissue and cell tropism, aswell as host range. The
roles of the S in receptor binding and membrane fusion make it a desirable target for vaccine
and antivira development. AZD1222 expresses a codon-optimised coding sequence for

S protein from the SARS-CoV -2 genome sequence accession MN908947.

The ChAdOx1 platform technology, as well as other ChAd related vaccines, were used to
support the first-in-human (FIH) and other early clinical AZD1222 studies. This approach of
using platform data to support aFIH clinical study is consistent with the views expressed by
global regulators at the International Coalition of Medicines Regulatory Authorities — Global
Regulatory Workshop on COVID-19 vaccine development, 18 March 2020 (ICMRA 2020).
To support the FIH study, biodistribution studies with similar replication-defective ChAd
vaccines (AdCh63 ME TRAP and AdCh63 MSP-1) and toxicology studies with arelated
betacoronavirus (MERS-CoV) ChAdOx1 vectored vaccine expressing full-length S protein, as
well as other ChAd related vaccines (AdCh63 MSP-1, ChAd OX1 NP+M1) in mice were used
(Table 2).

To date, immunology and biological activity studies (including prime boost vaccination) of
AZD1222, have been conducted in mice, non-human primates, ferrets and pigs (Table 1). A
mouse cardiovascular and respiratory safety pharmacology study has also been conducted
with AZD1222, along with Irwin assessment as part of the repeat-dose toxicity study.

To support licensure, biodistribution studies with AZD1222 IM (Table 1) or ChAdOx1 HBV
IM (Table 2) and toxicology studies with AZD1222 were conducted, which included a Good
Laboratory Practice (GLP) repeat-dose toxicity and 2 GL P embryo-fetal development (EFD)
studiesin CD-1 mice (Table 1).
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All pivotal nonclinical safety studies were conducted in OECD member countries and in

AstraZeneca

accordance with OECD Test Guidelines and Principles of Good Laboratory Practice (GLP),
and according to relevant International Conference on Harmonisation guidelines.

Tablel List of Nonclinical Studieswith AZD1222
Study Species Dose and route of Sponsor / Test GLP
(Report Number or administration Facility Y/N
publication)
Primary Phar macology
Effect of D614G Mutationin Jenner University of
SARS-CoV-2 Spike Protein . Oxford/ CSIRO
on AZD1222 In vitro NA Health and N
(20-01700) Biosecurity, Australia
Single dose, IM _
Murine Immunogenicity BAb/CandCD-1 | 6x10°vpAZDI2z2 | emerinstitute-
D A ol 2020 mice Oxford University, N
(van Doremalen et ) o UK /NIH, MT, USA
Control - ChAdOx1 GFP
Jenner Ingtitute —
. - Day 0 and 28 or 28 onl
Murine Immunogenicity Balb/C and CD-1 ai/M 6.02 % 10° y University of Oxford N
(Graham et a 2020) mice » O VP / Pirbright Institute,
AZD1222
UK
Day -56 and -28
or -28 only before
Non-human Primate Efficacy challenge, IM Jenner Ingtitute -
and Immunogenicity Rhesus macaques | 5 ¢y 1010 VpAZD1222 University of Oxford,| N
(van Doremalen et al, 2020) or UK /NIH, USA
Control - ChAdOx1 GFP
Efficacy of ChAdOx1 nCoV- Single dose, Day -27 Jenner Institute -
19 Against Coronavirus before challenge, IM | University of Oxford
Infection in Rhesus Rhesus macaques | 2.5x 10" vp AZD1222, / Public Hedlth N
Macagues or England, Porton
(6284) Control —PBS Down, UK
; Day -56 and -28
Assessment of Efficacy of
or -28 only before ivers
SARS CoV-2Vactine challzn eyIM e Jenner University of
Candidates in the Ferret Ferret ge. ™, Oxford/ CSIRO N
Modd 2.5x 10 vp AZD1222, Health and
o
2001125 or Biosecurity, Australia
(20- ) Control — PBS
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Tablel List of Nonclinical Studieswith AZD1222
Study Species Dose and route of Sponsor / Test GLP
(Report Number or administration Facility Y/N
publication)
Day -56 and -28
or -28 only before
challenge, IM :
: ' Jenner Institute -
Efflcacy of ChAdOx1 nCoV- 2.5x 109 vp AZD1222 . .
19 Against Coronavirus Ferret (I)Or ' UnI/VI;eer)lz (:e(;i:]ord N
L err I
Infectionin Ferrets
on! Control - ChAdOx1 GFP|  England, Porton
(6285) or Down, UK
Day -14, IM, formalin-
inactivated SARS CoV-2
. - Jenner Ingtitute -
Porcine Immunogenicit i
(ar001111 / Grahi\m o ZI Landra\c/\e/z-h::mpshi g DHOand28,IM | University of Oxford |-
0 .y .
2020) cross-bred pigs 512 x 10° vp AZD1222| / PlrbngBtKl nstitute,
ChAdOxI-nCoV19 Jenner Initute
immunopotency assay -
potency Bab/CandCD-1 | o 10 ypAZD1222 | University of Oxford, | N
(INT-ChadOx1 nCov19- mice UK
POTO004)
Safety Phar macology
Day 4, IM
10
Cardiovascular and 2.59 x 10" vp AZD1222
Respiratory Assessment or AstraZeneca/ Charles
Following Intramuscul ar CD-1 mice IP, 01 mg/kg, S_albutamol River Laboratories Y
Administration to Mae Mice (0'9/.0 wiv sodium Ltd, UK
617078 chloride)
( ) and
Day 1, IM, A438 buffer,
Distribution
AZD1222 (ChAdOx1-
nCovd-19): A Single Dose Single dose, IM AstraZeneca/ Charles
Intramuscular Vaccine CD-1 mice 3.7x10°vp AZD1222, | River Laboratories Y
Biodistribution Study in the Ltd, UK
Mouse (514559)
Repeat Dose T oxicology
AZD1222 (ChAdOx1-
nCovd-19): A 6 Week
Intermittent Dosing Days1,22and43,IM | AstraZeneca/ Charles
Intramuscular Vaccine CD-1 mice 3.7x10%vp River Laboratories Y
Toxicity Study in the Mouse AZD1222 Ltd, UK
with a4 Week Recovery
(513351)
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Tablel List of Nonclinical Studieswith AZD1222
Study Species Dose and route of Sponsor / Test GLP
(Report Number or administration Facility Y/N
publication)
Developmental and Reproductive Toxicology
Day 1 (13 days prior to
pairing for mating) and
ChAdOx1-nCovd19: A GD 6to EFD phase
Prgl "T“ nary InFramuscuIar animals and on GD 6 and| Agtrazeneca/ Charles
Injection Vaccine CD-1 mice GD 15tolittering phase |  Rjver Laboratories | Y
Developm_ent and _ animals, IM Ltd, UK
Reproductive Study in 2,59 x 1010 yp AZD1222
Female CD-1 Mice (490838) or
Control — A438 buffer
Day 1 (13 days prior to
AZD1222 (ChAdOX1 - parng ‘;grg":%' gﬂgd
accine Deveiopment an : GD 15 to littering phase - :
Reproductive Study in CD-1 mice animals, IM R|verLL§b8rztorles Y
Female CD-1 Mice (490843) 3.71x 10°vp td,
AZD1222
or
Control®

CSIRO = Commonwealth Scientific and Industrial Research Organisation, Geelong, Australia; EFD = embryo-

foetal development; GD = gestation day; IM = intramuscular; IN = intranasal; NIH = National Institute of

Health

a  AZD1222 Vehicle (10 mM histidine, 7.5% [v/w] sucrose, 35 mM sodium chloride, 1 mM magnesium
chloride, 0.1% [v/w] Polysorbate-80, 0.1 mM EDTA and 0.5% [v/w] ethanol, pH 6.6)
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Table?2 List of Nonclinical Studieswith Similar Replication-defective ChAd
Vaccines (AdCh63 and ChAdOx1)
Study Species Dose and route of Source GLP
(Report Number) administration Y/N
Jenner Institute
AdCh63 MSP-1 and MVA MSP-1 Day 1, IM — University of
Tissue Distribution Study By Intra- Balb/C 0 Oxford/ X
Muscular Administration To Mice mice 111> 10 vp AJCh63 MSP-1 Huntingdon Life Y
(Report UNO0O14/RMBIODIST-001) 1.04x 10° pfu MVA MSP-1 Sciences,?
UK
Jenner Institute
AdCh63ME-TRAP Tissue Distribution — University of
Study By Intra-Dermal Administration | Bab/C Day 1, ID Oxford/ b
To Mice mice 3.3x10°vp Huntingdon Life
(UNOO009/MAB-001) Sciences,*
UK
ChAdOx-1 HBV and MVA-HBV Jenner Institute
Biodistribution Study in BALB/c Mice Bab/C Days1and 28, IM — University of
with Shedding A ssessment Hice 2.4 x 10%° vp ChAdOx-1-HBV | Oxford/ Calvert| Y
(0841MV38.001) 6.1 x 107 pfuMVA-HBV Laboratories,
USA
ChAdOX1 Chik Vaccine or ChAdOx1 Jer&r:]el'\r/::t't“;f
MERS: Toxicity Study by Balb/C Day 1 and 15, IM oo/ Eni’/igo y
‘i i i 0
:\;Framusscilg I_Adm| nistration to mice 1x 10 vp CRS Limited
ice (Q ) UK
Day 1, IM
ChAd OX1 NP+M1 and MVA NP+M1: 1x 10°vp — University of
Toxicity Study by Intramuscular Bab/C q Oxford/ v
Administration to Mice mice an Huntingdon Life
(XMMO0003) Day 15, 1M Sciences?
MVA NP+M1
UK
1.5x 107 pfu
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Table2 List of Nonclinical Studieswith Similar Replication-defective ChAd
Vaccines (AdCh63 and ChAdOx1)
Study Species Dose and route of Source GLP
(Report Number) administration Y/N
Day 1, IM
AdCh63 MSP-1
1.11x 10" vp
Day 15, IM -
Mouse Toxicity AdCh63 MSP-1 and Jenner Institte
- MVA MSP-1 — University of
MVA MSP-1 or a Combination of Balb/C 10.4 x 107 ofu Oxford/
AdCh63 ME-TRAP and MVA ME- ) ' P . . Y
mice Huntingdon Life
TRAP Sciences,?
AdCh63ME-TRAP/ UK
MVA ME TRAP

0.78 x 10'°vp/ 6.85 x 107 pfu

a  Currently Covance CRS Ltd.
b In-life phase conducted to GLP; biodistribution phase (RBIODIST-001 or MAB-001) not conducted to GLP

2 PHARMACOLOGY

2.1 Primary Pharmacodynamics

I mmunogenicity studies in animal models responsive to AZD1222 were conducted to evaluate
the immunologic properties of this COVID-19 vaccine candidate to support FIH clinical trials.
AZD1222 has been shown to be immunogenic in BALB/c, CD-1 mice, ferrets, non-human
primate (NHP) and pig models. These studies included evaluation of humoral, cellular and
functional immune responses. Whilst a single dose of AZD1222 induced antigen-specific
antibody and T cell responses, a booster immunisation enhanced antibody responses,
particularly in pigs, with significant increases in SARS-CoV -2 neutralising antibody titres
(Graham et al 2020). A post-vaccination SARS-CoV -2 challenge in rhesus macaques was
conducted to evaluate protection and the potential for vaccine-associated enhanced respiratory
disease (ERD). A single administration of AZD1222 significantly reduced viral load in
bronchoalveolar lavage fluid and respiratory tract tissue of vaccinated animals as compared to
vector controls (van Doremalen et al 2020). Importantly, no evidence of ERD following
SARS-CoV-2 challenge in vaccinated rhesus macagues was observed (van Doremalen et a
2020).

Mutations are occurring naturally within the SARS-CoV-2 genome. Most vaccinesin
development rely upon inducing immune responses towards Spike protein (S), the main virus
surface protein. A D614G mutation in Sisincreasing in prevalence amongst sequenced
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viruses worldwide. The mutation is thought to increase infectivity of the virus by reducing S1
shedding, increasing infection (Zhang et a 2020). The effect of the D614G mutation on the
efficacy of virus neutralisation following vaccination of ferrets with AZD1222 was assessed
in study 20-01700 (Figure 1). A new Australian isolate containing the D614G mutation
(VIC31) was obtained from VIDRL. Three isolates were used for virus neutralisation assays:
SAOQL: hasidentical amino acid sequence in Sto Wuhan-Hu-1. VICO1: S differs from SAOL
by an Ser247Arg mutation. VIC31: S differs from SAOL by the Asp614Gly mutation.

Overall, there were no significant effects of the D614G mutation in the SARS-CoV-2 Spike
protein on relative neutralisation of D614 and G614 variants with serum samples collected
from ferrets that had received prime-boost administrations of AZD1222. Therefore, animal
challenge studies presented are relevant to strains circulating in the human population.

