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Abstract

Background The need for coronavirus 2019 (COVID-19) vaccination in different age groups and populations is a
subject of great uncertainty and an ongoing global debate. Critical knowledge gaps regarding COVID-19 vaccination
include the duration of protection offered by different priming and booster vaccination regimens in different popu-
lations, including homologous or heterologous schedules; how vaccination impacts key elements of the immune
system; how this is modified by prior or subsequent exposure to severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) and future variants; and how immune responses correlate with protection against infection and disease,
including antibodies and effector and T cell central memory.

Methods The Platform Trial In COVID-19 priming and BOOsting (PICOBOO) is a multi-site, multi-arm, Bayesian, adap-
tive, randomised controlled platform trial. PICOBOO will expeditiously generate and translate high-quality evidence
of the immunogenicity, reactogenicity and cross-protection of different COVID-19 priming and booster vaccination
strategies against SARS-CoV-2 and its variants/subvariants, specific to the Australian context. While the platform is
designed to be vaccine agnostic, participants will be randomised to one of three vaccines at trial commencement,
including Pfizer's Comirnaty, Moderna’s Spikevax or Novavax’s Nuvaxovid COVID-19 vaccine. The protocol structure
specifying PICOBOO is modular and hierarchical. Here, we describe the Core Protocol, which outlines the trial pro-
cesses applicable to all study participants included in the platform trial.

Discussion PICOBOO is the first adaptive platform trial evaluating different COVID-19 priming and booster vaccina-
tion strategies in Australia, and one of the few established internationally, that is designed to generate high-quality
evidence to inform immunisation practice and policy. The modular, hierarchical protocol structure is intended to
standardise outcomes, endpoints, data collection and other study processes for nested substudies included in the
trial platform and to minimise duplication. It is anticipated that this flexible trial structure will enable investigators to
respond with agility to new research questions as they arise, such as the utility of new vaccines (such as bivalent, or
SARS-CoV-2 variant-specific vaccines) as they become available for use.

Trial registration Australian and New Zealand Clinical Trials Registry ACTRN12622000238774. Registered on 10
February 2022.
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Note: The numbers in curly brackets in this protocol
refer to the SPIRIT checklist item numbers. The order of
the items has been modified to group similar items (see
http://www.equator-network.org/reporting-guidelines/
spirit-2013-statement-defining-standard-protocol-items-

for-clinical-trials/).
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Name and contact informa-
tion for the trial sponsor {5b}

Trial Sponsor: Telethon Kids Institute
(TKI), Northern Entrance, Perth Children’s
Hospital, 15 Hospital Avenue, Nedlands,
Australia

Research Governance Office
P:+6186319 1327

TKlis the sponsor and assumes ultimate
responsibility for the initiation, conduct,
management and financing of PICOBOO
and the quality and integrity of study
data. TKI delegates its sponsor study-
related duties to the PICOBOO Trial
Steering Committee, as stipulated in
this protocol. TKl is providing clinical trial
indemnity, and sites are providing site-
specific indemnity for study personnel
and equipment.

Role of sponsor {5¢}

Introduction

Background and rationale {6a}

The coronavirus 2019 (COVID-19) pandemic rep-
resents an ongoing threat to global health [1]. While
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is destined to become endemic, it is hard to
anticipate how the transition to stable endemicity will
unfold [2]. The durability of protection offered by vac-
cination is likely to be influenced by the host (including
prior exposure to SARS-CoV-2), the evolution of the
virus [1], the vaccine dose, the dosing interval and type
of vaccines administered and the differential impacts of
homologous versus heterologous schedules on immune
responses (antibodies, B cells, CD4" and CD8' T cells)
[3].=Despite extensive research investment, critical
uncertainties about the optimal strategies for COVID-
19 priming and booster vaccination remain [4]. These
include the duration of protection offered by different
COVID-19 priming and booster vaccination strategies
in different populations, especially children; how vac-
cination impacts key elements of systemic and mucosal
immunity; how this is modified by prior or subsequent

SSP 1:
Booster

vaccination

Fig. 1 Modular PICOBOO protocol structure
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exposure to SARS-CoV-2 infection or homologous or
heterologous vaccines at varying dosing intervals; and
how these immune responses correlate with protection
against infection and disease—especially against future
variants/subvariants of concern (VoC) [4].

The Platform Trial In COVID-19 priming and BOOst-
ing (PICOBOO) is a multi-site Bayesian, adaptive,
randomised controlled, platform trial designed to simul-
taneously generate and translate high-quality evidence
to fill critical knowledge gaps regarding the impacts of
COVID-19 vaccination and natural infection on the
immune system, to inform immunisation practice and
policy. PICOBOO has been designed in consultation
with the Australian COVID-19 Community Reference
Group (CRG) and members of national COVID-19 poli-
cymaking bodies.

