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1. SUMMARY

1.1 Abstract
Background

Decision analysis models are mathematical frameworks representing variables and their
interrelationships, to describe observed phenomena or predicting events. Models may
improve decision making, by projecting interventions to life-time horizon or predicting the
effect of alternative ways of delivering an intervention. Although there are a few relevant
examples of incorporating models in clinical practice guidelines (CPGs), the methods are still
underdeveloped in areas, such as the assessment of the certainty of evidence or how to

integrate this type of evidence within the CPG development process.
Objectives

To develop methods for incorporating models into CPG development. The design of each
study addresses different relevant aspects such as: 1) the integration of empirical and
modelling evidence to inform the effectiveness of a public health intervention, 2) the use of a
model in a guideline panel to assist the recommendation formulation process, 3) the
development of guidance to assess the certainty of evidence of models within the context of

systematic reviews and CPG.
Methods
The thesis contains three studies with different methodological designs:

1) A systematic review of effects: We searched PubMed, EMBASE, and the Cochrane Library
to identify RCTs, observational or modelling studies, comparing desirable (i.e. deaths
averted) and undesirable (i.e. overdiagnosis) effects from annual, biennial, or triennial
breast cancer (BC) mammography screening. We assessed the certainty of the evidence

adapting the GRADE approach.

2) A systematic review of effects and use of a model by a guideline panel: we search for RCTs
or cohort studies to assess the value of multigene tests to assist adjuvant chemotherapy
decisions in early BC. Then, we develop a decision tree model to estimate the downstream
consequences of testing patients with multigene tests. A multidisciplinary guideline panel

developed recommendations informed by the model estimations.
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iii) Development of a GRADE guidance: a workshop with experts from different fields who
participated in specific tasks and in a large group discussion session to inform the

development of an approach to assess the certainty of evidence.
Results

The first study identified one RCT, 11 modelling and 13 observational studies. The balance of
effects probably favours biennial screening in women 50-69. In younger women, annual
screening may have a less favourable balance, in women aged 7074 years longer screening
intervals may be more favourable. The overall certainty of the evidence was very low. We
included models to complement the gaps in the empirical evidence and presented this work

on the workshop during the third study of this thesis.

The second study included five studies for two types of multigene tests (four RCTs and one
pooled analysis of observational studies). We showed that modelling on different treatment
scenarios the number of chemotherapies avoided by using the 21-RS test would be from
more than 600 to about 200, while using the 70-GS test would result in an avoidance of
chemotherapy in about 230 women out of 1,000. The guideline panel issued

recommendations using this evidence.

In the third study, participants agreed that the GRADE approach to assess the certainty of
evidence also applies when assessing the certainty of evidence from models. Guidance to
use the GRADE approach to modelling evidence was developed, along with a framework to

consider this type of evidence over the CPG development process.
Conclusion

This thesis provides new knowledge on how to incorporate evidence from models in health
decision-making, including real examples, a framework, and guidance on how to assess the
certainty of evidence of this type of evidence. Future areas of research include the
developing of more detailed methods for assessing specific GRADE domains, and improve

the presentation formats to adequality display modelling evidence research.



Incorporating decision analysis models in the development of health recommendations

1.2 Resumen
Introduccion

Los modelos de analisis de decision son marcos matemadticos que representan variables y
sus interrelaciones para describir fendmenos observados o predecir eventos. Los modelos
pueden mejorar la toma de decisiones proyectando una intervencién a un horizonte de
tiempo de vida o prediciendo el efecto de formas alternativas de brindar una intervencion.
Aunque hay algunos ejemplos en la literatura sobre la incorporacion de modelos en guias de
practica clinicas (GPC), los métodos estan aun poco desarrollados en areas como la

evaluacion de la certeza de evidencia o cdmo integrarlos en el desarrollo de GPC.
Objetivos

Desarrollar métodos para incorporar modelos en el desarrollo de GPC. El disefio de cada
estudio aborda diferentes aspectos: 1) integrar evidencia empirica y de modelos para
informar la efectividad de una intervencién de salud publica, 2) el uso de un modelo en un
panel de GPC durante el proceso de formulacién de recomendaciones, 3) desarrollar una
guia para evaluar la certeza de evidencia de modelos en el contexto de revisiones

sistematicas o GPC.
Métodos
La tesis contiene tres estudios con diferentes disenos:

1) Una revisién sistematica de efectividad: se buscé en PubMed, EMBASE y la Biblioteca
Cochrane para identificar ECA, estudios observacionales o modelos, que compararan los
efectos deseables (ej. muertes evitadas) e indeseables (e]j. sobrediagnéstico) del cribado
anual, bienal o trienal de cancer de mama (CM) con mamografia. Evaluamos la certeza de la

evidencia adaptando el sistema GRADE

2) Una revision sistematica de efectividad y uso de un modelo en un panel de guias:
buscamos ECA o estudios de cohortes para evaluar pruebas multigénicas para informar las
decisiones de quimioterapia adyuvante en el CM temprano. Desarrollamos un modelo de
arbol de decisién para estimar las consecuencias de evaluar a pacientes con pruebas
multigénicas. Un panel multidisciplinario formulo recomendaciones basadas en estimaciones

del modelo.

iii) Desarrollo de una guia GRADE: un taller con expertos de diferentes campos que
participaron en tareas especificas y en una sesién general de discusién informo el desarrollo

de una guia para evaluar la certeza de la evidencia.
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Resultados

El primer estudio identificd un ECA, 11 modelos y 13 estudios observacionales. El balance de
efectos favoreceria el cribado bienal en mujeres de 50-69 afios. En mujeres mds jévenes, el
cribado anual tendria un balance menos favorable, en mujeres de 70-74 afios intervalos de
cribado mas largos seria mas favorables. La certeza de la evidencia fue muy baja. Incluimos
modelos para complementar los vacios en la evidencia empirica y presentamos este trabajo

en el taller del tercer estudio.

El segundo estudio incluyd cinco estudios para dos tipos de pruebas multigénicas (cuatro
ECA y un andlisis de estudios observacionales). En el modelo con diferentes escenarios de
tratamiento, la cantidad de quimioterapias evitadas con la prueba 21-RS seria de mas de 600
a aproximadamente 200, mientras con la prueba 70-GS se evitaria la quimioterapia en
aproximadamente 230 mujeres por 1.000. El panel de la guia emitié recomendaciones

usando esta evidencia.

En el tercer estudio, los participantes consideraron que el enfoque GRADE para evaluar la
certeza de la evidencia es aplicable a la evidencia de modelos. Se desarrollé una guia para
usar el sistema GRADE en modelos, y un marco para considerar este tipo de evidencia

durante el desarrollo de GPC.
Conclusion

Esta tesis proporciona nuevos conocimientos sobre como incorporar evidencia de modelos
en la toma de decisiones en salud, incluidos ejemplos reales, un marco y una guia sobre
como evaluar la certeza de este tipo de evidencia. Futuras dreas de investigacion incluyen el
desarrollo de métodos detallados para evaluar dominios especificos de GRADE y mejorar los

formatos para presentar la evidencia proveniente de modelos.
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1.3 Resumeixen
Introduccié

Els models d'analisis de decisid sén marcs matematics que representen variables i les seves
interrelacions per a descriure fenomens observats o predir esdeveniments. Els models
poden millorar la presa de decisions projectant una intervencié a un horitzé de temps de
vida o predient |'efecte de formes alternatives de brindar una intervencié. Encara que hi ha
alguns exemples en la literatura sobre la incorporacié de models en guies de practica
cliniques (GPC), els métodes estan encara poc desenvolupats en arees com |'avaluacio de la

certesa d'evidéncia o com integrar-los en el desenvolupament de GPC.
Objectius

Desenvolupar métodes per a incorporar models en el desenvolupament de GPC. El disseny
de cada estudi aborda diferents aspectes: 1) integrar evidéncia empirica i de models per a

informar I'efectivitat d'una intervencié de salut publica, 2) I'Us d'un model en un panell de

GPC durant el procés de formulacié de recomanacions, 3) desenvolupar una guia per a

avaluar la certesa d'evidencia de models en el context de revisions sistematiques o GPC.
Meétodes
La tesi conté tres estudis amb diferents dissenys:

1) Una revisié sistematica d'efectivitat: es va buscar en PubMed, EMBASE i la Biblioteca
Cochrane per a identificar ECA, estudis observacionals o models, que comparessin els
efectes desitjables (ex. morts evitades) i indesitjables (ex. sobrediagnéstico) del garbellat
anual, biennal o triennal de cancer de mama (CM) amb mamografia. Avaluem la certesa de

|'evidéncia adaptant el sistema GRADE

2) Una revisio sistematica d'efectivitat i Us d'un model en un panell de guies: busquem ECA o
estudis de cohorts per a avaluar proves multigeniques per a informar les decisions de
guimioterapia adjuvant en el CM primerenc. Desenvolupem un model d'arbre de decisié per
a estimar les consequléncies d'avaluar a pacients amb proves multigéniques. Un panell

multidisciplinari formulo recomanacions basades en estimacions del model.

iii) Desenvolupament d'una guia GRADE: un taller amb experts de diferents camps que van
participar en tasques especifiques i en una sessid general de discussié informo el

desenvolupament d'una guia per a avaluar la certesa de I'evidencia.

Resultats

10
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El primer estudi va identificar un ECA, 11 models i 13 estudis observacionals. El balang
d'efectes afavoriria el garbellat biennal en dones de 50-69 anys. En dones més joves, el
garbellat anual tindria un balang menys favorable, en dones de 70-74 anys intervals de
garbellat més llargs seria més favorables. La certesa de I'evidéncia va ser molt baixa. Incloem
models per a complementar els buits en I'evidéncia empirica i presentem aquest treball en

el taller del tercer estudi.

El segon estudi va incloure cinc estudis per a dos tipus de proves multigeniques (quatre ECA i
una analisi d'estudis observacionals). En el model amb diferents escenaris de tractament, la
guantitat de quimioterapies evitades amb la prova 21-RS seriosa de més de 600 a
aproximadament 200, mentre amb la prova 70-GS s'evitaria la quimioterapia en
aproximadament 230 dones per 1.000. El panell de la guia va emetre recomanacions usant

aquesta evidencia.

En el tercer estudi, els participants van considerar que I'enfocament GRADE per a avaluar la
certesa de I'evidéncia és aplicable a I'evidéncia de models. Es va desenvolupar una guia per a
usar el sistema GRADE en models, i un marc per a considerar aquest tipus d'evidéncia durant
el desenvolupament de GPC.

Conclusié

Aquesta tesi proporciona nous coneixements sobre com incorporar evidéncia de models en
la presa de decisions en salut, inclosos exemples reals, un marc i una guia sobre com avaluar
la certesa d'aquesta mena d'evidéncia. Futures arees de recerca inclouen el
desenvolupament de metodes detallats per a avaluar dominis especifics de GRADE i millorar

els formats per a presentar I'evidencia provinent de models.

11
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2. INTRODUCTION

Decision analytical models (aka. mathematical models) have been used in public health to
assist decision making for a long time ago. First description dates back to 1760, when Daniel
Bernoulli developed a model simulate smallpox transmission and the potential impact of
control measures.! Subsequently, in 1906, William Hamer developed a measles transmission

model® and two years later Ronald Ross presented a model of malaria transmission.?

In recent years, the number of mathematical modelling publications has increased steeply,
along with the complexity of clinical and public health interventions, and the needs for
timely decisions by policy makers. Noteworthy, mathematical modelling studies are not
restricted to infectious diseases field, they address a wide range of questions as exemplified
by recent clinical guidelines in the field of cancer screening, issued by important

international institutions.

Below, | will describe the “state of the art” of clinical practice guidelines (CPG) and the use of
decision analytical models (hereafter “models”) in the context of decision making and
formulation of recommendations during CPG development; the role of modelling in
economic evaluation is well recognized in guideline development, and will therefore not be

covered throughout this work.
2.1 Clinical Practice Guidelines

The constant grow of health literature makes unfeasible for clinicians or healthcare policy
makers to keep themselves updated. For example, the number of randomized controlled
trials (RCT) published in MEDLINE grew from 5,000 during the period from 1978-19852 to
around 45,000 registered RCTs only in the year 2021.% In addition, the identified literature
may have methodological limitations, or be not applicable to the target populations or
setting of interest. Thus, clinicians may become increasingly overwhelmed by a vast volume

of evidence of uncertain value, without the required skills to appraise credibility.

Clinical Practice Guidelines (CPG) are statements intended to provide a systematic aid to
clinicians, through the complex process of medical decisions.® When rigorously developed,
using a transparent process that combines scientific evidence, clinician experiential
knowledge, and patient values, CPGs have the potential to improve healthcare decision

making, and enhance healthcare quality and outcomes.®

In 2011, the Institute of Medicine (loM), now the National Academy of Medicine, defined

clinical practice guidelines as, “statements that include recommendations intended to

13
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optimize patient care that are informed by a systematic review of evidence and an
assessment of the benefits and harms of alternative care options” 2 Following this definition,

a trustworthy guideline should fulfil the following requirements:

- Be based on a systematic review of the existing evidence;

- Be developed by a knowledgeable, multidisciplinary panel of experts and
representatives from key affected groups;

- Consider important patient subgroups and patient preferences, as appropriate;

- Be based on an explicit and transparent process that minimizes distortions, biases, and
conflicts of interest;

- Provide a clear explanation of the logical relationships between alternative care options
and health outcomes, and provide ratings of both the quality of evidence and the
strength of the recommendations; and

- Bereconsidered and revised as appropriate when important new evidence warrants

modifications of recommendations.?

Since the publication of the loM report, the number of associations dedicated to CPG
initiatives have undergone a remarkable expansion globally. Initially, large guideline
development organizations at a national level appeared, such as the National Institute for
Health (NICE), the Scottish Intercollegiate Guidelines Network (SIGN) in the United Kingdom.
Subsequently, several of those organizations agreed to create the Guidelines International
Network (GIN), a worldwide scientific association, whose member (individuals or
institutions) are involved in development or implementation of evidence-based guidelines.
This network nowadays, comprises 115 organizations, representing about 47 countries from

all continents.®

Alongside the expansion of CPG dedicated organization, the methods for developing
recommendations have also made relevant progress over time. In 2011, the Grading of
Recommendation, Assessment, Development, and Evaluation (GRADE) working group
described the GRADE approach, which proposed an structured system for rating quality
(certainty) of evidence in systematic reviews and guidelines, and for grading the strength of
recommendations in CPGs.” Later in 2016, the GRADE Working Group, in the context of a
European funded project called DECIDE (Developing and Evaluating Communication
Strategies to Support Informed Decisions and Practice Based on Evidence) developed the
Evidence to Decision (EtD) frameworks, to support the process of moving from evidence to

recommendations. This process includes, considering aspects such as the magnitude of

14
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desirable and undesirable effects, the balance of effects, values and preferences, use of
resources, or equity.®° The GRADE working group has also outlined the main stages in the

process of developing CPG (Table 1).1°

Other approaches under development include, methods to use resources efficiently, such as
adaptation and updating of CPG, building on existing guidelines or provide more local
recommendations. Approaches like ADAPTE provide detailed guidance on how to modify
guidelines produced in one setting for use in a different setting.!! The GRADE working group
developed the “ADOLOPMENT” approach, combining advantages of adoption, adaptation,
and de novo guideline development, building on the EtD framework to allow formulation of
recommendations for a specific setting.’? The updating of CPGs in the context of emergence
of new evidence has also made significant progress, noteworthy efforts are the
development of tools like UpPriority, to prioritise clinical questions for updating®?, and

CheckUp, to evaluate the completeness of reporting in updated guidelines

Table 1. Steps to develop a clinical practice guideline

e  Establish the guideline panel

e Define the scope of the guidelines

e  Prioritize the problems

e Formulate the clinical questions

e Value the relative importance of outcomes

e Identify the existing evidence for every clinical question

e Grade the quality of existing evidence for each outcome separately

e Determine the overall quality of available evidence across outcomes

e Decide on the balance between desirable and undesirable consequences
e Decide on the strength of recommendation

e Formulate the recommendation reflecting its strength

Adapted from: Brozek et al. (2009)0

The final aim of implementation of CPGs is to promote high-value interventions most
relevant to practitioners, patients, and the society as a whole after consideration of the
desirable and undesirable effects. However, in practice, findings from systematic reviews
may not directly apply, being sparse or not available to the scenarios of interest due to
factors such as the complexity of interventions or the horizon time.*® For example, cancer
screening guideline panels may need to assess not only whether they should or not
recommend screening, but also the age at which to start or stop screening, the intervals of
testing, and the confirmation methods. Thus, evidence directly addressing these types of

scenarios might be unfeasible or even unethical to produce.

15
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Another example of complex scenarios for CPG development is, how to account for patients
who have multiple medical conditions. Boyd et al, assessed the applicability of guidelines to
a hypothetical 79 year old woman with five chronic conditions: osteoporosis, osteoarthritis,
diabetes, hypertension, and chronic obstructive pulmonary disease, and noted that most did
not discuss recommendations for management in patients with comorbidities.’” One
strategy to cover complex scenarios is the incorporation of decision analysis models
evidence (modelling evidence). This approach has been implemented during the COVID-19
pandemic to develop timely evaluate non-pharmaceutical interventions, which underlines

the need to develop methods for the incorporation of this type of evidence.?® 19
2.2 Decision analysis models

Researchers have used the term model to describe a variety of concepts, but most agree
that given the complexity of healthcare, decision makers often rely on some sort of a
modelling to answer health-related questions.?’ Overall, models might vary in their structure
and degree of complexity. A very simple model may be any calculation to estimate a single
variable not directly measured. For example, the population impact of an intervention,
estimated as the product of their relative effect (informed by a trial), multiplied by the
baseline risk of the population of interest (informed by a cohort study).?! On the other end
of the spectrum, we may find more complex models, such as system dynamics models, used

to predict infectious disease transmission, which might require considerable computing.

This thesis will focus on decision models defined as “mathematical framework representing
variables and their interrelationships, to describe observed phenomena or predict future
events”,?? excluding statistical models used to estimate the associations between measured
variables and their outcomes (e.g., logistic regression models). Practically, all problems can
be represented by any model, although some methods are preferable for particular

scenarios; for example, a Markov model for chronic diseases over a lifetime horizon, or

dynamic models to evaluate vaccine effectiveness.

The modelling process should start by the problem and model conceptualization (Figure 1).
Problem conceptualization includes consultation with experts to ensure that the model
adequately addresses the decision problem and perspective of analysis, and reflects the
strategies of interest, the target population, the time horizon and the relevant resources and
health outcomes.?® The availability of data may constrain the model development, but
should not limit the initial discussion of the problem, which must incorporate features of the

disease and its outcomes for even though data may be poor or unavailable.? In such the

16
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latter scenarios, sensitivity analyses should be conducted on model parameters for which no

data exists, to explore their influence on the results.

Figure 1. Model and problem conceptualization*

models)

Reality: health
care decision, Sr—
process and

Conceptual Model of:

Model
1) Decision/Problem )=—> Model

Output Users/

Conceptualizing Conceptualizing 8 the model;
the Problem the Model Pata,Solrees 2 to 4) represent modeling techniques (i.e.
@ state transition model, discrete event and
r\ @ {\ @ agent-based models, dynamic transmission
[6)

to calibrate the models

2) Disease

1) conceptualization of both the problem and

5) parameter used as input for the model, and

disease Stakeholders 6) transparency and validation of a model
\ Modeling Type /
Y |

*Adapted from: Roberts et al (2012)%

During model conceptualization, the components of the problem are represented using a
particular analytic method. The conceptual representation will usually influence the decision
of which type of modelling approach would best represent the phenomenon or decision
problem, under consideration. The choice of a modelling approach is crucial since it can
affect the validity of the results.?® Among the characteristics that should be taken into
consideration, to decide which method is most appropriate are: whether it should represent
individuals or groups, whether there will be interactions among individuals, the time
horizon, whether time will be continuous or discrete, or if the events would occur more than

once per individual.?*

The most common model types among the several techniques available are decision trees,
state-transition models, discrete event simulation (DES), agent-based simulation, and
dynamic transmission models.?* 2° Decision trees are useful for problems with short time
horizons where estimation of outcomes is straightforward. State-transition models are
useful for problems with longer time frames, or when probabilities vary over time.?* DES are
useful for representing what happens to individuals, particularly when there are resource
constraints or interactions among individuals.?* Dynamic transmission models are useful

when interactions occurring between groups may have an impact on the results (Table 2).2*
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Table 2. Types of modelling approaches

Approaches

Description

Areas of application

Decision tree

Markov cohort
model

Markov

microsimulation

Discrete event
simulation

Decision trees arrange events from left to right through
three components in a chronological order:

. A decision node which indicates competing alternatives
. A chance node representing consequences of a given
decision (mutually exclusive)

. A terminal node, showing value of a branch

Branches connect the nodes and represent the pathways
through the tree

The expected costs and/or effects associated with each
strategy are estimated by weighted averaging of the
values of all branches emanating from a decision node

Markov cohort models simulates the movement of
patients through health states over time according to
specific transition probabilities

The basic Markov cohort model relies on the Markovian
assumption that transition probabilities depend only on
the current state and not on any previous health states
Typically, the entire cohort will enter the model at the
same time, although it can be distributed among various
states

Costs and health outcomes are determined by health
states, and overall costs and QALYs are estimated by
adding the cycle sums over the time horizon

Markov microsimulation simulates individual patients
over time. This approach is capable of storing the history
of each individual patient over the course of the model,
thus transition rates may be conditional on previous and
existing risk factors or events

Transitions occur only once per cycle, similar to the
Markov cohort model

Following the simulation, each patient has their own
respective costs and outcomes. Overall costs and QALYs
can then be calculated as the average from a large
number of simulated patients

Discrete event simulation describes the progression of
entities (individuals), rather than a fixed time, time is
continuous with patient progression sampled according to
parametric or empirical time-to-event distributions.
Individuals may either be simulated one-by-one or
simultaneously

Consequences, such as costs and effects, can be
attributed to anything that is sensible, such as events,
time with a particular condition or simply having a
particular patient attribute within the model

Decision trees are
easy to interpret, if the
number of branches is
kept low

A common usage is
when the disease is
acute and events are
not recurrent

Markov models
provide a more
manageable
representation if the
time horizon is long or
if events recur

Markov
microsimulations
model are preferred
when the
representation

of all aspects of the
decision problem
would lead to an
unmanageable number
of health states

Discrete event
simulation has greater
flexibility due to
incorporating time a as
continuous instead of
fixed intervals. it is
useful for settings of
constrained resources
(e.g., number of
hospital beds)

or process-driven
situations (e.g.,
waitlists)
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System System dynamics describes a system through feedback Application on
. loops and flows. The causal loop diagram provides a infectious diseases
dynamics s . o . - . .
qualitative visualization of a system. Its basic building where differential
block is the feedback equations are taken
loop, describing movement (i.e., flow) from one pool from mathematical
eventually returning in some form to its origin. models of infectious

Movement between stocks is defined by the rate of flow, disease epidemiology
dictated by differential equation, and time changes

continuously

Costs and outcomes may be linked to the time spentin a

particular stock or by the flow between stocks

Compartmental  The population is divided into various compartments, Models the
models representing their average state. Individuals within a transmission and
single compartment are considered homogeneous. Most epidemiology of
commonly, it contains compartments of the population infectious disease (e.g.,
whom are at different stages of the illness susceptible-infectious-
recovered)

Adapted from: Tsoi et al. (2015)%°
The development of a decision model requires the synthesis all of the relevant literature
that pertains to the question, and that is included in the structure of the model, including
parameters for the natural history of (or risk of) a disease, effectiveness and risks of
alternative interventions, and health-related quality of life.2> 22 Thus, modelling
development often relies on much of the same information typically provided by systematic
reviews, but it usually needs to be supplemented by clinically reasonable assumptions,

where data may be limited or non-existent.*

Decision models are an important tool for assessing complex public health or clinical
policies, and may improve the quality of health care decision making. Authors have
identified areas where models can be specially relevant, such as: i) projecting out beyond
the observed time horizon of an interventions, ii) extrapolate the effects to population
subgroups not addressed in the available research evidence, iii) incorporate data from
multiple sources, iv) evaluate relevant comparators that have not been assessed in empirical
studies, and v) extrapolate intermediate outcome measures (e.g., disease free survival) to

long-term or patient-centred outcomes (i.e. quality-adjusted life) (Table 3).15 1620
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Table 3. Potential application of models

Scenarios Examples of modelling studies
The long-term effectiveness of an Life time effect on decompensated cirrhosis of obeticholic
intervention is unclear acid (a selective farnesoid X receptor agonist) as second

line treatment in primary biliary cholangitis?®

The outcomes of an intervention in Outcomes of medical management of asymptomatic
routine care settings are unclear patients with carotid artery stenosis typically excluded
from clinical trials?’

The comparative effectiveness of Comparative effectiveness of different statins and statin
different interventions overall or in doses in patient groups with varying baseline
subgroups of patients is unclear cardiovascular risk?®

The overall effect of an intervention Effects of different vaccination strategies with serogroup C

at the population level, including meningococcal conjugate vaccines on meningococcal
direct and indirect effects is carriage and disease?®
unknown

Adapted from: Egger et al. (2018)3°

As a summary, models, when developed in a transparent and rigorous way, may provide a
systematic and explicit way to examine a decision process when there are limitations in the
evidence or when there are multiple sources of evidence that require synthesis. Previous
publications and task forces have described and provided guidance on good practice during
modelling development, to ensure it is done appropriately including domains such as:

structure, disease states, or cycle length (Table 4).243!

Table 4. Minimal criteria for a high-quality decision model

Dimensions of Quality Attributes of “Good Practice”

Structure Model structure should be consistent with the decision problem.
The structure should be dictated by theory of disease, and not by data
availability

Disease states Model should reflect the time dependence of the disease process.

States should reflect the underlying biological process of the disease and the
impact of intervention.
The number of states should be manageable, reflect all important aspects of
disease, and not be omitted on the basis of lack of data

Options Options and strategies should not be limited by constraints of currently accepted
clinical practice
A balance is needed between full range of options and keeping decision problem
manageable

Time horizon The time horizon should be sufficient to capture all important health outcomes.
Lifetime time horizons will be appropriate for many models; shorter time
horizons can be justified according to the disease process and effect of
interventions

Cycle length (if The length of a cycle should be the minimum interval over which pathology

relevant) and/or symptoms in patients is expected to alter
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Data identification “Best available” data should be referred to as “optimal available” data as it is an
empirical question whether acquiring all existing evidence is a good use of
resources

Models can be used to undertake formal value of information analysis to
determine the optimal data to incorporate.