Figurel Effect of D614G mutation on vaccine-induced antibody-mediated
neutralisation.
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Mean neutralising titres (cal culated from log2-values) to three circulating Australian SARS-CoV-2 isolates.
Neutralisation titres of serum samples collected following prime-boost vaccination with AZD1222 in ferrets,
administered by two routes (intramuscular and intranasal). Bold horizontal lines represent overall mean titre of
the vaccination route/isolate combination with uncertainty bars representing Standard Error of the Mean (SEM).
Square and triangle marks represent mean titres of the triplicate titres for each serum sample/isolate combination.
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Viral RNA in Gastrointestinal Tract

In the NHP pharmacology study (van Doremalen et al 2020), there was an unexpected finding
of viral RNA in tissues of the gastrointestinal (Gl) tract at 7 days post-challengein
immunised, but not control, animals. Viral gRNA load in intestinal tissues of
prime-boost-vaccinated animals was higher than the levels measured in control and prime-
only-vaccinated animals at 7 days post-challenge and was associated with the detection of
sgRNA. However, no infection of intestinal tissue was observed by immunohistochemistry,
nor were we able to detect infectious virus in intestinal tissue. Given that spike-specific
antibodies were significantly increased after the second immunization (two-tailed signed-rank
Wilcoxon test) higher viral gRNA load intestinal in prime-boost animals may correlate with
greater intestinal clearance and retention of opsonised virus following challenge. FcRn alows
the entry and retrieval of 1gG from the intestinal lumen throughout health and disease. This
bidirectional transport allows the secretion of 1gG into the lumen, the subsequent uptake of
opsonized bacteria and viruses (Castro and Clatworthy 2020). As previously reported,
SARS-CoV-2 antigen can be detected in lymphocytes and macrophages in the lamina propria
of the intestinal tract of control animals (Munster et al 2020). This may indicate a higher
proportion of plasma cells secreting IgA2 in the gut lamina propria of prime-boost-vaccinated
animals and trapping of SARS-CoV-2 virus. Whilst SARS-CoV-2 virus may make its way to
the gastric lumen, it would be subjected to the adverse effect of the acidic environment of the
stomach that would significantly affects viability.

Nevertheless, SARS-CoV-2 can cause gastrointestinal symptoms, such as loss of appetite,
vomiting, diarrhoea, or abdominal pain during the early phases of the disease (Villapol 2020).
It has been reported in some patients that although SARS-CoV -2 has been cleared in the
respiratory tract, the virus continues to replicate in the gastrointestinal tract and could be shed
in faeces (Yang et a 2020). Currently, the exact mechanism of SARS-CoV-2 interaction with
the gastrointestinal tract is still not fully understood. However, SARS-CoV-2 shows a high
affinity to ACE2 receptors, making sites of high ACE2 receptor expression such as lungs and
Gl tract prime targets for infection (Dahiya et al 2020). It is therefore possible that
gastrointestinal symptomsin COVID-19 are somehow caused by the direct attack of
SARS-CoV-2 to gastrointestinal tract (Zhong et a 2020). If higher viral gRNA loadsin
intestinal tissues of prime-boost vaccinated animals is associated with continued replication
then it was not associated with any signs of lesions or infection.

L ung Histopatholoqgy

In rhesus macagues 3 out of 6 control animals developed some degree of viral interstitial
pneumoniafollowing SARS-CoV-2 challenge. Lesions were widely separated and
characterised by thickening of alveolar septum. Alveoli contained small numbers of
pulmonary macrophages and rarely oedema. Type-11 pneumocyte hyperplasia was observed.
No histological lesions were observed in the lungs of vaccinees.
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In comparison, the majority of histopathological findings made in the lungs of ferrets
following SARS-CoV-2 challenge were modest at most. In control group 3athat received a
prime with ChAdOx1 vector expressing green fluorescent protein (GFP) one ferret showed
mild lesions compatible with acute bronchiolitis and the other animals were similar to group 1
primed with AZD1222. Only mild inflammatory cell foci and no lesions were observed in
group 1. In group 2 that received a prime and boost with AZD1222, inflammatory cell were
also detected in lungs. These changes are likely associated with an immune response to
challenge as they were also observed in controls. In group 4 immunised with inactivated
SARS CoV-2, mild to moderate lesions were observed in the lungs with inflammatory cells
and perivascular cuffing at day 7 post challenge potentially indicative of enhanced respiratory
disease. In a second ferret study, no significant histological lung changes were present in any
of the animals examined.

Enhanced respiratory disease (ERD) can result from immunization with antigen that is not
processed in the cytoplasm, resulting in a nonprotective antibody response and CD4+ T hel per
priming in the absence of anti-viral cytotoxic T lymphocytes. Thistype of vaccine response
can lead to a pathogenic Th2 memory response with eosinophil and immune complex
deposition in the lungs after respiratory infection. For example, infants and toddlers
immunized with a formalin-inactivated virus vaccine against respiratory syncytial virus (RSV)
experienced an enhanced form of RSV disease characterized by high fever, wheezing and
bronchopneumonia when they became infected with wild-type virus in the community (Acosta
et al 2015). AZD1222 not expected to cause ERD because antigens are expressed
intracellularly, generating anti-viral cytotoxic T cell and protective antibody responses.

In the van Doremalen et a study, significantly reduced viral load in the bronchoal veolar
lavage fluid and lower respiratory tract tissue of vaccinated rhesus macagues challenged with
SARS-CoV-2 with no pneumonia was observed compared to control animals. No evidence of
immune-enhanced disease after viral challenge in vaccinated SARS-CoV-2-infected animals
was found in terms of increased severity of viral infection. At present, there are no known
clinical findings, immunological assays or biomarkers that can differentiate any severe vira
infection from immune-enhanced disease, whether by measuring antibodies, T cells or
intrinsic host responses (Arvin et a 2020). Carefully controlled human studies of sufficient
size to enabl e the detection of increased frequency of severe casesin vaccinated cohorts
compared to control group are required to determine if antiviral host responses may become
harmful in humans.

In conclusion, the rhesus macague is more predictive than ferret of histological lung changes
and the ability of immunisation with AZD1222 to mitigate these following challenge with
SAR-CoV-2. No enhanced respiratory disease was observed post challengein AZD1222
immunised animals.
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2.2 Secondary Pharmacodynamics
Secondary pharmacodynamic studies have not been conducted with AZD1222.

2.3 Safety Phar macology

In amouse cardiovascular and respiratory safety pharmacology study, a group of 8 male CD-1
mice were dosed by IM injection with the control item for AZD1222 (A438 buffer) on Day 1
and AZD1222 (2.59 x 10% vp dose) on Day 4 (617078).

There were no changesin arterial blood pressure, heart rate, body temperature or respiratory
parameters considered to be AZD1222-related. The No Observed Effect Level (NOEL) for
cardiovascular and respiratory assessment was an AZD1222 dose of 2.59 x 10'°vp .

Irwin Screen observations (autonomic, neuromuscular, sensorimotor, behavioural parameters)
and effects on body temperature and pupil size were made in the repeat-dose | M toxicity study
(513351) in male and female CD-1 mice on Days 8 and 29 following administration of
AZD1222 at 3.7 x 10'°vp on Days 1, 22. There were no effects on body temperature, pupil
size or Irwin Screen observations considered to be AZD1222-related. The NOEL for the Irwin
Screen phase was 3.7 x 10%°,

24 Phar macodynamic Drug I nteractions
Pharmacodynamic drug interaction studies have not been conducted with AZD1222.

3 PHARMACOKINETICS

3.1 Absorption

Absorption studies evauations are not generally needed for vaccines. WHO guidelines on
nonclinical evaluation of vaccines (WHO 2005) and vaccine adjuvants and adjuvanted
vaccines (WHO 2013), traditional absorption, distribution, metabolism, and excretion
(ADME) evaluations are not generally needed for vaccines. The safety concerns associated
with vaccines are generally not related to the pharmacokinetics but are related to the potential
induction of immune responses.

3.2 Distribution

Distribution studies are not generally needed for vaccines. WHO guidelines on nonclinical
evauation of vaccines (WHO 2005) and vaccine adjuvants and adjuvanted vaccines (WHO
2013), satesthat traditional ADME evaluations are not generally needed for vaccines. The
safety concerns associated with vaccines are generally not related to the pharmacokinetics but
arerelated to the potentia induction of immune response.
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In an AZD1222 biodistribution study in mice, there was no biodistribution to blood and faeces
samples with the exception of low signal from 2 blood and 1 faeces samples on Day 2. Both
blood samples had signals below the limit of quantification (<LLOQ) and the faeces sample
returned alow signal of 1.30 x 10° copies/ug DNA (LLOQ was 50 copies/Q-PCR reaction). In
tissues, AZD1222 vector DNA showed biodistribution to the intramuscular administration
sites, sciatic nerve, bone marrow, liver, lung and spleen. The highest levels of AZD1222
vector DNA (10° to 107 copies/ig DNA) were observed in the intramuscul ar administration
sites and sciatic nerve (close proximity to the administration sites) on Day 2. Lower levels of
AZD1222 vector DNA (<LLOQ to 10* copies/ug DNA) were observed in bone marrow, liver,
spleen and lung, on Day 2. The levels of AZD1222 and the number of tissues with detectable
levels of AZD1222 vector DNA decreased from Day 2 to 29, indicating elimination.

A biodistribution and shedding study using the ChAdOx1 vector with an hepatitis B virus
(HBV) insert after IM injection on Days 1 and 28 in mice was conducted (0841MV 38.001).
Distribution to some samples of all tissues was noted on day 2 and Day 29. The highest levels
(copiesymg sample) were noted at the site of administration (skeletal muscle), ranging from 3
x 108 t0 9.97 x 10° copies/mg sample. In the majority of samples of other tissues taken on Day
56, the levels were below the level of quantification, indicating elimination. Low levels were
noted in 1 sample (of 6) for each of heart and liver, 1 of 3 for ovary and testes, and 3 of 6
lymph node samples at this timepoint.

Biodistribution studies with similar ChAd vaccines (AdCh63 ME-TRAP and AdCh63 MSP-1)
in mice have previously been performed and showed no evidence of replication of the virus or
presence of disseminated infectious virus after IM injections.

3.3 M etabolism

Metabolism studies have not been conducted with AZD1222. The expected consequence of
metabolism of biotechnology-derived vaccines is the degradation to small peptides and
individual amino acids. Therefore, the metabolic pathways are generally understood.

34 Excretion

Excretion studies have not been conducted with AZD1222. No virus excretion is expected
with AZD1222 as it is a non-replicating vaccine vector. Shedding of ChAdOx1 HBV in mice
following IM administration of Days 1 and 28 have been assessed. DNA was extracted from
mouse fecal and urine samples collected were all negative, suggesting that no shedding had
occurred in these matrices at the times sampled.

3.5 Phar macokinetic Drug I nteractions
Pharmacokinetic drug interaction studies have not been conducted with AZD1222.
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3.6 Other Phar macokinetic Studies
Other pharmacokinetic studies have not been conducted with AZD1222.

4 TOXICOLOGY

4.1 SINGLE DOSE TOXICITY
No single dose toxicity studies have been performed with AZD1222.

4.2 REPEAT DOSE TOXICITY
A 6-week repeat-dose GLP toxicity study with AZD1222 in mice was conducted.

Asthe ChAdOx1 platform technology utilized for AZD1222 iswell characterized, toxicology
data with ChAdOx1 MERS-CoV vaccine expressing the full-length Spike protein in mice
(Report QS18DL), was used to support first in human (FIH) clinical trialsfor AZD1222
(International Coalition of Medicines Regulatory Authorities — Global Regulatory Workshop
on COVID-19 vaccine development, 18 March 2020 [ICMRA 2020]). In addition, toxicology
studies on similar replication-defective ChAd vaccines (ChAd OX1 NP+M1 and AdCh63
MSP-1) are also discussed.

At the time of toxicology species selection only ChAdOx1 immunogenicity data for mouse
and rhesus macaques was availabl e to the sponsor. Pig and ferret immunogenicity datawere
subsequently made available. Given that both mouse and NHP elicit appropriate immune
responses to AZD1222 and considering the need to expedite toxicity testing, the mouse was
selected as the toxicology species given the urgency of the ongoing pandemic, the longer lead
time for NHP toxicity studies and longer reproductive toxicity study requirements. For dosing
considerations, the CD-1 mouse strain was selected due to its larger size compared to the
Balb/c mouse strain.

42.1 A 6 -Week Intermittent Dosing I ntramuscular AZD1222 Toxicity Study
in Micewith a4 Week Recovery
The objective of this study was to determine the potential toxicity of AZD1222 (total viral
particle dose of 3.7x10'°) when given by intramuscular injection intermittently (on Days 1, 22
and 43) to mice, with a 28 day recovery period to evaluate the potentia reversibility of any
findings (513351). In addition, the immunogenicity was evaluated. Scheduled necropsies were
conducted either at the end of the 6 week treatment period (Day 45) or at the end of the 28 day
recovery period.

The following parameters and end points were evaluated in this study: clinical signs, body
temperature, body weights, body weight gains, food consumption, dermal scoring, Irwin
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screen observations, clinical pathology parameters (hematology and plasma chemistry),
immunogenicity, gross necropsy findings, organ weights, and histopathological examinations.

In comparison to controls and pre-study data, a slightly higher body temperature was observed
in AZD1222 treated males, notably on Days 22, 4 hours post dose (range 36.2-39.5°C
compared to 36.2-38.7°C in controls) but was comparable to controls by 24 hours post-dose.
There was no AZD1222-related change in body temperature recorded in males, as part of the
Irwin observations.

In animals administered AZD1222, there was a mild decrease in monocytes on Day 45, which
was consistent with expected pharmacology following immunisation. Additionally, globulin
was mildly higher, and abumin and abumin/globulin ratio were minimally to mildly lower,
which was consistent with an acute phase response. Following the recovery period, globulin
remained mildly higher and albumin/globulin ratio remained mildly lower in
AZD1222-treated females, the other changes had reversed.