The documentation specifying PICOBOO is modular
and hierarchical (Fig. 1). Here, we present the Core Pro-
tocol, which describes the study procedures that apply to
all participants and aspects of the trial, while a Substudy
Specific Protocol (SSP) applies to describe study pro-
cedures that relate to participants enrolled in a specific
nested substudy. This structure is intended to standard-
ise outcomes, endpoints, data collection and other study
processes for nested substudies included in the trial plat-
form and to minimise duplication. SSPs and the statisti-
cal appendix are beyond the scope of this manuscript
and will be detailed separately. The laboratory appendix
is available from the corresponding author upon request.

Objectives {7}

The primary objective is to generate high-quality evi-
dence of the immunogenicity of different COVID-19
vaccination strategies against SARS-CoV-2 and its cir-
culating variants/subvariants in immunocompetent
children and adults, stratified by age group = priming
COVID-19 vaccination history.
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The secondary objectives are to:

1. Compare the impacts of alternative COVID-
19 booster vaccine strategies on elements of the
immune system including the magnitude and breadth
of SARS-CoV-2-specific B and T cell responses up to
720 days after randomisation

2. Compare the safety and reactogenicity of COVID-19
booster vaccine strategies against SARS-CoV-2 up to
28 days after randomisation

3. Compare the protection offered by different COVID-
19 booster vaccine strategies, up to 720 days after
randomisation, against (i) infection with SARS-
CoV-2 or its variants/subvariants, (ii) hospitalisation
due to disease and (iii) participant and carer reported
time off work, study, or usual activities.

4. Harmonise and prospectively aggregate data gener-
ated by PICOBOO with international data to explore
and define correlates of protection against COVID-
19 infection and disease.

Trial design {8}

A multi-site, multi-arm, Bayesian adaptive randomised,
controlled, platform trial. PICOBOO will have the flex-
ibility to introduce new vaccines/schedules for evaluation
in this platform, or to remove arms in response to the
emergence of external data or changes to immunisation
policy in Australia, while preserving the integrity of the
analyses.

Methods: participants, interventions and outcomes
Study setting [5]

This study will be conducted at three recruiting sites
across Australia in the first instance; these include Tele-
thon Kids Institute (Western Australia), the Women’s and
Children’s Hospital (South Australia) and Launceston
General Hospital (Tasmania).

Eligibility criteria [5]
Eligibility criteria are defined at a platform and substudy
level.

To be eligible for the platform trial, a person = their
guardian must:

1. Be>6 months of age

2. Be willing to receive a COVID-19 vaccine authorised
for use (including emergency use authorisation or
approved under a Clinical Trial Notification) by the
Therapeutic Goods Administration (TGA) or equiva-
lent regulatory authority
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3. Be willing to comply with trial requirements, includ-
ing the provision of biospecimens, at the indicated
time intervals listed in the relevant SSP

A person is not eligible for the platform if they:
known

1. Are severely immunocompromised/have
immunodeficiency

Who will take informed consent? {26a}

Informed consent will be obtained by written or elec-
tronic signature prior to enrolment by a member of the
research team who has undergone Good Clinical Practice
(GCP) training. A copy of the participant information
and consent form (PICF;>12 years of age) will be pro-
vided to the participant detailing no less than the exact
nature of the study, what is involved for the participant,
the implications and constraints of the protocol and
any risks and potential benefits associated with taking
part and the storage and transfer of biological samples
between participating research laboratories and retention
of residual saliva and blood samples. Specific PICFs will
be provided to children. Participation will be voluntary,
and participants will be free to withdraw at any time, for
any reason, without prejudice to future care and with no
obligation to provide an explanation for withdrawal. For
participants whose primary language is a language other
than English (LOTE), informed consent will be obtained
in conjunction with an accredited interpreter. An inde-
pendent adult witness will be required to verify the con-
sent process for LOTE participants.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}
Consent for any data and/or biospecimens collected dur-
ing this study to be used for future research purposes
may also be invoked or withdrawn by the participant,
their guardian or legal representative over time.

Interventions

Explanation for the choice of comparators {6b}

All COVID-19 vaccines proposed for evaluation in the
PICOBOO platform have, at a minimum, met the crite-
ria for provisional registration (including emergency use)
in Australia by the Therapeutic Goods Administration
(TGA) or equivalent regulatory authority.

Intervention description {11a}

Eligible participants will be randomised to undergo
COVID-19 vaccination according to the priming or
booster vaccination schedule(s) stipulated in the relevant
SSP. While the platform is designed to be brand-agnostic,



McLeod et al. Trials (2023) 24:202

the vaccines that will be evaluated at the commence-
ment of the trial will include Pfizer’s Comirnaty® (Pf),
Novavax’s Nuvaxovid® (Nx) and Moderna’s Spik-
evax® (Mod). If the vaccines studied at the commence-
ment of the trial are superseded by alternatives, such as
bivalent vaccines, a decision to substitute the vaccine
intervention(s) with newer alternatives may occur, at the
discretion of the trial steering committee (TSC). A maxi-
mum of three interventions per stratum will be evaluated
at any given time.