Analyst should make clear all low-cost sources have been searched for the
appropriate parameter values

Methods used for parameter identification when no data are identified should
be fully detailed

Data incorporation The process of data incorporation should follow accepted methods of
epidemiology and statistics
Different sources of uncertainty should be distinguished (uncertainty,
heterogeneity, first- and second-order uncertainty).
Interval rates should be translated into transition probabilities using appropriate
formula
Models should use half-cycle correction

Internal consistency The model should be checked and tested by the analyst (debugging)

External consistency If possible, the model outputs should be compared to the results from relevant
primary research studies (not used to inform model inputs)

Adapted from Sculpher et al. (2000)3!
2.3 Decision models and synthesis of evidence

The use of decision models for has increased over time in the medical literature. Petitti et al
reported from MEDLINE search an increase, from approximately 20 decision models’ studies
published in 1980, to approximately 250 in 1997.32 Another overview between 2005 and
2009 identified 1,773 articles, published between 2005 to 2009 that included the use of a
decision model to assess clinical outcomes, comparing two or more strategies; 70% of them
were related to treatment (pharmaceutical of procedures), 12% related to prevention and

evaluation of vaccines, and 18% assessed either screening or diagnostic interventions.*

Regarding systematic reviews and health technology assessment reports. In 2009, the
Agency for Healthcare Research and Quality (AHRQ) have published 11 reports (from a total
of 193) that used models to support their conclusions, most of them modelled diagnostic
tests or screening strategies along with subsequent treatments.3 Luhnen et al, searched
systematic reviews of complete health economic evaluations, published between 2015 to
2017 in Medline and other economic databases, identifying 202 reviews; among them 181
included trial and model base evaluations, while 10 reviews included only model base

evaluation.3*

To evaluate the “state of the art” of systematic reviews (SRs) including modelling evidence,
we conducted an overview of SRs (non-published data).*® We identified reviews that

included only modelling studies (i.e. the reviews excluded empirical studies), to inform
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either the effectiveness or cost-effectiveness of any type of interventions (i.e.
pharmacological, screening), published between 2018 to 2021. We identified 17 reviews, the
majority from US and Europe; 35% of reviews addressed screening or prevention

intervention, and 29% were related to cancer diseases (Table 5).3°

The introduction of models in the field of CPG has been relatively slowly, although some
relevant examples are described in the literature. For example, Egger et al reviewed 185
WHO guidelines approved from 2007 to 2015, 42 (23%) referred to modelling studies, but
were rarely formally assessed as part of the body of evidence, and there was no description
of quality criteria for this type of evidence.?° The U.S. Preventive Services Task Force
(USPSTF) has informed their screening recommendations with model results, usually
involving several models, such as two models for colorectal cancer screening, five for lung
cancer screening, and six for breast cancer screening.'® Some of this examples are described

below:

- Colorectal Cancer (CRC) Screening: the USPSTF recommendations on CRC screening were
informed by 2 models, to calculate the number of life-years gained (measure of
benefits), and the number of diagnostic colonoscopies (measure of harms and resource
use).3® CRC screening using faecal occult blood tests (FOBTs) reduces colorectal cancer
deaths, but new FOBT tests such as Hemoccult SENSA and immunochemical tests are
available. There are no clinical trials for these newer tests although estimates of their
diagnostic performance have been published. The model evidence supported a 10-year
screening interval for colonoscopy and a 1-year interval for high-sensitivity FOBTs.%’

- Tuberculosis (TB) prevention: the WHO guideline development group for TB infection
control, assessed systematic reviews, which included mathematical modelling studies.>®
One modelling study, estimated the effects of several control measures on the spread of
extensively drug resistant (XDR) TB in a community in South Africa (which are ethically
unfeasible to assess through RCTs). Compared with natural ventilation, the mechanical
ventilatory systems would reduce XDR-TB cases by 12% (range 10%-25%), the use of
respiratory masks by health workers would prevent 2% of all TB cases, and two-thirds of
XDR cases in hospital staff.3 The guideline development group considered the evidence
for the use of ventilation systems and particulate respirators as of low quality, but

suggested that these interventions are favourable for TB infection control.3®
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Table 5. Systematic reviews including only decision models from 2018 to 2021 (n=17)

. . . . # Model . . .
Author Year Country Disease Age population Type or interventation - List of model type Time Horizon
Castro »018 Brasil Hepatitis C More and equal Pharmacologic 3 Markoy, disc.rete event simulation, and Monte 3 nt\on.ths to
than 50 years Carlo simulation model lifetime
Mark I, mi imulati ision t t
Leal 5018 UK Prediabetes NR Preventions 4 arkov model, microsimulation, decision tree, 3_yea.rs o
and other lifetime
Anothainsintawe 5019  Thailand Rabies NR Preventions 3 Decision trge mc?del, dynamic transmission 1to 12 years
e model, and simulation model
i I
Chen 2019 China Cardllovascu ar NR Digital health 2 Markov model and decision tree 0 .yea.rs to
disease lifetime
. — . . . 10 years to
Kibret 2019 Italy Prostate cancer NR External beam radiation 2 Markov and discrete event simulation lifetime
Markov model, deterministic sensitivity analysis,
Direct actin antiviral decision tree, individual sampling model, discrete 5 vears to
Szilberhom 2019 Hungary Hepatitis C NR g 6 individual simulation — discrete event simulation y .
agents L . . . o lifetime
in discrete time, and discrete time individual
event history model
M I Mark I i imulati 1
Abreha 2019 Italy Prostate cancer ore and equa External beam radiation 2 arkov model and discrete event simulation O.yeérs to
tan 65 years model lifetime
Switzerla State-transition  modelling,  microsimulation 20 vears to
Mendivil 2019 Colorectal cancer NR Screening 4 modelling, decision analytic model, and .y .
nd . lifetime
Archimedes model
Jiang 2019 China Cardl'ovascular NR Treatment or 2 Markov model and decision tree 99 da'ys to
disease management lifetime
M d I . . . . 20 t
Ran 2019 Germany Colorectal cancer ore and equa Screening 2 Markov and microsimulation model .ye?rs ©
tan 50 years lifetime
. . More than 30 7 years to
Canakis 2020 USA Gastric cancer Upper endoscopy 1 Markov model y .
years lifetime
e 2020 Brazil SEiHEEE NR Treatment or 4 Markov model, decision tree, discrete event NR

management

simulation, and Monte Carlo micro simulation
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Venous
Kemmak 2020 Iran Thromboembolis NR
m
Yao 2020  China Inflammatory NR
Bowel Disease
Trieu 2021 Australia Osteoarthitis More and equal

tan 65 years
Herpes zoster

Hodkinson 2021 Austalia . .
infection

NR
More and equal

Kh 2021 B
an 0 Germany reast cancer tan 40 years

Treatment or
management

Treatment or
management

Computer navigation

Preventions

Screening

Decision tree model, markov model, and decision 3 monthsto 5
analytical model years

Markov model, discrete event model, and

l1to1l r
decision tree model 0 10 years

Markov model 120 months to 20

years
. - 25 years to
Dynamic transmission model 'y .
lifetime
Markov model, microsimulation, discrete event 40 years to
simulation model, and life table model lifetime

From Canelo-Aybar et al (2022, unpublished data).3®> NR: not reported
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- Cervical cancer screening: a WHO guideline for cervical cancer screening developed a
model to inform their recommendations. The model estimated the proportions of TP,
TN, FP and FN findings for each of the screening tests (VIA, HPV and cytology) based on
the test-accuracy estimates and the pre-test probability of having cervical intraepithelial
neoplasia.*’ Then, they calculated the probability of developing any of the critical
outcomes for decision-making based on the treatment they may receive and the
estimates of efficacy and potential complications of the different treatments
(cryotherapy, CKC and LEEP).* Finally, they suggested to screen (test and treat) with an

HPV strategy over cytology followed by colposcopy.

As those examples’ underlines, findings from systematic reviews may not apply directly to
the guideline development setting. Habbema et al based in the experience by the USPSTF
described some scenarios where models can bridge the gap between empirical evidence and
the guideline setting (Table 6).1® The WHO conducted a workshop with experts in the CPG
and modelling field and proposing similar scenarios of how to use models appropriately: 1)
in the absence of empirical data directly addressing the question of interest, for example in
the context of public health programmes where RCTs are rarely available. 2) where
immediate action is needed but little direct empirical evidence is available, for example in
the Ebola, or Zika epidemics. 3) with a systematic and transparent approach to identifying
existing models that may be relevant, and careful consideration of commissioning new

models.3°

Table 6. Areas where models can bridge the gap between primary evidence and guideline
development

e Applying new information on disease risk, prognosis, medical technologies, and treatments to
estimate changes in health outcomes.

e  Exploring the full array of alternative intervention strategies.

e Assessing important benefits and harms over the lifetime of the population.

e Making appropriate assumptions about attributes of the target population and health care
setting for the guideline conditions.

Adapted from Habbema et al. (2014)6

2.4 The GRADE approach and certainty of modelling evidence

The GRADE Working Group was established in the year 2000 and continues as a community
striving to create systematic and transparent approach for assessing and communicating the

certainty of the available evidence used in making recommendations in health care—related
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disciplines.” The GRADE Working Group now includes over 600 members from 40 countries.
GRADE is widely used internationally by over 110 organizations to address topics related to
clinical medicine, public health, coverage decisions, health policy, and environmental health,
examples include the Cochrane Collaboration, the World Health Organization (WHO) and
international societies such as the European Respiratory Society (ERS) or Infectious Disease

Society of America (IDSA).?

The GRADE approach offers a transparent and structured process for developing and
presenting evidence summaries for systematic reviews and guidelines in health care and for
carrying out the steps involved in developing recommendations (Figure 2).”1° Some of the
steps the GRADE approach specifies includes: framing questions, choosing outcomes of
interest and rating their importance, evaluating the certainty of evidence, and incorporating
evidence on aspects such as the balance of effects, values and preferences, resource use tor
equity when developing recommendations.® To support guideline developers, the GRADE

working group has also develop a check list to guide the overall development process.*

Figure 2. Outlined of the process of reviewing the evidence and developing recommendations using
the GRADE approach

&
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Adapted from: Schiinemann et al. (2013)42

The GRADE approach considers four levels for the certainty of evidence (Table 7) from very

low to high, each of them have a different implication for our confidence on the estimates of
26
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effect.”® The domains to evaluate and rating the certainty of evidence includes: the risk of

bias, directness of evidence, precision of an estimate, consistency of estimates across

studies, risk of bias related to selective reporting and factor to increase our confidence.

Specific approaches to the concepts may differ depending on the nature of the body of

evidence, but they usually follow the concepts described below:

Risk of bias: the certainty is lower in the estimated effect if the studies had inherent

limitations in the design or conduct of the study.

Imprecision: the certainty would be lower if the clinical decision is likely to be different if
the true effect was at the upper versus the lower end of the confidence interval. The
certainty may be rated down if the effect estimate comes from only one or two small

studies or if there are few events.

Inconsistency the certainty would be higher when several studies show consistent
effects; when assessing whether or not rated down for inconsistency, reviewers should

inspect the similarity of point estimates and the overlap of their confidence intervals.

Indirectness: the certainty would be higher when studies directly compare the
interventions of interest in the population of interest, and report the outcome(s) critical

for decision-making.

Publication bias: this domain requires making inferences about missing evidence, some
statistical methods are helpful in detecting publication bias. Publication bias is typically

more common with observational data and when most studies are funded by industry.

increases confidence in the evidence: in rare circumstances, certainty in the evidence
can be rated up (Table 2) for example: i) when there is a very large magnitude of effect,
ii) when there is a clear dose-response gradient, or iii) when residual confounding is

likely to decrease rather than increase the magnitude of effect.
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Table 7. GRADE certainty of evidence levels and meaning

Certainty Definition

Very low We have very little confidence in the effect estimate: The true
effect is likely to be substantially different from the estimate of
effect

Low Our confidence in the effect estimate is limited: The true effect

may be substantially different from the estimate of the effect

Moderate We are moderately confident in the effect estimate: The true
effect is likely to be close to the estimate of the effect, but there
is a possibility that it is substantially different

High We are very confident that the true effect lies close to that of
the estimate of the effect

Adapted from: Balshem et al. (2011)*3

The strength of a recommendation reflects the extent to which a guideline panel is confident
that desirable effects of an intervention outweigh undesirable effects (or vice versa) in the
patients for whom the recommendation is intended. The GRADE approach defines two
categories of the strength of a recommendation (strong and weak).® A guideline panel would
issue a strong recommendation if they are certain about the various factors that influence
the strength of a recommendation such as a clear balance towards either the desirable (to
recommend an action) or undesirable effects (to recommend against an action).””
Otherwise, if a guideline panel is uncertain whether the balance of effects or the various
factors that influence the strength of a recommendation (Table 8), a guideline panel would

like to make a weak recommendation.

Table 8. Criteria that contribute to the strength of a recommendation

Factors

Is the problem a priority?

How substantial are the desirable anticipated effects?

How substantial are the undesirable anticipated effects?

What is the overall certainty of the evidence of effects?

Is there important uncertainty about or variability in how much people value the main outcomes?

Does the balance between desirable and undesirable effects favour the intervention or the
comparison?

How large are the resource requirements (costs)?
What is the certainty of the evidence of resource requirements (costs)?

Does the cost effectiveness of the intervention favour the intervention or the comparison?
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What would be the impact on health equity?
Is the intervention acceptable to key stakeholders?

Is the intervention feasible to implement?

Adapted from: Alonso-Coello et al. (2016)3 °

A major barrier for the incorporation of evidence from modelling studies into guidelines
development is the perceived complexity of the methods to construct and analyse these
studies, that there are no widely agreed approaches to the evaluation of the certainty of
estimates from modelling studies, and their integration with primary data to inform
guidelines recommendations.?® These statements are also reflected on our findings
(unpublished data) on the quality of SRs including only modelling studies from 2018 to 2021,
as only two reviews (12%) assessed the quality of studies with an appropriate tool (i.e.
Philips* or Jaime Caro tools**) while most reviews did not assess the quality or used
inappropriate tools (Table 8) and none of them assessed or made statement about the

certainty of evidences of the estimates.*®

Table 9. Characteristics of included systematic reviews (N=17)

Characteristics N (%)
Protocol registration
No 13 (76.47)
Yes 4(23.53)
Use of method review guidelines
Not reported 13 (76.47)
Cochrane guideline 1(5.88)
Other 3(17.65)
Use of reporting guideline
No or it was done with an inappropriate tool 7 (41.18)
PRISMA 8 (47.06)
CHEERS 2 (11.76)
Use of quality assessment method
No or it was done with an inappropriate tool 15 (88.24)
Yes, with an appropriate tool 2 (11.76)
Use of certainty of evidence assessment
No or it was done with an inappropriate tool 17 (100.00)
Yes, with an appropriate tool 0 (0.00)
Number of databases included 5.06 £2.36
Language restriction
No 7 (41.18)
Yes 10 (58.82)
Duplicate screening
No 13 (76.47)
Yes 4 (23.53)
Duplicate full-text selection
No 13 (76.47)
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Yes 4 (23.53)
Disagreement

Not reported 7 (41.18)
Third reviser 6 (35.29)
Consensus 4 (23.53)
PRISMA flowchart

No 5(29.41)
Yes 12 (70.59)
Number of model studies included 18.29 + 15.32
Type of data synthesis

Quantitative 2 (5.88)
Qualitative 16 (94.12)
Number of types of models included 2.82+1.43

From Canelo-Aybar et al (unpublished data)*®

International organization have also recognized the need for developing standard methods
to incorporate modelling evidence to guidelines and in particular to assess the certainty of
evidence.! 16:20.30 The WHO after a workshop and survey to experts in the field, proposed
that guidelines groups might include modelling studies as an additional study category, in
addition to RCTs and observational studies currently defined in GRADE approach domains
for rating the certainty of evidence should be tailored to modelling studies by adding or

omitting questions and developing specific guidance (Table 10).%°

Table 10. WHO recommendation on how to adapt the GRADE approach to modelling evidence

e The certainty of the evidence for modelling studies should be assessed and presented
separately in summaries of the evidence (GRADE evidence profiles), and classified as high,
moderate, low, or very low certainty.

e GRADE dimensions of certainty (imprecision, indirectness, inconsistency and publication bias)
and the criteria defined for their assessment are also relevant to modelling studies.

e For modelling studies, the concept of the ‘credibility’ of the model, which takes the structure
of the model, input data, dimensions of uncertainty, as well as transparency and validation
into account, is more appropriate than ‘study limitations’ or ‘risk of bias’.

e When summarizing the evidence, a distinction should be made between observed and
modelled outcomes.

Adapted from: Egger et al. (2018)3°
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JUSTIFICATION
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3. JUSTIFICATION

Decision analysis models can be broadly defined as “mathematical framework representing
variables and their interrelationships to describe observed phenomena or predict future
events”.?? In general, models might vary in their structure and degree of complexity. For
example, a simple model may be any calculation to estimate a single variable not directly
measured, as when we are interested on the population impact of an intervention which are
usually estimated as the product of their relative effect (informed by a trial), multiplied by the

baseline risk of the population of interest (informed by a cohort study).?

Decision models are important tools for assessing clinical policies and may improve the quality
of health decision making.?° Some areas where models can be specially relevant includes: i)
projecting out beyond the observed time horizon of an interventions, ii) extrapolate the
effects to population subgroups not included within a study, iii) incorporate data from
multiple sources, iv) evaluate relevant comparators that have not been assessed in empirical
studies, v) extrapolate intermediate outcome measures (e.g., disease free survival) to long-

term or patient-centred outcomes (i.e. quality-adjusted life).1® 20 30

Although the relevance of modelling studies to bridge the gap between evidence and
guideline settings,'® they are not routinely incorporated in CPG development. Egger et al
reviewed 185 WHO guidelines approved from 2007 to 2015, 42 (23%) referred to modelling
studies, but these studies were rarely formally assessed as part of the body of evidence and
there was no description of quality criteria for this type of evidence.*® Thus, a major barrier
for the incorporation of evidence from modelling studies into guidelines development is the
perceived complexity of the methods to analyse these studies as there are no widely agreed
approaches for evaluation of the certainty of estimates from modelling studies, and their

integration with primary data to inform guidelines recommendations.3°

The GRADE approach offers a transparent and structured process for developing and
presenting evidence summaries for systematic reviews and guidelines in health care and for
carrying out the steps involved in developing recommendations.” 1° Some of the steps the
GRADE approach specifies includes: framing questions, choosing outcomes of interest and
rating their importance, evaluating the certainty of evidence, and incorporating evidence
with considerations of the balance of effects, values and preferences of patients and society

or resource use to arrive at recommendations.°

In general, the GRADE approach may be applicable irrespective of health discipline as It has

been applied (with specific guidance and modifications) to rating the certainty of evidence
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for management interventions, diagnostic tests,*” % prognosis studies,* animal studies,*
use of resources and cost-effectiveness evaluations,! and values and preferences.”* >3
Institutions like the WHO have underlined the urgent need for developing methodologies on
how the results of modelling studies should be included in the process of developing
recommendations, the evaluation of certainty of modelling estimates, and on their

integration to inform guidelines and recommendations.*
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OBIJECTIVES
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4. OBIJECTIVES

General objectives

To develop methods to improve the use of modelling evidence during the development of

health care decision making.
Specific objectives

i) To provide insights in how to integrate empirical and modelling evidence to inform
the effectiveness of a public health intervention in the context of clinical guideline
development.

i) To describe how a model can be developed and used to complement the evidence
from empirical studies and assist a guideline panel in the recommendation
formulation process.

iii) To provide guidance on how to assess the certainty of evidence of models estimates
using the GRADE approach and describe a framework of how to incorporate the

modelling evidence in the guideline development process.
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METHODS
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5. METHODS

This doctoral thesis is organized in the form of a compendium of publications. Therefore, the
methods described are those corresponding to each of the studies carried out. The design of
each study was determined in order to provide experiences in the incorporation of the results
(evidence) from models for the formulation of health recommendations, as well as the
development of methods for the evaluation of the certainty in the evidence of this type of

studies.

5.1 First study: Benefits and harms of annual, biennial, or triennial breast cancer
mammography screening for women at average risk of breast cancer: a systematic review

for the European Commission Initiative on Breast Cancer (ECIBC)
Design

A systematic review, integrating empirical studies (randomized clinical trials and
observational studies) along with modelling studies to inform clinicals outcome from

multiple strategies of population mammography screening for breast cancer (BC).

This systematic review informed the recommendations about mammography screening
intervals for women of average breast cancer risk®>* of the European Guidelines on Breast
Cancer Screening and Diagnosis launched by European Commission Initiative on Breast

Cancer (ECIBC) (the publication containing all recommendation available in the appendix 1)
Structured question and outcome prioritization

The Guideline Development Group, including multidisciplinary experts on BC screening,
framed the clinical question as “Should an annual, biennial or triennial screening frequency
be used for screening asymptomatic women?”. The review focused on the three age
subgroups for which the European Guidelines previously issued recommendations for

screening (45 to 49, 50 to 69, and 70 to 74 years old).
Data sources and searches

We searched MEDLINE (via PubMed), EMBASE (via Ovid) and CENTRAL (via The Cochrane

Library) databases using pre-defined algorithms for individual studies up to April 2020.
Study selection
We included studies of the following designs:

I Randomized clinical trials (RCTs),
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1. Observational studies such as cohorts, time trend (before-after), or analysis of
population surveillance registries, and
Il Decision analytic models including at least two screening intervals in one of the age

groups of interest

We excluded studies of women at high risk for BC, i.e. having known susceptibility gene
mutations (BRCA1/BRCA2), a history of previous BC, exposure to chest irradiation or having a

direct family member with breast cancer.
Data extraction and risk of bias assessment

We extracted the study’s details on design, patient population (simulated), setting, screening
method, follow-up, mammography intervals and results. We assessed the risk of bias (or

credibility for modelling studies) with the following tools:

m Cochrane Risk of Bias Assessment tool for RCTs ¢

()] The Risk of Bias in Non-randomised Studies of Intervention (ROBINS-I) for
observational studies >’

() The Questionnaire to Assess Relevance and Credibility of Modelling Studies (the
ISPOR-AMCP-NPC Good Practice Task Force) for modelling studies®

Data analysis

We summarized the results narratively, and we did not attempt to conduct a meta-analysis
for empirical studies because there were not enough studies across age groups to be
meaningful or because several publications reported the same population data at

overlapping time periods.

Modelling studies reported the incremental number of events for each screening interval
compared to a non-screening scenario. For some studies, we calculated the number of
events by subtracting overlapping age groups (i.e. to obtain events in annual screening in
women 45 to 49 years old, we subtracted the estimates in women 50 to 69 from the larger
group of 45 to 69). Across the different studies, we presented the range of the absolute

difference of events per each pairwise screening interval comparison.
Certainty of the evidence

We rated the certainty of the evidence, as high, moderate, low or very low, for each

outcome based on the standard GRADE approach for RCTs and observational studies.>® >°
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To apply the GRADE approach to modelling studies, we considered the certainty would
depart from the lowest certainty of the bodies of evidence that informed the main inputs in
the model. We used the credibility and relevance items from the ISPOR-AMCP-NPC tool to

inform the judgments for the risk of bias and indirectness domains.*

5.2 Second study: Recommendations from the European Commission Initiative on Breast
Cancer for multigene testing to guide the use of adjuvant chemotherapy in patients with

early breast cancer, hormone receptor positive, HER-2 negative
Design

A systematic review of the clinical impact of using of multigene tests to guide the decision to
provide adjuvant chemotherapy on women with early breast cancer. After, we identified
relevant gaps in the available evidence for relevant outcomes, the panel member of the
Guideline Development Group decided to develop a decision-tree model to estimate the

downstream consequences of the multigene test (also described in the publication).

This systematic review and the decision tree model informed the discussion on the guideline
panel for issuing the recommendations about multigene testing for women early breast
cancer at diagnosis, >*>° from the European Guidelines on Breast Cancer Screening and

Diagnosis launched by European Commission Initiative on Breast Cancer (ECIBC).
Structured question and outcome prioritization

The clinical question was framed as: “Should multigene tests be used in patients who have
HoR-positive, HER-2 negative, lymph node-negative or up to 3 lymph nodes-positive invasive

breast cancer to guide the use of adjuvant chemotherapy”.
Data sources and searches

We searched MEDLINE (via PubMed), EMBASE (via Ovid) and CENTRAL (via The Cochrane
Library) databases using pre-defined algorithms for individual studies up to April 2020 up to
October 2018.

Study selection
We included studies of the following designs:
(n Randomized controlled trials (RCT) and,

()] cohort studies (including pooled analyses of studies), either from prospective or

retrospective analysis, of stored specimen samples
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Studies must have applied any of the four tests as predictive markers for guiding the use of
adjuvant chemotherapy (Supplementary Fig. 1). A predictive marker identifies the
differential benefit of a treatment based on the marker status. Thus, we included the
following assessment approaches: a) Marker-based strategy design: patients are assigned to
a treatment arm depending on whether they received treatment, b) Treatment interaction
design: patients are divided into groups based on the marker status (i.e. high and low
marker status), the predictive value is assessed by observing the relative efficacy of

treatment differences between marker status and treatment assignments.
Data extraction and risk of bias assessment

Two reviewers independently assessed risk of bias and extracted the following information:
study design, inclusion and exclusion criteria, number of patients, age, participants’

characteristics and prioritized outcomes.