All samples collected from animals during the pre-treatment phase prior to immunisation were
below the limit of quantification (BLQ) for the assay (BLQ; 0.250 AU/mL) and considered
seronegative. Samples collected indicate that al animals mounted an antibody response to
S-glycoprotein following a single administration of AZD1222 on Day 1 with most animals
showing a marked increase in the level of antibody response following a second
administration of AZD1222 on Day 22. On Day 74, a further increase in antibody response or
maintenance of response was observed in al animals following a third administration of
AZD1222.

At histopathological examination of the main study animals, mononuclear and/or mixed cell
inflammation was observed in the subcutaneous tissue and underlying skeletal muscle at the
control and AZD1222 administration sites. This finding was of a higher incidence in animals
dosed with AZD1222. In some animals there was an extension of the inflammatory cellsinto
the fascia and connective tissue below the skeletal muscle at the administration sites, that
extended to surround the sciatic nerve. The inflammatory cells did not extend into the
endoneurium of the sciatic nerve and no findings were present in the underlying axons, which
appeared histologically normal. Inflammatory cells were not observed in the nerve roots
contained within the lumbar spinal cord sections, confirming that the epineurial/perineurial
inflammatory cells noted in the sciatic nerve samples resulted from an extension of the
inflammation from the adjacent injection site. There were no findings in the administration
sites or sciatic nerves at the end of the recovery period, indicating complete recovery of the
AZD1222 related inflammation.

In conclusion, administration of AZD1222 to CD-1 mice (total viral particle dose of 3.7 x
10'%) by intramuscular injection on 3 occasions (once every 3 weeks) over a 43 day period
was well tolerated, with atransiently higher body temperature in males, decreasesin
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monocytes in males and females (consistent with the expected pharmacology of AZD1222)
and increase in globulin and decrease in albumin and albumin/globulin ratio, consistent with
an acute phase response, observed.

In al animals dosed with AZD1222, antibodies against the S-glycoprotein were raised and
maintained throughout the dosing and recovery periodsin all animals.

In AZD1222 animals, higher spleen weights were observed but with no correlating
macroscopic or microscopic changes. Non adverse, mixed and/or mononuclear cell
inflammation was observed in the subcutaneous tissues and skeletal muscle of the
administration sites and adjacent sciatic nerve of animals dosed with AZD1222 which were
consistent with the anticipated findings after intra-muscular injection of vaccines.

422 Repeat-dose Toxicology Studieswith Similar Replication-defective
ChAd Vaccines (AdCh63 and ChAdOx1)

A brief summary of the key findings from the ChAdOx1 MERS vaccine toxicology study in in
mice is provided below.

e Changes at the intramuscular injection sites (inflammatory cell infiltrates) were observed
in the majority of females and in several males.

e Histopathological changesin the spleen (increased germinal center devel opment)
correlated with an increased spleen weight in females. Increased germinal center
development of the right lumbar lymph nodes (draining lymph node), correlated
macroscopically with enlargement, was observed for the mgority of treated animals.
Slightly higher circulating white blood cell numbers were observed.

e At theend of the study treatment there was a dlightly lower than control body weight gain
for treated males and females. For males this was due mainly to slightly lower than
control weight gains during Days 15 to 18 however for females this was due mainly to
small weight losses during this period. Mice were dosed on Day 1 and 15, with necropsy
on day 28.

e Slightly lower group mean liver weight for males and females (0.92X and 0.90X contral),
higher phosphorus concentration for females (1.2X control) or lower triglyceride
concentration for males and females (0.56X and 0.64X) were observed. There was no
correlation with histopathological changes.

The spectrum and severity of these changes were consistent with the administration of an
antigenic substance such as ChAdOx1 MERS, and were considered to be non-adverse.

Results from the toxicology studies on similar replication-defective ChAd vaccines

(ChAd OX1 NP+M1 and AdCh63 M SP-1) were consistent with ChAdOx1 MERS and were
well tolerated with no associated adverse effects. The toxicity data (and toxicity in the target
organs) from the ChAdOx1 and ChAd63 based vaccines follows the same pattern, where
findings were consistent with a predicted response to vaccine administration.
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4.3 Toxicokinetics

Toxicokinetic studies have not been performed with AZD1222. Consistent with WHO
guidelines on the nonclinical evaluation of vaccines (WHO 2005), Pharmacokinetic studies
(eg, for determining serum or tissue concentrations of vaccine components) are normally not
needed.

4.4 Genotoxicity (M utagenicity)

Genotoxicity studies have not been performed with AZD1222. Consistent with WHO
guidelines on the nonclinical evaluation of vaccines, (WHO 2005), genotoxicity studies are
normally not required for the final vaccine formulation and therefore have not been
conducted.

4.5 Carcinogenicity

Carcinogenicity studies have not been performed with AZD1222. Consistent with WHO
guidelines on the nonclinical evaluation of vaccines (WHO 2005), Carcinogenicity studies are
not required for vaccine antigens. AZD1222 is areplication deficient, non-integrating
adenovirus vector so thereis no risk of carcinogenicity. To date there have been no clinical
reports of chromosomal vector integration following adenovirus vector-mediated gene
transfer.

4.6 Developmental and Reproductive Toxicity

An evaluation of the impact of AZD1222 on embryo-foetal development was completed in a
dose-range study (490838). Intramuscular administration of AZD1222 to groups of CD-1
female mice on Day 1 (13 days prior to pairing for mating) and again on Gestation Day (GD)
6 at 2.59 x 10'°vp per occasion (embryofoetal development phase), or on GD 6 and GD 15 at
2.59 x 10% per occasion (littering phase) was well tolerated (490838). Anti-S glycoprotein
antibody responses were raised in dams following administration of AZD1222 and these were
maintained through the gestational and lactation periods. Seropositivity of foetuses and pups
was confirmed and was indicative of placental and lactational anti-S glycoprotein antibody
transfer, respectively. There were no AZD1222-related effects seen for damsin-life including
at the injection site, for female reproduction, foetal or pup survival and no abnormal gross
pathology findingsin pups or in damsin either phase. There were no AZD1222-related foetal
visceral or skeletal findings.

In the main GLP embryo-foetal development study, IM administration of AZD1222 to groups
of CD-1 female mice on Day 1 (13 days prior to pairing for mating) and again on GD 6 at
3.71 x 10'° vp per occasion (embryofoetal development phase), or on GD 6 and GD 15 at
3.71 x 10'° vp per occasion (littering phase) was well tolerated (490843). Anti-S glycoprotein
antibody responses were raised in dams following administration of AZD1222 and these were
maintained through the gestational and lactation periods. Seropositivity of fetuses and pups
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was confirmed and was indicative of placental and lactational anti-S glycoprotein antibody
transfer, respectively. There were no test item-related effects seen for damsin-life including at
the injection site, for female reproduction, foetal or pup survival, pup physical development
and no abnormal gross pathology findings in pups prior to or post weaning or in damsin either
phase. There were no test item-related foetal external, visceral or skeletal findings.

4.7 L ocal Tolerance

Local tolerance of AZD1222 was evaluated as part of the repeat dose toxicity study in mice
(513351). There was no erythema or oedema at the injection sites after administration of
AZD1222 on any dosing occasion. Histopathology showed minimal subcutaneous oedema
was observed in the administration sites in male and female animals from both the control
group and those administered AZD1222 and was considered to be related to the route of
administration. Minima mononuclear or mixed cell inflammation was observed in the
subcutaneous tissue and underlying skeletal muscle at the administration sites in both male
and female animals. Thisfinding was of a higher incidence in animals administered with
AZD1222. In some animals there was an extension of the inflammatory cellsinto the fascia
and connective tissue below the skeletal muscle at the administration sites. Thisresulted in
inflammatory cells being noted surrounding the epineurium/perineurium of the sciatic nerve
samples. In the hind limb, inflammation around the sciatic nerve due to local extension from
the administration site is awell-recognized effect (Sellers et a 2020). Local tolerance was aso
evaluated as part of arepeat dose GL P toxicology study in mice with the related ChAdOx1
MERS vaccine (QS18DL). Changes related to treatment with ChAdOx1 MERS vaccine were
seen in the tissues of the intramuscular injection site, the right lumbar lymph node (draining
lymph node) and the spleen of mice. The inflammatory cell infiltrate seen in the tissues of the
intramuscular injection sites (infiltrates of lymphocytic/mononuclear inflammatory cells) were
caused by the intramuscular injection of the vaccine with the increased germinal centre
development of the right lumbar lymph node caused by immune stimulation of the lymphatic
drainage from this area and are not considered adverse.

4.8 Other toxicity Studies
No other toxicity studies with AZD1222 were conducted.

5 INTEGRATED OVERVIEW AND CONCLUSIONS

AZD1222 has been shown to be immunogenic in BALB/c, CD-1 mice, ferrets, NHP and pig
models. Whilst asingle dose of AZD1222 induced antigen-specific antibody and T cell
responses, a booster immunisation enhanced antibody responses, particularly in pigs, with
significant increases in SARS-CoV-2 neutralising antibody titres (Graham et a 2020). A post-
vaccination SARS-CoV-2 challenge in rhesus macagues was conducted to evaluate protection
and the potentia for vaccine-associated ERD. A single administration of AZD1222
significantly reduced viral load in bronchoalveolar lavage fluid and respiratory tract tissue of
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vaccinated animals as compared to vector controls (van Doremalen et al 2020). Importantly,
no evidence of ERD following SARS-CoV-2 challenge in vaccinated rhesus macaques was
observed (van Doremalen et al 2020).

In the mouse cardiovascular and respiratory safety pharmacology study there were no changes
in arterial blood pressure, heart rate, body temperature or respiratory parameters considered to
be AZD1222-related. Irwin Screen observations showed no effects considered to be
AZD1222-related.

In an AZD1222 biodistribution study in mice, there was no biodistribution to blood and faeces
samples with the exception of low signal from 2 blood and 1 faeces samples on Day 2. Both
blood samples had signals below the limit of quantification (<LLOQ) and the faeces sample
returned alow signal of 1.30 x 10° copies/ug DNA (LLOQ was 50 copies/Q-PCR reaction). In
tissues, AZD1222 showed biodistribution to the intramuscular (IM) administration sites,
sciatic nerve, bone marrow, liver, lung and spleen. The highest levels of AZD1222 (103 to 107
copies/ug DNA) were observed in the IM administration sites and sciatic nerve (close
proximity to the administration sites) on Day 2. Lower levels of AZD1222 (<lower limit of
quantification [LLOQ)] to 10* copies/ug DNA) were observed in bone marrow, liver, spleen
and lung, on Day 2. The levels of AZD1222 and the number of tissues with detectable levels
of AZD1222 decreased from Day 2 to 29, indicating elimination. Biodistribution studies with
similar ChAd vaccines (AdCh63 ME-TRAP and AdCh63 MSP-1) in mice have previously
been performed and showed no evidence of replication of the virus or presence of
disseminated infection after IM injections. WHO guidelines on nonclinical evaluation of
vaccines states that pharmacokinetic studies (eg, for determining serum or tissue
concentrations of vaccine components) are normally not needed and specific studies should be
considered on a case-by-case basis (eg, when using novel adjuvants or aternative routes of
administration).

A biodistribution study using the ChAdOx1 vector with a hepatitis B virus (HBV) insert
following IM injection on days 1 and 28 in mice has been conducted. This study shows
digtribution to some samples of all tissues on days 2 and 29. The highest levels (copies/mg
sample) were noted at the site of administration (skeletal muscle), ranging from 3 x 108 to
9.97 x 10° copies/mg sample. In the majority of samples of other tissues taken on Day 56, the
levels were below the level of quantification, indicating elimination. AZD1222 is made using
a platform technology utilized for other previously studied investigational vaccinesand is
sufficiently characterized to use toxicology data with other vaccines that use the same
platform (Development and Licensure of Vaccinesto Prevent COVID-19, FDA Guidance for
Industry, June 2020 FDA 2020). Administration of arelated betacoronavirus (MERS-CoV)
ChAdOx1 vectored vaccine expressing full-length S protein was associated with treatment
related changes in the right lumbar lymph node, spleen and intramuscular injection site. The
spectrum and severity of the changes were consistent with the administration of an antigenic
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substance such as ChAdOx1 MERS which were considered to be non-adverse. This was also
true for the similar replication-defective ChAd vaccines, ChAd OX1 NP+M1 and AdCh63
MSP-1.

In the repeat dose (once every 3 weeks over a 43 day period) toxicity study in CD-1 mice,
AZD122 was well tolerated, with atransiently higher body temperature in males, decreases in
monocytes in males and females (consistent with the expected pharmacology of AZD1222)
and increase in globulin and decrease in albumin and albumin/globulin ratio, consistent with
an acute phase response, observed. In al animals dosed with AZD1222, antibodies against the
S-glycoprotein were raised and maintained throughout the dosing and recovery periodsin al
animals. In AZD1222 animals, higher spleen weights were observed but with no correlating
macroscopic or microscopic changes. Non adverse, mixed and/or mononuclear cell
inflammation was observed in the subcutaneous tissues and skeletal muscle of the
administration sites and adjacent sciatic nerve of animals dosed with AZD1222 which were
consistent with the anticipated findings after intra-muscular injection of vaccines.

In the preliminary and main GLP DART studies in mice, there were no AZD1222-related
effects seen for damsin-lifeincluding at the injection site, for female reproduction, foetal or
pup survival and no abnormal gross pathology findingsin pups or in damsin either phase.
There were no AZD1222-related foetal visceral or skeletal findings.

