Quantitative bias analysis methods for epidemiologic research: a systematic review
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Objectives:

1. To systematically identify all methodological papers describing, evaluating, and comparing quantitative
bias analysis (QBA) methods for observational and experimental research.

2. To summarize key differences related to parameters, assumptions and requirements, and trade-offs
between different QBA methods.



Introduction

When new therapeutics are approved by the U.S. Food and Drug Administration (FDA), the usual
requirement is that drug sponsors conduct at least two well-controlled clinical trials (i.e., Phase 11 pivotal
trials) that independently provide evidence of efficacy.! Randomized controlled trials (RCTs) are generally
considered the gold standard for studying and estimating causal effect. However, RCTs often have strict
inclusion and exclusion criteria, face recruitment and retention difficulties, and take a long time to complete.
Moreover, RCTs may not be feasible for all clinical questions, including those related to rare exposures or
underrepresented patient populations. The shortcomings and operational challenges of RCTs can lead to
higher costs and lower generalizability to real-world clinical practice.

Over the past few years, FDA has developed a framework and guidance for utilizing real-world
data and observational methods to inform regulatory decision-making, including the approval of new
indications for approved drugs and monitoring postmarket safety and adverse events.? Although real-world
data and observational research methods may be useful for describing how therapeutics are used in clinical
practice,>® observational studies are generally susceptible to various biases, including uncontrolled
confounding, misclassification, and selection bias, that may undermine the validity of their findings. For
observational studies to inform regulatory decision-making, analytical methods are needed to help assess
the direction, magnitude, and uncertainty of various biases.

Quantitative bias analysis (QBA) methods have been developed to evaluate the potential impact of
biases arising from systematic errors in observational studies.®’ Previous studies have categorized QBA
methods into four overarching approaches - simple sensitivity analyses, multidimensional analyses,
probabilistic analyses, and multiple bias modelling.? For example, the E-value was recently proposed as a
simple sensitivity analysis method to quantify the minimum strength of association that an unmeasured
confounder would need to have to fully explain away an exposure-outcome relationship.® More advanced
probabilistic sensitivity analyses allow authors to estimate bias-adjusted exposure-outcome effect estimates
by simulating distributions for the bias parameters.® Although numerous QBA methods have been
proposed in the literature, recent empirical research suggests that there are relatively few applications of
QBA methods in epidemiologic studies.” Moreover, studies that use QBA methods often include incomplete
descriptions and interpretations of the methodology.’ Indeed, there are a number of challenges that have
limited the widespread application of QBA in observational studies. For instance, certain QBA methods
require extensive statistical and modeling expertise, and investigators may struggle to establish reasonable
bias parameters and priors across different fields. While relatively straightforward QBA methods have been
proposed (e.g., the E-value),® these methods may be easier to misuse and can lead to widespread
misinterpretation.!* Lastly, certain QBA methods may require unrealistic assumptions. Given these

challenges and concerns, it is necessary to have a robust understanding of the characteristics of different



QBA methods reported in the existing literature and to identify QBA methods that can be used for different
observational and non-randomized experimental study design scenarios.

To address these knowledge gaps, we will conduct a systematic review focused on
comprehensively identifying and summarizing QBA methods that have been proposed in the biomedical
literature. Our goal is to provide a robust understanding of the types of QBA methods that can be used when
conducting observational and experimental studies. This can help guide researchers and regulators on
selecting appropriate QBA methods for different study designs when conducting these types of studies or

making decisions with imperfect data.

Methods

We plan to conduct a systematic review of papers describing, evaluating, or comparing QBA methods for
observational and experimental studies. This review will be conducted following the Preferred Reporting
Items for Systematic Review and Meta-Analyses (PRISMA) statement and Synthesis without meta-analysis
(SWiM).*2 The study protocol will be registered on International prospective register of systematic reviews
(PROSPERO) and posted on Open Science Framework (OSF) before our study is conducted.

Eligibility criteria

Records will be considered eligible for inclusion if they are English-language publications
describing, evaluating, and/or comparing QBA methods for: observational study designs (cohort, case-
control, self-control, and cross-sectional studies) and non-randomized experimental study designs (non-
randomized interventional or non-randomized pragmatic studies, including single-arm studies with or
without external controls, and quasi-experimental studies). No date limits will be applied. We will include
methodological papers that describe significant or slight modifications of the same QBA methods. In
particular, we will compare and record the differences across the articles that discuss the same QBA
methods.

Avrticles only testing or comparing the performance of existing QBA methods using observational
or experimental data as their primary objective will be used to identify potential trade-offs between QBA
methods. We will screen article abstracts and exclude articles where QBA methods were only used in
sensitivity analyses, as a previous systematic review already focused on the application of QBA in
observational studies.” We will also exclude all conference abstracts, commentaries/viewpoints, and

published studies with non-human subjects.



Literature search and study selection

Working with an experienced librarian (KN), we will systematically search MEDLINE, Embase, Scopus,
and Web of Science Core Collection using the key words related to QBA. We will include the terms that
capture the broad concepts of bias analysis, uncertainty analysis, sensitivity analysis, confounding factors
and epidemiologic methods.