Criteria for discontinuing or modifying allocated
interventions {11b}
Withdrawal of participants from the study will occur if
a participant or legal guardian requests withdrawal or
if the treating clinician considers that ongoing partici-
pation is not in the best interest of the participant. If a
participant withdraws from the study, storage of samples
will continue, unless the participant requests otherwise.
Any data collected before the withdrawal of the partici-
pant will still be used in the analysis in order to maintain
safety and trial integrity. If a participant withdraws due
to what they perceive to be an intolerable adverse event
(AE), they will be given appropriate immediate treatment
and returned to the care of their treating physician.
Recruitment to a particular stratum will be ceased if
the pre-specifieddecision criteria threshold is met (detail-
edin the “Statistical methods for primary and secondary
outcomes {20a}” section).

Strategies to improve adherence to interventions {11c}
Different vaccination strategies are being evaluated in
this trial. Therefore, strategies to improve adherence are
not relevant.

Relevant concomitant care permitted or prohibited

during the trial {11d}

Routine or emergency medical care will not be impacted
by participation in the PICOBOO trial.

Provisions for post-trial care {30}

Participants in the PICOBOO trial will receive usual sup-
portive care following vaccination, as per standard Aus-
tralian immunisation practice. Specifically, participants
will be observed for a minimum of 15 min, and support-
ive treatment for the management of acute hypersensi-
tivity reactions (e.g. anaphylaxis) will be administered, if
required.

Outcomes {12}
The primary estimand (inferential target for estimation)
for all participants, is defined by:
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1) Study population: Participants>6 months of age
willing to undergo COVID-19 vaccination with vac-
cines authorised for use (including emergency use or
approved under a clinical trial notification).

2) Intervention: Prescription of a COVID-19 vaccina-
tion intervention within a stratum, defined in the rel-
evant SSP.

3) Endpoint: The amount of binding antibody, meas-
ured as the geometric mean concentration of ances-
tral SARS-CoV-2 anti-spike immunoglobulin G
(IgG) ~ 28 days after randomisation.

4) Primary effect measure: The geometric mean concen-
tration of ancestral SARS-CoV-2 anti-spike IgG for
each intervention in each stratum and separately for
each SARS-CoV-2 vaccination intervention, adjust-
ing for any differences in baseline factors between
intervention arms that might otherwise confound or
reduce the certainty of the treatment effect.

5) Intercurrent events: This includes events that occur
after randomisation that might confound or other-
wise impact the measure of the treatment effect of
the intervention. Common anticipated intercurrent
events include (i) non-adherence to the allocated
intervention due to site procedures or availability;
(ii) non-adherence to the allocated intervention due
to a serious adverse event (SAE) or perceived clini-
cal indication; (iii) missing blood sample within the
appropriate window for endpoint collection, exclud-
ing those missed due to adverse events (AE)/SAE but
including withdrawals and participants lost to follow-
up; (iv) missing blood sample within the appropriate
window due to AE/SAE but excluding withdrawals
and lost to follow-up; (v) evidence of SARS-CoV-2
infection: rapid antigen test (RAT), polymerase chain
reaction (PCR) or anti-nucleocapsid antibody sero-
conversion between randomisation and day ~ 28; and
(vi) evidence of a further SARS-CoV-2 vaccine dose
following randomisation. Intercurrent events strate-
gies are beyond the scope of this document and will
be published separately in a statistical appendix.

Immunogenicity

The timing of immunological endpoints will vary
depending on age strata and will be specified in the
relevant SSP. A summary of endpoints reported for all
participants included in the platform trial is presented
in Table 1. Endpoints will be reported for each inter-
vention in each stratum. Additional endpoints may be
reported for individual nested substudies; these will be
detailed in the relevant SSP.
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Table 1 Outcomes and endpoints for the PICOBOO platform trial
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PCR'-confirmed or RAT-positive SARS-CoV-2 infection up to Day 720

OUTCOMES/ENDPOINTS’
IMMUNOLOGICAL
Concentration of anti-spike immunoglobulin G (IgG) against SARS-CoV-2~ Day 7, 28°
Concentration of neutralising SARS-CoV-2 antibodies against SARS-CoV-2" Day 28
The percentage inhibition of SARS-CoV-2" Day 28
The number of IFN-yb spot forming cells per 10%L peripheral blood mononuclear cells,
following in vitro stimulation with SARS-CoV-2 spike overlapping pools of lyophilized Day 7, 28
peptides, consisting mainly of 15-mer sequences with 11 amino acids overlap“
Concentrations of serum anti-RBD® immunoglobulin A (IgA)*” and Immunoglobulin G Day 28
(IgG)”"
Concentration of mucosal salivary anti-RBD® IgAd"and IgGe" Day 28
Concentration of anti-nucleocapsid antibodies Day 28
REACTOGENICITY/SAFETY
Participant or carer-reported local and systemic reactions assessed daily up to Day 7