In conclusion, AZD1222 and similar ChAd vaccines are well tolerated and are not associated
with any adverse effects in mice. Further, similar ChAd vaccines show no evidence of
replication or dissemination after IM injection in mice. AZD1222 isimmunogenic in mice,
ferrets, NHP and pig models inducing humoral and cellular immune responses. Vaccination
with AZD1222 significantly reduced viral load following a SARS-CoV-2 challenge in rhesus
macagues with no evidence of ERD.
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1 PRODUCT DEVELOPMENT RATIONALE

1.1 Introduction

COVID-19 Vaccine AstraZeneca is a monovalent vaccine composed of a single recombinant,
replication-deficient chimpanzee adenovirus (ChAdOx1) vector encoding the S glycoprotein
of SARS-CoV-2.

The therapeutic potential of AZD1222 is conferred through expression of the S glycoprotein,
and it is designed to stimulate/prime a protective immune response in the recipient towards the
SARS CoV-2 virus.

COVID-19 Vaccine AstraZeneca is indicated for active immunisation to prevent COVID-19
caused by SARS-CoV-2, in individuals 18 years of age and older. The vaccine is administered

as two IM 0.5 mL doses of 5 x 10" vp (nominal), at an interval of 4 to 12 weeks.

The purpose of this document is to summarise the key information on which the decision to
amend the Core Data Sheet was based, to document the Core Data Sheet amendment, and to
support changes to local Prescribing Information.

2 OVERVIEW OF BIOPHARMACEUTICS

This section 1s not relevant to this document.

3 OVERVIEW OF CLINICAL PHARMACOLOGY

This section is not relevant to this document.

4 OVERVIEW OF EFFICACY

This section is not relevant to this document.

3 OVERVIEW OF SAFETY

5.1 Data summary and discussion

Serious Hypersensitivity including anaphylaxis is considered as a potential risk (PR) in the
AZD1222 Risk Management Plan (RMP). Based on post-marketing data Hypersensitiviy
including Anaphylaxis has been identified as a subject for review by pharmacovigilance
processes internal to AstraZeneca.

A search of the safety database was undertaken on 11 February 2021 for cumulative adverse
event data (up to 05 February 2021) from available sources (clinical, spontaneous, solicited

reporting and literature) using PTs under SMQ narrow Anaphylactic reaction, SMQ narrow

Angioedema and PT hypersensitivity in association with the use of AZD1222.
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cardiovascular compromise. Time to onset was within the same day of vaccination for 5

vaccinees and in 2 vaccinees the reactions appeared the following day.
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5.3 Estimation of frequency

The frequency of adverse drug reactions is described using the following convention: very
common (=1/10); common (=1/100 to <1/10); uncommeon (=1/1,000 to <1/100); rare
(=1/10,000 to <1/1,000); very rare (<1/10,000); and not known (cannot be estimated from
available data).

The signal of anaphylaxis was observed in the post-marketing setting. In this setting, it is
difficult to calculate an accurate frequency of anaphylaxis since the exposure data is an
approximation and the spontancous cases reported are voluntary and often have limited
information or have predisposing / confounding factors for anaphylaxis. Considering the
approximation of the patient exposure and voluntary reporting criteria for spontaneous reports,
the true frequency of the reported serious hypersensitivity including anaphylaxis events in the
post-marketing setting is considered as “not known™ (cannot be estimated from the available
data).

6 BENEFITS AND RISKS CONCLUSIONS

Based on the quantitative and qualitative evaluation of the currently available post-marketing
and clinical safety data, the information regarding anaphylaxis/anaphylactic reaction and
angioedema will be added to the CDS. The company will continue to conduct routine
pharmacovigilance activities in addition to the ongoing clinical studies as described in
AZD1222 Core Risk Management Plan (Version 1.0; dated 15 February 2021) to further
characterize this risk.

The benefit of vaccinating with AZD1222 has been weighed against the available safety data
from the clinical studies as well as from post-marketing use. An integrated evaluation of the

key benefits and risks observed to date did not alter the overall positive benefit-risk balance
for the use of AZD1222.
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LIST OF ABBREVIATIONS AND DEFINITIONS OF TERMS

The following abbreviations and special terms are used in this Clinical Overview:

Abbreviation or
special term

Explanation

AdHud human adenovirus 5

AE adverse event

AESI adverse event of special interest

AZD1I22 EZ\O/IIHI;ilIi;;():cine AstraZeneca (COVID-19 Vaccine (ChAdOx1-3
BMI body mass index

CCR7 CC chemokine receptor 7

CD cluster of differentiation

ChAd63 chimpanzee adenovirus 63

ChAdOx1 chimpanzee adenovirus ox! (also known as ADVY25)

ChAdJdOx]1 nCoV-19

name of AZD1222 when initially developed by the University of Oxford

ChAdOx1 MERS

chimpanzee adenovirus ox1 with MERS spike antigen

ChAdOx2 chimpanzee adenovirus ox2
CI confidence interval
COVID-19 coronavirus disease 2019
name of AZID1222 manufactured by the Serum Institute of India Private Ltd.
SRR (also known as SII-ChAdOx! nCo\);-19).
CSP Clinical study protocol
DCO Data cut-off
DP Drug Product
EDTA edetate disodium
ELISA enzyme-linked immunosorbent assay
ELLSpot enzyme-linked immunospot
GMFR geometric mean fold rise
GMR geometric means response
GMT geometric mean titre
HAdV-4 Human adenovirus 4
HIV human immuncdeficiency virus
ICH international council for harmonisation
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Abbreviation or Explanation
special term
ICS intracellular cytokine staining
IFNy interferon gamma
IgA immunoglobulin A
IeG immunoglobulin G
LeM immunoglobulin M
IL interleukin
IM intramuscular(ly)
LD low dose
M1 influenza A matrix protein 1
MenACWY meningococcal group a, ¢, w-135, and y conjugate vaccine
MERS Middle Hast respiratory syndrome
MERS-COV Middle East respiratory syndrome coronavirus
ME-TRAP multiple epitopes and thrombospondin related adhesion protein
MNA microneutralisation assay
nAb neutralising antibodies
NHP non-human primate
NP influenza a nucleoprotein
PBMC peripheral blood mononuclear cell
PCR polymerase chain reaction
PRNT plague reduction neutralisation test
gPCR quantitative polymerase chain reaction
RBD receptor-binding domain
RMP Risk Management Plan
RNA ribonucleic acid
RT-PCR reverse transcription PCR
5 spike
SAE serious adverse event
SARS-CoV-2 severe acute respiratory syndrome coronavirus-2
sD standard dose
SFC spot forming cell
Th T helper
TNFa tumor necrosis factor alpha
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Abbreviation or Explanation
special term
UK United Kingdom
VAED vaccine-associated enhanced disease
vp viral particles
viv volume per volume
WHO World Health Organisation
WiV weight per volume
CONVENTIONS

Cross-referencing to other documents

Source tables and figures accompany this application; all are located in Module 5.3.5.3.
Cross-references to the source data will include the content and analysis category followed by
the Table or Figure number. For example, cross-reference to a table with results of the main
safety analysis will be cited as: “see Main Safety Table 1. X.X.X.”

Cross-references to supplemental tables and figures generated post hoc to support data
interpretation will be cited as: “see Supplemental Table IEMTX. X.X.”

Cross-references to other sections and modules of the Common Technical Document cite the
name of the module (stated in the document header), and the relevant section number (from
the main body of the document). Thus, reference to data in Section 4 of the Non-Clinical
Overview (see Section 4 of the Non-Clinical Overview) is written as follows: “see

Section 2.4.4 of the Non-clinical Overview.” Similarly, tables and figures are cross-referred
by citing the table or figure number and its location thus “see Table 5, Section 2.4.4 of the
Non-clinical Overview.”

Data cut-off dates

The DCO date for the primary pooled analvses included in this submission was 07 December
2020 (and will be referred to as “DCQO2”). The data cut-off date for the interim pooled
analysis included in the original MAA interim analysis submission (04 November 2020) will
be referred to as “DCO1.”
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EXECUTIVE SUMMARY

ChAdOx1-nCoV19 AZD1222 is a recombinant replication-defective chimpanzee adenovirus
expressing the SARS-CoV-2 § surface glycoprotein driven by the human cytomegalovirus
major immediate early promoter that includes intron A with a human tPA leader sequence at
the N terminus. AZD1222 is one of the available COVID-19 vaccines—based on different
platforms——currently conditionally authorised or authorised for emergency use in several
markets after showing significant clinical benefit in this disease. The AZD1222 vaccine was
first approved for emergency supply authorisation by the MHRA based on interim efficacy
results in a regimen of two standard doses administered 4-12 weeks apart for adults over 18
years of age. Additionally, the AZD1222 vaccine was granted a conditional marketing
authorisation from the EMA for the prevention of COVID-19 in people from 18 years of age.

This Clinical Overview presents and discusses key results from the primary analysis as
described in the MAA analysis SAP, with a DCO of 07 December 2020 (hereafter referred to
as “DCO2). The pooled primary analysis provided in this updated submission includes data
from 4 ongoing blinded, randomised, controlled studies conducted across 3 countries:
COV001 (Phase I/IT; UK), COV002 (Phase II/III; UK), COV003 (Phase III; Brazil), and
COV0035 (Phase I/I; South Africa).

The updated primary data, which analysed a larger number of participants, clearly
demonstrated that AZ1D1222 provides protection against severe COVID-19 and COVID-19
hospitalisations, and was consistent with the data presented during the pooled interim analysis
in the original submission. No hospitalisations occurred in the AZ1D1222 group (0/8597)
compared to 9 cases in the control group (9/8581) from 15 days after the second dose

(SDSD + LDSD) in participants seronegative at baseline. Similarly, complete protection
against COVID-19 hospital admission was shown > 22 days after the first dose of AZD1222
SD (0 vs 14 cases in Control group, of which two were severe, one with a fatal outcome).
These data continue to show the trend seen at DCQO1, at which time there was 1 severe case
and 9 COVID-19 hospital admission, all in the control group.

When analysing the updated data by country, robust evidence for AZ1D1222 efficacy emerged
for the UK and Brazil studies. In South Africa, a limited number of cases prevented drawing
conclusions on vaccine efficacy.

The updated safety data of AZD1222, presented for multiple dosing regimens, by country, as
well as in high-risk adult populations of older adults and adults with comorbidities,
demonstrated consistency with the safety profile previously shown at the interim analysis.

Overall, the data resulting from the pooled primary analysis demonstrate that vaccine efficacy
and safety for AZD1222 are consistent with those presented in the MAA original application,
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thus highlighting the strength of the data and the significant clinical value of AZD1222 in
addressing the most pressing unmet medical need in a diverse range of populations.
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Table 2 Additional Studies in the Clinical Programme®”
Study Identifiers COV004 D8110C00001 D§111C00001 D8111C00002 ICMR/SII-
Region (PACTR20200568189 (NCT04516746 Russia (NCT04568031) COVISHIELD
5696) EudraCT number Japan India
Kenya 2020-001228-32)
United States, Chile,
Peru
Sponsor University of Osxford AstraZeneca AstraZeneca AstraZeneca [CMR/SITPL
October 2020 / _ . .
Start Date/Status ¢ (gn;roing August 2020 / Ongoing On Held? August 2020 / Ongoing | August 2020 / Ongoing
Phase Ib/II 1T 11 111 II/111
Desi participant-blind, double-blind, o Tk double-blind, observer-blind,
= randomised, controlled | randomised, controlled PREE randomised, controlled | randomised, controlled
~30000

Flarngd el ~400 ~100 256 ~1600
participants
Participant > 18 yr, healthy = 1_8 s heglthy > 18 yr, healthy > 18 yr, healthy

G or with medically- = 18 yr, healthy
characteristics

stable chronic disease

Number of doses (IM
route)

2

SD: 3x10%vp

(weekly contacts)

AZD1222 SD: 5 %< 101 vp SD: 5 % 10¥ vp SD: 5 %< 1090 vp OR
SD: 5 % 10 vp i
dose levels © COVISHIELD: 5 x 10
vp
Placebo (Vacel
Control Rabies vaccine Saline Placebo None Saline Placebo AR ( s
vehicle)
Planned dose interval - 4wk - 4wk 4wk
) ) Passi d act1 ) ) .
Case detection Passive R ELE RS Not applicable Passive Passive
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2.5 Clinical Overview AstraZeneca
AZD1222 25 February 2021

Topic(s) Agency Advice
Revised Statistical analysis plan EMA:

»  Applicant advised to address differences in study design that have
potential implications for the pooling process

*»  Recommended lower bound of CI surrounding vaccine efficacy be
=20% or even >30%

*+  Recommended point estimate of VE be well above 50%
MHRA:

. Supported pooling strategy, plans for a regulatory decision, and
statistical requirements for vaccine efficacy

Agency meetings with MHRA and EMA on 6 and 7 October 2020

Revised Statistical analysis plan »  Acknowledged Applicant’s incorporation of lower bound of
vaccine efficacy CI >20%; expressed preference for 30%

+  Acknowledge Applicant’s rationale for alpha levels as clear and
consistent with controlling type 1 error

»  Agreed with rationale for approach to alpha spending

»  Acknowledged potential need to adjust testing strategy if cases not
accrued in a timely manner.