The risk of bias of the included RCTs was assessed using the Cochrane Risk of Bias tool for
randomized trials.>® Cohort studies were assessed with the “Risk Of Bias In Non-randomized

Studies - of Interventions-I” (ROBINS-I) tool.>”
Data analysis

Descriptive statistics were used to summarize the characteristics of the included patients
across studies. The effect measures for prioritized outcomes and their corresponding 95%

confidence intervals (Cls) were reported as presented in individual studies.
Development of a de novo model

We develop a deterministic decision tree model to estimate the downstream consequences
of testing patients with the multigene tests versus different scenarios of usual care. The
model complemented the empirical evidence for only the two multigene tests for which
predictive evidence was identified. We provided different scenarios (as sensitivity analysis),

and did not include discounting to the clinical effects.
Certainty of the evidence

The certainty of evidence per outcome and overall certainty was rated using the GRADE
approach. For each recommendation, the GDG received a Summary of Findings (SoF) table
and a first draft of an evidence to decision framework (EtD).° We did not assess the certainty

from the model developed for the panel meeting.
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5.3 Third study: GRADE Guidelines 30: the GRADE approach to assessing the certainty of

modeled evidence—An overview in the context of health decision-making
Design

Development of a methodological guideline based on an iterative consultation process to
expert in multiple fields related to modelling evidence (decision analysis models as well as

other types of mathematical models like toxicology or environmental models).
Development process

On May 15 and 16, 2017, the GRADE modelling project group lead a workshop in Hamilton,
Ontario, Canada, to develop common principles for the application of the GRADE
assessment of certainty of evidence to modelled outputs. The National Toxicology Program
of the Department of Health and Human Services in the United States of America and the
MacGRADE Center in the Department of Health Research Methods, Evidence, and Impact at
McMaster University sponsored the workshop which was co-organized by MacGRADE

Center and ICF International.

Workshop participants were selected to ensure a broad representation of all modelling
related fields. Participants had expertise in modelling in the context of clinical practice
guidelines, public health, environmental health, dose—response modelling, physiologically
based pharmacokinetic (PBPK) modelling, environmental chemistry, physical/chemical
property prediction, evidence integration, infectious disease, computational toxicology,
exposure modelling, prognostic modelling, diagnostic modelling, cost-effectiveness

modelling, biostatistics, and health ethics.

Participants addressed specific tasks in small groups and large group discussion sessions and
agreed on key principles both during the workshop and through written documents. In
summary, the workshop participants suggested an approach to incorporate model outputs
in health-related decision-making and the principles to assess the certainty of evidence for

modelling evidence.

41



Incorporating decision analysis models in the development of health recommendations

RESULTS
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RESULTS

The results for this thesis are those corresponding to each study published on peer-reviews

journal of high impact. In brief, our findings are organized in the following thematic

sequence.

First study.

Reference: Canelo-Aybar C, Posso M, Montero N, Sola |, Saz-Parkinson Z, Duffy SW,
Follmann M, Grawingholt A, Giorgi Rossi P, Alonso-Coello P. Benefits and harms of
annual, biennial, or triennial breast cancer mammography screening for women at
average risk of breast cancer: a systematic review for the European Commission Initiative
on Breast Cancer (ECIBC). Br J Cancer. 2022 Mar;126(4):673-688

Author position: First author and co-corresponding

Journal: British Journal of Cancer

Scimago Journal Ranking: Q1

5-year impact factor: 7.57

Second study

Reference: Giorgi Rossi P*, Lebeau A*, Canelo-Aybar C, Saz-Parkinson Z, Quinn C,
Langendam M, Mcgarrigle H, Warman S, Rigau D, Alonso-Coello P, Broeders M,
Graewingholt A, Posso M, Duffy S, Schiinemann HJ; ECIBC Contributor Group.
Recommendations from the European Commission Initiative on Breast Cancer for
multigene testing to guide the use of adjuvant chemotherapy in patients with early
breast cancer, hormone receptor positive, HER-2 negative. Br J Cancer. 2021
Apr;124(9):1503-1512. *Co-first author

Author position: Second author

Journal: British Journal of Cancer

Scimago Journal Ranking: Q1

5-year impact factor: 7.57

Third Study.

Reference: Brozek JL*, Canelo-Aybar C*, Akl EA, Bowen JM, Bucher J, Chiu WA, Cronin
M, Djulbegovic B, Falavigna M, Guyatt GH, Gordon AA, Hilton Boon M, Hutubessy RCW,
Joore MA, Katikireddi V, LaKind J, Langendam M, Manja V, Magnuson K, Mathioudakis
AG, Meerpohl J, Mertz D, Mezencev R, Morgan R, Morgano GP, Mustafa R, O'Flaherty M,

Patlewicz G, Riva JJ, Posso M, Rooney A, Schlosser PM, Schwartz L, Shemilt I, Tarride JE,
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Thayer KA, Tsaioun K, Vale L, Wambaugh J, Wignall J, Williams A, Xie F, Zhang Y,
Schiinemann HJ; GRADE Working Group. GRADE Guidelines 30: the GRADE approach to
assessing the certainty of modeled evidence-An overview in the context of

health decision-making. J Clin Epidemiol. 2021 Jan;129:138-150. *Co-first author
Author position: First author

Journal: Journal of Clinical Epidemiology

Scimago Journal Ranking: Q1

5-year impact factor: 7.30
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6.1 First study: Benefits and harms of annual, biennial, or triennial breast cancer
mammography screening for women at average risk of breast cancer: a systematic review

for the European Commission Initiative on Breast Cancer (ECIBC)*

We included evidence from 25 studies (27 publications) comprising one RCT,®% 6% 13

observational studies®7°

and 11 modelling studies.”®® Our finding suggested that in women
of average BC risk, screening intervals may have different trade-offs between benefits and
harms across age group. For example, among women 50 to 69 years old, compared to
biennial screening, annual screening may have additional benefits which should be balanced
against an important increase in false-positive results; whereas among women aged 70 to 74
longer screening intervals (i.e. triennial) probably obtain a more favourable overall balance

of benefits and harms than in other age groups.
Studies” characteristics

We identified only one RCT conducted between 1989 and 1996 in the United Kingdom which
randomly allocated 99,389 women aged 50 to 62 to either annual or triennial screening.5!
From the 11 observational studies, nine studies performed a secondary analysis from
surveillance mammography registries which were linked to the Surveillance, Epidemiology,

62, 64, 66, 68, 70,71, 73

and End Results (SEER) pathology registries; one quasi-experimental study
included women aged 40-49 invited for mammography screening every year or every 3
years;’? one study compared two time periods, before and after a change from annual to
biennial mammography for women aged 50 to 79;% and two studies included women from

screening programs provided through medical centres from the US.

Six of studies implemented microsimulation models developed within the Cancer
Intervention and Surveillance Modelling Network (CISNET) collaboration varying in the
structures and assumptions.?” (Model D: Dana-Farbe,® Model E: Erasmus,® Model GE:
Georgetown-Einstein,*® Model M: MD Anderson,’* Model S: Stanford,®? and Model W:
Wisconsin-Harvard).” The remaining four modelling studies implemented non-individual
models. One transition model evaluated annual versus biennial screening intervals in
Japan.®® One Markov model assessed breast cancer deaths averted and overdiagnosis due to
screening for women in the United Kingdom,”” and another study applied the model
developed by Preston to estimate radiation related events®2. We obtained non-publicly

available data of a transition modelling study simulating an Spanish cohort of women.8% %
Benefits and harms in women aged 45 to 49

Observational studies
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Evidence was available only for women 40 to 49 years. One study suggested an increase in
the risk of BC mortality in annual versus triennial screening (RR 1.14; 95%Cl 0.59 to 2.19)"
while the odds of advanced BC stage (lI1B-IV) at diagnosis may be higher in women exposed
to biennial screening compared to annual screening (OR 1.17; 95%Cl 0.93 to 1.46) 7° The 10-
year probability of false positive biopsy recommendation was 11.4% (95%Cl 10.5%-12.4%)
with annual screening, 5.9% (95%Cl 5.6%-6.2%) with biennial screening, and 3.9% (95%ClI

3.7%-4.1%) with triennial screening.”
Modelling studies

One study implementing six models, estimated a median of 30 more deaths averted and 480
additional QALYs per 100,000 women undergoing annual screening compared to biennial
screening in the US population;”® overdiagnosis was higher with annual screening compared
to biennial screening.”® Another modelling study assessed the risk of radiation induced
adverse events, estimating 14 more induced BC and 2 more deaths per 100,000 women with

annual screening compared to biennial screening.”®
Benefits and harms in women aged 50 to 69
Randomized Clinical Trials

In the UKCCR study, over a median of 162 months of follow-up, annual screening may
decrease the risk of BC mortality compared to triennial screening (RR = 0.89, 95% Cl

0.73-1.07).%0
Observational Studies

One study comparing the period before and after mammography screening changed from
annual to biennial found there may be little to no difference in mortality (MR 1.06; 95%ClI
0.76, 1.46) or interval cancer (RR 0.98; 95%Cl 0.90-1.06) between the two-time periods.5
Miglioretti et al. found there may be no difference in the risk of advanced BC stage (IIB-1V) in

the age groups 50-69 and 60-69 with annual versus biennial screening.”

The 10-year probability of a false positive result was 55.2% (95%Cl 54.8%-55.7%) with annual
screening, 35.4% (95%Cl 35.0%-35.7%) with biennial screening, and 24.8% (95%Cl 24.5%-
25.2%) with triennial screening.”® The cumulative 10-year probability of having a false
positive biopsy recommendation was 9.7% (95%Cl 9.3%-10.1%) with annual screening, 5.4%
(95%Cl 5.2%-5.6%) with biennial screening, and 3.7% (95%Cl 3.6%-3.9%) with triennial
screening.”!

Modelling studies
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One Canadian modelling study estimated that the BC deaths averted for annually, biennially
or triennially screening compared to no screening would be 740, 520 and 400, respectively.
In another study, the number of BC deaths averted per 100,000 screened women with
scattered fibroglandular breast density, was 690, 520 and 400 for annual, biennial and
triennial screening” and the number of QALYs gained was 6,000, 4,700 and 3,600,
respectively.”® A microsimulation model for the German population found consistent result

to the aforementioned studies.®

The estimated overdiagnosis was greater with more frequent screening intervals, a
microsimulation model study estimated 2,900, 2,000 and 1,600 for annual, biennial and
triennial screening compared to no screening per 100,000 women.”® A microsimulation
model estimated 27 radiation induced BC cases with biennial screening and 49 with annual
screening.’® The attributed number of radiation related deaths was four with biennial

screening and seven with annual screening.”
Benefits and harms in women aged 70 to 74
Observational studies

Three studies provided data on advanced BC stage (IIB-1V) at diagnosis but for different age
ranges (i.e. 66 to 89,5 70 to 857° and 70 to 89 years’®). For women 70 to 85 the odds of stage
IIB-IV were no different among those exposed to biennial or annual screening (OR 0.98
95%Cl 0.76-1.27).7° The 10-year cumulative probability of false positive results for women
between the ages of 75 to 89 may be higher with annual screening (47%, 95%Cl 44.9% to
49.5%) compared to biennial screening (26.6%, 95%Cl 25.7% to 27.5%),%? a similar trend for

false positive biopsy recommendations was reported.®?
Modelling studies

The estimated difference for BC deaths between the different intervals might be small. A
microsimulation model estimated the number of BC deaths averted for annual, biennial and
triennial screening to be 100, 90 and 80, respectively, compared to no screening per 100,000
screened Canadian women.® Only one non-individual based model estimated overdiagnosis
for this age group and it showed a small increasing trend with shorter screening intervals

from 193 for triennial screening to 269 for annual screening.®*
Risk of bias and certainty of the evidence

Our GRADE assessment for modelling studies departed from low certainty after considering
some methodological limitations from the input evidence (i.e. indirectness due
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mammography sensitivity estimated from BCSC registries including women from wider age
groups than our clinical question®®) and the credibility assessment of the development of the
included models which was limited due to suboptimal reporting. We had concerns about
indirectness given that most models used observational data from the US to inform their
input parameters (i.e. radiation induced BC), and because in one modelling study, data was

only available by levels of breast density (i.e. scattered fibro glandular density.”

48



Incorporating decision analysis models in the development of health recommendations

British Journal of Cancer

ARTICLE
Epidemiology
Benefits and harms of annual, biennial, or triennial breast
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Commission Initiative on Breast Cancer (ECIBC)
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BACKGROUND: Although mammography screening is recommended in most European countries, the balance between the
benefits and harms of different screening intervals is still a matter of debate. This review infarmed the European Commission
Initiative on Breast Cancer (BO) recommend ations.

METHODS: We searched PubMed, EMBASE, and the Cochrane Library to identify RCTs, obsenational or modelling studies,
comparing desirable (BC deaths averted, QALYS, BC stage, interval cancer) and undesirable foverdiagnosis, false positive related,
radiation elated) effects from annual, biennial, or triennial mammography screening in women of average risk for BC We assessed
the cenainty of the evidence using the GRADE approach.

RESULTS: We included one RCT, 13 observational, and 11 modalling studies In women 50-69, annual compared to biennial
screening may have small additional benefits but an important increase in false positive results; trienn ial compared to biennial
screening may have smaller benefits while avoiding some harms. In younger women (aged 45-49), annual compared to biennial
screening had a smaller gain in benefits and larger harms, showing a less favourable balance in this age growp than in women
50-69. In women 70-74, there were fewer additional harms and similar benefits with shorter screening intervals The overall
certainty of the evidence for each of these comparisons was very low.

CONCLUSIONS: In women of average BC risk, screening intervals have different trade-offs for each age group. The balance
probably favours biennial screening in women 50-69. In younger women, annual screening may have a less favoumble balance,
while in women aged 70-74 years longer screening intervals may be more favourable.

Batish Joumal of Cancer (2022) 126673-688; htps=//doLorg/10.1038/541416-021-015218

INTRODUCTION
Breast cancer (BO) is the second most prevalent cancer in the
world and the most frequent among women (1] In the European
Union, 404920 women were diagnosed with BC and 98755
women died during 2018 (2. Despite these high rates the
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Published recommendations on mammography screening
frequencies vary among organisations. The National Health
Service Breast Screening Program (NHSBSP) of the United King-

dom, recommends screening every 3 years to women aged 50-70
(47-73 in England) [4]. The United States Services Task
Force (USPSTF) rec ds biennial m aphy for
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every two years from age 55 or continue annually if the is
in good health and expected to live ten more years [6].
Previous studies have suggested that the balance between
benefits and harms for different screening intervals might vary
depending on the age subgroup. A study found that for
every 1000 women aged 50-74, biennial screening avoided seven
BC deaths, while annual screening had similar benefits but caused
more harms [7]. Observational data from the US Breast Cancer
Sunveillance Consortium [BCSC) registries, observed that preme-
nopausal women undergoing biennial sceening had more BC
lesions with less favourable prognostic characteristics compared
to those having annual screening [B]
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RESULTS

Search results

We induded 22 studies from 2860 unique ditations in our initial
evidence synthesis in October 2016 which was used to develop
the EQBC recommendations. After the updated search in April
2020, we induded 3 additional studies comprising a total of
25 studies (from 27 publications) during both periods: one RCT
(18, 191 11 modelling studies [7, 20-29] and 13 observational
studies Fig. 1) [8, 30-42]. The list of excluded studies and reasons
for exclusion are described in Supplementary Table S4.

Studies’ characteristics

We provide here a summary of the study design, and the main

results for only the three age groups of interest. When there is
wirical data (from observational or RCTs) we rely primarily on

_lqacoﬂ.ﬂd.dwﬂdl which means
from ather catial outcomes fie. whether the benefits are mms SNt across
autcomes) when ratng the certainty for 2 single outcome [17]
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676

we must consider that they represent the estmated events for a
cohort of individuaks from the time of screening until death or
mmmmmlsmmmwmmepmm

10-year probability of fake positive or false biopsy
recommendation in the observational studies were estimated

microgmulation study projected adverse events relaed to
radiation exp from graphy exams in women 50-74
years of age (Table 2) [21). One additional study adapted a
microsmulation Markov model to the Geman context 10 assess

using a previously described statistical model [43]. A detailed
reporting of the results from studies covering larger age groups
(iLe 66-74 years) can be found in Supplementary Table S3a,b.

The only available RCT was conducied between 1989 and 1996
the United Kingdom Coordinating Committee on Cancer
Research (UKCCCR) trial of Breast Screening Frequency and
randomly allocated 99,389 women aged 50-62 to either annual
or triennial screening [15] Of the women originally invited to
mamemmmzmmmw
screening and 37530 (76%) ded SC The
p‘mqu\dpﬂlwummqhzdmmnw
risk-models However as the UKCCR published observed data for
survival up o the end of 2006, we reported these estimates in our
assessment [18].

Nine studies performed analysis from surveillance systems data
of the United States which differed in the time periods coverd
and the age group of the women incdluded. Bght studies used
national Breast Cancer Surveillance Consortium (BCSC) mammo-
graphy registries which were linked to the Surveillance, Epide-
miology, and End Results (SEER) pathology mgistries
(8, 30, 32 34, 37, 38, 40]. One study wsed the Vermont Breast
Cancer Surveillance System (VBCSS) from the state of Vermont
[33]. The studies included two types of analysis: first a case series
of invasive BC that were used 10 evaluate the associ ation between
screening intervals and adverse tumour characteristics, and
secondly, they estimated the 10year cumulative probabilities of
false positive results and false positive biopsy recommendations
(Table 1) [43].

A quasi-experimental study mdwqdum
were invited 10 attend a sc g proge in Finland. Those
women bom in an even calendar year were invited for

graphy ing every year, while those bom in an
odd calendar year wem invited 10 screening every 3 years [39)
One study conducted a comparative analysis of two time periods
in British ColumbiaCanada, before and after 1997, year when the
Screening Mammography Program of British Columbia (SMPBC)
changed is policy from annual to biennial mammography for
women aged 50-79 [31].

Two studies included from sc ing prog a
medical centers from the US. The first performed a retrospective
analysis of data from women who chose 10 attend either annual or
biennial mammography examinations in a screening programme
of the University of California San Francisco Medical Center [35]
The second study was a retrospective cohort of women without
previous diagnosis of BC who attended a routine screening

mination at Columbia University Medical Center in New York;
the screening interval was defined using the time elapsed since
their previous exam according 10 their electonic dinical records
[42] (Table 1).

Six studies used microsimul ation models developed within the
Cancer Intervention and Surveillance Modealling Network (QISNET)
collaboration: Moddl D [Dana-Farber) [44], Modd E (Erasmus) [45)
Modd GE [46], Model M (MD Anderson)
(47, Model S (Stanford) (48], and Model W (WisconsinHarvard)
[49). Each of these models has its own characteristics which are
described elsewhere [50], they vary in the model structures and
asumptions such as factors sreen  detection,
MMIMSMaaIMwmde
ductal carcinoma in-situ [DCIS) lesions [51]. Four studies

Lb L and triennial routine screening in women aged
50-69 [29).

The remaining four modelling studies implemented non-
individual models. One transition model evaluated annual versus
biennial screening intervals in lapan [23]. One Makov model
assessed breast cancer deaths averted and overdiagnosis due to
screening for women in the United Kingdom [20] and another
study applied the model developed by Preston to estimate
radiation related events [25]. We obtained nonpublicly available
data of a transition modelling study for a Spanish cohort described
esewhere (Table 2) 27,52].

Benefits and harms in women aged 45-49 (Tables 3/4)
Observationd studes. AM!utudnggsndnhaeuh
the risk of BC mornality in | versus trh
hmmn«mansunnwmemmnwu
very uncertain [(39] The odds of advanced breast cancer stage
lB—MmybeNQ-uhmnumahkwyd&mhl
al s (OR 117, 95%CI
n93-l 6)Mmdal breast t.mﬁom US registries [37].

In women of normal weight, the 10-year probability of false
positive results was 11.2% (95%C1 9.8-12.8%) with annual screen-
ing and 6.0% (95%0 5.4-6.6%) with biennial screening [32] The
probability of a false positive biopsy recommendation was 11.4%
195%C 105-12.4%) with annual screening, 5.9% B5%C0 56-62%)
with btumll screening, and 39% (95%C1 3.7-4.1%) with triennial
% g white [38].

m lnﬂxle«dmi«nﬁ!nﬂummd
women (40-79) suggested that the incidence of interval cancers
may be lower among annually sc d 0.07e) compared to
biennially sc ed (0.15%) but it was very uncerain
given the small number of events [35]

Modelling studies. One study estimated, across six microsimula-
M\Msam&ndnmmmm”mmo
« d to
mmmmMMmlnM*MMnmbud
additional QALYs gained with annual screening was 480 more
compared 1o biennial sc ing (71 In the same modelling study,
the overdiagnosis estimation was higher with annual screening
compared 1o biennial s ing [7] One modelling study assessed
the risk of radiation induced adverse events in this age group and
found that annual screening yisdded 14 more induced BC and 2
more deaths per 100,000 sc d ¢ d to biennial
screening (21).

Benefits and harms in women aged 50-69 (Tables 3/4)
Randomised clinical ials. Duffy et al reported in the UKCCR
study, over a median of 162 months of follow-up, that annual
wreening may decrease the risk of BC monality compared to
triennial screening among attenders 1o the prevalent screening
RR =089, 95% 4 073-1.07) [18]. Moreover, there was a small
difference in the size of the tumour at diagnosis, with a major
pmdhmbdngwmmumdlalnmeml
pared to the triennial group (25% vs. 19%)

P

ll!, 19].

Observatbnal studies. One study in a provirce of Canada
comparing the period before and afer mammography sceening

mammography screening intervals for the US. population
reporting the median estimates from two to six models
(7,21, 22, 24). Two studies simulasted screening for a Canadian
population based on an adaptation of Model W [26, 28. One

changed from | to biennial found there may be little to no
difference in mortality MR 106; 35%C 0.76, 1.46) or interval cancer
RR 0.98; 95%C 0.90-106) between the two-time periods [31].
Mighiaretti et al found there may be no diffesence i the sk of
advanced BC stage (IB-V) in the age groups 50-69 (adjusted RR 0.98;
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low for al

N of emnns

Aaral va. Trimon id
N of snadie,

Thennial w. Bien niad
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Table 4 continued
Age group  Anvual . Blenwial

95%C1 080-1.21) and 60-65 ladjusted R 0.93 95%C0 079-1.24) with
anmual versus biennial screening [37]. Ancther study in the US found
unceftain evidence that triennial screening compared to biennial
screening in white women might be asociated © lower odds of
stage HB4V (OR Q.83; 95%C 055-1.07) but it was not consistent with
e observed difference in large wumaour siz (>20 mm) (OR 115 9%
Q093-1.41), or presence of lymph nodes (OR Q.98 95%C 0.80-121)
at BC diagrosis [38].
From a US study using aphy and e
mdaSMMMmsm(Sw
SQHSNMM screening, 35.4% 5% 35.0-357%) with
biennial sceening and 248% B5%0 245-252%) with triennial
screening [38] The cumuative 10-year probability of having a false
pasitve bigpsy ecommendaton was 9.7% (95%C0 93-10.1%) with
annual screening, 54% (95%C 52-5.6%) with biennial saeening and
3176 B560 35-39%) with wiennial screening [38]. These findings
wer conssEnt with he risk of false pasitive esults dbserved in a
etospective cohat of a sceening programme of New York [42]

Modelling studies. In a Canadian modeling study, the number of
xam“mmlmmmagswxw
annually, biennially or triennially d 10 NO ¢ Q was
740, 520 and 400, respectively (26). hmothetsudy Mdng
three models tailored to the US population, the number of BC
deaths averted per 100000 screened women aged 50-74, with
scattered fibroglandular breast density, was 690, 520 and 400 for
annual, biennial and triennial screening [22] and the number of
QALYs gained was 6000, 4700 and 3600, respectively 22] A
microsmulation model for the German population found a
median of 4400, 3900 and 3330 additional QALYs with annual,
biennial and triennial screening [29).

The estimated overdiagnosis was greater with more frequent
screening intervals. In women with scattered fibroglandular
density aged 50- 74 a micosmulaton mode study estimated
mmumhmtmmmdweaw\g

dbnx ing per 100000 wamen [22]. A similar
ua-dwnmpamhasmu-gmmmmalaa
Spanish cohort of women aged 50-69 27]

A microsimulation model estimated the risk of radiaton
induced adverse events in 100,000 women aged 50-74 to be of
27 induced BC cases with biennial screening and 49 with annual
screening [21). The attributed number of radiation related deaths
smulated was 4 with biennial screening and 7 with annual
nmhmemeagemull A similyr difference

bi al and | intervals was obsewed
iomanemssmunndddummandxlzl

dodd

nd hus -
W This result was Inconsstant with the otr studes nd fhemfom, is not

e

y fle Table 54 10 512 When mare han ane study informing an outcome, the number

d v

v .

The msul was in a dfferent drection hhan e other bodies of

Benefits and harms in women aged 70-74 (Tables 3/4)
Observationd studes. Three studies provided estimations of
advanced BC stage (NB-V) in older using dation
registries but for different age ranges fLe. 66—8950],70—85[37]
and 70-89 yeass [40]). In the age group of 70-85, the proportion of
tumours at stage BB-IV were no different among newly diagnosed
BC with a history of biennial or annual screening OR 098 95%C1
a76-1.27) 371

One study estimated that the 10year cumulative probability of
false posigve results for women between the ages of 75 and 89
myumﬂhml xm(d\%hﬂ«“ﬁ!ﬂ

ial sc g (266%, 95%C1 25.7-27.5%) [30].

lhmmgm-yduupamuuwy recommenda-
mmqabbemfmmlm(ﬁ‘?siﬂs-llﬂ
C dtob ing (96, 95%C1 4-5%) 30

this

2 mexe
1 more
© 3 moe

P

:mm.
i

Modeling studes. The estimated difference for BC deaths
between the different intervals might be small A microsmulaton
model estimated the number of BC deaths averted for annual,
biennial and triennial screening to be 100 90 and 80, respectively,
compared 10 no screen ing per 100000 screened Canadian women

oo
"Numbar of ewents was not deactly reported for s age group. We made an adhoc calcubtion subtractng the events fom ovedagping age groups (0. number of QALYS in women 45 1 69 years minus the
estmans from 50 © &9 wars)
“The catanty of evdence deparied fram low as the input parametes hat infom the modeling studes wem of low 10 vary low certanty.
Supubiished data from ane study (Viapdnyo 2014) mparied 19 fewer 8C deaths aversed with anmual

4 Only one sudy poviding
Included in the table.

To mview e mfemnce for each study and the reasons the certanty of he

mpmsents the range of paint estimates reported acoss studes.

4547
5069
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[26]. This result was consistent with the one reported in a non-
individual modd for a Spanish cohort which showed almost
gmilar benefits for the three screening intervals junpublished
data) [27], and a small number of QALYs gained since Wfe
expectancy is lower in this age group.