To retrieve additional potential articles on QBA methods that may not be identified through our
literature search, we will: (1) review the references of the studies identified during the full text screening;
(2) review prominent epidemiology and bias analysis text books (i.e., Modern Epidemiology, Essentials of
Epidemiology and Public Health, Applying Quantitative Bias Analysis to Epidemiologic Data, and
Quantitative Data Analysis A Companion for Accounting and Information Systems Research), and (3)
manually review the references included in a previous article on the applications of QBA methods.’

All the articles retrieved by our comprehensive searches will be pooled and deduplicated in
EndNote (https://fendnote.com/). All remaining articles will be uploaded to Covidence
(https://www.covidence.org/) for additional deduplication and screening. Two independent investigators
will review the articles at the title-abstract and then full-text level. Discrepancies will be discussed and

addressed with the arbitration by two additional reviewers (ZL and JDW).

Data collection
For all included articles, two investigators will abstract the following article characteristics: study title, first
author last name, publication year, journal name, and digital object identifier (DOI). Next, two authors (XS

and JDW) will classify the eligible articles into the following categories:

Methods articles:
1. Methodological articles that describe a new® QBA method (with or without testing the method
using empirical or simulated data).
2. Methodological articles that describe a new? QBA method and compare the performance of the
new method to at least one other QBA method using empirical or simulated data.
3. Methodological articles that describe modifications to previously developed QBA methods (with

or without testing the methods using empirical or simulated data).

aTo determine whether a methodological article describes a new approach, we will evaluate whether
the article includes references to previous methods or language suggesting that the approach builds

upon previously described approaches.



Application-based articles:
4. Atrticles where the primary objective is to test or compare existing QBA methods using empirical

or simulated data

For all methods articles (categories 1-3), we will record:

- the name of the QBA method

- the QBA classification (select all that apply: simple sensitivity analysis; multidimensional analysis;
probabilistic analysis; multiple bias modelling; other (please specify); unclear)

- the applicable study design scenarios (select all that apply: observational: prospective and/or retrospective
cohort, case-control, self-controlled, and/or cross-sectional; experimental: single-arm trial or non-
randomized trial with external controls; and/or meta-analysis)

- the result of interest (explain-away (yes/no), corrected estimate, multiple approaches)

- the data structure/format of the eligible exposure/intervention (select all that apply: continuous, categorical,
ordinal, count, time-to-event, other (please specify))

- the data structure/format of eligible outcome (select all that apply: continuous, categorical, ordinal, count,
time-to-event, other (please specify))

- the data structure/format of the eligible covariate/confounder (select all that apply: continuous, categorical,
original, time-to-event, other (please specify))

- the measures of effect (select all that apply: risk ratio, rate ratio, odds ratio, hazard ratio, risk difference,
rate difference, mean difference, other (please specify))

- the source(s) of bias addressed (select all that apply: selection bias; incompletely controlled confounding;
uncontrolled/ residual confounding; misclassification (specify the variable of concern: e.g., exposure,
outcome, event); missing data; other (please specify); unclear)

- the type of data required to conduct the QBA method (raw/individual patient-level data vs. summary
statistics/published data)

- the information/parameters needed to conduct the QBA method (please record)

- the output of QBA method and its interpretation

- the additional required data features, assumptions, or restrictions (please record [e.g., no interactions
between exposure and confounder])

- the available and/or recommended software developed for the QBA method (select all that apply: R; SAS;
STAT,; Excel; other(s); unclear)

- any considerations related to the interpretation of the results (please record)

- for category 3, we will also record whether the authors were the same as the original article (i.e., whether

any of the authors overlap)



For application-based articles (category 4), which are not the focus of the systematic review, we will
collect the following:

- the QBA methods compared

- the study design

- the exposure(s), outcome(s) and covariate(s) and/or confounders and their data structure/format (select all
that apply: continuous, categorical, ordinal, count, time-to-event, other (please specify))

- the measures of effect (e.g., risk ratio, rate ratio, odds ratio, hazard ratio, risk difference, rate difference,
mean difference, other (please specify))

- the source(s) of bias addressed (select all that apply: selection bias; uncontrolled/ residual confounding;
misclassification (specify the variable of concern: e.g., exposure, outcome, event); missing data; other
(please specify))

- the changes to the original effect estimates and study conclusions after applying QBA method(s)

- the major strengths and/or limitations related to the QBA methods and specific application described by
the authors

- the methods used to control for observed confounders (please record [e.g., propensity score, inverse

probability treatment weighting, etc.])

Statistical analysis

After we summarize the characteristics across all the identified QBA methods in a tabular form, we aim to
develop a decision tree that can be utilized to help guide researchers and regulators when it comes to the
selection of QBA methods available for different study characteristics. Key components of the decision tree
will be established once the data are collected. For example, the root node will be study design and the
subsequent nodes will address the exposure and outcome characteristics, source(s) of bias, data structure,
and other required parameters. The final node of the tree will include the recommended QBA methods,

available software, and any known strengths and weaknesses.
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