»  Advised Applicant to present refined SAP for additional Scientific
Advice

Scientific Advice: 28 October 2020 (EMA; EMEA/H/SA/4655/1/FU/1/2020/10)

Revised statistical analysis plan . Alpha spending approach for testing strategy is acceptable if
finalized before any interim analysis 1s performed

»  Accepted approach to include both SDSD and LDSD regimens in
pooled datasets for interim and primary analyses of the primary
efficacy endpoint to support a 2 dose regimen, provided
immunogenicity data similar across age dose regimens and regions

»  Applicant advised to conduct analyses at a time when regulatory
requirements could be maximized

»  Applicant advised to reduce number of planned analyses

»  Agreed that revised approach could form the basis for a regulatory

decision
Meetings: 12 November 2020 (MHRA); 18 November 2020 (EMA)
Final Statistical Analysis Plan »+  MHRA and EMA agree that:

=]

final SAP reflects prior advice

s}

final SAP is consistent with Agency expectations of the data
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2.5 Clinical Overview AstraZeneca

AZD1222 25 February 2021
Topic(s) Agency Advice
Rolling submission plan to provide [+  Advised applicant to include analysis of serostatus at baseline in
statistical outputs in 4 submission subpopulation analysis
packages +  MHRA and EMA informed applicant that clinical summaries

(Sections 2.7.3 and 2.7.4) not needed for initial review.

*+  MHRA informed applicant that benefit risk assessment needed in
place of overview and summaries

»  EMA advised that Clinical Overview (Section 2.5) required prior
to an approval

*  Rolling submission plan updated to incorporate Agency feedback
®  Climcal Package 1: high-level results;

=]

Clinical Package 2: full population;

=]

Clinical Package 3: subgroups (by age, country, comorbidity,
and serostatus at baseline); and

Clinical Package 4: Immunogenicity, clinical overview,

RMP, QRD
Other Topics
Older Adults (EMA) »  Pooled primary analysis should include participants = 65 years of
age (25% of total enrolment preferred).

»  1f25% target not reached, additional information on efficacy in
older adults may be required later.

+  Applicant to report participants > 65 years in the pooled analysis,
with a descriptive tabulation of cases in the AZD1222 and control
groups

Safety MHRA and EMA:

. One month post-second dose safety date to be available for a
substantial number of participants so it can be reviewed during the
assessment period.

EMA:

»  Applicant to provide safety tabulations by:

@ dose and dose interval,
° age subgroup,
®  receipt of paracetamol within the period in which solicited
AFs were captured.
Paediatrics »  PIP opinion received 05 January 2021.

*+  Designs of studies included in
the PIP

+  Proposal to defer these studies

with completion date of March
2023

1.5.2 Compliance with Good Clinical Practice

All studies in the clinical study programme have procedures in place to comply with GCP, as
documented by the ICH and applicable health authorities’ regulations and guidelines.
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2.5 Clinical Overview AstraZeneca

AZD1222 25 February 2021
Table 4 Drug Product Development Summary
Category Process 1 (clinical)| Process 2 (clinical) Process 3 (clinical) Process 4 (intended commercial)
COV002, COV003, COV001, COV002, COVO03,
Shudy b COVO05 COV005
Frozen liquid Frozen liquid Liqud Liquid
Dosage form - - - - -
Single-dose Multiple-dose (2) Multiple-dose (10) Multiple-dose (10} Multiple-dose (8)
AZDI222 | g 3 qgityp/mra | 1.7 x 10" yp/ml2 1 x 10" vp/mL 1 % 101 vp/ul,
concentration
10 mM histidine, 35 mM NaCl, 1
TOdmIR stice; 35. mM Nacl, b s 2 e 10 mM histidine/histidine-IIC1, 35 mM NaCl, | mM MgCl,,
: I mM MgCl,, 0.1 mM disodium edetate, | mM MgCly, 0.1 mM EDTA, 7.5% L
Formulation 0.1 mM disodium edetate, 7.5% (w/v) sucrose, 0.5% (v/v)
7.5% (w/v) sucrose, 0.5% (v/v) ethanol, | (w/v) sucrose, 0.5% (v/v) ethanol, ethanol, 0.1% (w/v) PS-80, pH 6.6
0.1% (w/v) PS-80, pH 6.6 ° 0.1% (v/v) PS-80, pH 6.6° A PR
Label-claim
0.35 or 0.485 mL* 1 mL S5mL SmL S5mL 4mL
volume
2R borosilicate 3 mL borosilicate AR bameeiitosia cteay 6 mL borosilicate .
- and colorless 5 ml borosilicate
_ clear and clear and colorless 10R borosilicate clear and o clear and clear and colorless
Vial colorless (Nuova Ompi- colorless (Schott) (Schoti.:, Somena colorless ;
(Adelphi) Ste o) Bertolini, Nipro, (Thiri ) {Gerresheimer)
=Pi vanato Gerresheimer) NEEL
20 mm 4023/50
FluroTec (West)
13 4432/50 13 4432/50
13mmFMIS7 | 13 mm S2-F45] 20 mm 4023/50 FluroTec 20 mm FM259 o o
Stoppet Datwyler) (West) (West) OmniFlex (Datwyler) FluroTec FluroTec
(Datwy (West) {(West)
20 mm D21-78
FluroTec (Daikyo)
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2.5 Clinical Overview AstraZeneca

AZD1222 25 February 2021
Table 4 Drug Product Development Summary
Category Process 1 (clinical)| Process 2 (clinical) Process 3 (clinical) Process 4 (intended commercial)
13 5 g 5 o 13 5
Seal . 13 mm aluminium 20 mm aluminium 20 mm aluminium . 13 mm aluminium
aluminium aluminium

PS-80 = polysorbate 80, vp = viral particles

2 Diluted at clinic to target 1 * 101 vp/mL
® By pH titraticn using HCI
¢ Two lots were manufactured with two different label-claim volumes.
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2.5 Clinical Overview AstraZeneca
AZD1222 25 February 2021

hypotheses against a vaccine efficacy of 0% are presented as previously done. All efficacy
analyses used a 95% CIL

For analyses of endpoints where there were few events (ie, in sub-group analysis), the pre-
specified Poisson regression with robust variance model failed to converge. As stated in the
SAP, in this situation, the exact conditional method for stratified Poisson regression using
PROC GENMOD with the exact statement was to be used. Upon further review of the high-
level results (see Main Efficacy Tables 1.4.1.1, 1.4.1.3, 1.4.2.1, and 1.4.17.1), it was found
when the number of events in the AZD1222 arm is 0 and the number of events in the control
arm is = 1, the maximum likelihood estimate for the relative risk is

zero with corresponding vaccine efficacy of 100%. However, PROC GENMOD gives a
median unbiased estimate instead of the maximum likelihood estimate, and the upper
confidence limit of vaccine efficacy cannot be estimated in this extreme situation. Therefore,
as a change to the planned analysis, if the number of events in the AZID1222 arm is 0 and the
number of events in the control arm is = 1, the vaccine efficacy has been set to the maximum
likelihood estimate (100%) and the 1-sided 97.5% CI is presented. However, interpretation of
these endpoints will be based primarily on descriptive summaries of the number of events.

To support the primary analysis, Kaplan-Meier curves were presented for the active and
control groups based on observed events, showing the cumulative incidence of the first case of
SARS-CoV-2 RT-PCR-positive symptomatic illness occurring > 15 days post second dose of
study intervention.

For a complete description of the statistical methods, see Sections 9 (Efficacy) and
11 (Immunogenicity) of the SAP (see MAA SAP, Edition 7, Module 5.3.5.3).

To explore the implications for efficacy and immunogenicity among different populations,
including those at high risk of severe COVID-19, the following subgroups were evaluated at
this primary analysis and are described in this document:

e Age at screening;

e

¢ Comorbidity at baseline (at least one comorbidity versus no comorbidity), where
comorbidity is BMI > 30 kg/m?, a cardiovascular disorder, respiratory disease, or diabetes

¢ Country (UK [Studies COV001 and COV002], Brazil [Study COV003], or South Africa
[Study COV005])

¢ Baseline serostatus, based on SARS-CoV-2 nucleoprotein serostatus

4.2 Efficacy Results

The primary population for analysis was SDSD + LDSD as prespecified in the SAP. It was
foreseen to analyse the SDSD cohort as supportive of the primary analysis. Data are
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2.5 Clinical Overview AstraZeneca
AZD1222 25 February 2021
Table 7 Exposure to Study Intervention at the Time of Data cut-off
SDSD + LDSD Seronegative for SDSD Seronegative for Efficacy SDSD St‘zronegatlve for Efficacy
) ) Analysis Set (4-12 weeks dose
Efficacy Analysis Set Analysis Set .
Parameter interval)
AZD1222 Control AZD1222 Control AZD1222 Control
(N =8597) (N = 8581) (N="7201) (N=7179) (N =5849) (N =5763)
Dose level , n (%0) | LDSD 1396 (16.2) 1402 (16.3) 0 0 0 0
SDSD 7201(83.8) 7179 (83.7) 7201 (100} 7179 (100} 5849 (100} 5763 (100)
Total 8597 8581 7201 7179 5849 5763
Dose interval, n(%>0) | <6 weeks 3905 (45.4) 3871 (45.1) 3890 (54.0) 1698 (53.7) 3684 (63.0) 3653 (63.4)
6-8 weeks 1124 (13.1) 1023 (11.9) 1112 (15.4) 1009 (14.1) 1112 (19.0) 1009 (17.5)
9-11 weeks 1530 (17.8) 1594 (18.6) 206 (12.6) 958 (13.3) 906 (15.5) 958 (16.6)
= 12 weeks 2038 (23.7) 2093 (24.4) 1293 (18.0) 1356 (18.9) 147 (2.5) 143 (2.5)
Total 8597 8581 7201 7179 5849 5763

2 Dose level of control group is decided by the dose level of corresponding vaccine group.

Total row includes the number of participants with non-missing data for the corresponding characteristic and was used as the denominator for calculating
percentages for all categories.

Source data: Main Safety Tables 1.2.1.2, 1.2.1.6, Supplemental Table ITEMT182.3.2.1, Module 5.3.5.3
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2.5 Clinical Overview AstraZeneca

AZD1222 25 February 2021
Table 8 Primary Endpoint - Vaccine Efficacy for Incidence of First SARS-CoV-2 Virologically Confirmed
Symptomatic COVID-19 Occurring = 15 Days Post Second Dose
Participants with events
AZD1222 Control
VE 95% CI
Analysis population N n (%) N n (%) (%) (%) P-value
Primary endpoint:
SDSD -+ L DSD, seronegative ? 8597 84 (0.98) 8581 248 (2.89) 66.73 (57.41. 74.01) <0.001
SDSD +LDSDITT,
. 8603 86 (1.00) 8586 246 (2.87) 65.65 (56.11. 73.11) <0.001
seronegative
SDSD, seronegative* 7201 74 (1.03) 7179 197 (2.74) 63.00 (51.81, 71.73) <0.001
SDSD tive, 4-12
- BECOIGREIYE, 5849 65 (1.11) 5763 156 (2.71) 58.80 (44.63, 69.64) <0.001
weeks dosing interval

a

VE of AZD1222 versus control, the 95% CI and p-value were estimated based on Poisson regression with robust variance including the terms of study code, treatment, age
group at screening (18-55, 56-69, and >70 years) as covariates, as well as the log of the follow-up time as an offset.

VE was defined as 1-(incidence from the AZ1D1222 arm / incidence from the control arm) expressed as a percentage, where the risk ratio was derived from the Poisson
regression model with robust variance. The 95% CI for the VE was obtained by taking 1 minus the 95% CI of the risk ratio derived from the model.

The efficacy objective is met if the lower bound of the CI for the VE must be > 20%. P-value testing mull hypothesis that VE is equal to 20% is presented.

The maximum likelihood estimate of VE of AZD1222 versus control, the exact 95% CI (or 97.5% one-sided) and p value were estimated based on stratified Poisson
regression with Exact Conditional Method including treatment as factor, study code and age group at screening (18-55 years, 56-09 vears, and >=70 years) as strata factors as
well as the log of total number of participants for cach combination of treatment and strata.

VE is defined as 1-(incidence from the AZD1222 arm/ incidence from the control arm) expressed as a percentage, where the risk ratio is derived from stratified Poisson
regression with Exact Conditional Method. The 95% (or 97.5% one-sided) CI for the VE is obtained by taking 1 minus the 95% (or 97.5% one-sided) CI of the risk ratio
derived from the model. If the maximum likelihood estimate of VE is 100% or negative infinity, the exact 97.5% one-sided CI is reported.

The observation period for the endpoint was 15 days post second dose up to 1 year in study.

COVID-19 events are adjudicated events based on virologically-confirmed results from RT-PCR or other nucleic acid amplification test. COVID-19 includes all PCR-confirmed
SARS-CoV-2 events with primary symptoms or WHO grade > 4.

Source: Main Efficacy Tables 1.3.1.1, 1.3.1.2, 1.3.1.3. and Supplemental Table [EMT141.1.1.2, Module 5.3.5.3.
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2.5 Clinical Overview AstraZeneca
AZD1222 25 February 2021

The observation period for the endpoint was from first dose up to 1 year in study. COVID-19 events are adjudicated events
based on virologically-confirmed results from RT-PCR or other nueleic acid amplification test.

COVID-19 hospital admission is defined as WHO clinical progression scale = 4.