- . . . Days 1-7
graded as no reaction, mild, moderate, severe, or life-threatening
Any participant or carer-reported solicited and unsolicited AE"up to ~28 days Day 28
Hospitalisation resulting from AEFI° up to ~28 days Day 28
Any SAR" thought to be causally related to the study Intervention Variable
CLINICAL
Any PCR'-confirmed SARS-CoV-2 OR RAT positive result for SARS-CoV-2 up to Day Varlable
720
Any PCR'-confirmed SARS-CoV-2 infection up to Day 720 Variable
Any PCR'-confirmed wild-type or predominant circulating variant SARS-CoV-2 Variable
infection up to Day 720
Any medically attended, PCR'-confirmed or RATi-positive SARS-CoV-2 infection up to Variable
Day 720
Any hospitalisation (days) for management of PCR'-confirmed or RAT-positive SARS- Variable
CoV-2 infection up to Day 720
Any participant or carer-reported time off work, study, or usual activities (days) due to Variable

Relative to randomisation

"This will be performed separately for ancestral SARS-CoV-2 and the predominant circulating variant

reaction; IRAT: Rapid antigen test.

®Primary endpoint; "IFN-:interferon-y; ‘RBD: Receptor binding domain; “lgA: Immunoglobulin A; °IgG: Immunoglobulin G;
'AE: Adverse event; °AEFI: Adverse event following immunisation; "SAR: Serious adverse reaction; PCR: Polymerase chain

Participant timeline {13} Recruitment {15}

Study visits for participants within individual strata  Potential screening avenues to identify eligible partici-

will be depicted in the relevant SSP. pants include:

+ During immunisation clinic visits—potential partici-

Sample size {14} pants may be directly approached during scheduled
This platform trial is designed to be a perpetual trial immunisation visits at participating sites. Trained
recruitment platform; therefore, no fixed sample size research staff will approach participants to discuss

is specified. participation.
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+ Advertising material—including flyers or bulletins
may be used to promote and raise awareness; these
may appear on public notice boards or electronic
notice boards. Advertisements may also be displayed
in electronic or print media and various community
locations.

o Text/email message—potential participants may be
provided with a link to the study advertising mate-
rial, within their vaccine appointment reminder, and
be invited to register their interest within the study
REDCap database.

« The trial sponsor and external recruitment agencies
will assist with achieving targeted recruitment to the
pre-specified strata. This will be achieved via multi-
ple advertising channels using multimedia, including
texts/email messages/letters and public or electronic
flyers, newspapers or bulletins on notice boards and
social media (including Facebook and Twitter).

The research staff at the participating sites will receive
training regarding study requirements to ensure eligi-
ble participants are identified, provided with relevant
information, and invited to participate in the study. Site
agreements will stipulate that enrolment and screening
procedures occur according to the approved protocol and
are in line with the principles of GCP and the Declaration
of Helsinki.

Each site will maintain a screening log to capture basic
demographic data on all individuals screened, eligible
and enrolled and reasons for non-eligibility. The purpose
of the log is to allow full characterisation and representa-
tiveness of the study population and to identify any defi-
ciencies in the process.

Recruitment strategies will use approved material
and may be broad to target the overall study population
or specific subgroups of participants based on age and
COVID-19 vaccination history.

Assignment of interventions: allocation

Sequence generation {16a}

A sequence of intervention assignments will be generated
by an unblinded trial statistician using random permuted
blocks for each stratum using computer software with a
validated random number generator and equal allocation
for all vaccination interventions. These allocations will be
specified in the relevant SSP.

Concealment mechanism {16b}

On the day of COVID-19 vaccination, participants
for whom all eligibility criteria have been satisfied,
informed consent for participation has been obtained
and a unique participant number has been generated
from the REDCap Database, will be randomised. A
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qualified and delegated member of the research team
will record the participant’s identifiers and establish the
appropriate stratum. Randomisation will then be per-
formed within the REDCap database where the alloca-
tion sequence is inaccessible and adequately concealed
from the research team.

Implementation {16c}

At vaccination, two unblinded members of the research
team will check and dispense the study vaccine for
administration. Pre-filled syringes containing one
of the COVID-19 booster vaccines approved for use
will be covered with opaque tape and concealed until
ready for administration. Prior to opening the box,
the participant will be asked to look away. The vaccine
intervention will be administered in accordance with
routine immunisation practices stipulated per Austral-
ian guidelines.

Assignment of interventions: blinding
Who will be blinded {17a}
Participants willbe blinded to the specific COVID-19
vaccination received, at least until afterthe primary esti-
mand data are collected (see the “Procedure for unblind-
ing ifneeded {17b}” section). The researchstaff involved in
the follow-up of adverse reactions will be blinded to the-
group assignment of the participants. The laboratory staff
processing oranalysing trial specimens will be blinded
to the group assignment ofparticipants. Researchers
involved with the trial design adaptations will beblinded
to trial results until the first interim analysis.

Trial analysts preparing interim reports will be
unblinded. The DSMC will receive open (unblinded)
safety data reports at regular interims.