Only one nondndividual based model estimated overdiagnosis
for this age group and it showed a small increasing trend with
shorter screening intervals from 193 for triennial screening to 269
for annual screening [52]

Risk of bias and certainty of the evidence

Overall, the cenainty of the evidence was very low, and therefore
the differences obsened between the possible combinations of
screening intervals and age groups are unceftain. The exemption
was the evidence from the only RCT incdluded in this systematic
review which was downgraded to moderate certainty due to
impeedision [19].

The evidence from observational studies was limited among
other factors by indirectness as for the age group of 45-49 we
only identified studies induding a broader age range from 40 1o
4 years of age at the time of invitation to screening, and from

€ Canelo-Aytmr et al

available evidence was mostly of very low certainty and preciudes
us from maching firm condusions. In women 50-69 years old,
annual compared to biennial screening may have small additional
benefits but an important increase in false positive results
Tdennial compared to biennial screening suggests the latter
provides more benefits but also some additional harms. In
younger women (45-49), the more frequent screening intervals
(going from biennial to annual screening) e smaller
incremental benefits (Le number of BC deaths averted) nearly
similar incremental estimates of overdiagnosis and dightly more
incremental harms (e false positive results and false positive
biopsies recommendations from observational studies) than in
women 50-69 years of age Thus the overall balance between
benefits and harms is more favourable in the latter age group.
Finally, anagedmumeundumlham
and similar benefits with sh ing intervals suggests that
lmguhuvdsmyhneamuvw&mlhhxe
but the difference may be small

We observed sparse data, especially in older women and for
mlmmuncmlyudmaagel
mmmwmdm howed that al s

some studies we had 10 extract results from specdific subgroups of
women (eg. normal weight or white women). le&m
analysis from surveillance registries were also subject 1o mis-
dassfication bias of the interventions as the periodicity of
wreening was assigned based on different time ranges that
dapsed beatween the two latest mammaographies prior to
diagnosis. Additionally, US studies used opportunistic screening,
thus women might have anticipated or delayed the mammo-
graphy due © preferences or indications given by radiologists.

We decided that for modelling studies, our GRADE assessment
departed from low cenainty after method ological
limitations of key input evidence (Le mammography sensitivity
estimated from BCSC registries inc women from wider age
groups than our dinical question and with a clinical followup
restricted to only one year [53], or no formal assessment of risk of
bias in the individual-patientdata meta-analysis used to inform
teamment effectiveness [54]) and that credibility assessment of
model development was limited due to suboptimal reporting.
There was also limited reporting of formal sensitivity analysis to
assess the impact of input data assumptions on the smulated
events (21, 24, 25]. We had concerns about indirectness given that
most models used observational data from the US to inform their
input parameters (Le radiation induced BC) and because in one

study data was only available by diffeent levels of
breast density (Le scattered fibroglandular density) 22] Finally,
one study providing unpublished data (Vilapringo 2014) (27]
reported fewer BC deaths averted with annual compared to
biennial or triennial screening in the age group of 45-49 years.
This result was not internally consistent (Le. annual screening had
the largest number of BC deaths averted fom 45 to 69) and
differed from other studies or bodies of evidence; thus we
induded this result cautiously only if other studies were not
available (Table 4).

The detailed risk of bias asesment per study is available under
request. The evidence profiles for all age groups and intervals
comp arisons describing the reasons for downgrading the certainty
of evidence ae available from Supplementary Tables S5-513. In
the evidence profiles we prioritised the reporting of evidence from
observational/ andomised studies over modelling studies fi 2. false
positive results).

DISCUSSION

Main

Our sysematic review shows that in women of average breast
cancer risk, screening intervals may have different trade-offs
between benefis and harms for each age group. However, the

Britsh Joumal of Cancer (2022) 126673 - 688

compared 1o triennial s ,mmmmmnm
women 50-62 years of age. Observational evidence consisted of
population registries from different time periods with high
uncertainty. We considered modelling evidence when empirical
evidence was not available. However, its cerainty was very low
due 10 indirectness, since data for input parameters mostly come
from opportunistic screening settings, Moded studies suggested
that in women aged 50-69 the benefits with annual screening
may be a bit larger but may also be associated to relevant harms,
including the possibility of a small increase of new BC lesions
induced by radistion exposure thus, biennial screening may
provide a more favourable balance, while in other age groups the
potential benefits gains with more frequent screening intervals
may be smaller.

Our results in the context of research

Our results are broadly consistent but more comprehensive than
previous reviews. The USPFTF based their assessment on one
modalling study (indluded in our review) concluding that when
moving from biennial to annual mammography, regardiess of the
starting age, there is a small increase in avefted deaths but with a
lamge increase of harms [7]. A systematic review conducted by the
American Cancer Sodety incuded an indirect comparison
between RCTs and a model study from the QSNET collaboration,
concluded that beginning sceening with more frequent intervals
likedy results in a greater mortality red uction but the magnitude is
uncertain [55].

The modelling estimates of harms due to overdiagnosis
remains a matter of debate as there is no consensus on the
methods to quantify this outcome [56], and many assumptions
are made including the dinical impact of DOS and the
probability of some cancers 1o spontaneously regress [50]. It is
worth noting that there is also considerable uncertainty in the
evidence coming from RCTs. For example, a review induding
only studies that did not invite women of the control group to
screening at the end of the trial period, reported a relevant
proportion of overdiagnosis [57] However, the UK age trial
showed that the cumulative incidence of invasive cancers was
similar, f not higher, in women who underwent only one
mammogram after the age of 50 compared to women who
uucmmmdm.nmogamﬁunlotoo and then

d a triennial s ,plogamnelsa

The cost-effectiveness of implementing different screening
intervals has been studied in few microsmulation models. One
study assessed the impact of extending the Dutch screening
programme in women under 50, showing that biennial strategies
were cost-effective while other alternatives, such as annual
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screening statting at 45, resulted in less fvourable incremental
cost-effectivensss ratios (IKCERg) [59). However, the study used an
80% adherence to screening (59, which might have influenced
the relative trade-offs between different screening intervals, as
previously described [22). In women from the US between 50 and
74 years of age, with different breast densities and individual risk
level of developing BC triennial strategies were considered cost-
effective (at a threshold of $100 000 per QALY) for subgroups with
average risk and low breast density, while biennial stategies were
cost-effective for other breast density subgroups at an avemge or
intermediate risk [22]

Limitations and strengths

we induded only English language articks, the rsk of
selection Has is probably small as we also screened previous
systematic reviews and consulted the GDG expents, not
additional studies. Same results are not directly tarsfeabl © the
Ewopean context; for example the cumubitve 10-year false positive
rates fram US studies are higher than thase repofted in omganised
Euopean « e Hon we smed that the
diffrerce between inewals would be more comparable acrss
differert settings. The scarce avalalie empirical evidence 10 evaluate
the tade-offs between benefits and harms limied our condusions.

mmmmm»mn,m
in the evidence, an approach that is recommended for interverntions
such as popuation screening 160,
Implications for practice and research

Ouwr findings may have different implications for practice
depending on the age group, the balance between benefits and
harms, available resources for public health services, and how
women value the different outcomes. In !hecaed women
invited 10 an opportunistic Q
mgammmmmwme@m
the pros and cons of each dedision is warranted. Similarly, given
the low certainty of evidence and the variability and unceftainty of
how women value outcomes at stake, guideline panellists are

screening. For example, previows research has highlighted that breast
dengity influences both mammography accuracy and dsk of
developing breast cancer (64, 65]. For further information on the
complete mcommendatons formulated in the Eurapean Guidaines
mmwmummvumm
website (haps//healthcare-quality Jc
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6.2 Second study: Recommendations from the European Commission Initiative on Breast
Cancer for multigene testing to guide the use of adjuvant chemotherapy in patients with

early breast cancer, hormone receptor positive, HER-2 negative ¢
Systematic review of effectiveness

We included two RCTs,*” %8 two secondary analyses from former clinical trials®® % and one

pooled analysis of observational studies.

21 gene recurrence score

-Treatment interaction design: One RCTs compared adding chemotherapy to endocrine
therapy vs endocrine therapy alone showing a different effect across 21-RS recurrence
groups with a hazard ratio (HR) of 1.31 (95% Cl 0.46-3.78), 0.61 (95% Cl 0.24-1.59) and 0.26
(95% Cl1 0.13-0.53) in low, intermediate and high-risk groups respectively.’®® Another RCT
included stored tumour specimens, reporting adjusted by number of positive nodes no
benefit for chemotherapy on disease free survival (DFS) in the low genomic risk group

(HR =1.02; 95% Cl 0.54-1.93) and a potential advantage in the high genomic risk (HR = 0.59,
95% Cl 0.35-1.01).%

-Marker-based strategy: One RCT allocated women with intermediate genomic risk (11 to 26
risk score) to either endocrine therapy alone or chemotherapy plus endocrine therapy. They
result suggested little to no difference in the risk of recurrence with chemotherapy plus

endocrine therapy for invasive DFS (HR 1.14; 95% Cl 0.99-1.31).%®
70-GS

-Treatment interaction design: One pooled database analysis suggested patients with a low
and high genomic risk who received chemotherapy may have a different risk of recurrence
compared to endocrine therapy alone (HR 0.26; 95% Cl 0.03—-2.02 and HR 0.35; 95% CI 0.17—-

0.71, respectively).10?

-Marker-based strategy One RCT allocated patients with clinical/genomic discordant-risk
groups to receive either chemotherapy in addition to endocrine therapy or endocrine
therapy alone. Women with high clinical risk and low genomic risk may have an increase of
DFS (HR 0.64; 95% Cl 0.43—-0.95), and on distant metastases free survival (HR 0.65; 95% ClI
0.38-1.10) and of overall survival (OS) (HR 0.63; 95% ClI 0.29-1.37). The group of low clinical
risk and high genomic risk showed more imprecise effects and lower uncertainty for distant
metastases free survival and 0S.%’

Decision tree model
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Depending on the different treatment scenarios (all women or only women with high clinical
risk are treated with chemotherapy) and genetic testing strategies (all women or only
women with high clinical risk are tested), the number of chemotherapies avoided by using
the 21-RS would change from more than 600 to about 200 per 1000 women tested. Survival
outcomes did not change substantially but may prevent 37 distant metastases compared to
a scenario in which only women with high clinical risk were treated with chemotherapy
depending on the assumption and inputs used. For the 70-GS, the only scenario considered
was one in which only high-risk women would receive chemotherapy leading result to
avoidance of about 230 chemotherapies per 1000 women but with small increase of

recurrences.
Systematic review of economic evidence

We did not identify economic evaluations models applicable to the clinical question of
interest. Therefore, we considered the benefits and harms estimated using our ad-hoc
model described above, and unitary costs reported by the studies included in the literature

review.
Certainty of evidence

The overall certainty of the evidence of effects was rated as low to very low due to
indirectness and risk of bias. Economic evidence was not formally assessed as did not

comply with the relevant assumption made by the guideline panel.
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CONSENSUS STATEMENT
Recommendations from the European Commission Initiative

on Breast Cancer for multigene testing to guide the use of
adjuvant chemotherapy in patients with early breast cancer,
hormone receptor positive, HER-2 negative

Paclo Gilorgl Ross’, Annette Lebeau®, Carlos Canelo-Aybar™”, Zuldka Saz-Parkinson (7, Cedily Quinn’, Miranda Langendam”,
Helen Mcgarrigle®, Sue Warman'®, David Rigau®, Pablo Alonso-Coello”, Mireille Broeders’ ™, Axel Graewingholt™”,
Margarita Posso™ 4™, Stephen Duffy (5%, Holger J. Schiinemann’” and the EQBC Contributor Group

BACKGROUND: Predicting the risk of recurrence and response to chemothempy in women with early breast cancer is crudial 1o
optimise adjuvant treatment. Despite the common practice of using multigene tests to predicl recurrence, existing
recommendations are inconsistent. Our aim was to famulate healthcare recommendations for the question “Should multigene tests
be used in women who have early invasive breast cances, harmane e pror-positve, HER2-negative, 1o guide the use of aduvant
chemothergpy?*

METHODS: The European Commission initiative on Breast Cancer (ECIBO) Guidelines Development Group IGDG), a multidi scip linary
guideline pane including experts and three patients, developed recommendations i nformed by systematic reviews of the evidence.
Grading of Recommendations Assessment, Development and Evaluation IGRADE) Evidence to Decision rameworks were used. Four
multigene tests were evaluated: the 21-gene recurrence score (21-RS), the 70-gene signature (70-GS), the PAMSO risk of recurrence
score (PAMS0-RORS), and the 12-gene molecular score (12MS).

RESULTS: Five studies (2 marker-based design RCTs, two treatment interaction design RCTs and 1 pooled individual data analysis
fram observational studies) were indluded: no digible studies on PAMS0-RORS or 12-MS were identified and the GDG did not
formulate recommendations for these tests

CONCLUSIONS: The ECBC GDG suggests the use of the 21-RS far lymph node-negative women (conditonal recommendation, very
low cerainty of evidence), recognising that benefits are probably Birger in wamen at high risk of securence based on dlinical
characteristics. The EOBC GDG suggests the use of the 70-GS for women at high dlinical risk iconditional recammendation, low certainty
of evidencel, and ecommends not wing 70-G5 in women at low dinical risk (strong recommendation, low centainty of evidence).

Batish Joumal of Cancer (2021) 1241503-1512; http<//doi 0rg/10.1038/541416020-01247-2

BACKGROUND

&u!misﬂemmm diagnosed cancer among
women In the European Union, induding UK, 404520 women
were with breast cancer and 98755 died because
of this disease in 20187 Hormone receptor (HoR)-positive
fle. osstrogen receptor [ERF and/or progesterone receptor

(PR)-positive) human epidermal growth factor receptor 2
(HER2}negative breast cancer represents about 70% of breast
cancer diagnosed in western countries’ At the time of diagnosis,
around 60% of this type of cancer has not spread to lymph
nodes,’ and approximately 15% of these women will develop a
recurrence within 10 years if treated with adjuwant endocrine
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therapy alone*” The risk of recurrence could be reduced by the
addition of chemotherapy * However given the relatively low risk of
recumence and the partial effectiveness of chemotherapy in these
women, most would be overdreated if al mcaived chemotherapy.
The same mtionale would apply to women with HoR-positive,
Iilu-negnve invasive breast cancer with I-J pasitive lymph
nodes” Several prognastic factors,
featums such asage, tumaur size, pemmugeda-ndm-pome
cells as well as Ki67-index,” ™ predict the risk of recurrence and can
help identify women who woull benefit the most from
chemotherapy. Although these factos have been shown to
discriminate dcem prognostic  groups, they showed no or
minimal predictve value on the response to chemotherapy.™

In the last 15 years different tests have been developed to
stratify patients with early breast cancer into different risk of
recurrence groups by analysing the activity of various genes
Although these multigene tests use diverse techniques RTPCR
microarray, and others) and diverse target gene combinations,
they all focus on genes involved in cell prolifemtion. The tests
provide recumrence risk profiles categorised in different ways
Some tests have been explicitly proposed 1o provide additional
information to clinicalpathological features, as the 12-MS and the
PAMSO-RORS. Based on the results of the MINDACT trial® the

aduvant chemotheragy” was structured following the Population,
Intervention, Comparison and Outcomes PICO) format (Table 1).
The outcomes were also prioritised by the GDG using a nine-point
nknmomamemmlmsdhndlnpomnoﬂ,
as suggested by the Grading of R ‘mons
Development and Evaluation IGRADE) approach.'*™ The GDG
dedded not 10 attempt any head4o-head comparisons between
the different tests

Systematic review

Data sources and searches. MEDUNE May 2018), EMBASE (May
2018) and CENTRAL May 2018) databases wes searched, using
pre-defined al gorithms, for both systematic reviews and individual
studies  Supplementary Table 2t this original search was
continuously run up to October 2018 Lists of references of the
induded studies were reviewed and members of the GDG were
requested to provide additional studies.

Study selection. Randamised controlled trials (RCT) and cohont
studies (induding pooled analyses of studies), ether from
prospective of retrospective analysis, of stored spedmen samples
were induded as long as they applied any of the four tests as
pdmwlamnmdaMMqu

application of the 70-GS also takes into account clinical prognosti
characteristics, while the 21-R5 has been poposed to substitute
dinical risk-based veatment decisions.

The European Commission Initiative on Breast Cancer (EI)

GromﬁDG)dlheECB(pmmudadkdmnmmmem
of multigene tests to guide the use of adjuvant chemotherapy in
HoR-positive, HER2-negative and lymph node-negative or up to 3
lymph nodes-positive invasive breast cancer. Four multigene tests,
used to stratify women with breast cancer into different groups
am&qwmm&“”’nhwhmmu

tion (Supplementary Table 1k 21-RS (Oncotype DX, Genomic
thl. 12-MS EndoPredict, Myriad Genetics Inc), PAMSO-
RORS (Prosigna test, NanoString Techndogies Inc), and 70-GS
(MammaPrint Agendia Inc). Direct comparison between different
tests is beyond the scope of these recommend ations.

METHODS

Structured question and outcome prioritisation

The clinical question “Shauld multigene tests be wed in patients
who have HoR-positive, HER-2 lymph node-negative or up
to 3 lymph nodes-positve invasive breast cancer to guide the use of

pph yFfg 1)

Apedmematawmdlmlwda
treatment based on the marker status. Thus we induded the
following assessment approaches (a) Marker-based strategy design:
patients are assigned 10 a Teatment arm depending on whether
they received treatment (Le endocrine therapy or endocrine plus
chemotherapy) according 1o the test results or according to usual
dlinical practice. The predictive value is assessed by compadng the
outcomes from the testing-based arm versus the non-testing arm;
b) Treatnent interaction design: patients are divided into groups
based on the marker status {Le. high and low marker status). Then
they are allocated to receive endocrine therapy or endocrine
treatment plus chemotherapy. The predictive value s assessed by
observing the relative efficacy of treatment differences between
marker status and treatment assignments.

Studies that only reported prognasis data based on marker
nmmmdlmlmm lnavb-
dual observational studies, abstracts or conf a
MMMMuMIunMG,AMMSMha
language other than English were excluded.

With respect © econamic evidence, cost-utility, cost-benefit, and
cost-consequences, analyses were incdluded if conduced within
clinical trialy as well as observational and modelling studies,
published in English duing the last decade (Supplementary Table 3).
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Afer a calbmton process, each reviewer (CCA and KP) assessed
ttles and abstracts for elgiblity. Subsequently, two rev (CcA
and KP), independently, reviewed the full text of all the pre-selected
mferences Discepancies were solved either by consensus or with
the help of a third reviewer (DR) Supplementary Fig. 2 and
Supplementary Table 4).

Data extraction and risk of bias Two revi €A
and KP) independently assessed risk of blas and extracted the
following information from each study: first authory year of
publication, country, study design, indusion and exclusion criteria,
number of patients, age, participants’ characteristics and priori-
tised outcomes.

The risk of bias of the indluded RCTs was assessed using the
Cochwane Risk of Bias tool for randomised trials.™ Cohort studies
were assessed with the “Risk Of Bias In Non-randomised Studies -
of Interventions-I* (ROBINS-1) tool *° For economic evaluations, one
reviewer (MP) screened the search results and used the NICE

ological
applicability and/or high risk of
bias were excluded (Supplementary Fig. 2).

Data andlysis. Descriptive statistics were used 10 summadse the
characteristics of the included patients across studies. The effect
measures for prioritised outcomes and thelr corresponding 95%
confidence intervals (Cls) were reported as presented in individual
studies.

Certainty of the evidence. The centainty of evidence per outcome
and overall cenainty was rated using the GRADE approach. For
each recommendation, the GDG received a Summary of Findings
mguuamamdmmwamhm

Comparison scenarios and modelling
A simple deterministic decision tree model without discounting was
built by PGR with input from the rest of the GDG to estimate the
down stream con sequences of testing patients with the multigene
tests versus different scenarios of usual care (Supplementary
Fig. 3). For the 21-RS, the general model assumptions were the
population of eligible women was divided into the three risk
mureponedhmeﬂmmdnmnmlmtlw
(14% low risk of recumence, 68% intermediate, 18% high) ™ Rate
of events, observed in the RCTS were applied © the smulated
usual care arms. Clinical risk of recurrence was classfied as low
and high according to the modified AdjuvantOnlinelScore®4**
Results are based on a fixed observation time of 10 years

Two strategies for implementing the multigene test to guide
the use of adjuvant chemotherapy were considered as interven-
tions (Supplementary Fig. 3a):

1. All women woud undergo multigene testing and adjuvant
chemotherapy would be given accordingly (only to those
dassified in the high genomic risk group, Le. with a
score 226).

2. Only women with high dinical risk would undergo multi-
gene testing, and only those with high genomic risk would
receive chemotherapy. Women with low dlinical risk would
not receive it

Two scenarios were considered as usual care comparators (*C*
of the PICO framework) Supplementary Fig. 3b):

1. Al women would be referred to adjuvant chemotherapy
fassuming 18.4% would not comply, Le. the proportion of
mmmmaemmgagmmugm
10 the treatment arm in TAILORx).

2 mmﬂm@ndnmahaapyodylme
dlinical risk is high. The model with

B e

P Gosgi Rassi et al

fom e Europemn G

on Breast Cancer..

low clinical and high genomic risk, as well as those with low
dinical and low genomic risk, do not benefit from adjuvant
chemotherapy. For sensitivity analyses, in women of low
dinical and high genomic risk, two different assumptions
were used to estimate the benefits: (a) The advantage of
recaiving adjuvamt chemotherapy is equivalent to that
obsenved in the MINDACT trial® at five years, and the effect
is maintained at 10 years; b) the advantage from adjuvant
chemotherapy s equivalent to that observed by Pak and
colleagues™ for all women at high genomic risk, indepen-
dent of their clinical risk. Distributions of the clinical risk
within the multigene risk strata are those reported in the
TAILORx trial™

For the 70-GS, we focused only on comparing strategy 2 with
scenario 2 in which women at high clinical risk would be tested
and/or wreated, because the evidence from the MINDACT trial
indic ates a very small benefit, if any, ﬁunqmchemmhevqay
in women with low dinical risk, independent of their
risk®

Aok

Evidence to decision and wdation f
The process the EQBC GDG used to formulate recammendations
has been describad in a dedicated artide published elsewhes.”
In brief, a subgroup of GDG members indluding experts on the
topic and an informed patient (the socalled PICO responsible
unit), took primary responsibility for the review and completion of
the first drat of the Sof tables and the EtD frameworks,
conducted initially by the systematic review team. The frameworks
were used in the meetings to help the complete GDG formulate
the recommendations. Subsequently they were reviewed by a
technical team from the Joint Research Centre, the PO
responsible unit and the systematic review team. Finally, the
recommendations and fr, rks were approved by the GDG.

RESULTS

Induded studies

We induded five studies (Supplementary Fig. 1): two RCTs,*™ two
secondary analyses of stored tissue blocks collected from former
parent clinical triaks™*” and one pooled analysis of observational
studies™ from four previously reported validation studies
induding unpublished data (Supplementary Table 5 ¢

21 gene recurrence score

interaction  design  sudies. Palk and  colleagues™
provided estimates for distant recurrence free survival in patients
with lymph node-negative breast cancer stratified into three levels
of the 21-RS risk groups. Adding chemotherapy to endocrine
therapy, compared to endocrine therapy alone, may have a
different effect on recurrence across groups, Le a larger effect in
women with higher 21-RS, but the evidence is very uncerain
hamrd ratio HR) of 131 (95% CI 0.46-378, 061 (5% Q
0.24-159 and 0.26 95% O 013-0.53) in low, inermediate and
high risk groups, respectively (Supplementary Table 6).

Albain and colleagues®” included stored tumour specimens for
genomic testing of postmenopausal women with HoR-positive,
node-positive breast cancer. They performed an analysis adjusted
by the number of positive nodes that suggests no benefit for
chemotherapy on disease free survival [DFS) in the low genomic
risk group HR = 1.02; 95% O 0.54-1.93) and a potential advantage
in the high genomic risk HR =0.59, 95% O 0.35-1.01) (Supple-
mentary Table 6) The authors refer amilar results for overall
survival (OS)

Marker-based stategy. Sparano and colleagues™ provided
results for several disease-free survival (DFS)related outcomes
among women with an intermediate genomic risk group (1110 26
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1506
risk score) allocated to either endocrine therapy alone or
chemotherapy plus endocrine therapy. The as-treated results
suggest little to no difference in the risk of recumrence with
chemotherapy plus endocrine therapy for invasive DFS HR 114
95% C1059-1.31). For distant metastases, local recurrence and 05,
similar results were observed (Supplementary Table 6).

dffemrce
-

1

0

0

0

70GS

Teament interadtion design studes. Knawer and colleagues’”
described results from a pooled database analysis with a median
follow-up time of 7.1 years. Patients with a low and high genomic
risk who received chemotherapy may have a lower risk of
recurrence than those with endocrine therapy alone, but the
evidence is very uncertain (HR 0.26; 95% C10.03-202 and HR 035
95% O 0.17-071, respectvely). The results for mortality were
consistent with the observed pattern of the risk of recurrence but
the evidence was also very uncertain (HR 0.58; 95% C1 007498
HR 0.21; 95%0 0.07-059, respectively) Supplementary Table 7).

Marker-based strategy. Cardoso and colleagues® reported DFS
and OS among patients in the dinical/genomic discordant-risk
groups which were allocated 1o receive either chemotherapy in
addition 10 endocrine therapy or endocrine thempy alone.

Women with high clinical risk and low genomic risk may have
an increase of DFS (HR 054; 95% O 0.43-095) of distamt
metastases free survival (HR 0.65; 95% O 0.38-1.10) and of OS HR
0.63 95% (0.29-137) Supplementary Table 7). The group of low
clinical risk and high genomic risk showed imprecise effects and
uncenain evidence for DFS HR 0.74; 95% O 0.40-139), distant
metastases free survival (HR 0.9¢ 95% O 040-2.01) and OS HR
0.72 95% 1 023-224)°
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Modelling for predicting impact of testing on patient’s outcomes
Depending on the different treatment scenarios (all women are
refered © chemotherapy or only women with high dlinical risk are
treated with chemothempy) and genetic BsEng stategies (genetic
testing carried out in all women or esting only those with high
clinical risk), the number of women who avoid chemathempy by
using the 21RS would change from more than 600 to about 200
Suvival oucomes did not change substantially (Table 2) for the 21-
RS based on the benefits fom adding chematherapy in the
MINDACT t4al® However, on the assumpton that al women with
high genomic scare would obtain the same berefis from adding
chemotherapy as observed by Palk and cdleagues,™

from their clinical #sk, the intervention could potentially prevent 37
distant metastases compared 10 a scenario in which only women
with high dinical risk would be treated with chemathepy.