Source: Supplemental Figure IEMT 227, Module 5.3.5.3
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2.5 Clinical Overview AstraZeneca

AZD1222 25 February 2021
Table 11 Vaccine Efficacy for Incidence of Asymptomatic SARS-CoV-2 Infection Occurring = 15 Days Post Second
Dose (for Study COV (02 only)
Participants with events, n (%)
Analysis VE 95%CI Nominal
population COVID-19 case definition N AZDI1222 N Control (%) (%) P-value
SDSD + LDSD for | Asymptomatic SARS-CoV-2 4071 27 (0.66) 4136 33 (0.80) 18.55 (-35.40,51.01) | 0.429
COV002, mfection #
seronegative
Any virologically confirmed 4071 100 (2.46) 4136 215 (5.20) 5371 {41.36, 63.47) -
infection ®
SDSD for Asymptomatic SARS-CoV-2 2692 20 (0.74) 2751 19 (0.69) -5.64 (-97.86,43.60) | 0.864
COV002, mfection 2
seronegative
Any virologically confirmed 2692 71 (2.64) 2751 127 (4.62) 43.90 (25.04, 58.01) -
infection ®

1 VE of AZD1222 versus control, the 95% CI and p-value were estimated based on Poisson regression with robust variance including the term of study code, treatment, age
group at screening (18-55 years, 56-69 years, and > 70 years) as covariates as well as the log of the follow-up time as an offset. VE was defined as 1-(incidence from the
AZDI1222 arm / incidence from the control arm) expressed as a percentage, where the risk ratio was derived from the Poisson regression model with robust variance. The
95% CI for the VE was obtained by taking 1 minus the 95% CI of the risk ratio derived from the model.

L Based on all symptomatic, asymptomatic, symptomatic non-primary, and unknown symptoms cases. VE is defined as 1-(incidence from the AZD1222 arm / incidence from
the control arm) expressed as a percentage, where the risk ratio is derived from Poisson regression. The 95% (or 97.5% one-sided) CI for the VE is obtained by taking 1
mimus the 95% (or 97.5% one-sided) CI of the risk ratio derived from the model. If the maximum likelihood estimate of VE is 100% or negative infinity, the exact 97.5%
one-sided CI is reported. VE of AZD1222 versus control and the 95% CI were estimated based on Poisson regression with robust variance including treatment as covariate as
well as the log of the follow-up time as an offset.

COVID-19 events are adjudicated events based on virologically-confirmed results from RT-PCR or other nucleic acid amplification test.

Source: Main Efficacy Tables 1.4.4.1, 1.4.4.2, Supplemental Table IEMT 218.1, 218.2, Module 5.3.5.3
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2.5 Clinical Overview
AZD1222

Table 14

AstraZeneca

25 February 2021

Days Post First Dose in Adults = 65 years of Age (Dose 1 SD
Seronegative for Efficacy Analysis Set)

Vaccine Efficacy for Incidence of COVID-19 Cases Occurring = 22

Participants with events, n (%)

AZD1222 Control VE 95%® or Nominal
COVID-19 case definition (N =945) (N=896) (%) 97.5%" CI p-value
dceoﬁ\rg&g (primary case 6 (0.63) 13 (1.45) 5587% | (-16.08,83.22)* | 0.097®
COVID-19 hospitalisation 0 2(0.22) 100° | (40485, NE)® | 0.474°
COVID-19 severe disease 0 I I I I
COVID-19 death 0 | | | |

2 VE of AZD1222 versus control, the 95% CI and p-value were estimated based on Poisson regression with robust
variance including the term of treatment, as well as the log of the follow-up time as an offset. VE was defined as 1-
{incidence from the AZD1222 arm / incidence from the control arm) expressed as a percentage, where the risk ratio was
derived from the Poisson regression model with robust variance. The 95% CI for the VE was obtained by taking 1
minus the 95% CI of the risk ratio derived from the model.

b The maximum likelihood estimate of VE of AZD1222 versus control, the exact 97.5% one-sided and p-value were
estimated based on stratified Poisson regression with Exact Conditional Method including treatment as factor, study
code and age group at screening (18-55, 56-69, and =70 years) as strata factors, as well as the log of total number of
participants for each combination of treatment and strata. VE was defined as 1-(incidence from the AZD1222 arm/
incidence from the control arm) expressed as a percentage, where the risk ratio is derived from stratified Poisson
regression with Exact Conditional Method. The 97.5% one-sided CI for the VE was obtained by taking 1 minus the
97.5% one-sided CI of the risk ratio derived from the model.

The observation period for the endpoint was from the first dose up to 1 year in study.

COVID-19 endpoints were based on adjudicated events.

Source: Age Efficacy Tables 4.4.10.1, 4.4.3.1,4.4.15.1, and 4.4.18.1, Supplemental Table TEMT 212.2.2, Module 5.3.5.3

Table 15

Vaccine Efficacy for Incidence of COVID-19 Cases Occurring Any

Time Post First Dose in Adults = 635 years of Age (Any Dose for

Efficacy Analysis Set)

Participants with events, n (%)

AZD1222 Control VE 95% * or Nominal
COVID-19 case definition (N =1038) (N=973) (%) 97.5%" CI p-value
ggi?i?;)g (primary case 10 (0.96) 20 (2.06) 5299 2 | (:0.46,78.00)* | 0.051%
COVID-19 hospitalisation 0 4(0.41) 100° (-42.00, NE)® 0.110°
COVID-19 severe disease 0 I I I I
COVID-19 death 0 | | | |

2 VE of AZD1222 versus control, the 95% CI and p-value were estimated based on Poisson regression with robust
variance including the term of treatment, as well as the log of the follow-up time as an offset. VE was defined as 1-
{incidence from the AZD1222 arm / incidence from the control arm) expressed as a percentage, where the risk ratio was
derived from the Poisson regression model with robust variance. The 95% CI for the VE was obtained by taking 1
minus the 95% CI of the risk ratio derived from the model.
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2.5 Clinical Overview

AZD1222

AstraZeneca
25 February 2021

these data must be interpreted with caution given the small number of participants and the

wide confidence intervals in this subgroup.

Taken together, these data strongly suggest that longer dose intervals are associated with

higher levels of immunogenicity.

Table 17 Quantification of SARS-CoV-2 Spike Antibody Levels by Dosing
Interval (SDSD Immunogenicity Analysis Set, Seronegative at Baseline)
SDSD
AZD1222
<4 wks >4 to< 8 wks >8to<12wks >12 wks
Visit Window Statistic N=232 N=2815 N =587 N=272
Baseline N 31 691 560 256
GMT 62.36 60.02 54.12 55.40
95% CIfor GMT | (37.9,102.7) (54.7, 65.9) (49.4, 59.3) (48.0, 64.0)
Day 28 post the N 32 665 513 256
first dose
GMT 13523.33 8003.77 8681.29 8162.34
93% CI for GMT (B968.3, {(7323.5, (7866.4, (7098.4,
20391.9) 8747.2) 9580.6) 9385.7)
Day 28 post the N 30 672 553 256
second dose
GMT 28940.42 22069.86 35258.11 53475.18
95% CI for GMT (20505.2, (20578.3, (32712.7, (47719.1,
40845.7) 23669.6) 38001.5) 59925.6)

Baseline is defined as the last non-missing measurement taken prior to the first dose of study intervention.

Titer values measured as below LLoQ) (33) are imputed to a value that is half of the LLoQ. Titer values measured
as above ULoQ (2000000) are imputed at the ULoQ value.

Participants with indeterminate and missing value of baseline serostatus are not included.
S = Spike, GMT = Geometric Mean Titer, CI = Confidence Interval, LLoQ = Lower Limit of Quantification,

ULoQ = Upper Limit of Quantification, NE=Not Evaluable.

Sources: Supplemental Tables ITEMT 193.1.1.2.a, 193.1.1.2.b, 193.1.1.2.¢, 193.1.1.2.¢, Module 5.3.53.
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2.5 Clinical Overview
AZD1222

Table 19

AstraZeneca

25 February 2021

Vaccine Efficacy for Incidence of Iirst SARS-CoV-2 Virologically-

confirmed COVID-19 Occurring = 13 Days Post Second Dose in the
Pooled Analysis Set by Time Interval Between Doses (COV001 +
COV002 + COV003 + COV005), DCO2 (07 December 2020)

Analysis set Participants with events
Time interval
between Dose 1 and AZD1222 Control VE 95% C1
Dose 2 n/N (%) n/N (%) (%) (%) P-value
SDSD + LDSD Seronegative for Efficacy Analysis Set
< 4 weeks 1/206 (0.49) 3/203(1.48) 66.56 (9262155)3 0.343
> 4to < 8 weeks 47/4312(1.09) | 9074200 (2.14) 50.48 (29.56, 65.19) <0.001
> 8to <12 weeks 23 /2308 (1.00) | 92/2348 (3.92) 74.97 {(60.48, 84.14) <0.001
> 12 weeks 13 /1771 (0.73) | 6371830 (3.44) 78.91 {61.68, 88.39) <0.001
< 6 weeks 35/3905(0.90) | 76/3871(1.96) 55.09 {(32.99, 69.90) <0.001
= 6to 8 weeks 20/1124(1.78) | 44/1023 (4.30) 59.72 (31.68, 76.25) <0.001
9to 11 weeks 14/1530(0.92) | 52/1594 (3.26) 72.25 {49.95, 84.61) <0.001
> 12 weeks 15 /2038 (0.74) | 7672093 (3.63) 79.99 {(65.20, 88.50) <0.001
SDSD Seronegative for efficacy analysis set
<4 weeks 1/206(0.49) 3/203(1.48) 66.56 (9262155)3 0.343
> 4to <8 weeks 47/4294(1.09) | 90/4183 (2.15) 50.48 (29.55, 65.19) <0.001
> 8to <12 weeks 18/1555(1.16) | 66/1580 (4.18) 72.64 (53.95, 83.75) <0.001
=12 weeks 8/1146(0.70) | 38/1213(3.13) 77.62 {(51.98, 89.5T) <0.001
< 6 weeks 35/3890(0.90) | 76/3856(1.97) 55.10 (33.00, 69.91) <0.001
= 6to 8 weeks 20/ 1112(1.80) | 44 /1009 (4.36) 59.92 (32.01, 76.37) <0.001
9to 11 weeks 11/906(1.21) 32/958 (3.34) 63.65 (27.96, 81.66) 0.004
= 12 weeks 8/1293(0.62) | 45/1356(3.32) 81.31 {60.31, 91.20) <0.001

VE is defined as 1-(incidence from the AZD1222 arm / incidence from the control arm) expressed as a percentage, where the
risk ratio is derived from Poisson regression with robust variance including the term of treatment as well as the log of the
follow-up time as an offset. The 95% CI for the VE is obtained by taking 1 minus the 95% CI of the risk ratio derived from

the model.

The observation period for the endpoint was 15 days post second dose up to 1 year in study.

COVID-19 events are adjudicated events based on virologically-confirmed results from RT-PCR or other nucleic acid

amplification test.

COVID-19 includes all PCR-confirmed SARS-CoV-2 events with primary symptoms or WHO grade > 4.
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2.5 Clinical Overview AstraZeneca
AZD1222 25 February 2021

control), and bruising (17.9% vs 6.7% in control) (see Main Safety Tables 1.5.1.2.2, Module
5.3.5.3). In the Dose 1 SD for Safety Analysis Set, the most frequently reported solicited
systemic AEs within 7 days after either vaccination with AZD1222 were fatigue (53.0% vs
38.6% in control) and headache (52.7% vs 39.8% in control); other frequently reported
systemic solicited AEs were muscle pain (43.9% vs 22.3% in control), malaise (44.4% vs
21.0% in control), feverishness, (33.5% vs 11.0% in control), chills (32.2% vs 8.4% in
control), joint pain (26.6% vs 13.0% in control), nausea (22.2% vs 13.4% in control), and
fever (7.6% vs 1.5% in control) (see Main Safety Table 1.5.1.3.2, Module 5.3.5.3).

Most of the solicited local and systemic AEs following vaccination with AZID1222 were mild
to moderate in severity, with only 1.9% of patients reporting solicited local AEs and 8.4% of
patients reporting solicited systemic AEs that were of grade 3 severity or greater.

Solicited local and systemic AEs were reported less frequently after the second vaccination
than after first vaccination of AZD1222; overall, solicited local and systemic AEs were
reported by 46.0% and 44.4% of evaluated participants after the second vaccination compared
with 69.3% and 69.5% of evaluated participants after the first vaccination (see Main Safety
Table 1.5.1.1.2, Module 5.3.5.3). When compared with the first dose, adverse reactions
reported after the second dose were generally milder.

Reactogenicity of AZD 1222 was highest on Day 1, the day following vaccination; solicited
local injection site and systemic events were reported by 63.4% and 60.8% of participants,
respectively, on Day 1 following any vaccination with AZD1222; by Day 2, solicited local
injection site and systemic events were reported by 53.8% and 38.7% of participants,
respectively (see Safety Tables 1.5.1.4.2 and 1.5.1.5.2, Module 5.3.5.3). By Day 7, the overall
incidence of participants with at least 1 solicited local or systemic event was 3.8% and 13.9%,
respectively. The incidence of participants reporting individual solicited local injection site
and systemic AEs decreased to < 2% for most of the individual events by Day 5 to 7,
indicating that these events were self-limiting and of shorter duration. The majority of the
events reported on Day 7 were mild or moderate in severity.
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2.5 Climical Overview AstraZeneca
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Table 21 Overall Summary of Solicited Adverse Events Collected Within 7 Days After Vaccination: Pooled Analysis
(Dose 1 SD for Safety Analysis Set)
Days 0 to 7 After Any Days 0 to 7 After First Days 0 to 7 After Second
Vaccination Vaccination Vaccination
AZD1222 Control AZD1222 Control AZD1222 Control
(N=10317) (N=10141) (N=10317) (N=10141) | (N=10317) | (N=10141)
Evaluated for solicited AEs, n 2725 2573 2664 2503 1926 1799
Any solicited AE, n (%) 2332 (85.6) 1835 (71.3) 2199 (82.5) 1642 (65.6) 1177 (61.1) 847 (47.1)
Any solicited local AE, n (%) 2002 (73.5) 1244 (48.3) 1845 (69.3) 1094 (43.7) 886 (46.0) 498 (27.71)
Any = Grade 3 severity solicited local AE, n (%0) 52 (1.9 19(0.7) 38 (1.4 14 (0.6) 18 (0.9) 7(0.4)
Any solicited systemic AE, n (%) 1991 (73.1) 1548 (60.2) 1851 (69.5) 1342 (33.6) 855 (44.4) 648 (36.0)
Any = Grade 3 severity solicited systemic AE, n (%) 229 (8.4) 67 (2.6) 197 (7.4) 41{1.6) 40 (2.1) 32{(1.8)

Participants with multiple events in the same category were counted once in that category. Participants with events in more than 1 category were counted once in each of those

categories. Denominators used in the percentage calculations were the number of participants “cvaluated for solicited AEs™.