Procedure for unblinding if needed {17b}

The corresponding site principal investigator will provide
authorisation for unblinding if compelling reasons arise,
such as if this information is required for visa or employ-
ment purposes. Authorisation for unblinding will be
communicated to the unblinded trial statistician. Partici-
pants for whom the assignment is revealed will remain in
the study and where possible continue to receive surveys
and attend scheduled study visits.

All vaccinations administered to participants over the
course of the study will be recorded on the Australian
Immunisation Record (AIR) by the unblinded vaccine
nurse approximately 6 weeks following randomisation (to
ensure unbiased reporting of the primary estimand and
safety outcomes).
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Data collection and management

Plans for assessment and collection of outcomes {18a}

Data will be collected on hard or electronic case report
forms (eCRF), including (i) demographic data, (ii)
COVID-19 vaccination history, (iii) previous medi-
cal history, (iv) anthropometric data (including height
and weight), (v) laboratory data and (vi) patient+ carer-
reported outcomes (see Table 2).

Plans to promote participant retention and complete
follow-up {18b}
Participants will be provided with electronic prompts and
reminders to complete self-reported outcome data. Fol-
low-up phone calls and reminder cards will be provided
to minimise missing data and missed appointments. Par-
ticipants will also be financially remunerated for their
contribution to the study if they choose to participate.
Data quality and adherence to the protocol will be pro-
moted by (i) conducting a commencement meeting for
all project coordinators and investigators at each site
prior to their involvement, (ii) performing site inductions

Table 2 Outcome data for PICOBOO participants
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which includes specific training about the protocol and
the provision of reference documents for project staff,
(iii) provision of a data dictionary to assist with data
entry on the eCRF and (iv) timely validation of data by
the data management team.

Data management {19}

Data will be collected into a secure REDCap database,
hosted by the sponsor. Data will be entered into an eCRF
developed in accordance with the Core Protocol and rel-
evant SSP. Data entry will be performed by trained study
staff, apart from electronic patient-reported outcome
data which will be directly entered by the participant.

Information will be recorded in the eCRF to accurately
reflect the source data. All users will have appropriate
permissions defined by their user role type which is del-
egated by the sponsor and site investigator.

Data entry and data management will be coordinated
by the central data manager. The data manager and study
coordinator, or delegate, will ensure the integrity of the
data by performing regular and timely quality control

TIMING

CATEGORY VARIABLE/S JUSTIFICATION
Pre-r DO D7 D28 D84 D180 | D365 | D720
Demographic data and contact Date of birth, sex, ethnicity, mobile phone Age and malg sex are associated
. . X with severe disease and adverse
information number
outcomes.
Vaccination history including Primary schedule +/- booster doses (type X These data are necessary to confirm
COVID-19 vaccination history and date of administration) eligibility criteria (section 11).
Downs syndrome, diabetes, hypertension,
cardiovascular disease/congestive failure, Higher case fatality rate in people
. . . chronic respiratory disease, asthma, blood with hypertension, diabetes, heart
Previous medical history . . . X . o "
disorders (e.g. sickle cell disease), disease, chronic liver disease and
neurological conditions, liver disease, chronic renal disease.
chronic kidney disease, smoking status
. . " Method of confirmation (RAT and/or PCR) .We aimto evall{ate.the differential
Previous COVID-19 infection(s) e . X X impacts of vaccination vs. natural
and date of first positive test/per episode . ) .
infection on the immune system.
. Increased case fatality rate reported
Smoking status Former vs. current smoker vs. non-smoker X in smokers with COVID-19.
Pregnant women are at greater risk
of severe disease, resulting in
Pregnancy status Gestation X intensive care admission,
mechanical ventilation and death
compared to non-pregnant women.
High dose cqltl\costerolds, analgesics, non- Use of concomitant medications
L steroidal anti-inflammatory drugs, " "
Medications . N . e X plausibly confounds or modifies
immunosuppressive or disease-modifying . . .
treatment effects, including toxicities.
agents,
" - Use of concomitant medications
. Includes receipt of monoclonal antibodies " "
Receipt of biood products . N X plausibly confounds or modifies
in the preceding 30 days . . -
treatment effects, including toxicities.
Increased body mass index has
Anthropometric data Height, weight X been found to be an independently
associated with severe COVID-19.
Laboratory data* See Table 1 X* X* Outcome data.
Reactogenicity & safety outcomes See Table 1 Outcome data.
Al AE AE Causally related to vaccine
COVID-19 infection(s) (RAT and/or PCR Outcome data; meaningful outcomes
. o . determined in collaboration with
Patient +/-carer-reported outcomes  |confirmed), hospitalisation, time of X X B .
workistudylusual activities consumers belonging to the National
Y COVID-19 CRG.

*For al/l Piatform Trial participants
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checks. Corrections will be made if errors are identified
during this process. Any common patterns of errors will
be reported back to the participating sites. Missing data
will be minimised through a clear and comprehensive
data dictionary with online data entry including logic
checks.