On the other hand, we considered for the 70-GS a two-sep
strategy according to the results of the MINDACT trial, testing only
women with high dinical risk® Consequently, the only scenario
considered was one in which only high-risk women would receive
chemotherapy (Table 3). The use of the 70-GS would result in an
avoidance of chemotherapy in about 230 women out of 1000

:;qyl'
o0
0
2
9
b7

the 21.gene maurence o testing strateges (interventions) and compastor scenanas (no testing) per 1000 women with

lymph nade-negative invasive breast cancer.
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associated with small increase of recurrences. '3

3
Resulss from the sy review of ec ic evidence 3 . 44
From the primary literature search and from the two identified 8 28
systematic reviews’ ™ 12 cost-effectiveness evaluations were gl‘ s
identified (Supplementary Fig 2 and Supplementary Table 4.7~ E5ls 8 na x|5¥
The GDG agreed that these economic evaluations used models 3 et (hes &
that were not directly applicable to the dinical question of L i
interest. Therefore, cost-effectivencss was evaluated - 3
the benefits and harms estimated using the GDG's ad-hoc mode 1 & E -
described above (Supplementary Fig. 3) and the costs repored by g . ! 2.
the studies induded in the literature review. Bght studies reparted g gg g?
costs for the use of the 21-RS in women with negative ymph - s g i £ 2|5 %
nodes, ™" whereas three reported costs for women with up 10 !‘ |2 553333 ‘3.3

3 positive lymph nodes*>* The reported costs of the 21RS were
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EUR 3180 per patient in five out of the 11 studies indluded. These
costs did not show significant differences between countries or

Recommendations fom the Eurapean G
P Giosgi Rassiet al

150i

was induded. A negative impact on equity was considered a
tial ¢ (Table 4).

over time. For the 70-GS, two studies reported costs of EUR 3153
mhmmduamylnmmmn
Vnphmdex

Cenainty of evidence

The overall certainty of the evidence was rated as low to very low.
The main concermns across studies were risk of bias, indirectness of
tal populations and imprecision Supplementary Tables 6 and 7).
The evidence was also downgraded for indirectness due 1o the
assumptions used far the mode that implied the use of evidence
from one population in another population and from different
duration of follow-up across studies.

Evidence 1o decision frameworks

21RS. The GDG judged the anticipated desirable effects (Le the
avoided chemotherapy treatments) of using the test to guide
chemotherapy 1o be lamge and the undesirable effects fLe. increase
in recurrence) trivial, with very low cenainty of the evidence. The
costs were considered large, though no cost-effectivensss study

P

For women with HoR-positive, HER2-negative, node-negative
invasive beast cancer, the ECIBC GDG suggests the use of the 21-
RS 10 guide the use of chemotherapy (conditional recommenda-
tion, very low centainty of the evidence, Table 5). The recommen-
dation is conditional because the cenainty of evidence was very
low and the & consequ of avoiding chemother-
apy were not quantfied, thus making the balance of benefits and
hams difficult to determine, with the large resource
(costs) requirements (Table 4, see also htps/healthcare-quality.
Jreeceuropa euw/sitey/'d efault files/Guidelines /EtDyUp dated/
EQBC_Gls_EtD_21_gene _recurrence_scorepdf).

The GDG did not consider women with node-positive invasive
breast cancer in this recommendation, because they were not
induded in the TAILORx trial™ the main source for model
parameters The GDG also stated that sub-populations with high
dinical risk (defined according to AdjuvantOnline)™ ™ may
experience larger net desirable consequences and provide a more
favouable cost-effectivensss profile (Fig. 1). On the other hand,
women with low dlinical risk may experience smaller or no net
desrable consequences. Indirect evidence from the MINDACT trial
using the 70-GS supports that conclusion. In fact, in this trial there

Talle 1 Anticpated nes for the o e nvsymdllmy.bauﬁutmdemaﬁaaphbwdml
70-gene sgnature asay testing strategy fintervention) and risk women, of the genomic risk
@mparator saenano (no testng) per 1000 women with hommone New relevant results have been published on the 21RS since
HER2neg: lymph node-negative or up to the systematic review used foar this recommendation was
3 lymph nodes postive invasve breast cancer. conducted *** Recent data from the TALORx trial stratified by
age and dinical 45k have been published™ The authors suggest
K “"";" 3 s that women below 50 with an intermediate genomic risk score
strategy a— c—y could have a benefit from adding chemothempy to endocrine
Weated wamen 270 014 m Mmlzeidxmsﬂgtmummdam
response and very imprecise effect estimates suggest that chance
m-m:.- 2 - . could play a major role. Furthermome, the reported analyss
Oisense 100 bt ? suggests that data for aiunngme potentially mosteﬁdem
Deaths 30 26 e twostep testing stategy is missing ' Mariotto and colleagues™
an;mmdmzmm&wd«”emg’m
*Acconding pplamentasy g 3a
mz:‘mz‘ 10 provide ch apy would produce savings in the actual LS
real clinical practice Another analysis using the same data
Talle 4 Judg by the Guideline Develop Growp IGDG) in Evidence © de f rk for the g Should multigene tests be
wsed in who have HER-2 negat lymph node-negatve or up © 3 lymph nades-pasitve invasive beeast cancer
bgsdn'uu-daﬁnmud-mm?
21gene score fii d © 70gene sig assay
S mesputive Jpmpls sl Low cinical ssk High dinical risk
Prablem Yes Yes Yes
Desimble effects Large Trivial Large
Undesirable effects Trivial Trivial Small
Certainty of evidence Very low Low Low
Values Pobably no impartant uncertainty or Prabably no impostant Probably no impartant
varabity uncertainty or vaiability uncertainty or varabilty
Balance of effects Probably fn the inter Favours the P Probably fn the
intervention
Resources requined Large costs Large costs Large savings
Certainty of evidence of requred  Very low Very low Very low
mLouTces
Cost effectiveness No induded studies No included studies No induded studies
Equaty Pobably reduced Prabably reduad Pobably reduced
Acceptability Vases Vanes Vases
fFeaubdty Vases Varies Vanes
Final reommendaton Conditional in fawour of the interventon  Stong ageinst inter Conds i in favour of the

mnerventon
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Table 5. Eurapean C n on Breast Cancer guide ines develap goup datiors on the use of multigene tests to guide

the we of ady o themapy n with eady bmast cancer, h po HER-2 neget
21-gene recurrence score 70-gene signature

Wamen with low clinical risk® Women with high clinical ssi’

R Far with h Far with h ap For with h
mwwm pastive, HER2-negative, lymph node- Nmmmwm
negetive invaive breast cancer, the negative or up to 3 lymph nodes- negative or up to 3 lymph nodes-
ECIBCs Guidelines Deved bmastcanceratlow  pasitve invasive breast cancer at high
ﬁM)mgmu-\qﬂuZlg-\c Mnkﬂ-m&dﬁ-s clinical sk, the EQBCS Guidelines
recurrence scom to gude the use of Development Group IGDG) ds Dewvek Group (GDG) suggests
chemotherapy. not using the 70-gene signature test 0 wing the N0-gene signatume test to

guide the use of chemotherapy. guhthuadd-m

Strength Condisonal rec ol forthe  Stoong recommendation ageinst the Condi . for the
intervention intervention intervention
Very low certainty of the evidence Low certainty of the evidence Low certainty of the evidence
The GDG dd nat cmnsider women with The proportion of women with 2or3  The propartion of women with 2 or 3

consideations node-positive invasive breast cancer to  node-positive bmast cancer was small, node-positive breast cancer was small,

genomic risk flarger tumour dameter

mw-q-t)mywhgc

net de and pr

2 better cost-benefit pofie.

Women with low clinical risk® and high
risk may expe smaller or

mmtd—ﬂlmu Indirect

evidence from other gene based testng

feg 70-gene signature) suppoarts that

conclusion.

30 the msults may be ks clear in this
Waomen with high dinical risk® and low  subgroup.

30 the results may be less clear in thes
wbgow.

*+or definitions of low and high clinical risk, see Supplementasy Table 8

indicates that savings would bemu:hlagetlhe!hgm.lﬂbe
performed according to a two-step strategy”” The GDG, for the
moment, judged that the new evidence is consistent with the
recommendation.

70GS. In light of the results from the MINDACT trial”® the GDG
decided to spiit the recommendation according to dinical risk of
the population under study (at low and high clinical risk, Table 5
and Fig. 1). In the low dinical risk group the GDG recommends
against using the 70-GS testing to guide the use of chemotherapy
(svong recommendation, very low certainty of the evidence) as
there are no apparent benefits and there are very large costs (EUR
3153 per patient) (https=//healthcae-qual ity jre ec suropa ew/sites/
default/filey Guideli nes/EtDs/Upd ated /ECIBC_GLs ED_70_gene
testing Jow_risk paf)

For women with , HER2-negative, node-negative or
up to 3 lymph nodes-positive invasive breast cancer at high
dlinical risk, the EQBC GDG suggests using the 70-GS test to guide
the use of chemotherapy. The judgments favoured the interven-
tion in the high dinical risk population due to the moderate
desirable effect, a balance that probably favours the use of 70-GS
testing, and he large savings (Table 4). The recommendation is
conditional mainly because of the low cenainty of the evidence
about the effects. The GDG also staed that the proportion of

high dlinical risk and suggests the use of the 70-GS only for
women at high dlinical risk.

Strengths and weaknesses of the study
Msmghdhmmmmmmtms
adherence to the nts for rthy o of

e , we described some limitations of our

'3 The weakness of the deterministic decison tree
model used is that it is, to some exeent, a smplistic approach and
some assumptions are questionable (Le negligible effects in low
clinical risk, same effects in studies with different duration of
follow-up). Furthermore, we did not actually quantify the side
effects of chemotherapy, considering that avoiding any unneces-
sary chemotherapy was a desirable effect.

Fa

Redation to other guidelines

NICE recently published guidance on multigene testing™ The
panel decided 10 evaluate the evidence for the four commercially
available multigene tests indluded in the ECBIC question, and for
the 1HCA +C test**¥ The NICE guidelines did not follow the
GRADE methodology and also had a different goal Le. dedding
which tests should be funded by the UK Natonal Health Service.
The NKE 21RS recommendation is similar to the EQBC
d ation, a conditional recommendation limited to those

women with 2 or 3 positive lymph nodes was small
therefore making the results less dear in this subgroup hips//
ultfiles/Guideline s/

health carequality jrcec europa ew/stes/defa
EtDY Updated/EQBC_Gls_EtD_70_gene_testing _high_risk pdf).

DISCUSSION

Statement of principal findings

The ECIBC GDG suggests the use of 21-RS in lymph node-negative
women, recognising that benefits are probably larger in at

patients in which the risk of distant recurrence s intermediate,
using a validated tool such as PREDICT™ or the Nottingham
Prognostic Index (Table 6). This approach is based on the
assumption that in some patients the dinical and pathological

T p eers are is flow or high dsk) and that
mummmmmmmmnmm in
particul ar, the NICE pandl recommended against the use of the 70-
GS, based on costeffectiveness considerations (Table 6). Unfortu-
nately, the NICE guideline does not allow comparison of our
estimates of desirable and undesirable health effects. Some
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21-GENE RECURRENCE SCORE 70-GENE SIGNATURE
Testing all strategy Two steps strategy: Clinical nsk Two steps strategy: Clinical risk
assessment followed by muitigene assessment followed by
testing only if clinical sk is high multigene testing only if clinical
risk is high
T e Worme Hlle, HERS-, Th o
spte Sean Yl.mou:

fig. 1 MMswnhm“dzlmrmmﬁhﬁm-*n-ﬁhﬂhmd
adjuvant chemotherapy in patients with early invasive breast wc,ummmn.rwoswm
praposed for 21-gene recurrence score, the fisst in which all women are ested for genomic risk dingly, the d
nMonlywonulvﬁhh@cﬁxdmk.elaedlagemag-memw&mlbnci‘dml.eehnuﬂomdoanﬂhervy
slone without genomic risk assessment. According 10 sub-growp considess§ans reported by the GDG the latter strategy is probatiy more cost
effective and women might experience larger net desirable comnsequences. For the 70-gene signature only a two-step strategy s proposed
nhseaﬁmnalh@\cﬁdm&nuwﬂlcgem:n*umgmnnbuci-alntsnoucomm

Talle & Synogpsis of American Saciety of Clinical Oncalogy (ASCO ™' and the UK National insstute for Health and Cam Excellence (NICE) ™

mommendstions on 21-gene ecurence scare and 70-gene signature assay in harmone recepior-pasitve, HER2negatve ymph node-negative or
W © 3 nodes-pasitive invasive breast cancer.

ASCO™® NCE
21gene maurence xore
Low clinica | risk Stong recommendaton
Hgh dinical risk Strong rec d: fe ‘ldfch\ldrdswm‘gwﬂ-
PREDICT toal™ ot'ulbﬂngh.nhogmlndu.u.thc
dditioral benefit of che 3 and 5% increase in

m“h“\mmmﬂwmﬂumt-mn
the test is provided at reduced price.

Negative lymph nodes Strong r d: e o apphes to bath lymph nodenegatve patients

1 to 3 pasitve lymph nodes Not recomme nded and lymph node-pasitive patents, mstacted ©© mMICo-metastases
AscO™ NCe**

J0gene sgnature assay

Low clinical risk Stong against Ae d: g b nat mst effectve

High dinical risk Strong in favour

Negative lymph nodes Strong in favour

1 to 3 pasitve lymph nodes Moderate in favour
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methodological differences might explain the divergent esults
since real practice varies across Europe, we preferred to use
theoretical scenarios as comparators and interventions not
accounting for non-compliance, while the NICE moddl used real
practice as comparator (the prevalence of chemothempy used in
this group of women in the UK), and as intervention (a change in
the probability of receiving chemotherapy given the test result)
Furtharmore, the model wsed by NICE assumed that the tests are
only prognostically reélevant but are not predictive of the esponse
10 treatment, Le they calculated a constamt HR of 077 for
chemotherapy in addition to endocrine therapy compared 1o
endocrine therapy alone in all risk goups In contrast, the EQBC
GDG judged the benefits to be trivial or small in the low dinical
risk group. Finally, for the 21-fS a commerdiakin-confidence
discounted test cost was used to model cost-effectivensss, while
for the 70-GS the regular market price was used. It is worth noting
that despite NICE stating that the major benefit of the genetic
testing strategies would be a reduction of chemotherapy, the cost
models predict health benefits only if chemotherapy is increased.
The American Society of Clinical Oncology (ASCO) also provided
recommendations on the use of multigene test<*** Despite a
different methodological approach, the direction of the recom-
mendations is the same, but the strength is not (Table 6). There
are differences in the grading of cenainty of the evidence
considered as high by the ASCO panellists, while the GDG valued
the evidence as very low for the 21RS and low for the 70-GS.
Unfortunately, we were unable to deduce the details of the ASCO
evidence rating approach and also the criteria and judg ments that
were used to determine the strength of the recommendations.
Unlike us, ASCO and NICE made recommendations on the 12-MS
and the PAMSORORS to guide treatment decisions,™** mainly
because they did not excude studies based on prognostic
resuts only.

Meaning of the study
The implications of our recommendations are conext dependent.
The criteria used for making decisions on the provision or not of
adjuvant treatment differ between countries. Therefore, the cost-
benefit profile of introducing one of the multigene ©sts might
abo vary across countries. Decreasing costs for the ests would
support a more widespread use For these considerations, the
Gmmamneswamdmemlb
mic risk asse nt, or a threshold for adding
adjuvant dmmﬂmq:y. snce these thresholds are context

spedific

In condlusion, the EQBC GDG recommendations for or against
the use of 21-RS and 70-RS are justified based on the judgments
made. The P y of our approach allows understanding

the rationale for making different recommendations for the two
tests and risk groups.

Unanswered questions and future research

Data protection issues may be of relevance for the 21-fS because
processing of samples Bemd&dhmeusubmdm
shipping samples abroad. Furthy
mmmunaud&am modur.h-y hnbean

maosmmumm-mwmhmtm
groups the use of 21-RS would have larger anticipated benefits as
well as carrying out longer follow-up studies for 70-GS. The
recommendations will be updated according to the EQBC mon-
itoring strategy in place (Mips//healthcare-quality jrceceuropa
eu/discover-edi bo/methodol ogies/guidelinesup dating ).

Furthermore, mmcaemnmmdmm
biomarkers that may assit decison making regarding the
administation of adjuvant chemothempy on the bads of their
ability to identify women with a sufficiently low risk of relapse that
would allow them to be spared from chemotherapy. In contrast to

the presented evidence evaluation, this would enable evidence-
based and transparent recommendations based on prognostc
cohort studies, randomised or not, that predict the recurrence risk
of different subgroups. We are currently working on a healthcare
question on the significance of Ki67 using his strategy. In a next
step, such an approach might also make it possible to evaluate
multgene tests in the assessment for which we found no usable
auemhmm:mmnegyudhembmh which
data on the prognostic value are available ' 754
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6.3 Third study: GRADE Guidelines 30: the GRADE approach to assessing the certainty of
modeled evidence—An overview in the context of health decision-making?!

Researchers should start by conceptualizing the problem and the ideal target model that
would best represent the actual phenomenon or decision problem they are considering.
This conceptualization would either guide the development of a new model or serve as a
reference against which existing models could be compared. The ideal target model should
reflect the following: 1) the relevant population, 2) the exposures or health interventions
being considered, 3) the outcomes of interest in that context, and 4) their relationships.?
Conceptualizing the model will also reduce the risk of intentional or unintentional
development of data-driven models, in which inputs and structure would be determined

only by what is feasible to develop given the available data at hand.

Outline of an approach to using model outputs for decision-making
Workshop participant identified three options in which users may incorporate model

outputs in health decision-making:

Develop a model de novo designed specifically to answer the very question at hand.
Workshop participants agreed that in an ideal situation, such an approach would almost
always be the most appropriate. Following this approach, however, requires suitable skills,

ample resources, and time being available.

Search for an existing model describing the same or a very similar problem and use it “off-
the-shelf’ or adapt it appropriately to answer the current question. In practice, many
researchers initially use this approach because of the aforementioned limitations of
developing a new model. However, it is often not possible to find an existing model that
would be directly relevant to the problem at hand and/or it is not feasible to adapt an
existing model when found. Any adaptation of a model requires availability of input data
relevant for current problem, appropriate expertise and resources, and access to the original
model. The latter is often not available or the structure of the original model is not being

transparent enough to allow adaptation.

Use the results from multiple existing models found in the literature. This approach may be
useful when a limited knowledge about the phenomenon being modeled makes it
impossible to decide which of the available models are more relevant, or when many
alternative models are relevant but use different input parameters. In such situations, one

may be compelled to rely on the results of several models because selection of the single,
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seemingly “best” model may provide incorrect estimates of outputs and lead to incorrect

decisions.

If a systematic search revealed one or more models meeting the eligibility criteria, then
researchers would assess the certainty of outputs from each model. Depending on this
assessment, researchers may be able to use the results of a single most direct and lowest
risk of bias model “off-the-shelf” or proceed to adapt that model. If researchers failed to find
an existing model that would be sufficiently direct and low risk of bias, then they would

ideally develop their own model de novo.

Assessing the certainty of outputs

When researchers develop their own model or when they identify a single model that is
considered sufficiently direct to the problem at hand, they should assess the certainty of its
outputs (i.e., evidence generated from that model). Note that if a model estimates multiple
outputs, researchers need to assess the certainty of each output separately. Workshop
participants agreed that all GRADE domains are applicable to assess the certainty of model
outputs, but further work is needed to identify examples and develop specific criteria to be

assessed.

Risk of bias in a single model
The risk of bias of model outputs is determined by the credibility of a model itself and the

certainty of evidence for each of model inputs.

The credibility of a model, also referred to as the quality of a model, is influenced by its
conceptualization, structure, calibration, validation, and other factors. There are some
discipline-specific guidelines or checklists developed for the assessment of credibility of a
model and other factor affecting the certainty of model outputs. Workshop participants
agreed that there is a need for comprehensive tools developed specifically to assess

credibility of various types of models in different modelling disciplines.

The certainty of evidence in each of the model inputs is another critical determinant of the
risk of bias in a model. A model has several types of input data, when researchers develop a
model de novo, to minimize the risk of bias, they need to specify those input parameters to
which the model outputs are the most sensitive. Model inputs should reflect the entire body
of relevant evidence satisfying clear prespecified criteria rather than an arbitrarily selected
evidence that is based on convenience (“any available evidence”) or picked in any other non-

systematic way.
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The appropriate approach will depend on the type of data and may require performing a

systematic review of evidence on each important or crucial input variable.1°> 1 Some inputs
may have very narrow inclusion criteria, and therefore, evidence from single epidemiological
survey or population surveillance may provide all relevant data for the population of interest

(e.g., baseline population incidence or prevalence).

The certainty of evidence for each input needs to be assessed following the established
GRADE approach specific to that type of evidence (e.g., estimates of intervention effects or

baseline risk of outcomes).” 10104

Indirectness in a single model

By directness or relevance, we mean the extent to which model outputs directly represent
the phenomenon being modeled. To evaluate the relevance of a model, one needs to
compare it against the conceptual ideal target model. Determining the directness of model
outputs includes assessing to what extent the modeled population, the assumed
interventions and comparators, the time horizon, the analytic perspective, as well as the

outcomes being modeled reflect those that are current interest.

Assessing indirectness in a single model also requires evaluating two separate sources of

indirectness:
e Indirectness of input data with respect to the ideal target model’s inputs.
e Indirectness of model outputs with respect to the decision problem at hand.

This conceptual distinction is important because, one needs to address each type of
indirectness separately. Even if the outputs might be direct to the problem of interest, the

final assessment should consider if the inputs used were also direct for the target model.

Inconsistency in a single model

A single model may yield inconsistent outputs owing to unexplained variability in the results
of individual studies informing the pooled estimates of input variables. For instance, when
developing a health economic model, a systematic review may yield several credible, but
discrepant, utility estimates in the population of interest. If there is no plausible explanation
for that difference in utility estimates, outputs of a model based on those inputs may also be
qualitatively inconsistent. Again, sensitivity analysis may help to make a judgment to what
extent such inconsistency of model inputs would translate into a meaningful inconsistency in

model outputs with respect to the decision problem at hand.

Imprecision in a single model
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Sensitivity analysis characterizes the response of model outputs to parameter variation and
helps to determine the robustness of model’s qualitative conclusions.'® The overall
certainty of model outputs may also be lower when estimated imprecisely. For quantitative
outputs, one should examine not only the point estimate (e.g., average predicted event) but
also the variability of that estimate (e.g., results of the probabilistic sensitivity analysis based
in the distribution of the input parameters). It is essential that a report from a modelling
study always includes information about output variability. Further guidance on how to
assess imprecision in model outputs will need to take into account if the conclusions change

in accordance with that specific parameter.

Risk of publication bias in the context of a single model

Risk of publication bias may not be relevant when assessing the certainty of outputs of a
single model constructed de novo. However, when one intends to reuse an existing model
but is aware or strongly suspects that similar models had been developed but are not
available, then one may be inclined to think that their outputs might have systematically
differed from the model that is available. In such a case, one may have lower confidence in
the outputs of the identified model if there is no reasonable explanation for the inability to

obtain those other models.

Domains that increase the certainty of outputs from a single model

Workshop participants agreed that presence of a dose—response gradient in model outputs
may be applicable in some modelling disciplines (e.g., environmental health). Similarly,
whether or not a large magnitude of an effect in model outputs increases the certainty of
the evidence may depend on the modelling discipline. The effect of an opposite direction of
plausible residual confounding seems theoretically also applicable in assessing the certainty
of model outputs (i.e., a conservative model not incorporating input data parameter in favor
of an intervention but still finding favorable outputs), but an actual example of this

phenomenon in modelling studies is still under discussion.
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Abstract

Objectives: The objective of the smady is to present the Grading of Recommendatons
Assessment Development. and Evaluation (GRADE) conceptual approach to the assessment of
certamty of evidence from modelins smadies (Le.. certamty assocated with model outpuss).

Study Design and Setting: Expert consultatons and an mtemational nmindisciplinary
workshop informed development of a concepmal approach to assessing the certainty of evidence
from models within the context of systematic reviews, health technology assessments, and health
GRADE approach and by the modeling commmmity. Feedback from experts i a broad range of
modeling and health care disciplines addressed the content validity of the approach.

Results: Workshop participants agreed that the domams determuning the certamty of evidence
previously identified in the GRADE approach (nsk of bias, indirecmess. mconsistency.
Imprecision, reporting bias, magnitde of an efect. dose—response relation. and the direction
of residual confounding) also apply when assessing the certamty of evidence from models. The
assessment depends on the nature of model mpurs and the model itself and on whether one

1s evalusnng evidence from 2 single model or nminple models. We propose a framework for
selecung the best svailable evidence from models: 1) developing de novo, 2 model specific to the
simaton of interest, 2) idennfying an existing model, the outpurs of which provide the highest
certamey evidence for the simation of mserest, either “off-the-shelf” or after adaptation. and 3)
using outputs from nmitiple models We also present 2 summary of preferred terminology to
Conclusion: This conceptual GRADE approach provides a framework for using evidence from
models in health decision-making and the assessment of cerminty of evidence from 2 model or
detailed methods and related smdance for assessing specific domains determuiming the certanty of
evidence from models across health care—selated disciplines (2.2, therapeutic deasion-making
toxicology, environmental heglth and health econonucs). © 2020 Published by Elsevier Inc.

Keywords

1.