Solicited AEs were assessed daily afier vaccination for Day 0 to Day 6 for COV005 and to Day 7 for rest of studies.

No grade 4 severity option for events collected in COV005. Pain and Warmth, Malaise, Nausea and Vomiting were not assessed for COV005. Induration did not include COV005
as the grading scale was not compatible. Feverishness and Chills did not include COV005 since no severity grading collected. For Redness, Swelling and Fever severity grading
was derived based on reported value. Bruising only collected for COV005.

AE = adverse event; NC = not calculated; SD = standard dose

Source: Main Safety Table 1.5.1.1.2, Module 5.3.5.3
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2.5 Clinical Overview AstraZeneca

AZD1222 25 February 2021
Number (%) of Participants *
PT (MedDRA version 23.1) AZD1222 Control
(N=10317) (N =10141)
Abdominal pain 66 (0.6) 39 (0.4
Sommnelence ¢ 47 (0.5) 35(03)
Hyperhidrosis 42 (0.4 20(0.2)
Pruritus »* 35(0.3) 33 (0.3
Lymphadencpathy ® 29(0.3) 28 (0.3)
Rash ¢ 25{0.2) 33 (0.3
Urticaria 7(0.1) 6(0.1)

2 Number (%) of participants with AEs, sorted in decreasing frequency for PT of AZD1222 group.
b Listed in Menveo (EU SmPC)

¢ Listed in Nimennix (EU SmPC)

d Incidence for PT of Vomiting presented from Table 1.5.1.3.2 (Summary of Systemic Solicited Adverse Events)

Source: Main Safety Tables 1.5.1.3.2 and 1.5.2.2.2, Module 5.3.5.3.

5.4.2 Serious Adverse Events

In the Any Dose for Safety Analysis Set, 0.9% of participants in the AZD1222 group and
1.1% of participants in the control group reported an SAE (see Main Safety Table 1.5.3.1.1,
Module 5.3.5.3). Few participants (4 subjects) reported events that were considered related to
study intervention (see Main Safety Table 1.5.3.2.1, Module 5.3.5.3).

The following SAEs (PTs) were reported by the investigator as related to treatment in the
AZD1222 group in the Any Dose for Safety Analysis set: pyrexia and myelitis transverse (see
Main Safety Table 1.5.3.2.1, Module 5.3.5.3). Autoimmune haemolytic anaemia and myelitis
were reported as related SAEs in the control group.

With the exception of a lower incidence of COVID-19 and COVID-19 pneumonia SAEs in
the AZD1222 group, there were no clinically meaningful imbalances in the incidence of SAEs
by SOC or PT between the AZD1222 and control groups. The most frequently reported SAEs
by SOC in the AZD1222 group were Infections and infestations (0.2% [23 participants] in the
AZD1222 group and 0.3% [41 participants] in the control group), Gastrointestinal disorders
(0.1% [15 participants] in the AZD1222 group and 0.1% [13 participants] in the control
group) and Injury, poisoning and procedural complications (0.1% [15 participants] in the
AZD1222 group and 0.1% [17 participants] in the control group). The most frequently
reported SAEs by PT in the AZD1222 group were appendicitis, diverticulitis, and
pancreatitis; all other PTs were reported by <2 participants in the AZD1222 group.
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2.5 Clinical Overview AstraZeneca
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Vaccine-Associated Enhanced Disease

There was no evidence of an association between AZD1222 and PTs related to COVID-19
AEs, which were reported by a numerically lower number of participants in the AZD1222
group (15 participants [0.1%]) compared with the control group (36 participants [0.3%]) (see
Main Safety Table 1.5.4.1, Module 5.3.5.3). Two participants in the AZD1222 group had
SAEs of COVID-19, compared with 17 participants in the control group who had serious
events of COVID-19 and 4 participants had COVID-19 pneumonia (see Main Safety Table
1.5.3.1.1, Module 5.3.5.3).

For AESIs for the Dose 1 SD for Safety Analysis Set, see Main Safety Table 1.5.4.2, Module
53.5.3.

5.4.4 Laboratory Evaluations

A subgroup of participants had blood collected at different time points after each vaccination
for clinical laboratory evaluations (3, 7, 14, or 28 days after each dose). In this subset of
participants in the Any Dose for Safety Analysis Set, haematology and biochemistry
laboratory results were generally similar between participants who received any dose of
AZD1222 and control (see Main Safety Tables 1.6.1.1 and 1.6.2.1, Module 5.3.5.3). The
proportion of participants with decreases in leukocytes, decreases in neutrophils, and
decreases in thrombocytes was slightly higher in the AZD1222 group compared with control,
the results for other haematology parameters were similar between the 2 groups. Few AEs
related to haematology parameters and few = Grade 3 haematology results were reported for
both the AZD1222 and control groups (see Main Safety Table 1.5.2.2.1, Module 5.3.5.3). The
clinical laboratory results in the AZD1222 group do not raise any safety concerns.

5.4.5 Safety in Subgroups

5.4.5.1 Adults with Comorbid Conditions

Over a third of participants (36.5% in the AZ1D1222 group and 36.7% in the control group)
had a comorbidity at baseline that is considered a risk factor for COVID-19 (Main Safety
Table 1.1.4.1, Module 5.3.5.3). The most common comorbid conditions in participants with
comorbidity at baseline were obesity (54.5%), hypertension (25.5%), and asthma (18.8%). For
details of specific comorbidities within this subgroup, see Comorbidity Safety Table 2.1.4.1.a.
The demographic and baseline characteristics were consistent between comorbidity subgroups
(see Comorbidity Safety Tables 2.1.3.1.a, 2.1.3.1.b, 2.1.4.1.a, and 2.1.4.1.b, Module 5.3.5.3).

AZD1222 was well tolerated in the comorbidity subgroups, with no increased reactogenicity
observed in participants with comorbidities at baseline compared with those without
comorbidity at baseline. The frequency and severity of solicited AEs were similar in
participants with and without comorbidities at baseline (see Comorbidity Safety

Tables 2.5.1.1.2.a,2.4.1.1.2.b, 2.5.1.2.2.a, 2.5.1.2.2.b, 2.5.1.3.2.a, and 2.5.1.3.2.b,

Module 5.3.5.3).
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The profile of unsolicited AEs with respect to PT, frequency, and severity was generally
similar regardless of comorbidity status at baseline. No deaths occurred in participants with a
comorbidity at baseline. There were no clinically meaningful imbalances in the incidences of
SAEs and AESIs between the AZD1222 and control group for either comorbidity subgroup
(see Comorbidity Safety Tables 2.5.2.1.1.a,2.5.2.1.1.b,2.5.2.2.1.2,2.5.2.2.1.b, 2.53.1.1.a,
2.5.3.1.1.b,2.5.4.1.a, and 2.5.4.1.b, Module 5.3.5.3).

Overall, the safety profile of AZD1222 was similar in participants with and without
comorbidities at baseline.

5.4.5.2 Older Adults

Overall, 9.4% of participants were in the = 635 years of age subgroup. and 6.4% of all study
participants were > 70 years of age. The demographic and baseline characteristics profile was
generally well balanced between the AZID1222 and control groups for each age subgroup.
Among participants 18 to 64 years of age, 73.8% were White; among those 65 years old and
older, 93.4% were White (see Age Safety Tables 4.1.3.1.a, 4.1.3.1.b, Module 5.3.5.3).

With respect to the reactogenicity profile of AZID1222 by age group, solicited local and
systemic AEs were milder and reported less frequently in older adults (> 65 years) compared
to younger adults (18 to 64 years). Solicited AEs were milder and reported less frequently
after the second vaccination than after the first vaccination in both age groups (see Age Safety
Tables 4.5.1.1.2.a,4.5.1.1.2.b,4.5.1.2.2.2, 45.1.2.2.b, 4.5.1.3.2.a, and 4.5.1.3.2.b,

Module 5.3.5.3).

The incidence of unsolicited AEs reported within 28 days of any AZD1222 vaccination was
also lower in the in older adults = 65 vears of age (29.1%) compared to younger adults 18 to
64 years of age (43.3%). A majority of unsolicited AEs was mild to moderate in severity; the
incidence of unsolicited AEs with severity > Grade 3 reported within 28 days after any
AZD1222 vaccination was low in both the older adults (1.7%) and younger adults 18 to 64
years of age (2.2%) subgroups (see Age Safety Tables 4.5.2.1.1.aand 4.5.2.1.1.b,

Module 5.3.5.3).

There were no clinically meaningful imbalances in the incidence of SAEs or AESIs between
the AZD1222 and control groups in either age group. In the 18 to 64 years subgroup, SAEs
were reported by 0.8% (90 participants) in the AZD1222 group and 1.0% (114 participants in
the control group). In the = 65 vears of age group, SAEs were reported by 1.4% (18
participants) in the AZID1222 group and 1.3% (13 participants) in the control group (see Age
Safety Tables 4.5.3.1.1.a, 4.5.3.1.1.b, 4.5.4.1.a, and 4.5.4.1.b, Module 5.3.5.3).

Overall, the safety profile of AZD1222 was generally similar in older adults compared with
younger adults 18 to 64 years of age, with older adults reporting reduced reactogenicity.
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5.4.3.3 By Country

The demographic and baseline characteristics were generally well balanced across countries,
with the exception of age and race. Inthe UK, where mean age of the general population is
higher than in Brazil and South Africa, mean age of the study participants was also
numerically higher than in the other two countries. In the UK, 12.6% of participants were > 65
years of age compared with 6.3% in Brazil and 0.1% in South Africa (see Country Safety
Tables 3.1.3.1.a, 3.1.3.1.b, and 3.1.3.1.c, Module 5.3.5.3). In the UK and Brazil, the majority
of participants were White (92.2% and 69.1%, respectively), while in South Africa 70.3% of
the participants were Black.

Overall, there was no clinically meaningful imbalance in the reactogenicity profile of
AZD1222 across countries;however, there were notable imbalances in the frequency and
severity of any solicited AE across country (see Country Safety Tables 3.5.1.1.2.a, 3.5.1.1.2.b,
3.5.1.1.2.¢.3.5.1.2.2.a, 3.5.1.2.2.b, 3.5.1.2.2.¢, 3.5.1.3.2.2, 3.5.1.3.2.b, and 3.5.1.3.2.c,
Module 5.3.5.3).

In the Dose 1 SD for Safety Analysis Set, an imbalance was observed in the incidence of
solicited AEs reported in the AZD1222 group, with a tendency towards higher incidences in
UK (94.9%) and Brazil (92.0%), compared to those reported in South Africa (68.8%). These
differences were reflected in higher incidences of local and systemic solicited AEs in the
AZD1222 treatment group in UK (84.8% and 82.4%, respectively) and in Brazil (87.0% and
75.0%, respectively), as compared to those in South Africa (52.4% and 56.8%, respectively).
There was a difference in the type of solicited events recorded in the patient diaries, as well as
different number of days for collection of the solicited AEs in the South Africa study (Day 0
to Day 6 for South Africa vs Day 0 to Day 7 for the UK and Brazil; see Appendix B of the
MAA SAP, Edition 7, Module 5.3.5.3).

Similarly, for the control group, a higher incidence of local and systemic solicited AEs were
observed in UK (63.9% and 70.4%, respectively) and Brazil (60% and 65%, respectively) as
compared to South Africa (22.5% and 43.5%, respectively). A higher incidence of local
solicited AEs with > Grade 3 severity were reported in participants in AZD1222 group in
South Africa (3.9%), as compared to those in UK (0.8%) and Brazil (1.0%). The incidence of
systemic solicited AEs with > Grade 3 severity were comparable across these three countries
(see Country Safety Tables 3.5.1.1.2.a, 3.5.1.1.2.b, 3.5.1.1.2.¢, 3.5.1.2.2.a, 3.5.1.2.2.b,
3.5.1.2.2.¢.3.5.1.3.2.a, 3.5.1.3.2.b, and 3.5.1.3.2.c, Module 5.3.5.3).

Although not clinically meaningful, there was a difference in the incidence of unsolicited AEs
reported in the AZD1222 group observed in Brazil (60.7%), with a tendency towards higher
incidences of AEs compared with the UK (28.0%) and South Africa (27.8%). For the control
group, a higher incidence of unsolicited AEs observed also observed in Brazil (43.5%)
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compared with the UK (21.6%) and South Africa (26.8%) (see Country Safety Tables
3.52.1.1.2,3.5.21.1.b,3.5.2.1.1.¢,3.5.2.2.1.a,3.5.2.2.1b, and 3.5.2.2.1.c, Module 5.3.5.3).