Confidentiality {27}

Participation in this study involves the potential risks of
accidental breach of confidentiality of the recorded infor-
mation and breach of the privacy of the participants. This
will be minimised by removing direct participant identifi-
ers (i.e. names, Medicare numbers, medical record num-
bers) from the information stored for the study and used
for analysis, securing, and limiting access to linking codes
assigned to the study information and limiting access to
the information contained within the study to authorised
research staff.

Plans for collection, laboratory evaluation and storage

of biological specimens for genetic or molecular analysis

in this trial/future use {33}

The collection, laboratory evaluation and storage of bio-
logical specimens for analysis from participants in the
PICOBOO trial are outlined in the PICOBOO Labora-
tory Appendix, relevant SSP and the trial standard oper-
ating procedures (SOPs). Blood and saliva samples will
be collected at pre-specified time points. Blood will be
separated into the sera, plasma, and peripheral blood
mononuclear cells (PBMCs) at local sites prior to trans-
portation to reference laboratories for processing. Gran-
ulocytes collected from baseline blood samples during
gradient centrifugation will be used for deoxyribonucleic
acid (DNA) extraction for human leucocytic antigen
(HLA) I and II typing. This will be performed to evaluate
susceptibility to and protection from SARS-CoV-2 infec-
tion and disease. Genomic DNA will be extracted using
commercial kits, harmonised across sites. DNA will be
aliquoted and stored as per SOPs.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

A Bayesian three-level hierarchical linear model will
be used for the primary analysis as it is anticipated that
immune responses may be mutually informative across
COVID-19 vaccination dose, age groups and poten-
tially across messenger ribonucleic acid (mRNA) vac-
cine interventions (Pfizer Comirnaty and Moderna
Spikevax). For the first level, information is borrowed
across vaccination dose number within age groups, inter-
vention allocation and vaccine history. For the second
level, information is borrowed across age groups within
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intervention allocation and vaccine history. Finally, for
the third level, information is borrowed across mRNA
vaccine intervention allocation, for the ancestral sub-
types only, within vaccine history. The model estimates
the posterior distribution of the mean log;, anti-spike
SARS-CoV-2 IgG antibody against Ancestral SARS-
CoV-2 measured ~28 days after receipt of the assigned
booster COVID-19 vaccine for each intervention and
vaccination strategy in each stratum, denoted by vaccine
history group and age group.

A detailed description of the statistical methods for
this trial is beyond the scope of this document and will
be reported separately as a statistical appendix plan. The
SAP is available from the corresponding author upon
request and will be available on the trial website, once
live.

Interim analyses {21b}

The first analysis will be performed after participants
have completed 300 vaccination events and have com-
pleted 21-31 days of follow-up post-randomisation, and
the results from the batched blood samples are available
from the laboratory analysis; thereafter, analyses will be
performed after every 150 additional vaccination occa-
sions with available laboratory results for the remainder
of the trial, unless otherwise stipulated in the statistical
appendix.

Methods for additional analyses (e.g. subgroup analyses)
{20b}
The pre-specified mutually exclusive stratum for the pri-
mary and secondary analyses is specified in the relevant
SSP.

Any endpoints not defined in the “Outcomes {12}” sec-
tion will be designated as exploratory.

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}
Immune responses and reactogenicity to COVID-19
vaccines will be assessed using a treatment policy strat-
egy. Further detail regarding the analytical approach to
handling intercurrent events is detailed in the statistical
appendix.

Plans to give access to the full protocol, participant-level
data and statistical code {31c}

The current version of the full PICOBOO protocol and
the Statistical and Laboratory Appendices will be acces-
sible on the trial website. Decisions regarding the shar-
ing of de-identified data and/or statistical code will be
assessed by the PICOBOO TSC and will be conditional
upon any necessary institutional and ethics approvals.
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Fig. 2 PICOBOO administrative structure

Oversight and monitoring

Composition of the coordinating centre and trial steering
committee {5d}

Please refer to Fig. 2 for an overview of the PICOBOO
administrative structure. The roles and responsibilities
for individuals and groups that sit within this admin-
istrative framework are outlined in their terms of
reference.

Composition of the data monitoring committee, its role

and reporting structure {21a}

A Data and Safety Monitoring Committee (DSMC) will
be appointed to provide safety oversight. The DSMC will
have an advisory role as outlined in the DSMC Charter.
The DSMC will be notified of all SAEs in accordance with
the DSMC charter and will undertake a timely review of
these as per the Charter. The DSMC will inform the coor-
dinating principal investigator (CPI) immediately to rec-
ommend termination of the study if deemed necessary
following a serious adverse reaction (SAR). The DSMC
will meet at least three times per year to monitor and
review accumulating safety reports and will make recom-
mendations to the TSC on whether there are any ethical
or safety reasons why the trial should not continue or
should be modified prior to continuation. The DSMC will
consider:

« The occurrence and nature of adverse events

+ Whether additional information on adverse events
is required

+ Taking appropriate action where necessary to halt
the trial

+ Incidents occurring between meetings that require
rapid assessment (e.g. sudden unexpected serious
adverse events (SUSARSs))