GRADE; Certainty of evidence: Mathematical models; Modelling smdies; Health care Decision
kine- Guideli

Introduction
When darect evidence to inform health decisions 1s not avatlasble or not feasible to measure
(e.g., longz-term effects of interventions or when stdies in certamn populations are perceived

JClin Fpadeazal Author manuscript; sailable in PMC 2022 Jammary 01
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Paged

as wmethical), modeling smdies may be used to predict that “evidence™ and inform decision-
making [1.2]. Health dacision makers argusbly face many more questions than can be
therefore, are increasingly used to predict disease dynamics and burden the likelihood that
an exposure represents 3 health hazard the impact of mterventons on health benefits and
harms, or the economic efficiency of health mterventions. among others [1]. Imespective of
the modeling discipline. decision makers need to know the best esumates of the modeled
outcomes and how nmich confidence they may have in each estmate [3] Enowing to what
extent one can trust the outputs of a model is necessary when usmg them to support health
decisions [4].

Although 3 mumber of suidance documents on how to assess the mustworthiness of estmates
obtained from models in several bealth fields have been previcusly published [5-16], they
are linuted by failing to distinswish methodological ngor from completenass of reporting
and by failime to clearly distinguish among vanious components affecung the gustworthiness
of model owrputs. In particular, they lack clanty regarding sources of uncertamnty that may
arise from model inputs and from the uncertainty about a model wself Modslers and those
using results from models should assess the credibility of both [4].

Authors have attempeed to develop tools to assess model credibality. but many addressed
only selected aspects, such as statistical reproducibility of data, the quality of reporung
[17]. or a combmation of reportng with aspects of good modeling practices [7,18-21].
Many tools also do not provide sufficiently detailed sudance on how to apply ndividual
domains or critena There is therefore a need for further development and validation of such
tools i specific disaplnes. Sufficently detalled smdance for making and reporting these
assessments is also necessary.

Models predict outcomes based on model mputs—previous observations, knowledge. and
assumptions abous the simation being modeled Tims, when developing new models or
assessing whether an exasting model has been optimally developed. one should specify a
prion the most appropnate and relevant data sources to mform different parameters raquared
for the model. These may be either (seldom) a single smdy that provides the most drect
informanion for the stuation being modeled or (more commonly) a systematic review of
mmitiple studies that idennfy all relevant sources of data. The risk of bias, direcness and
consistency of mput data, precision of these esumates, and other domains specified in

the Grading of Recommendations Assessment Development. and Evaluation (GRADE)
approach determune the certainty of each of the model mpurs [22-28].

When assessing the evidence generated, vanous disaphnes m bhealth care and related areas
that use modeling face similar challenges and may benefit from shared solunons. Table

1 presents examples of selectad models used in bealth-related disciplines Building on

the existing GRADE approach, we refined and expand swdance regarding assessment of
the certamey of model outpuss. We formed a GRADE project group which conpnised
indrviduals with expertise in developing models and usmg mode! results in bealth-related
disciplines, to create a unified framework for assessing the certamey of model outpuss in the
context of systemanc reviews [29], health technology assessments. health care gwdelines,
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and other health decision-making In this article, we outline the proposed conceptual
approach and clanfy key temunology (Table 2). The target audience for tius article includes
researchers who develop models and those who use models to inform health care—elated

1.1. What we mean by a model

Authors have used the term mode/ 1o describe a vanety of different concepts [2] and
suggested several broader or narrower definitions [6.30], so even modelers in the relatively
narrow context of health sciences can differ in their views regarding what consunutes a
model Models vary m their stucture and degree of complexity. A very simple model nuzht
be an equation estimating a variable not directly measured. such as the absolute effect of an
intervennion estimated as the product of the intervention’s relative effect and the assumed
baseline nsk in 2 defined population (nsk difference equals relatve risk reduction nultplied
by an assumed baseline nisk). On the other end of the spectrum. elaborate mathematical
models, such as system dynamics models (e.g., infectious disease transmission) may contain
dozens of sophisticated equanons that require considerable compunting power to solve.

By their nature, such models only resembie the phenomena being modeled—that is,
specific parts of the world that are interesting in the context of a particular decision—with
necessary approximanons and simplifications and to the extent that one acmally knows and
understands the underiying mechamsms [1]. Grven the complexity of the world, decision
makers often rely on some sort of a model to answer health-related questions.

In tius arncle, we focus on quantitatve mathemancal models defined as “mathemancal
framework representing vanables and their mtemrelatonships to describe observed
phenomena or predict future events™ [30] used in health-related disciplines for decision-
muaking (Table 1). These may be models of systems representmg causal mechamsms (aka
mechamsac models), models predicung outcomes from mput data (aka empinical models),
and models combining mechamistic with empirical approaches (ska hybnd models). We do
not consider here statstical models used to estimate the associatons between measured
vanables (e g, proportional hazards models or models used for meta-analysis).

1.2. The GRADE approach

The GRADE Working Group was established in the year 2000 and contimmes as a
commmmity of people stiving to create systematic and transparent frameworks for
assessing and conmumicating the ceramty of the available evidence used m making
decisions m health care—velated and health-related disciplines [31). The GRADE Working
Group now includes over 600 active members from 40 countnies and serves as a think

tank for advancing evidence-based decision-making mn nmitiple health-related disciplines
(www.zradeworkingzroup.org). GRADE is wadely used internationally by over 110
organizations to address topics related to climical medicine, public health coverage
decisions, health policy, and emvironmental health

The GRADE framework uses concepts famibiar to health sciennists, grouping specific tems
to evaluate the certainty of evidence in conceptually coberent domains. Specific approaches
to the concepts may differ depending on the nature of the body of evidence (Table 2).
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GRADE domains include concepes such as nsk of bias [28], direcmess of information [24],
precision of an estmate [23], consistency of estmates across smdies [25], nsk of bias
related to selective reporting [26], strensth of the association, presence of a dose—response
sradient. and the presence of plausible residual confounding that can increase confidence in
esumated effacts [27].

The general GRADE approach is applicable irrespective of health discipline. It has been
applied to rating the cenzinty of evidence for management interventions, health care—
related tests and strategies [32.33], prognostic information [34], evidence from amimal
studies [35], use of resources and cost-effectiveness evaluations [36], and values and
preferences [37,38] Although the GRADE Working Group has begun to address certainty
of modeled evidence in the context of test—oeament swratezies [39], bealth care resouwrce
use and costs [36], and emironmental health [40], more detailed suidance is needed for
complex models such as those used in infectious diseases, health econonucs, public health,

2. Methods

On May 15 and 16, 2017, health sciennists parucipated in 2 GRADE modeling project group
workshop m Hamilton, Ontario, Canada, to imtiate a collaboration in developing conmmon
principles for the application of the GRADE assessment of certamty of evidence to modeled
outputs. The National Toxicology Program of the Department of Health and Fimnan
Services i the United States of Amenca and the MacGRADE Center in the Department

of Health Research Methods, Evidence. and Impact at McMaster University sponsored the
workshop which was co-organized by MacGRADE Ceater and ICF International

Workshop participants were selected to ensure a broad represeatation of all modelng related
felds (Appendix). Participants had expertise m modeling in the context of climical practice
Leading wp to the workshop. we held three webinars to inroduce parmcipants to the GRADE
approach. Several workshop participants (VM, KT, JB, AR W, JLB, HJS) collected and
summanzed findings from hteranwe and the survey of experts as background matenal
represenhing CONUNON Concepts across muitiple disciplines that relate to evaluating modelad
evidence and 2 draft framework for svaluating modeled evidence. Parncipants addressed
specific tasks in small sgroups and large sroup discussion sessions and agreed on key
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3. Resuits

3.1. Terminology
Workshop participants agreed on the mportance of clanfying temunology to faclitate
commmumication amons modelers, researchers, and users of model owtputs from different
disciplines. Modeling approaches evolved some-what independently, resulting m different
temms being used to describe the same or very smilar concepts or the same = being
used to desciibe different concepts. For instance, the concept of extrapolating from the
available data to the context of mterest has been refarred to as direcmess, applicability,
generalizability, relevance, or external validity. The lack of standardized termuinology leads
to confrsion and hinders effectve conmmmication and collaboration among modelers and
users of models.

Overcoming these obstacles would requare clanfying the defimtions of concepts and
customary use of terms in several disciplines, workshop paricipants suggestad accepting the
use of altematve temunology while always being clear about the preferred tenms 1o be used
and the underiying concept to which it refers (Table 2). Experts attending a World Health
Orzanization’s consultation have very recently suggestad a more extensive set of terms [41].
To faclitate funwe commmmication, parncpants of this workshop will fimther collaborate to

build a comprehensive glossary of temunclogy related to modeling.

3.2, Outline of an approach to using model outputs for decision-making
Workshop participants suggested an approach to incorporate model outputs m health-related
decision-making (Fizure 1). In this article, we describe only the general outline of the
suggested approach: m subsequent articles, we will discuss the details of the approach and
provide more specific suidance on its application to different disciplines and contexts.
Researchers should start by conceptualizing the problem and the ideal target model thar
would best represent the acmal phenomenon or decision problem they are considenng [13].
Thus concepmalization would esther suide the development of 2 new model or serve asa
reference against winch exisung models could be compared The ideal target model should
reflect the following: 1) the relevant population (e g, patients recenving some diagnostic
procedure or exposed 10 some hazardous substance), 2) the exposures or health mterventons
being considered. 3) the outcomes of interest in that context, and 4) their relanonships
[42]. Conceptualizng the model will also reduce the nisk of intentional or unintentional
development of data-driven models, in which inputs and stucture would be deternuned only
by what 1s feasible to develop Ziven the available data at hand

Participants identifiad three options i which users may incorporate model outputs in health
deciston-making (Figure 1)

L Develop a model de novo designed specifically to answer the very question at
hand Workshop participants agreed that in an ideal situation, such an approach
would almost always be the most appropriate. Following this approach. however,
requures switable skills, ample resources, and ome being svailable. It also
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requires enough knowledse about the phenomenon being modelad to be sble
to tell whether or not the new model would have any advantage over already
e I

i Search for an existing model describing the same or a very similar problem
and use it “of-the-shelf” or adapt it appropriately to answer the current
question In practice, many researchers mitially use this approach because of
the aforementioned linutations of developing a new model However, it is often
not possible to find an existing model that would be directly relevant to the
problem at hand and ‘or it is not feasible to adapt an existng model when found
Any adaptation of 3 model requires svailability of mput data relevant for current
problem. sppropriate expernse and resources, and access to the oniginal model.
The laster 1s often not available (e.g , propnetary model or no longer maintamed)
or the stucne of the onginal model is not being transparent enough to allow
adaptation (“black-box™).

3. Use the results from nmitiple existing models found in the literature [43]. This
approach may be useful when a limited knowledge abour the phenomenon being
modeled makes it impossible to deade which of the avatlable models are more
relevant, or when many altemative models are relevant but use different input
parameters. In such situstions, one may be compelled to rely on the results of
several models because selection of the single, seenungly “best” model may
provide incorrect estimates of outpurs and lead to incorrect decisions.

Idennfying exisung models that are sinular to the ideal target model often requires
perfornung a scoping of the literature or 2 complete systematic review of potentially relevant
models—a stuctured process following s standardized set of methods wath a goal to idennfy
and assess all available models that are accessible, transparently reported, and fulfill the
prespecified eligibility crizeria based on the conceptual ideal mrget model Some prefer the
temm systematic survey that differs from a systematic review in the iminal meention to use
the results: in systematic reviews, the inmal intention 1s to combine the results across studies
either statistically through a meta-analysis or narmatvely ssnmarizing their results when
appropriate, whereas in a systematic survey, the minal intention 1s to exanune the vanous
ways that an intervention or exposure has been modeled to review the input evidence that
has been used, and ulnmately to idennty 2 single model that fits the conceptual ideal target
model the best or requires the least adaptation: only when one cannot identify a single such
model will it be necessary to use the results of nmitple existing models.

If a systemanc search revealed one or more models meetng the eligibility cntena, then
researchers would assess the certainty of outputs from each model. Depending on this
assessment researchers may be able to use the results of a single most direct and lowest nsk
of bias model “off-the-shelf” or proceed to adapt that model. If researchers failed to find an
existing model that would be sufficiently direct and low nisk of biss, then they would ideally
develop their own model de novo.
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3.3. Assessing the certainty of outputs from a single model
When researchers develop their own mode] or when they identify a single model that
1s considered sufficiently direct to the problem at hand they should assess the certamey
of its outputs (ie.. evidence gensrated from that model). Note that if 2 model estimates
mmltiple outputs, researchers need to assess the cenainty of each owtput separately [23—28]
Workshop participants agreed that all GRADE domams are applicable to assess the certainty
of model ousputs, but further work is needad to 1dennfy examples and develop specific
critena to be assessed, which may differ depending on the model being used and or situation
being modeled.

3.4. Risk of bias in a single model
The risk of bias of model outpuss (1.2, model owtpurs being systematically overestimated
or underesumated) is determuned by the cradibility of a model itself and the certainty of
evidence for each of model mpurs.

The credibility of 2 model, also referred to as the quality of a model (Table 2), is
influenced by its conceptualization structure, calibration. validstion. and other factors.
Deternunants of model credibility are likely to be specific to 2 modeling discipline (e g,
health econonuc models have different determinants of their credibiliry than PEPE models).
There are some discipline-specific smdelmes or checklists developed for the assessment of
credibility of 2 model and other factors affecting the certainty of model outputs such as the
framework to assess adherence 1o good practice suidelnes in decision-analync modeling
[18]. the questonnaire to assess relevance and credibility of modeling smaddes [18,44.45],
good research practices for modeling m health technology assessment [5.6,8.9,12-14]. the
approaches 10 assessing uncertamnty in read-across [46], and the quanfitative souchme—
actviry relanonships [47] in predictive toxicology. Workshop parncipants agreed that there
15 a need for comprehensive tools developed specifically to assess credibality of vanous
types of models m different modeling disciplines.

The certamnty of evidence in each of the model inputs 15 another critical determinant of the
risk of bias mn a model A model has several types of mput dats—bodies of evidence used
to populate 2 model (Table 2). When researchers develop their model de novo, to mimmize
the risk of bias, they need to speafy those npus parameters to wiuch the model outputs
health effects, resource use, utility values, and baseline risks of outcomes. Model inputs
should reflect the entire body of relevant evidence satisfying clear prespecified critena rather
than an arbitanly selected evidence that is based on convenience (“amy svailable evidence™)
or picked in any other nonsystematic way (e g, “first evidence found™—single studies that
researchers happen to know about or are the first hits in a database search).

The sppropniate approach will depend on the type of data and may require perfonming

a systemanic review of evidence on each important or crucial input vanable [48-50].
epidemological survey or population surveillance may provide all relevant data for the
population of interest (e.g., baseline population incidence or prevalence).
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The certamty of evidence for each input needs to be assessed following the established
GRADE approach specific to that type of evidence (e g., estimates of intervention effects or
baselme nsk of outcomes) [22.32.34.37] Following the logic of the GRADE approach that
the overall certainty of evidence cannot be higher than the lowest certamty for any body of
evidence that is cntical for a decision [51], the overall rating of certainty of evidence across
model inpurs should be linuted by the lowest certamnsy rating for any body of evidence (i
this case, input dats) to which the model output(s) was proved sensitive.

Application of this approach requires 2 prion consideration of likely critical and or
important inputs when specifyme the concepmaal ides! tarzer mode] and the examination

of the results of hack-end sensimvity analyses. It further requires deciding how to judge
whether results are or are not sensiave to altematve input parameters. Authors have
described several methods to identify the most influennial parameters including giobal
sensitvity analysis to obtain “paramster importance measures” (1.e., mformation-based
measures) [52] or altematvely by varying one parameter at @ time and assessing their
influence i “base case™ outpurs [52] For exanple, in a model-based economic evaluaton
one might be looking for the influence of sensitvity analysis on cost-effectivensss ratios ata

3.5. Indirectness in a single model

By directness or relevance, we mean the extent to which model owtputs directly represent the
phenomenon being modeled To evaluate the relevance of 2 model, one needs to compare it
against the concepmual ideal target model. When there are concems sbout the directmess of
the model or there is limited understanding of the system being modeled making it dificult
%0 assess directmess, then one may have lower confidence m model outputs.

Determuning the direcmess of model outpurs includes assessing to what extent the modeled
perspective. as well as the outcomes being modeled reflect those that are current mserest. For
instance if the question is abous the risk of birth defects in children of mothers chromically
exposed 10 a cerain substance. there may be concems abous the drecmess of the evidence if
the model assumed short-term exposure, the rouwe of exposure was different. or the effects of
exposure to a similar but not the same substance were measurad.

Assessing indirecmess in a single model] also requires evaluating two separate sources of
indirecmess:

& Indirecmess of input data with respect to the ideal target model’s mputs.

2.  Indirecmess of model outputs with respect to the decision problem at hand.

Thus concepmal distinction is important because, although they are meerrelated one needs
to address each type of mndirecmess separately. Even if the outputs mughe be direct to the
problem of interest. the final assessment should consider if the inpurs used were also direct
for the target model.

Using an existing model has potential limitations: s inpurs might have been direct for the
decision problem addressed by its developers but are not direct with respect to the problem
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cwrently at hand In this context. sensitnaty analysis can help to assess to what extent model
outputs are robust to the changes in imput data or assumptions used i model development.

3.6. Inconsistency in a single model
A single model may yield mconsistent ousputs owing 1o unexplained variability m the results
of indnidual studies informung the pooled estimates of mput vanables. For instance, when
developing a health econonuc model. a systematic review may yield several qedible, but
discrepant. utility esumates i the population of mterest If there i no plausible explanation
for that difference in utility estimates, outputs of a model based on those inputs may also be
qualitatvely inconsistent Agam sensitivity analysis may help to make a judzment to what
extent such inconsistency of model mputs would translate into 3 meaningful InconsisEency i
model outpurs with respect to the decision problem at hand

3.7. Imprecision in a single model
Sensitivity analysis charactenizes the response of model outputs to parameter vanation and
helps to deternune the robustess of model’s qualitative conclusions [52,53]. The overall
certamty of model outpuss may also be lower when the outputs are estimated imprecisely.
For quanntative owsputs, cne should exanmune not only the point estimate (e.2, average
predicted event) but also the vanability of that estimate (e.g., results of the probabilisnc
sensitvity analysis based in the dismbution of the mput parameters). It is esseanial that a
report from 2 modeling study always includes information about output variability. Further
swdance on bow to assess mprecision in model outputs will need to take into account
if the conclusions change in accordance with that specific parameter In some disciplines,
for mstance in emvironmental health model mputs are frequently qualitatve. Users of such
models may assess “adequacy” of the data, that is, the degree of “nichness™ and quannty of
data supporung particular outputs of a2 model.

3.8. Risk of publication bias in the context of a single model
The risk of publication bias, also known as “Teporting bias”, “non-reportung bias™, or “bias
owing to missing results”, as it 1s qurently called in the Cochrane Handbook [54]. is the
likelibood that relevant models have been constructad but were not published or otherwise
made publicly svailable. Risk of publication bias may not be relevant when assessing the
certamey of outputs of a single model constructad de novo. However, when one intends
0 reuse an existing model but is aware or swongly suspects that similar models had been
developed but are not available, then one may be inclinad to thunk that their outputs mught
have systematically differed from the model that 1s available. In such a case, one may have
lower confidence in the owtputs of the identified model if there is no reasonable explanation
for the mability to obtam those other models.

3.9. Domains that increase the certainty of outputs from a single model
The GRADE approach to rating the certainty of evidence recogmized three situstions
when the certamty of evidence can imcrease: large magmimude of an esnmated effect,
presence of 3 dose—esponse gradient in an estimated effect, and an opposite direction
of plausible residual confoundmg [27]. Workshop partcipents agreed that presence of a dose
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—esponse gradient in model outputs may be applicable i some modeling disciplines (ez,
emvirommental health). Sinularly, whether or not a larze magmimde of an effect in model
outputs increases the certainty of the evidence may depend on the modeling disapline.

The effect of an opposite direction of plausible residnal confounding seems theoretcally
also applicable in assessing the cenzinty of model outputs (i e, a conservatve model not
incorporating mput data parameter in favor of an intervention but sall finding favorable
outpurs), but an acal example of this phenomenon in modeling smdies is stll under
discussion.

3.10. Assessing the certainty of outputs across multiple models

Not mfrequently, particularly in disciplines relying on mechanistic models, the current
knowledge sbout the real system being modeled 1s very limited preciuding the ability

to determine which of the available existing models generate higher certainty outputs.
Therefore, it may be necessary to rely on the results across mmitiple models. Other examples
include using nmitple models when no model was developed for the population directly of
mterest (e g, the European breast cancer sudelines for screening and diagnosis relied on

a systemanic review of modeling studies that compared different mammography screening
mtervals [55]) or when mmitiple models of the same simation exist but vary mn squcthure,
complexity, and parameter choices (e.z, HIV Modelling Consortium compared several
different mathematical models simulating the same antiretroviral therapy program and found
that all models predicted that the program has the potennial to reduce new HIV infections in
the population [56]).

When researchers chooss or are conpelled to include owrputs from several exisuns models,
they should assess the certainty of outputs across all included models. This assessment may
be more conplex than for single models and single bodies of evidence The feasibility of
GRADE's suidance to judge the certamty of evidence lies in the availability of accepted
methods for assessing most bodies of evidence from expenimental to observational stadies.
However, the methods for systemanc reviews of modeling smdies are less well-established:
some stages of the process are more complex. the number of highly skilled mdividuals with
expenence in such systemanc reviews is far lower, and there is larger vanability in the
results [57]. In addition. researchers nmst be careful to avoid “double counting™ the same
model as if it were nminple models. For instance, the same model (ie., same stmcture and
assumptions) may have been used in several modeling smdies. m which imvestizators relied
on different mpurs. When facing this scenario, researchers may need %o decide which of the
mpurs are the most direct to their particular question and include in only this model n the
review.

3.11. Risk of bias across multiple models

The assessment of risk of bias across models mvolves an assessment of the risk of bias in
each mdrvidual model (see aforementoned discussion of nsk of bias m single model) and
subsequently making 2 judsment about the overall nisk of bias across all mcluded models.
Specific methods for operationalizing this integration remsain to be developed.
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3.12. Indirectness across multiple models
As for the nsk of bias, researchers need to assess indirecmess of owtputs imitially for each of
for operationalizing this mtegration sall remain to be developed During this assessment
researchers may find some models too indirect to be informatve for their qurent question
and decide to exclude them from further consideranion. However, the criteria to deternune
winch models are too indirect should be developed a prion, before the search for the models
1s performead and ther results are known.

3.13. Imprecision across multiple models
The overall certainty of model outputs may also be Jower when mode] outputs are not
esumated precisely. If researchers attenypt a quantitative synthesis of outputs across models,
they will report the range of estimates and vanability of that estimates. When researchers
choose %o perform only 2 qualitative summary of the results across models, it is desirable
that they report some estimate of variability m the outpurs of individual models and an
assessment of how severe the vanability is (e g., range of estimated effacts).

3.14. Inconsistency of outputs across muitiple models
The assessment of inconsistency should focus on imexplamed differences across model
outputs for 2 given owtcome. If nmitiple existing models addressing the same issue produce
considerably different outputs or reach contrasting conclusions, then careful comparnison
of the models may lead to 3 deeper inderstanding of the factors that drive outpuss and
conclusions. Ideally. the different modeling groups that developed relevant models would
come together to explore the importance of differences in the type and structure of their
models and of the data used as model mputs.
Imaniably there will be some differences among the esumates from different models.
Rasearchers will need to assess whether or not these differences are mmportant. that is,
whether they would lead to different conclusions. If the differences are important but
can be explained by model stucture. model inputs, the certainty of the evidence of the
Input parameters, or other relevant reasons, one may present the evidence separately for
the relevant subgroups. If differences are mmportant, but cannot be clearly explamed the
certainty of model outputs may be lower.

3.15. Risk of publication bias across multiple models
The assessment is simular to that of the risk of publication bias in the context of a single
model

3.16. Domains that increase the certainty of outputs across multiple models
All considerations are the same to those in the context of a single model

4. Discussion

The goal of the GRADE project group on modeling 1s to provide concepts and
operationalization of how to rate the certamty of evidence in model outputs. Thus article
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provides an overview of the conclusions of the project group. This work is important
because there 1s 3 growing need and availability of modeled mformation resulting fom a
steadily increasing knowledge of the complexity of the structure and mteractions in our
emironment and computational power to construct and nm models. Users of evidence
obtained from modeling smdies nead to know bow much trust they may have in model
outputs. There is 2 need to improve the methods of constructing models and to develop
methods for assessing the certainty in model owrputs. In this armcle, we have attemptad
to clanfy the most important concepts related to developing and using model outputs o
terminology, lack of clarity of what is a model, and need for methods to assess certainty
model outputs as pniorities to be addressed to improve the use of evidence from modeling
studies.

In some sruations, decision makers mught be better off developme a new model specifically
designed to answer their current queston. However, we suggest that it 15 not always feasible
to develop 2 new model or that developing a new model might not be any better than

using already existing models, when the knowledge of the real life system to be modeled 1s
Inuted preciuding the ability to choose one model that would be better than any other Thus,
sometimes it may be necessary or more appropriate to use one or multiple existing models
dependmg on their availability, credibality, and relevance to the decision-making context.
The assessment of the certamey of model outpurs waill be concepmually similar when 3 new
model is constructed, or one existing model is used The main difference between the latter
two approaches is the availability of information to perform a detailed assessment That

1s, mformation for one’s own model may be easily accessible, but information required

t0 assess someone else’s model will often be more difficult to obtain. Assessment of

the certamey evidence across models can build on exisung GRADE domams but requires
Beacause it builds on an existing, widely used framework that includes 2 systemanc and
transparent evaluation process, modeling disciplines’ adoption of the GRADE approach and
further development of methods to assess the certainry of mode] outputs may be beneficial
for bealth decision-making. Systematic approaches improve ngor of research reducing the
risk of error and its potennial consequences; transparency of the approach mcreases its
ustworthiness. There may be addinonal benefits related to other aspects of the broader
GRADE approach. for instance 2 potential to reduce imnecessary complexity and workload
in modeling by careful consideration of the most direct evidence as model inpuss. This may
allow, for mstance optunuzation of the use of different streams of evidence as model mputs.
Frequently, suthors imntroduce unnacessary complexity by considenng nmitiple measures of
the same outcome when focus could be on the most direct outcome measure.