In Brazil, a lower number of participants were evaluated for solicited AEs via subject diaries
(~2%) when compared to UK and South Africa (35% and 97%, respectively). This
discrepancy may have resulted in reporting of tvpical reactogenicity AEs as unsolicited AEs in
greater numbers than diary users in the UK and South Africa, who recorded these type of
events as solicited AEs. The most commonly reported unsolicited events in Brazil are
consistent with the common reactogenicity events collected in these studies.

There were no clinically meaningful imbalances in the incidence of SAEs or AESIs between
the AZDD1222 and control groups in any country (see Country Safety Tables 3.5.3.1.1.a,
3.53.1.1.b,3.53.1.1.¢,3.5.4.1.a, 3.5.4.1.b, and 3.5.4.1.c, Module 5.3.5.3).

Overall, there were no clinically meaningful differences in the safety profile of AZD1222
across countries.

5.4.54 Serostatus

Overall, 95.9% of participants in the Any Dose for Safety Analysis Set were seronegative at
baseline (see Main Safety Table 1.1.4.1, Module 5.3.5.3). The demographics and baseline
characteristics were generally comparable for seronegative and seropositive participants with
the exception of race (see Serostatus Safety Tables 5.1.3.1.a and 5.1.3.1.b, Module 5.3.5.3).
For the AZD1222 group, seronegative participants were predominantly White (76.4%), while
seropositive participants were White or Black (45.4% and 39.9%, respectively). Based on the
limited data in participants who were seropositive (366 participants in the AZD1222 group
and 387 participants in control), data interpretation should be made with caution.

There were no clinically meaningful differences in the reactogenicity profile between
subgroups by serostatus at baseline (see Serostatus Safety Tables 5.5.1.1.1.a, 5.5.1.1.1.b,
8.5.1.12.a, 5.5.1.1.2.b; 55.1.2.2:2.5.5.1.2.2., 5.5.1.3 2.5, 55.1.3.2.b;5.5.1.42.a, 5.5.1.4:2.b;
5.5.1.5.2.a, 5.5.1.5.2.b, Module 5.3.5.3). The unsolicited AE profile was also generally
similar between subgroups (see Serostatus Safety Tables 5.5.2.1.1.a, 5.5.2.1.1.b, 5.5.2.1.2.a,
55.2.1.2b,552.2.1.a,5522.1.b,552.22.a, and 5.5.2.2.2.b, Module 5.3.5.3). There was no
evidence of a change in severity by serostatus for unsolicited AEs in AZD1222 treatment
group: among participants who were seronegative at baseline, AEs with > Grade 3 severity
and SAEs were reported in 2.1% and 0.9%, respectively; and among participants who were
seropositive at baseline, AEs with > Grade 3 severity and SAEs were reported in 1.4% and
0.3%, respectively (see Serostatus Safety Tables 5.5.2.1.1.a and 5.5.2.1.1.b, Module 5.3.5.3).
There were no clinically meaningful imbalances in the incidences of SAEs and AESIs
between the subgroups by serostatus at baseline (see Serostatus Safety Tables 5.5.4.2.a,
5.5.42b,5.53.1.1.a, 5.5.3.1.1.b, Module 5.3.5.3).
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PT (MedDRA version 23.1) Total cases *
Urticaria 160

a

Includes cases that were closed or processed in safety database until data cut-off of 15 February 2021

5.6 Safety Conclusions: Safety Profile of AZD1222

This primary pooled analysis was conducted with 24244 participants in the Any Dose for
Safety Analysis, including 12282 who received at least 1 dose of AZD1222, and 11962 who
received at least 1 dose of control.

Overall, vaccination with AZD1222 was well tolerated. Most solicited local and systemic AEs
were mild to moderate in severity and tended to be milder and reported less frequently after
the second dose than after the first dose. The most common solicited AEs, also determined to
be adverse drug reactions, were fatigue, headache, malaise, feverishness, chills, joint pain,
nausea, and fever and local injection site reactions (tenderness, pain, warmth, redness, itch,
swelling). Unsolicited AEs were consistent with AEs commonly observed following
vaccination. The unsolicited events which the Applicant considers as ADRs are: Dizziness,
Somnolence, Vomiting, Diarrhoea, Abdominal Pain, Lymphadenopathy, Influenza like illness,
Hyperhidrosis, Pain in extremity, Urticaria, Rash, Pruritus. Anaphylaxis and Angioedema are
considered as ADRs based on post-market data.

The incidence of SAEs was low in both the AZD1222 (0.9%) and control groups (1.1%), and,
with the exception of a lower incidence of COVID-19 and COVID-19 pneumonia, SAEs in
the AZD1222 group, there were no clinically meaningful imbalances in the incidence of SAEs
by SOC or PT between the AZD1222 and control groups., with no difference in either
frequency or type of SAEs between the treatment groups. A total of 7 SAEs with a fatal
outcome (2 in the AZD1222 group and 5 in the control group) occurred as of DCO2. None of
these events were considered related to study intervention by the investigator.

Few AESIs were reported (0.9% of participants in the AZD1222 group and 1.3% of
participants in the control group). There were no clinically meaningful imbalances in the
incidence of AESIs by category or PT to suggest any association with AZD1222. Within the
categories of neurologic conditions and potential immune-mediated neurologic conditions, the
most frequently reported PTs were paresthesia, hypoaesthesia, and muscular weakness. The
incidence of paraesthesia and hypoaesthesia was numerically lower in the AZD1222 group
than in the control group, while the incidence of muscular weakness was similar between the 2
groups. Nonserious AEs of facial paralysis occurred in 4 participants in the AZD1222 group
and 3 participants in the control group.

CONFIDENTIAL AND PROPRIETARY 94 of 105

IR0O751D_Production. MHRA_000155


17165
Highlight


2.5 Clinical Overview AstraZeneca
AZD1222 25 February 2021

I —

There were no clinically relevant differences in the safety profile by comorbidity, or serostatus
subgroup. The safety profile of AZD1222 was generally similar in older adults compared with
younger adults aged 18 to 64 years of age; however, with older adults reporting milder and
less frequent solicited reactogenic AEs compared with younger adults.

6 BENEFITS AND RISKS CONCLUSIONS

COVID-19 Vaccine AstraZeneca is indicated for active immunisation to prevent COVID-19
caused by SARS-CoV-2, in individuals 18 years of age and older. The vaccine is administered
IM as two 0.5 mL doses of 5 x 10'° vp (nominal), at an interval of 4 to 12 weeks. The benefits
and risks of AZD1222 for this indication with the recommended vaccination regimen are
described below.

6.1 Benefits of AZD1222

The updated evaluation of the efficacy of AZD1222 for prevention of COVID-19 is based on
the pooled data from 4 ongoing clinical studies as of DCO2, comprising adults aged from.
up to . years. There was good representation of persons at high risk of severe outcomes of
COVID-19, including older adults (8% of participants were = 65 years), and those with pre-
existing comorbidities (36% of participants reporting cardiovascular disease, respiratory
disease, diabetes, or obesity). However, individuals with severe or uncontrolled disease were
excluded from the clinical studies. The updated primary efficacy analysis demonstrated
effective protection of AZD1222 against COVID-19 with a vaccine efficacy of 66.73%
(95.84% CI: 57.41%, 74.01%) (p < 0.001) from 15 days after the second dose in seronegative
participants receiving two doses (SDSD or LDSD). Sensitivity analyses restricted to
participants in the ITT analysis set also showed consistent vaccine efficacy.

DCO2 data consistently demonstrated that AZD1222 provides complete protection against
COVID-19 hospital admission > 22 days after the first SD dose in the seronegative analysis
set (0 vs 14 cases in Control group, two of which were severe, including one with a fatal
outcome). For the SDSD regimen, it was demonstrated that vaccine protection begins from
22 days after the first dose and extends at least until 12 weeks, allowing the second dose to be
given in a flexible window between 4 to 12 weeks.

Further, AZD1222 vaccine efficacy was similar in participants with pre-existing comorbidity
(vaccine efficacy = 62.71%, 95% CI: 44.79%, 74.82%), as compared with the overall
population from 15 days after the second dose (SDSD + LDSD) in seronegative participants.
Thus, the protection offered by AZD 1222 against COVID-19 to those at greatest risk of severe
outcomes of COVID-19 is similar to that in the general population.
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While the number of older adults (> 65 years) with available data in this updated dataset was
too small to allow a precise determination of vaccine efficacy, AZID1222 appeared to be as
efficacious in this subgroup as in the general population, especially when post dose 1 efficacy
was examined; these results were consistent between the interim and primary efficacy
analyses. Reassuringly in this subgroup of older adults, the rates of seroconversion to binding
and live neutralising antibody titres were similar to younger adults when examined within the
same dose interval.

The interim and primary pooled efficacy analyses are based on limited duration of follow-up
so to assess the duration of protection by AZD1222 against COVID-19, protection over longer
follow-up time will be evaluated as more data from the ongoing studies accrue.

Overall, the updated analyses presented in this submission continue to provide robust support
for the positive benefit risk of AZD1222 use to protect against COVID-19 disease.

Finally, AZD1222 can be stored at 2°C to 8°C, facilitating distribution and allowing storage in
domestic refrigerators for several months, which may allow access in healthcare settings,
including care homes and pharmacies.

6.2 Risks of AZD1222

The updated evaluation of the safety of AZID1222 is based on the pooled population from 4
ongoing studies, comprising 24244 male and female adults aged from. years to. years,
who received at least one dose of study drug (12282 received AZD1222 and 12282 received
control) up to the DCO2date. A majority (85.1%) of participants in the AZD1222 group had
received 2 standard doses, which is the recommended dosing regimen. The median exposure
time was similar in the AZD1222 (119 days) and the control groups (118 days) in the Dose 1
SD Safety analysis set, and following the second dose (74 days for both groups).

Overall, vaccination with AZD1222 was well tolerated. The incidence of SAEs was low in
both the AZIDD1222 (0.9%) and control (1.1%) groups, with no difference in either frequency
or type of SAEs between the treatment groups. There were 7 SAEs with a fatal outcome (2 in
the AZD1222 group and 5 in the control group), but none of these was considered treatment
related by the investigator. The majority of AEs were mild to moderate in severity, and they
were generally milder and reported less frequently after the second dose than after the first
dose. The most common AEs, also determined as adverse drug reactions, were fatigue,
headache, muscle pain, malaise, feverishness, chills, joint pain, nausea, and fever and local
injection site reactions (tenderness, pain, warmth, redness, itch, swelling). These are either
common class effects of vaccines or commonly observed injection site reactions following IM
injections, and were generally mild to moderate and self-limiting. Apart from the above most
common AEs (based on a detailed assessment by an AstraZeneca internal peer review panel of
data), the Applicant considers the following AEs as ADRs : Dizziness, Somnolence,
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Vomiting, Diarrhoea, Abdominal Pain, Lymphadenopathy, Influenza like illness,
Hyperhidrosis, Pain in extremity, Urticaria, Rash, Pruritus.

The most frequently reported neurologic AESIs were paraesthesia, hypoaesthesia and
muscular weakness, with a numerically lower incidence in the AZD1222 group than in the
control group. For neurological events overall, there were no imbalances raising safety
concerns between the AZD1222 and control groups.

Further, no imbalances raising safety concerns were observed between the AZD1222 and
control group for any potential immune-mediated conditions. There were 3 SAEs of

demyelinating events;,

Based on the available safety data, there is no

evidence suggesting a causal relationship between AZD1222 and these singular events of
demyelinating disorders. However, since vaccinations could be associated with immune-
mediated neurological conditions, these are included as an important potential risk in the
RMP.

There is a theoretical concern that vaccination could be associated with VAED, therefore it is
included as an important potential risk in the RMP. However, AESIs related to COVID-19
were reported at numerically lower frequency in the AZD1222 group (0.1%) than in the
control group (0.3%), and therefore, the data do not suggest an association between AZD1222
and VAED.

Regarding sub-populations, there were no clinically meaningful differences in the safety
findings between subgroups with and without comorbidities, or between subgroups of younger
(18-64 years) and older (= 65 vyears) adults.

One limitation in the current safety evaluation of AZID1222 is the limited duration of
follow-up. Long-term follow-up of the ongoing clinical studies (up to 1 year) will provide data
to further characterise the safety profile of AZD1222. Moreover, since people with severe
immunodeficiencies, severe underlying comorbid disease, and pregnant/lactating women were
excluded from the studies, the safety of AZD1222 in these groups is currently unknown.

6.3 Benefit Risk Assessment

Updated data from the primary efficacy analysis confirmed protection by AZD1222 against
symptomatic COVID-19, as originally shown by the interim analysis. Additionally, we have
provided robust evidence that AZDD1222 confers complete protection against severe cases of
COVID-19, as well as COVID-19 hospitalisations, thus highlighting an important advantage,
not only for the health of vaccine recipients, but also for the potential of reducing utilization of
healthcare resources. Qverall, vaccination with AZ121222 has shown to be a critical
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proven effect in preventing COVID-19 and related hospitalisations, together with a favourable
safety profile, AZ1D1222 is considered appropriate to address this urgent unmet medical need.
Moreover, the easy storage and handling of the AZD1222 formulation is expected to be an
important additional benefit that enables wide access to the vaccine.

In conclusion, the benefit-risk profile of AZD1222 has been shown to be consistently
favourable, over two data cut-offs, for the proposed indication in adults from age 18 years and
older, including adults from age 65 years and above, as well as those with comorbidities.
Moreover, this updated submission provided additional data in support of the approved
indication for AZD1222. Thus, AZD1222 is anticipated to have a significant impact both for
individuals and on public health in the ongoing COVID-19 pandemic.
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