Sequential analyses will be performed on the accu-
mulating trial data for the primary estimand at pre-
specified times detailed in the statistical appendix. The
results of these analyses will be provided confidentially
to the DSMC as an unblinded report, including recom-
mendations to continue or stop recruitment into each
stratum depending on whether the precision threshold
has been met. All recommendations based on pre-spec-
ified criteria in the statistical appendix will be reviewed
by the DSMC as specified in the DSMC charter. When
a precision threshold is confirmed as having been
reached by the DSMC and where no compelling reason
exists not to reach a conclusion for a specific stratum
or trial overall, a recommendation may be issued for a
public disclosure of the result. Following any interim
analysis, the DSMC will make recommendations to the
CPI on whether there are any ethical or safety reasons
why the trial should not continue.

The DSMC may request to be unblinded to the vac-
cine allocation of individual participants and/or to
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have blinded or unblinded analyses performed by the
unblinded trial statistician.

The DSMC will comprise a minimum of three inde-
pendent advisors, including at least one clinician expert
in vaccinology, a person experienced in clinical trials
and a statistician. The chair of the DSMC will be con-
tacted for advice and independent review in the following
situations:

+ Following any SUSAR

+ When a decision threshold is met

+ If the investigator committee feels independent
advice or review is important

Adverse event reporting and harms {22}

Safety reporting for the trial will commence once the first
participant is enrolled and will end once the final study
participant has completed their final survey on~day
720 (+56 days) after randomisation. All SAEs, AESI,
medically attended AEs (MAAEs) and AEs resulting in
withdrawal occurring from day O to day 28 after randomi-
sation will be recorded in the eCRF. From day 29 to day
720 after randomisation, all SAEs, AESIs, MAAEs, and
AEs resulting in withdrawal that are found to be related
to the study vaccine or study procedures will be reported.
After day 28, COVID-19 and associated events will be
considered a clinical outcome, not an AESI. In addition,
any solicited or unsolicited AE regardless of whether
attributed to trial vaccination or not occurring daily dur-
ing the 7 days after vaccination will also be recorded on
the CRE. All solicited AEs that persist beyond day 7 or
AEs that result in a participants’ withdrawal from the
study at any time will be followed up until a satisfactory
resolution occurs, or until a non-study related causality is
assigned (if the participant consents to this).

All SAEs must be reported to the sponsor within 24 h
of study staff awareness of the SAE. An initial SAE report
form will be completed with as much information as is
available at the time and signed by the principal investi-
gator or delegate unless otherwise specified in the spon-
sor SOP. All SUSARs will be reported by the sponsor to
the TGA. For fatal and life-threatening SUSAREs, this will
be done immediately but no later than 7 calendar days
after the site study team is first aware of the reaction. Any
additional relevant information will be reported within 8
calendar days of the initial report. All other SUSARs will
be reported within 15 calendar days of being made aware
of the event.

The sponsor is responsible for the ongoing safety
evaluation of the investigational product. The spon-
sor maintains overall responsibility for generating safety
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communications generated through feedback from the
DSMC.

Frequency and plans for auditing trial conduct {23}
Monitoring will be performed in accordance with GCP
standards. Monitors will verify that PICOBOO data are
generated, documented, and reported in compliance with
the protocol, source documents and applicable regula-
tory requirements.

A risk-based approach has been used to develop a mon-
itoring plan. This means that specific risks for this project
have been identified and will inform routine monitoring
of site-specific processes and complete source data veri-
fication. This has identified and defined the data and pro-
cesses critical to data quality and the processes required
to minimise them. Quality indicators and thresholds that
would trigger an investigation and/or corrective action
have been set.

Obligations expected of sites to assist the sponsor
in monitoring the study may include hosting site visits,
providing information for remote monitoring or putting
procedures in place to monitor internally. If additional
studies are nested or added to the PICOBOO platform
trial, additional processes for defining, assessing, report-
ing, and monitoring these additional research activities
will be outlined in their relevant SSPs.

Plans for communicating important protocol amendments

to relevant parties (e.g. trial participants, ethical committees)
{25}

Any substantial amendments to the PICOBOO proto-
col will require prior approval by the relevant ethics and
governance regulatory bodies. A substantial amend-
ment is defined as any change which impacts the con-
duct, management or scientific integrity of the study, the
safety of participants or which involves a change to the
interventions studied (including the addition or cessation
or intervention arms) or the randomisation of interven-
tions within a stratum. Minor amendments that do not
meet these criteria will be noted and filed by the sponsor
and will not require notification to the regulatory bodies.
The trials registry will be updated on an ad hoc basis, if
required.

Dissemination plans {31a}

The results will be communicated via the trial website
and by presentations and peer-reviewed publications.
The Steering Committee will coordinate the dissemina-
tion of information to relevant stakeholders, including
immunisation policymakers. The National COVID-19
Consumer Reference Group will provide guidance on
the best methods for the dissemination of information to
participants and the broader community. The TSC will,
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as far as possible, make the protocol(s), statistical analy-
sis plans, and non-identifying patient-level data available,
to allow independent scientific scrutiny and validation
of any published results. All investigators will have the
opportunity to review publications (e.g. manuscripts,
abstracts, oral/slide presentations, book chapters) prior
to submission. Authorship will be determined in line
with the uniform requirements for manuscripts submit-
ted to biomedical journals published by the International
Committee of Medical Journal Editors.