The GRADE Working Group will contimue developing methods and guidance for using
model outpurs in health-related decision-making In subsequent articles, we will provide
more detatled swdance about choosing the “best™ model when nmitiple models are found,
using mmitple models, integrating the certainty of evidence from vanious bodies of evidence
with credibility of the model and arrnving at the overall certainty in model outputs, how

t0 assess the credibility of vanious types of models themselves, and further clanfication
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of temunclogy. In the future, we aim to develop and publish the detailed suidance for
assessing certainty of evidence from models, the speafic smdance for the use of modeling
across health care—selated disaplines (e g, toxicology, emvirommental health or health
economics), validstion of the approach. and accompanying traming materials and examples.
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What is new?
Key findingzs

. Genersl concepts determining the certainty of evidence in the GRADE
magmitude of an effect, dose—sesponse relanon. and the direction of residual
confounding) also apply m the context of assessing the certainty of evidence
from models (model outputs).

. Detailed assessment of the certamty of evidence from models differs for the
assessment of outputs from 2 single model comparad with the assessment of
outputs across nminple models.

‘What this adds to what was known?

. We propose 3 framework for selectng the best svatlable evidence from
models to inform health care decisions: to develop 2 model de novo, to
identify an exasting model. the outpurs of which provide the highest certainty
evidence, or to use outpurs from mmitiple models.

‘What is the implication and what should change now?

. We suggest that the modeling and health care decision-makns conmumities
collsborate further to clanfy temunology used in the context of modeling and
make it consistent across the disciplines to facilitate conmmmication.
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Table 1.
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7. DISCUSSION

7.1 Main findings

In this doctoral thesis, we provide new knowledge in the methods of developing CPGs
recommendations when findings from systematic reviews of RCTs or observational studies
may not apply directly to the guideline development setting. This may include the
assessment of multiple ways to deliver an intervention (i.e. age to start or stop screening),
projecting benefits and harms to a lifetime horizon, to estimate the impact of interventions
for underrepresented populations (i.e. with comorbidities), or applying results to different

health care conditions from where studies have been conducted.

Our first publication integrates modelling evidence to inform the benefits and harms of a
screening programme; we adapted standard GRADE evidence profiles to be capable of
combining modelled and empirical evidence, across outcomes, and tailored the GRADE
domains (i.e. risk of bias or imprecision) to the characteristics of modelling research
evidence. In the second publication, we describe the procedures of how a European
guideline panel developed a decision tree model, to assist their assessment of the
downstream clinical consequences of diagnostic test interventions, and used it for
formulating recommendations. Finally, partially informed by the previous studies, our third
publication proposes a framework on how to incorporate modelling evidence for
development of clinical guidelines, and provides guidance on using the GRADE approach to

assess the certainty of this type of evidence.

Breast cancer (BC) is the second most prevalent cancer in the world and the most frequent
among women [1]. BC mortality has decreased over the last decades due to improvements
in treatment, services quality, and the implementation of population-based screening
programmes [3]. However, there is debate on how to best implement with diverse
recommendations on mammography screening frequencies. Thus, we conducted a
systematic review that informed the recommendations of the European Guidelines for
Breast Cancer Screening and Diagnosis. Our approach of including modelling evidence
allowed us to inform outcomes (i.e. overdiagnosis, radiation induced breast cancer, life years
saved) for which the evidence was sparse or not available. Modelling evidence also made
possible to estimate the impact of different screening intervals in younger age groups, such
as 45 to 49 years old; given that observational evidence from population registries provides
evidence only for a larger age range (40 to 49 years old) the effects may be different to the

age group of interest.
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To inform the European guideline panel, we adapted the standard GRADE evidence profile,
including modelling evidence only when other type of studies was not available and
specifying the type of evidence and our judgments over its certainty (Table 11). We later
used this evidence profile during the discussion with the EBCI guideline panel meeting to
issue the recommendations on mammography intervals. Noteworthy, during the
development of this review, we started the work of adapting the GRADE approach to assess
the certainty of modelling evidence. As it was described in the methods section our first
article, after discussion with other experts in the field, we decided to apply the GRADE rating
of certainty, departing from the lowest certainty of the input evidence (this was
subsequently modified during the development of the final guidance — see article three -). In
most instance, the certainty of studies included in the systematic review on screening
intervals was very low due to indirectness, since data for input parameters mostly come

from opportunistic screening settings.

In some situations, decision makers may prefer developing a new model specifically
designed to answer their question of interest. Although this approach would be the most
appropriate, it requires suitable skills, considerable resources, and time. In our case, we first
developed a systematic review of multigene tests to decide the provision of adjuvant
chemotherapy in women with early BC; however, as the available evidence did not inform all
downstream consequences of interest, a decision tree model without discounting was built
by the guideline development group, to assist the panel on the assessment of benefits and
harms of multigene testing. We presented the model, in conjunction with the evidence from
our systematic review, in the Evidence to Decision frameworks to conduct the discussion

and recommendation process by the ECIBC guideline (Table 12).

This process was similar to another guideline developed by the WHO for screening of
cervical cancer, which projected long term consequences of different testing strategies (ref).
Both experiences underline that for some clinical questions (i.e. diagnostic tests), guidelines
developers should consider in advance, the need and type of modelling needed (pragmatic
or more “sophisticated”) depending of the requirements, complexity of interventions, and

resources available.
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Table 11. Evidence profile presented at the ECIBC guideline meeting (age group: women 45 to 49 years)*®

Certainty assessment Ne of patients Effect
| iennial .
L Study design i S Inconsistency Indirectness Imprecision gy mar:rr:c])uz:a h mar:Irirc])mfa h REERYS LN certainty
studies v g bias ¥ P considerations g. POy g. POy (95% Cl) (95% Cl)
screening screening
Breast cancer death averted
212e modelling serious not serious | very serious | not serious none 70to 90 39to 40 Ratio from 30 more to $10]0]0)
studies fig hiij 1.75t02.31 51 more per VERY LOW
100.000
Stage of breast cancer (IIB-1V)
13 observational | serious ¥ | not serious | very serious | not serious none 2052 cases 3573 controls OR 0.85 - OO0
studies ol (0.75 to 0.96) VERY LOW
0.0% -
QALYs
215 m modelling not not serious | very serious | not serious none 727 to 1,540 665 to 1,060 Ratio 62 more to 480 10]00)
studies serious hij 1.09to 1.45 | more per 100.000 VERY LOW
Interval cancer
14n | observational | serious k serious very serious | not serious none 10/14285 5/3333 (0.2%) RR 0.46 81 fewer per $10]0]0)
studies ° (0.1%) (0.16 to 1.36) 100.000 VERY LOW
(from 126 fewer
to 54 more)
Overdiagnosis
2 1L5m modelling not not serious serious Mi | not serious none 143 to 200 0to 119 Ratio :Not 24 more to 200 10]0]0)
studies serious estimable to | more per 100.000 VERY LOW
1.2
False positive results -10 year cumulative probability
16 observational | serious 9 | not serious | very serious | not serious none Annual screening 67% (95%Cl 65% to 68%) Biennial screening 45% 10]00)
studies ol (95%Cl 44% to 46%) Difference: 22,000 more per 100,000. VERY LOW
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False positive biopsy recommendation -10 year cumulative probability

16 observational | serious 9 | not serious | very serious | not serious none Annual screening 11% (10% to 13%) Biennial screening 6% (5% to 7%) 10]00)
studies cl Difference: 5,000 more per 100,000. VERY LOW

Radiation induce breast cancer

17s modelling serious not serious | very serious | not serious none 32 18 Ratio: 1.78 14 more per $10]0]0)
studies fe hijt 100.000 VERY LOW

Death by radiation induced breast cancer

17s modelling serious not serious | very serious | not serious none 6 4 Ratio:1.5 2 more per 10]0]0)
studies fig hijt 100.000 VERY LOW

Cl: Confidence interval; RR: Risk ratio; OR: Odds ratio. For modelling studies, certainty of evidence starts from low certainty and when there is more than one study informing an outcome, the number represents the
range of point estimates reported across studies.

Explanations

a. Rate ratio comparing annual screening relative to biennial screening was estimated by an indirect meta-analysis. Absolute effects were calculated taken as basal risk the proportion of breast cancer mortality in
intervention arms of the trials of annual screening.

b. Comparison was done by performing indirect meta-analysis of RCT (n=3) of annual mammography interval versus no screening against RCT of biennial mammography interval versus no screening.

c. Estimations based on studies that included women from 40 to 49 years old

d. Wide confidence interval based in indirect comparison

e. Modelling studies used different number of women screened for calculations: 1,000 in 2 studies, and 100,000 in 2 studies. One modelling study (Vilaprinyo 2017) gave inconsistent results in this year period (less
deaths averted for annual interval) and then it was not included in the results of breast cancer deaths averted.

f. One or more studies did not report information about external validation for the estimated parameters of the models.

g. One or more studies did not report sensitivity analysis information for the estimated parameters of the models.

h. The comparison for any interval in the models was a no screening scenario. No direct comparisons were reported.

i. Modelling studies with data available for the 45 to 49 age period. Results were calculated by subtracting the absolute number of events from overlapping periods of screening i.e. 45 to 74 minus 50 to 74.

j. Most models were constructed using data of surveillance registries from United States.

k. Intervals were classified based on the month ranges elapsed between two screening mammograms prior to diagnosis. Potential high risk of misclassification.

I. Results were extracted from groups of women with selected characteristics (e.g. normal weight, fatty or scattered fribroglandular breast density, or white race).

m. Modelling study, used 1,000 women screened for calculations.

n. From the In the Swedish two county trial with an average screening interval of 24 months, the calculated interval cancers for >0 to <12 months was 38%, and for 12 to <24 months was 68% (Tabar 1987).

o. Estimations based on one study that included women from 40 to 79 years old

p. Two modelling studies estimated the number of false positive results in annual screening of 9,150 to 56,700 and for biennial of 6,301 to 26,700 per 100,000 screened women from 45 to 49 years old (difference
2,849 to 30,000 more events).

g. No clear information of how the intervals were estimated for the false positive cohorts or the number of individuals per interval.

r. Two modelling studies estimated the number of benign biopsy results in annual screening of 409 to 5,600 and for biennial of 208 to 3,000 per 100,000 screened women from 45 to 49 years old (difference 201to
2,600 more events).

s. Modelling study, used 100,000 women screened for estimates.

t. Incremental effects were estimated for a screening program starting at 50 and ending at 74.
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Table 12. Evidence to Decision presented for discussion at ECIBC panel meeting (only desirable and
undesirable effects are shown)

Sparano (lymph node negative —intermediate risk only)

Ne of Certainty of Relative Anticipated absolute effects” (95% Cl)
participants | the evidence | effect
(studies) (GRADE) (95% Cl) Risk with endocrine  Risk difference with
Follow up therapy plus endocrine therapy
chemotherapy
Invasive disease-free 6712 00 HR1.14  Study population
survival (1 RCT)12P Lowedef (0.99 to
1.31) 153 per 1,000 19 more per 1,000
(1 fewer to 43 more)
Freedom from 6712 1]0@) HR 1.03 Study population
recurrence at a distant (1 RCT)12b Lowedef (0.80 to
site 1.33) 71 per 1,000 2 more per 1,000
(14 fewer to 22 more)
Freedom from 6712 o000 HR1.12  Study population
recurrence at a distant or | (1 RCT)%2b Lowedef (0.91to
local-regional site 1.38) 50 per 1,000 6 more per 1,000
(4 fewer to 18 more)
Overall survival 6712 800 HR0.97 | Study population
(1 RCT)22b LOWedef (0.78 to
1.21) 62 per 1,000 2 fewer per 1,000

(13 fewer to 12 more)

1.  Sparano JA, Gray RJ Makower DF Pritchard KI Albain KS Hayes DF et al. Adjuvant Chemotherapy Guided by a 21-
Gene Expression Assay in Breast Cancer.. N Engl J Med.; 2018.

The PRU members developed a "back of the envelope" model to estimate the downstream consequences of testing
patients with the 21-gene recurrence score versus using clinical risk scores (treating only those at high risk). Four
different scenarios were hypothesized

(only two scenarios presented here).

Scenario 1: Scenario 2
In this scenario, the GDG made the extreme assumption In this scenario, the GDG made the assumption that,
that almost all women would be treated with without multigene testing, women would be treated only if
chemotherapy if the multigene test would not be used the clinical risk is high. The model also assumes that women
(only 18,4% proportion of women would not be treated, with low clinical and high genomic risk have no advantage
i.e. the proportion of non-treated women among those from chemotherapy.
assigned to the treatment arm in the Sparano trial). Distribution of the clinical risk within the multigene risk
strata are those reported by Sparano et al 2018.
Chemotherapy | Multigene Chemotherapy | Multigene
for all risk strategy | difference for all risk strategy | difference
Number of women 1000 1000 Number of women — 1000
- Chemotherapies 816,0 180,0|  -636,0
Chemotherapies 816,0 180,0 -636,0 Invasive disease recurrence 77,6 79,7 2,0
Invasive disease recurrence 776 79,7 2,0 Distant metastasis recurrence 25,8 27,2 1,4
Distant m_etastasi_s recurrence 258 27,2 14 IE:‘(:;:I[ rr;; cdei:Stant disease 38,3 39,0 07
Ir'e?gjll-rgg:tant disease 38,3 39,0 o7 lPeaths 23.1 238 0.7
Deaths 23,1 23,8 0,7

The general model assumptions were:

1) Results are based on a fixed observation time of 10 years.

2) Distribution according to multigene test is low 14%,; intermediate 68%; high 18%, as reported by the authors of the
TAILORX trial at recruitment in 2008 before the protocol was modified in order to increase the intermediate risk group
recruitment.

3) The observed rate of events at 5 years in the MINDACT trial (Cardoso 2016) will remain constant at 10 years.

4) Rates of events observed in the RCTs were applied to the simulated clinical score arms. It was assumed that basal risk
of events for clinical score groups was homogenous between the low and the high clinical risk groups within a given
genomic risk group.

An approximately 40% reduction in the women receiving chemotherapy was considered as a desirable effect.
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Finally, and partially based in the previous work, our third publication contributed over two
fundamental aspects. First it presents a common framework to incorporate model outputs
in health decision-making, including three options: a) developing a model de novo designed
specifically to answer the very question at hand, b) searching for an existing model
describing the same or a very similar problem and use it “off-the-shelf” or adapt it
appropriately to answer the current question, and c) using the results from multiple existing

models found in the literature.

We also provide guidance on how to assess the certainty of evidence of modelling evidence
using the GRADE approach for either an individual model or across multiple models in the
context of a systematic review. We considered that for modelling studies, the certainty of
evidence departed from high certainty which could be then downgraded after considering
methodological limitations on the GRADE domains. This approach fairly similar to what we
used for our first publication which departed from the certainty level pertaining to the input

evidence that informed the model parameters.

One distinctive feature of our proposed GRADE approach for modelling studies is how it
define the assessment of risk of bias compared to the approach for other type of evidence
(i.e. prognosis, diagnostic test). The risk of bias for modelling evidence results from both the
credibility of model development and the certainty of evidence for each of model inputs
(Figure 3). The credibility of a model development is determined by its structure, calibration,
validation, and other factors. While we should assess the certainty of the several types of
input data (bodies of evidence) used to populate the model, an efficient alternative to
consider is to assess only the input parameters to which the model outputs are the most

sensitive.
Figure 3. Risk of bias for modelling studies using the GRADE approach

AT

certainty of each input

(”blmcljncdsl " credibility of a model
ack box

Risk of bias of output
(modelled evidence)
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7.2 Our results in the context of previous research

Previous initiative has also underlined the relevance of considering modelling evidence
when developing clinical practice guidelines. Habbema et al identified areas where
modelling evidence might be relevant to guideline development (see introduction section)
based on the experience of the USPSTF on issuing recommendations for screening
interventions.'® Additionally, the authors provide advice for the incorporation of modelling
evidence. To obtain more robust results, they developed multiple models (5 to 6 per
condition) for the same questions in collaboration with the Cancer Intervention and
Surveillance Modelling Network (CISNET) for lung, colorectal and breast cancer screening.*®
To compare candidate policies, they consider the outcomes that best capture benefits and
harms and used their ratio as a common metric (i.e. number of colonoscopies per life-year
gained). Finally, models may lead to different recommendations when used by another
guideline groups, for example the USPSTF recommended annual screening for colorectal
cancer,?® whereas the Health Council of the Netherlands recommended a biennial interval

based on the similar model evidence.*®

Regarding our systematic review (empirical and modelling studies) for intervals of
mammography screening. The results were consistent with the evidence than informed
previous guidelines. The USPFTF, as described above, based their assessment on several
models for the US population, concluding that when moving from biennial to annual
mammography, there is a small increase in averted deaths but with a large increase of
harms.”® The American Cancer Society included in their review of the evidence an indirect
comparison between RCTs and a model study from the CISNET collaboration, concluded that
beginning screening with more frequent intervals likely results in a greater mortality
reduction but the magnitude is uncertain.'® In comparison, we included modelling studies
for different populations (i.e. US, Canada and European countries) thus we could assess how

robust where the results under different assumptions.*®

The ECIBC guideline issued recommendations on multigene testing to guide adjuvant
chemotherapy consistent with other guidelines. NICE issued a conditional recommendation
on the use of 21-RS limited to those patients in which the risk of distant recurrence is
intermediate using a validated tool such as PREDICT or the Nottingham Prognostic Index and
recommended against the use of the 70- signature.” The American Society of Clinical
Oncology (ASCO) also provided similar recommendations (but with a different strength)

using a different methodological approach.% 1% previous guidelines incorporated modelling
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studies but limited to health economic evaluation, sharing important methodological
limitations.’° Our model was intended to be an exploratory tool to help guidelines panellist
on their assessment of potential impact of diagnostic tests, and thus there is still a need for

more robust modelling analysis for this condition.

Our approach for incorporating modelling evidence into the decision-making process for
clinical guidelines is also consistent with some previous proposals but limited to systematic
reviews. Kuntz et al, considered decision models as a supportive tool for systematic reviews,
and included three basic approaches: a synthesis of previous modelling studies, adaptation
of an existing model(s) to complement a systematic review, and the development of a de
novo model.?° They also consider as an ideal scenario to develop a de novo model, but
acknowledging that it would be time consuming and costly.?° Beside of describing similar
main scenarios, we suggested a framework to assist guideline developers when considering
building a new model, adapting an existing model or using existing models for development
of clinical recommendations (Figure 4). This process should be guided by a systematic

assessment of the certainty of any identified models as well as the resources available.

The need for development of a GRADE approach for modelling evidence has been previously
recognized. The WHO conducted on 2016 a survey on 151 experts from 28 countries (half of
them modelers and the other half users of model evidence); around 95% of respondents
consider that modelling evidence should inform guidance for public health interventions,
and 60% that findings of modelling studies can sometimes provide the same certainty of
evidence as empirical studies.*° This study also provided some initial insights on how to
adapt the GRADE approach to modelling studies (see introduction section), that were

further developed by our GRADE guidance on the third study of this doctoral thesis.
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Figure 4. Framework to guide the incorporation of modelling evidence into clinical guideline

development.
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7.3 Limitations and strengths

Among the common cited limitations regarding modelling includes that requires
guantification of all input parameters, that some outcomes are not actually quantifiable,
that to use ““evidence’” generated by a model is incongruent with the concept of evidence
based in empirical data,® or that it is unclear the place of modelling evidence in “hierarchy
of evidence”.® This criticism shows a misunderstanding about the aim of models which is to
offer transparent approach to assist decisionmakers with complex decision in the context of
spare or uncertain empirical evidence.? Besides, decisions have to be made eve with limited
data, and implicit values are always placed on qualitative outcomes;? decision analysis

provides the tool to assist this process in a transparent manner.®

However, to develop a model require substantial skills, time and logistical resources. Even
adaptation of models might require model availability of input data relevant expertise and
access to the original model. One strength of the framework is that the incorporation of
models is a way to use resources more efficiently, relying on a initial systematic search
which may identify one or more models meeting pre-specified eligibility criteria, then

I.2 Depending on this

researchers would assess the certainty of outputs from each mode
assessment, researchers may be able to use the results of the most direct and lowest risk of
bias model or proceed to adapt it. Researchers may consider developing their own model,

only when they fail to find a sufficiently direct and low risk of bias model.

Our review for intervals of mammography screening was limited by incomplete reporting of
model development in particular regarding the validation process and sensitivity analysis,
however the scope was considerable exhaustive and we observed consistent results
thorough several modelling studies on different settings. For the decision tree model
developed to assess the multigene test downstream consequences we used a fairly
pragmatic approach, and despite some assumptions being potentially questionable (i.e.
negligible effects in low clinical risk, same effects in studies with different duration of follow-
up);*® we acknowledge these limitations during the panel meetings, and used the model only
as a supportive tool to better understand the potential downstream consequences of

recommending the multigene test.

Finally, our guidance for the GRADE approach to assess the certainty of modelling evidence
will require further efforts to provide detailed guidance on how to apply each of its domain,
after testing it on real examples of both systematic reviews as on clinical guidelines.

Nevertheless, it builds on the GRADE approach, which is a systematic, transparent, and
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widely used method to assess the certainty of evidence across multiple types of bodies of
evidence. We have developed it with the participation of experts in the field of modelling in
the context of clinical practice guidelines, public health, infectious disease, cost-

effectiveness modelling among other disciplines.

7.4 Implications for practice and research

The adoption of the GRADE approach and the progressive development of the methods to
assess the certainty of evidence of model outputs have relevant implications for practice.
First, having a systematic approach to ascertain the modelling evidence will improve the
rigor of research and transparency, reducing the risk of systematic error with an overall
increase in the trustworthiness on systematic reviews and clinical guideline development.?!
Currently several systematic reviews on the impact of control measures for the SARS-COVID-

18,19,11L, 112 9nd well as for model based cost effectiveness studies''> 114 have

19 pandemic
implemented the GRADE approach for modelling evidence. Additionally, adopting the
GRADE approach during the model development has the potential to reduce unnecessary
complexity and workload by careful consideration of the most direct evidence as model

inputs, optimizing the use of different streams of evidence as model inputs.?

Our results from the systematic review of intervals of mammography screening may have
different implications for practice depending on the age group, the balance between
benefits and harms, and how women value the different outcomes. In the case of multigene
testing, the benefits use of 21-RS in lymph node-negative women are probably larger, while
the 70-GS seems acceptable only for women at high clinical risk, however there was
important uncertainty on the evidence. Given both questions had a very low to low certainty
of evidence and the variability of how women value outcomes at stake, guideline panellists
would be likely to formulate conditional recommendations, thus a shared decision-making
process to carefully explain the pros and cons of each decision is warranted. The European
Guidelines on Breast Cancer Screening and Diagnosis issued the following recommendations

based on those findings (Table 13 and appendix section).>®
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Table 13. Recommendations issued by the European Breast Cancer Guideline for Screening and
Diagnosis based in the results of the studies included in the thesis.

Mammography intervals®® Multigene testing®®

For women aged 45 to 49 years: e suggests the use of the 21-RS for lymph

e Suggests either biennial or triennial node-negative women (conditional
mammography over annual screening recommendation, very low certainty of
(conditional recommendation, very low evidence)

certainty of evidence)

For women aged 50 to 69 years: e suggests the use of the 70-GS for women at
e recommends against annual high clinical risk (conditional
mammography screening (strong recommendation, low certainty of
recommendation, very low certainty of evidence)
evidence) e recommends not using 70-GS in women at
e suggests biennial mammography screening low clinical risk (strong recommendation,
over triennial mammography screening low certainty of evidence)

(conditional recommendation, very low
certainty of evidence

For women aged 70 to 74 years:

e recommends against annual
mammography screening (strong
recommendation, very low certainty of
evidence)

e suggests triennial mammography screening
over biennial mammography screening
(conditional recommendation, very low
certainty of evidence)

Along the studies included in this doctoral thesis several priorities of research were
identified, many of them pertains to the gaps on the evidence which also lead to the
incorporation of modelling evidence while others are related to the refinement of the
GRADE approach for this type of evidence (Table 14). Further empirical research on the
effectiveness of the different screening intervals would be ideal, although it may require
substantial resources. Better evidence for other imagen modalities for breast cancer
screening or personalized risk stratification for BC would allow research to conduct more
robust modelling studies. For multigene tests longer observation time is required to inform
end-clinical outcomes. With respect to the GRADE approach the priorities include
refinement of the guidance for each domain based in real examples, adaptation of evidence
profiles and summary of findings format to modelling studies, and development of an

specific tool to assess the credibility of models that reflects the conceptual GRADE approach.
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Table 14. Research priorities identified across the thesis’s articles

Review on mammography intervals (study 1)%

Empirical research on the effectiveness of the different screening intervals due to the current
very low certainty of evidence

Cost-effectiveness studies using unitary costs from different settings, and in particular for
women aged 45 to 49

Assessment of alternative imaging modalities to mammography

Tailored screening according to personalised risk assessment

Review and denovo model for multigene testing (study 2)°°

Exploring in what subgroups the use of 21-RS would have larger anticipated benefits.
Carrying out longer follow-up studies for 70-GS

GRADE guidance for modelling evidence (study 3)%*

Developing methods and guidance for using model outputs in health-related decision-making.
Provide more detailed guidance about choosing the “best” model when multiple models are
found

Integrating the certainty of evidence from various bodies of evidence with credibility of the
model and arriving at the overall certainty in model outputs
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121



Incorporating decision analysis models in the development of health recommendations

CONCLUSIONS

This doctoral thesis provided real examples on how to integrate modelling evidence into
the guideline development process (either from a systematic review or developing de-

novo model) and a guidance to assess the certainty of evidence of modelling studies.

In women of average BC risk, screening intervals have different trade-offs for each age
group. The balance probably favours biennial screening in women 50-69. In younger
women, annual screening may have a less favourable balance, while in women aged 70—
74 years longer screening intervals may be more favourable (from the systematic review

of empirical and modelling studies).

Testing women with early BC with 21-RS to guide the decision of providing adjuvant
chemotherapy would lead to large desirable effects and trivial undesirable effects. For
the 70 gene signature test, in women at low clinical risk, there will be no benefits and a
very large cost; in high clinical risk population there will be moderate desirable effect

and large savings.

Modelling evidence is relevant to assist guidelines panel on developing clinical
recommendations for settings where the evidence from empirical evidence is limited or
unfeasible to develop such as: projecting to a lifetime horizon, assessing complex

interventions, or extrapolating results to underrepresented populations.

The GRADE evidence profiles formats can be adapted to incorporate modelling
evidence. For example, adding modelling evidence as a separate type of studies or

considering their inclusion only when empirical evidence is largely indirect or uncertain.

