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Abstract

The session, organized by the PSI Vaccine SIG, focuses on advanced statistical methods and designs
for vaccine clinical trials, featuring four presentations on topics such as Targeted Maximum Likelihood
Estimation (TMLE) for Vaccine Efficacy trials, test-negative design validity, forecasting seasonal
disease waves, and a Threshold of Protection Model for monoclonal antibody efficacy against SARS-
CoV-2 variants. The session aims to provide insights into innovative methodologies and their practical
applications in vaccine research.

1) Applying Targeted Maximum Likelihood Estimation (TMLE) to Vaccine Efficacy Studies
Presenters: Giulia Zigon and Joshua Havumaki, GSK Vaccines

Abstract: Targeted Maximum Likelihood Estimation (TMLE) is a semiparametric, doubly robust
approach that combines flexible nuisance-function estimation (including machine learning) with a
targeted updating step to produce consistent, asymptotically efficient causal effect estimates. We
applied machine-learning—based TMLE in the context of vaccine efficacy trials, comparing its operating
characteristics with simpler approaches such as unadjusted Kaplan—Meier and Cox model-based G-
computation. We considered as primary estimand the risk ratio at time t.

Using both simulations and data from a real vaccine efficacy study, we provide practical
implementation guidance to facilitate adoption in vaccine research.

Our simulation study was motivated by a phase 2 therapeutic vaccine trial of roughly 250 participants
and was supplemented by an application to a large phase 3 trial.

Results show that the potential benefit of machine-learning—based TMLE depends on the data-
generating setting: it increases with stronger prognostic baseline covariates, larger numbers of relevant
covariates, and the presence of nonlinearities or interaction effects that are difficult to capture with
parametric models. In the real trial data the TMLE produced a small precision improvement relative to
the simpler methods; the gain was limited because covariates had only modest prognostic value in that
setting.

Overall, this work highlights when and how machine-learning—driven TMLE can improve precision in
causal estimation for vaccine studies and practical recommendations for implementation.

2) The validity of test-negative design for assessment of vaccine protection

Presenter: Prof. Xinxue Liu, Oxford Vaccine Group, Department of Paediatrics, University of Oxford,
Oxford, UK

Abstract: The test-negative design (TND) is a useful tool to evaluate vaccine protection following
deployment. We compared different observational and experimental study designs for assessing VE by
re-analysing data from the TyVAC Bangladesh trial, a participant- and observer-blinded cluster
randomised controlled trial (CRCT). We compared estimates of VE from the CRCT analysis, which
assessed the risk of blood-culture-confirmed typhoid fever among TCV recipients compared with JE
recipients, to estimates from the cohort and TND analyses, which compared TCV recipients and non-
vaccinees in the TCV clusters. We further conducted a negative-control exposure (NCE) and a



negative-control outcome (NCO) analyses as bias indicator. The VE estimates were 89% (95% CI: 81-
93) in the CRCT analysis, 79% (95% CI: 70-86) by the cohort design, and 88% (95% CI: 79-93) and
90% (95% CI: 75-96) by the TND with two definitions of test-negative controls. Using NCE analysis, JE
vaccination was associated with an increased risk of typhoid fever in the cohort design (IRR: 1.98, 95%
Cl: 1.56-2.52), but no significant association was found in the TND. Similarly, an increased risk of non-
typhoid infections was observed in the cohort NCO analyses when comparing vaccinees with non-
vaccinees in both JE and TCV clusters, but not in the TND NCO analyses. The TND provides reliable
estimates of TCV VE, while the cohort design can bias the VE estimates likely due to unmeasured
confounding effects, such as healthcare-seeking behaviours. NCE and NCO approaches are useful
tools for identifying such biases.

3) Winter is coming; forecasting the next season’s wave in advance.
Presenter: Federico Francone, AstraZeneca (Clinical Data Science, Vaccine & Immune Therapies)

Abstract: The incidence of many infectious diseases varies seasonally, which complicates recruitment
planning and study monitoring activities. An accurate, time-resolved forecast of incidence which reacts
to changes in the present season would be highly valuable.

We will describe a methodology for monitoring publicly available global surveillance data to forecast
incidence in target countries, and show how that forecast can be integrated with live study data to
continually refine expectations of events in the study. Our approach employs the discovery of leading
indicators, building time series regression models, simulation-based modelling, and the automation of
this cycle using cloud infrastructure.

A real example will be shown in which we accurately forecasted the RSV season in the United States
six months in advance, primarily using leading indicators identified in South America.

4) A Threshold of Protection Model for Monoclonal Antibody Efficacy Against SARS-CoV-2
Variants

Presenter: Seth Seegobin, AstraZeneca (Vaccine and Immune Therapies)

Abstract: Clinical development of monoclonal antibodies (mAbs) against severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) is challenging due to rapid changes in the variant landscape.
Using efficacy data from the phase 3 PROVENT pre-exposure prophylaxis trial of tixagevimab—
cilgavimab (NCT04625725), individual nAb titres were predicted by dividing serum mAb concentration
by prevalence-adjusted tixagevimab—cilgavimab potency (from in vitro IC50 values combined with viral
surveillance data) and related to efficacy with a Cox model. The Threshold of Protection (ToP) Cox
model was externally validated using data from the phase 3 SUPERNOVA trial (NCT05648110), which
assessed sipavibart efficacy against symptomatic COVID-19 in immunocompromised participants. This
novel approach integrates predicted nAb titres against multiple SARS-CoV-2 variants into a ToP Cox
model that can be applied across different variants and could serve as a surrogate endpoint in
immunobridging studies to expedite clinical evaluation and regulatory approval for mAbs targeting
SARS-CoV-2.