Discussion

This document sets out a Core Protocol for PICOBOO;
an adaptive platform trial designed to evaluate the immu-
nogenicity, reactogenicity and cross-protection offered
by different COVID-19 priming and booster vaccination
strategies against SARS-CoV-2 and its variants/subvari-
ants. Currently, it is unclear whether periodic boosting
will be necessary in the future, and if so, whether this
should be recommended for all Australians, or targeted
to specific vulnerable populations or age groups. This
trial is designed to generate high-quality evidence to
inform Australian immunisation practice and policy, but
with global relevance; this will be critical to achieving
national and global control of COVID-19.

The primary outcome measure will be the geomet-
ric mean concentration of anti-spike IgG ~ 28 days after
randomisation to the vaccination intervention. This
endpoint has been chosen to align with Com-COV [6],
COV-BOOST [7] and international COVID-19 vacci-
nation trials, as well as Bringing Optimised COVID-19
Vaccine Schedules To ImmunoCompromised Popula-
tions (BOOST-IC; NCT05556720), which is a platform
trial evaluating different booster vaccination strategies
in immunocompromised hosts in Australia. Currently,
there are no recognised correlates of protection against
COVID-19 infection and disease, although recent studies
indicate that anti-spike neutralising antibody levels likely
correlate with vaccine-induced protection [8]. It is hoped
that prospectively aggregated data generated by PICO-
BOO will add to the international databank to enable fur-
ther exploration of the clinical correlates of COVID-19
infection and disease.

We have defined the statistical analyses for this trial
using the estimands framework; this approach is recom-
mended in the latest version of the ICH statistical guide-
lines [9]. Each estimand, defined as an inferential target
for estimation, is defined by five key attributes. These
include (i) the population of interest, (ii) the endpoint
(analysed parameter), (iii) a description of the treatment
intervention(s), (iv) intercurrent events that occur fol-
lowing randomisation that might impact on the treat-
ment effect and (v) the population level summary [10].
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This framework is designed to ensure that the objectives
of the trial align with the design and conduct of the study
and to improve transparency regarding the analysis and
reporting of results, to improve the value of the research
that is conducted.

This Core Protocol sets out the establishment of the
first adaptive platform trial within Australia, and one of
the few established platforms internationally, to enable
the evaluation of different COVID-19 vaccination strate-
gies, concurrently. It is envisaged that this platform will
enable the evaluation of multiple COVID-19 vaccination
interventions (e.g. different booster numbers) in vari-
ous population cohorts and/or subgroups. The use of an
adaptive platform design has the benefits of flexibility
and efficiency compared to conventional trials. This plat-
form will enable researchers to respond with agility to
new policy questions as they arise, including the poten-
tial rollout of new vaccine formulations (such as bivalent
formulations or vaccines targeted to specific variants)
become new VoC arise in Australia, prompting evidence-
based changes in strategy.

The overarching PICOBOO platform will facilitate
separately funded, nested mechanistic substudies by
established research networks, which will benefit from
the established governance, research, and analytic per-
sonnel, recruiting sites and digital and trial infrastruc-
ture. This will allow sharing of resources and cost-savings
across multiple distinct but closely related trials, which
traditionally would have been conducted sequentially
or in parallel, rather than simultaneously. It is envisaged
that data collection, endpoints and methods for analysis
and reporting of results will be standardised across these
nested or closely related projects, where possible.

There are two major advantages in using this trial
design and protocol structure. Firstly, borrowing infor-
mation across statistical models when the treatment
effect is similar in different strata will contribute informa-
tion to inform an estimation of the posterior probability
in another stratum. Secondly, this flexible trial structure
will enable investigators to respond to new policy ques-
tions and vaccination interventions as they arise (for
example, the impact of primary vaccination on younger
age cohorts).

PICOBOO will establish a national biobank of serum,
plasma, PBMCs and saliva for future use by Australian
researchers. It will be possible to apply emerging technol-
ogies assessing cellular, humoral, and mucosal immunity
against existing and future SARS-CoV-2 variants/subvar-
iants using these banked samples.

Designed in consultation with the National COVID-
19 Community Reference Group (CRG), PICOBOO will
improve our understanding of the impacts of COVID-
19 vaccination on humoral and cellular immunity, and
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thereby improve public confidence in the evidence-
underscoring policy decisions, which will be critical to
achieving national and global control of COVID-19.

Trial status

Current protocol version 11.0 (16-01-2023). Recruit-
ment commencement date: 29-03-2022. Recruitment is
expected to be complete by 07-02-2025. The data that
support the findings of this study may be available from
the corresponding author, CM, upon reasonable request.
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