During the guideline development process there are three options of how to incorporate
modelling evidence: i) to develop a model de novo to specifically to answer the clinical
question ii) to search for an existing model describing the same or a very similar problem
and use it “off-the-shelf”’ or adapt it appropriately. and iii) to use the results from

multiple existing models identified in the literature.
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A GRADE guidance is presented to assess the certainty of evidence of modelling
evidence is now available and represent a relevant progress in the methods to
incorporate this type of evidence on systematic reviews, health technology assessment,

CPG, and overall heath decision making.

Future research areas include developing further methods and guidance for applying
each of the GRADE domains, testing the approach in additional real examples and refine
the guidance accordingly, and improve the presentation formats to adequality display

modelling evidence research.
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the European Commission Initiative on Breast Cancer (ECIBC) Contributor Group*

Description: The European Commission Initiative for Breast
Cancer Screening and Diagnosis guidelines (European Breast
Guidelines) are coordinated by the European Commission's
Joint Research Centre. The target audience for the guidelines

Methods: An international guideline panel of 28 multidisci-
plinary members, including patients, developed questions and
corresponding recommendations that were informed by system-
atic reviews of the evidence conducted between March 2016
and December 2018. GRADE (Grading of Recommendations As-
sessment, Development and Evaluation) Evidence to Decision
frameworks were used to structure the process and minimize the
influence of competing interests by enhancing transparency.
Questions and recommendations, expressed as strong or condi-
tional, focused on outcomes that matter to women and provided
a rating of the certainty of evidence.

Recommendations: This synopsis of the European Breast
Guidelines provides recommendations regarding organized
screening programs for women aged 40 to 75 years who are at
average risk. The recommendations address digital mammogra-

ﬁotsalsodmd\eﬁmnqolsaeenir-gmdhﬁxmded
sion making for women at average risk who are recalled for
suspicous lesions or who have high breast density.

Ann intarn Med. 2020;172:46.56. doi:10.7326M19.2125 Annals.org
For author affilistions, see and of taxt.

Thes artida was publishad at Annals.org on 26 Novambar 2015.

* For mambaers of the ECIBC Contrbutor Group, sea the Supplemant (avail-
abla at Annals.org).

Despite intensified efforts by the European Council
since 2003, the implementation of organized,
population-based mammography screening is not uni-
form across Europe and depends greatly on the poli-
cies in place in different countries, the organization of
health care, and available resources (1). Since the last
edition of the European Guidelines on Breast Cancer
Screening and Diagnosis was published in 2006 (2),
new evidence regarding breast cancer and innovation
in guideline methodology prompted the European
Commission Initiative on Breast Cancer (ECIBC) to de-
velop new evidence-based recommendations (in short,
the European Breast Guidelines).

This article provides a synopsis of 15 key recom-
mendations selected from the European Breast Guide-
lines, coordinated by the European Commission's Joint
Research Centre and developed by an international
guideline development group (GDG). These guidelines
inform women, health professionals, and policymakers
about important questions related to organized mam-
mography screening and breast cancer diagnosis, but
recommendations may apply in contexts in which orga-

Callege of Ph

nized screening programs are not in place. The recom-
mendations primarily address women at average risk
for breast cancer without increased risk due to genetic
predisposition (mutations in BRCA1 and BRCA2), re-

ive history, or race/ethnicity. However, women
with a family history, who may have a higher-than-
average risk, are included in the ECIBC recommenda-
tions. Some recommendations also focus on women
with high breast density and suspicious lesions on
screening. The corresponding evidence reviews and
recommendations are kept up to date and are available
for adoption and adaptation at https://ecibc jrceceu-

ropa.eu/recommendations.

GUIDELINE DEVELOPMENT AND REVIEW
PRroCESS

The European Commission adheres to methods for
producing trustworthy guidelines (3-6), which we de-
scnbed?l? detail pre\nogu:;y (7). In brief, the European
Commission authorized new systematic reviews, or syn-
theses of existing ones, up to March 2016 for earlier
recommendations and to December 2018 for later,
more recent recommendations. This evidence in-
formed the criteria in the GRADE (Grading of Recom-
mendations Assessment, Devel and Evaluation)
Evidence to Decision (EtD) frameworks that the GDG,
guided by 4 cochairs and vice chairs, used to develop
the recommendations (7-10). Each recommendation is
linked to the full online EtD containing references, ex-

134




Incorporating decision analysis models in the development of health recommendations

A Synopsis of the Furopean Breast Guidelines

planations (including considerations for implementa-
tion, monitoring, and research priorities), and judg-
ments that were developed with GRADE's official app
GRADEpro (www.gradepro.org) (7).

RECOMMENDATIONS
The Su Table (available at Annals.org)
lists all 40 and recommendations addressed

by the g’oupasofMay 2019; the first 15 recommenda-
tions listed in the table are those addressed in this syn-
opsis. The table includes the strength (strong or condi-
tional) and certainty-of-evidence ratings and the dates
of the last pertinent literature searches. The GDG took
a programmatic population perspective, suggesting
that strong recommendations in this context may be
adopted as policies in most situations (11). Conditional
recommendations suggest that policymaking will re-
quire substantial debate and involvement of various
stakeholders. The implications of the recommendations
for women and dlinicians are supported by more spe-
cific, linked recommendations focusing on communica-
tion and shared decision making.

Should Organized Mammography Screening in
Women Be Used?

The GDG considered women in the following age
groups: 40 to 44, 45 to 49, 50 to 69, and 70 to 74 years.
Evidence from some systematic reviews applied to all
age groups for 1 or more EtD criteria. For example,
mammogra screening does not seem to create anx-
netymwomgnhywhoare;gvenadeatms#afwamm

mogram. However, women recalled for further testing re-
poﬂedtransentotlongﬂnnamety(frombnmﬁstol!
years after recall), but this was not consistent across stud-
ies (12-14). Women generally consider these undesirable
effects acceptable (low certainty of evidence), and a sys-
tematic review

derstand the resulting implications (15).

Organized Mammography Screening in Women Aged
40 to 44 Years or 45 to 49 Years

Recommendation 1. For asymptomatic women aged
40 to 44 years with an average risk for breast cancer, the
ECIBC's GDG suggests not implementing organized
mammography screening (conditional recommendation,
moderate certainty of evidence; EtD available at http://bit
ly/2pfBI9M).

Recommendation 2. For asymptomatic women
aged 45 to 49 years with an average risk for breast
cancer, the ECIBC's GDG suggests mammography
screening over no mammography screening, in the
context of an organized screening program (condi-
tional recommendation, moderate certainty of evi-
dence; EtD available at http://bit.ly/2Pn1HZx).

Eight randomized controlled trials (RCTs) of invi-
tation to mammography screening provided breast
cancer mortality data from 348 478 women younger

Annals org
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than 50 years (16-22), and 4 reviews of observational
studies evaluated relevant outcomes (12-14, 23). Or-
ganized mammography screening probably reduces
breast cancer mortality (16-22) and may reduce the
risk for breast cancer stage IIA or higher (17, 18, 22,
24-28). The incidence of breast cancer and mortality
increases with age, and the GDG extrapolated that
the absolute health benefits are greater in women
aged 45 to 49 than those aged 40 to 44 years.

Data from 5 available trials in women aged 40 to 74

an increase in the rate of mastectomy
(19 29 32), although the GDG was concerned that
these results might be misleading because of lead
time. One RCT suggests a rate of 12.4% (95% Cl, 9.9%
to 14.9%) to 22.7% (Cl, 18.4% to 27.0%) for overdiag-
nosis, depending on whether a population or an indi-
vidual woman perspective is taken (27). The number of
false-positives depends on the age of first screening,
and women aged 40 to 44 years also have a greater
radiation risk than older women.

The balance of desirable versus undesirable health
effects for starting atage 40 favors no
screening (the GDG judged that the undesirable health
effects are large and the desirable ones small). However,
for the 45- to 49-year age group, the higher breast cancer
incidence and mortality compared with women between
the ages of 40 and 44, as well as observational evidence
showing a greater benefit in this age group (33), led the
GDG to judge that the balance of health effects probably
favors the ired resources for
ervaig Wity St S oot (%, 350

Org anized Mammography Screening in Women Aged
5010 69 Years

Recommendation 3. For asy’:ya'rm: women aged
50 to 69 years with an average risk for breast cancer, the
ECIBC's GDG recommends mammography screening
over no mammography screening, in the context of an or-
ganized screening program (strong recommendation,
moderate of evidence; EtD available at http://bit
Wy/2qNKE?1).

On the basis of data from 249 930 women aged 50
to 69 years from & RCTs, invitation to organized mam-
mography screening reduces breast cancer mortality
(17, 19-22, 36) and may reduce the risk for breast can-
cer stage llA or higher (17, 22, 24-26, 37). Five trials
describe increased rates of ma in women be-
tween ages 40 and 74 (19, 29-32), with concerns about
lead-time bias similar to those for the younger age
group. Pooled estimates from 2 RCTs su
agnosis rates of 10.1% (Cl, 8.6% to 11.& 173%
(Cl, 14.7% to 20.0%) (37, 38).

The cost-effectiveness studies probably favored
screening, but this would vary across countries (34, 39-
41). The GDG determined that screening in this age
group has a net health benefit, and other EtD criteria
were generally in favor of implementing organized
mammography screening. Thus, desptte uncertainty
about the relative importance of outcomes or values,
the GDG made a strong recommendation for orga-
nized screening but emphasizes that all invited women
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should receive clear information about the desirable
and undesirable effects to make informed dedisions.

Organized Mammography Screening in Women Aged
70 to 74 Years

Recommendation 4. For asymptomatic women
aged 70 to 74 years with an average risk for breast
cancer, the ECIBC's GDG suggests mammography
screening over no mammography screening, in the
context of an organized screening program (condi-
tional recommendation, moderate certainty of evi-
dence; EtD available at http://bit.ly/31KjCMA).

According to 2 RCTs of invitation to mammogra-
phy screening in 18 233 women aged 70 years and
older (19, 21), organized mammography screening
reduces breast cancer mortality, the risk for breast
cancer stage llA or higher, and detection of tumors
larger than 50 mm (25).

Five trials in women aged 40 to 74 years described
increased mastectomy rates (19, 29-32). Concemns
have been raised about lead-time bias, the small num-
ber of women aged 70 to 74 years included for the
outcome of mastectomy, and the available data for
overdiagnosis being derived exclusively from women
aged 50 to 69 years for an overall judgment of proba-
ble net health benefit. Other EtD criteria also were gen-
erally in favor of implementing organized mammogra-
phy screening in this age group.

How Often Should Women Attend an Organized
Mammography Screening Program?
Women Aged 45 to 49 Years

Recommendation 5. For asymptomatic women
aged 45 to 49 years with an average risk for breast can-
cer, the ECIBC's GDG suggests either biennial or trien-
nial mammography over annual screening in the con-
text of an organized screening program (conditional
recommendation, very low certainty of evidence; EtD
available at http://bit.ly/3201faP).

Women Aged 50 to 69 Years

Recommendations é and 7. For asymptomatic
women aged 50 to 69 years with an average risk for
breast cancer, the ECIBC's GDG recommends against
annual mammography screening (strong recommenda-
tion, very low certainty of evidence; EtD available at
http://bit.ly/2BIlzNzj) and suggests biennial mammogra-
phy screening over triennial mammography screening
in the context of an organized screening program (con-
ditional recommendation, very low certainty of evi-
dence; EtD available at http://bit ly/31QCUQI).

Women Aged 70 to 74 Years

Recommendations 8 and 9. For asymptomatic
women aged 70 to 74 years with an average risk for
breast cancer, the ECIBC's GDG recommends against
annual mammography screening (strong recommenda-
tion, very low certainty of evidence; EtD available at
http://bit.ly/342qJS0) and suggests triennial mammog-
raphy screening over biennial mammography screening

48 Annals of Internal Medicine » Vol. 172 No. 1 * 7 January 2020
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in the context of an organized screening program (con-
ditional recommendation, very low certainty of evi-
dence; EtD available at http://bit.ly/2JpK1su).

The GDG compared annual, biennial, and triennial
screening intervals in women for whom the GDG either
strongly (ages 50 to 69 years) or conditionally (ages 45 to
49 and 70 to 74 years) recommended screening
(Table 1). Evidence exists from RCTs to compare annual
with triennial screening in women aged 50 to 69 years
(42) and from observational studies (43-46) for a broader
age range. To fill gaps in the direct evidence, the
GDG used evidence from indirect comparisons of an-
nual (18, 20, 47) or biennial (19, 48) screening com-
pared with no screening, as well as the results of
modeling studies (44, 49, 50). The GDG also con-
ducted its own simple modeling—for example, calcu-
lating events by subtracting the estimated outcome
rates in women aged 45 to 69 years (or 70 to 74
years) from those aged 50 to 69 years (or 70 to 74
years)-and assumed that effects were incremental to
those found for women aged 50 to 69 years (or 70 to
74 years) at screening.

The benefits resulting from more rather than less
frequent screening differed across age groups but sug-
gest that for all age groups, annual screening may re-
duce breast cancer mortality compared with biennial or
triennial screening. Compared with biennial screening,
the incidence of stage IIB to IV breast cancer and inter-
val cancer seemed lower with annual screening (51-53).
More quality-adjusted life-years seemed to be gained
with annual than biennial or triennial screening (44, 49).
When biennial was compared with triennial screening,
the reported benefits were similar in all age groups,
except for detection of stage IIB to IV breast cancer in
women aged 50 to 69 years, which favored biennial
screening.

Harms also differed across age groups but showed
similar patterns. Annual screening showed increased
overdiagnosis rates, more false-positive results (in some
comparisons, >30% more), and more suggestions for
follow-up with biopsies for false-positive results (in some
comparisons, >5% more) across age groups compared
with biennial or triennial screening (43, 44, 49, 52, 54).
Biennial screening probably leads to more overdiagnosis,
false-positive results, and suggestions for follow-up with
biopsies for false-positive results than triennial screening,
(44, 45). Radiation-induced breast cancer and higher rates
with biennial or triennial screeningof radiation-induced
breast cancer deaths probably result from annual (6 in
100 000 women) and biennial screening (4 in 100 000
women) compared with triennial screening (50).

‘What Tests Should Be Used to Screen for Breast
Cancer?

The following 2 recommendations about digital
breast tomosynthesis (DBT), originally made in April

Annals.org
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Table 1. Multiple-intervention Comparison of Desirable and Undesirable C
Mammography Screening for Women Aged 45 to 49, 50 to 69, and?Om"Years

of Annual, Biennial, and Triennial

Evaluation Criteria Screoning Intarvals for Women Aged 45 to 49 Years
Annual vs. Triennial Triennial vs. Biennial Annual vs. Biennial
Cartainty of avidanca Vary low Vary low Vary low
Balance of health affacts Probably favors g Probably favors b g Probably favors bi ng
Resources raquired Large costs Moderata savngs Modarata costs
Cost-offectivenass Probably favors tennial screening Probably favars g Probably favors bi g
Equity Varias Varias Varies
Accoptabity Varias Varies Varies
Feasbikty Varies Yes, comparad with bisnnial Varies
Owarall judgment The GDG pudged that b i or g providad the most nat npared with annual
ng. Biannial ides mora nat desirable haalth q l\nh-m-d.bmcman
lw-fum-mulnoarmgpmgum
Screening Intervals for Women Aged 50 to 69 Years
Annual vs. Trionnial Triennial vs. Biennial
Cartainty of avidanca Vary low Vary low
Balance of health affacts Prd:dyhmsimdmnng Probably favors biannial screaning
Cost-offectivenass Doas not favor asthar Doas not favor aither
Accaptabdity Varias Varias
Feasibilkty Probably no, comparad with trisnnial Yas, comparad with biannial
Overall judgment The GDG judged that tha nat d bl q of annual g are much smaller than thosa
of | g, largaly b dhhlnmhunm(nqmmnng(amig
vmmwmdwmﬂuﬂlﬂuﬁmpd@dmwwmlﬂ
nat d q than bi but the panal was not as certan (2 conditional
o #ad). Tha GDG dacded by logic that b also has mora nat desirable
q than annual ing, and i did not produce a datailad EtD fr; ri
Screening Intarvals for Woman Aged 70 to 74 Years
Annual vs. Biennial Annual vs. Triennial Triennial vs. Biennial
Cartainty of avidanca Vary low Vary low Vary low
Balance of affacts Probably favors biannial screening Probably favors trienneal scraening Does not favor ethar the intarvention or the
comparison
Resources requirad Large costs with annual Modarata costs with annual Modarats savings with triannal
Cost-offectivenass Favors baannial No included studies Probably favors tnannial
Equity Varies Varias Vanes
Acceptabiity Probably no, compared with biannial Probably no, compared with triannial yes, compared with biennal
Feasibikty Probably no, compared with biannial memw Yes, compared with biennial
Overall judgment Tha GDG judged that b | and g provide similar net desirabs q and both of thesa intarvals
hava mora net d b q than annual g intarvals.
ED = Evidh o Decision = guideline devel group.

2016, were updated and changed in November
2018.

Should Screening With DBT (Including Synthesized
2-Dimensional Images) Versus Digital Mammo-
graphy Be Used for Early Detection of Breast
Cancer in Asymptomatic Women?

Recommendation 10. For asymptomatic women
with an average risk for breast cancer, the ECIBC's
GDG suggests screening with digital mammography
over DBT, in the context of an organized screening
program (conditional recommendation, very low cer-
tainty of evidence; EtD available at http://bit.ly
/2pRtw1G). Because the GDG made a strong recom-
mendation for screening at ages 50 to 69 years, this
applies specifically to this age group.

We found 9 relevant observational studies (55-63),
but they did not measure the outcomes of breast can-

Annals.org

cer mortality, cancer stage, and quality of life. Screen-
ing with DBT increased breast cancer detection com-
pared with digital mammography (55-57, 61, 62). No
differences in interval cancer detection rate, recall rate,
or false-positive recall were found between DBT and
digital mammography (55-58, 61-63).

The resources needed to move to DBT were con-
sidered moderate by the GDG, not only because of the
greater costs of the machines but also because of the
human resources required. One observational study
(59) reported that radioclogists' reading time would
double for DBT compared with digital mammography,
but staff costs may vary depending on the country. The
GDG emphasized that research on direct outcomes
(namely, other-cause mortality, breast cancer mortality,
radiation-induced cancer, and quality of life) is not yet
available, leading to uncertainty in the balance of
health effects from using DBT in screening programs.
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Should Screening Using DBT (Inchuding Synthesized
2-Dimensional Images) in Addition to Digital
Mammography Versus Digital Mammograp hy Alone
Be Used for Early Detection of Breast Cancer in
Asymptomatic Women?

Recommendation 11. For ptomatic women
with an average risk for breast cancer, the ECIBC's GDG
suggests screening with digital mammography alone
over screening with DBT in addition to digital mammog-
raphy, in the context of an organized screening pro-
gram (conditional recommendation, very low certainty
of evidence; EtD available at http://bit.ly/33aQf6V).

We found 1 RCT (64) and 10 observational studies
(55-60, 65-71) that were relevant. Screening with DBT
in addition to digital mammography increased the can-
cer detection rate and detection of invasive cancer
compared with digital mammography alone (55-58,
64-66, 69). No differences were found in recall rate
(55, 56, 58, 64-66, 69), but in 4 of the observational
studies the rate of false-positive recalls was increased
when both techniques were combined, although the
RCT (64) showed no differences. The GDG agreed that
the effect would vary depending on the baseline rate.

about a 2-fold increase in radiation dose with
use of both DBT and digital mammography, the GDG
determined that the absolute increase in radiation-
induced cancer was probably small (58-60, 64).
The resources needed to adopt DBT plus digital
mammography were considered large because of the
higher costs of the machines and the necessary human
resources (72). For instance, radiologists’ reading time
would at least double by using both techniques (77 to
191 seconds) compared with digital mal phy
alone (33 to 67 seconds) (56, 59, 73). Although the
GDG could not determine whether using DBT in addi-
tion to digital mammography in screening programs
provided a net health benefit, it conduded that, overall,
the undesirable consequences were greater than the
desirable ones.

What Tests Should Be Used to Screen for Breast
Cancer in Women With Dense Breast Tissue?

The GDG answered 4 questions about whether a
woman whose mammogram shows no breast cancer
but who has dense breast tissue should have another
mammogram or other tests, such as DBT, magnetic res-
onance imaging (MRI), or ultrasonography (automated
or hand-held). The DBT question currently is being up-
dated, so only the other 3 questions are described in
detail here.

Tailored Screening With Automated Breast
Ultrasonography

Recommendation 12. For asymptomatic women
with high mammographic breast density and negative
mammography results, in the context of an organized
screening program, the ECIBC's GDG suggests not im-
plementing tailored screening with automated breast
ultrasonography (ABUS) over mammography screening
alone (conditional recommendation, low certail
of evidence; EtD available at http://bit.ly/341Kg4V).

50 Annals of Internal Medicane = Vol. 172 No. 1 = 7 January 2020
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We found 3 observational studies reporting the ef-
fect on breast cancer detection and recall rates of ad-
ditional screening with ABUS after a tive mam-
mography result (74-76). The addition of ABUS after a
negative mammography result increased the number
of breast cancer cases detected. However, interaction
may exist between risk factors other than breast density
and detection rate; therefore, absolute or relative ef-
fects may not be comparable. The GDG expressed con-
cern about the link between higher detection rate and
mortality because of the lack of evidence for the out-
come of breast cancer mortality. Two studies sug-
gested an increase in recall rate with ABUS (74, 75). The
GDG determined that the balance of health effects fa-
vors neither ABUS after mammography nor mammog-
raphy alone, and other EtD criteria generally were in
favor of not implementing additional screening with
ABUS.

Tailored Screening With Hand-Held Ultrasonograp hy
Based on High Mammographic Breast Density

Recommendation 13. For asymptomatic women
with high mammographic breast density and a negative
mammography result, in the context of an organized
screening program, the ECIBC's GDG suggests not im-
plementing tailored screening with hand-held ultra-
sound (HHUS) over mammography screening alone
where such is not already the practice (conditional rec-
ommendation, low certainty of evidence; EtD available
at http://bit.ly/366cEVx).

Additional screening with HHUS after a negative
mammography result increased the number of breast
cancer cases detected compared with mammography
alone in 1 randomized and 5 observational studies (77-
82). Because of a lack of evidence about the antici-
pated effects on monrtality and other outcomes, the
GDG could not determine what the desirable effects
would be.

We found no evidence of undesirable effects of
adding HHUS after a mammogram. The GDG consid-
ered indirect evidence suggesting that the lifetime in-
cremental cost for biennial screening with supplemen-
tal HHUS is $560 per woman aged 50 to 74 years and
the incremental cost-effectiveness ratio per quality-
adjusted life-year gained is equal to $238 550 in pur-
chasing power parity in the United States (83). The
GDG determined that the balance of health effects fa-
vors neither HHUS after mammography nor mammog-
raphy alone, so the additional resources needed to im-
plement HHUS led the GDG to advise against adding
HHUS for these women.

Tailored Screening With MRI Based on High
Mammographic Breast Density

Recommendation 14. For ptomatic women
with high mammographic breast density and a negative
mammography result, in the context of an organized
screening program, the ECIBC's GDG suggests not im-
plementing tailored screening with MRI over mammog-
raphy screening alone (conditional recommendation,
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Table 2. Recommendations for Breast Cancer Screening for Average-Risk Women*

Guideline, Year Age.y M-‘Md‘. A-.ﬁlp' ning Screening |
(Referencs) (if Provided) graphy
ACOG, 2017 (99) 40 (discuss; offar if chosan by SDM) Discuss and offer # chosen 75y Everylor2y
50-74 (start screaning d not proviously  In favor
started)
ACP, 2019 (100) 4049 No recommendation mada, only 75 y with life axpactancy Every 2y
discussion should ba held <10y
50-74 Offer scraening
ACS, 2015(101) 40-44 (descuss; offer if chosen by SDM)  Discuss and offer # chosen Lio axpoctancy <10y  Every 1 yforage 4554y
and evary 2yforage 255y
45 (start screaning) In favor
ACR, 2017 (102) 40 (start scroaning) In favor Nene Every 1y
NCCN, 2018 (103) 40 (start screaning) In faver None Every 1y
WHO, 2014 (104) 5075 In favar Sy Every2y
USPSTF, 2016 (105) 4049 Discuss and offer # chosan 5y Every2y
50-75 In faver
CTFPHC, 2018 (104} 4049 Suggast against 5y Every2-3y
50-69 Suggeast in favor
70-74 Suggast against
EQIBC, 2019 4045 Suggast against]| Tay Not applicable$§
4549 Suggast in favor]| Every2-3y
50-69 Recommand)| Every2y
70-74 Suggoninh-u.w Every3y
mammagraphy screanngl|
ACOG = AmenanColeged"“ g and Gy ¥ ACP = A of Physick ACR = A an College of Radiology:
ACS = Amencan Cancer Sooe',CTFH’OC CIMMTMFWMMMCIE ECIBC = European Commission Initiative on Breast
Cancer; NCCN = N: Cancer N = shared dedsion making; USPSTF = US. Preventive Services Task Force;
WHO = World Health mim
* Modified and updated and colleagues (100).
tTheACPddnotptoduoe. ideline but a guid: no sy were cond d, but existing guidelines were dto
rather than recommendations.
XTheCTFPHC dd d only aged 40-74 y.
d bﬂo- dats a?dls-‘?y every 2-3y.
Ilwﬂmldnhphcen ganized progr pph to all

very low certainty of evidence; EtD available at http://bit
Jy/32PMDaK).

We found 5 observational studies reporting on
rates of breast cancer detection and recall (84 -88). Ad-
ditional testing with MRl markedly increased the breast
cancer detection rate compared with mammography
alone, raising concerns about overdiagnosis; no evi-
dence was found for mortality or other related out-
comes. The GDG discussed the importance of false-
positives and interval cancer cases in particular, as well
as possible side effects of the contrast medium used in
MRI-based screening.

Although the GDG found no evidence regarding
resources and cost-effectiveness, it assumed that the
costs of MRl equipment and examinations are much
higher than those of digital mammography. The GDG
determined that MRl after mammography in women
with high mammographic breast density probably re-
sults in net harm, and after also considering the in-
creased costs, the group advised against additional
testing with MRI for these women.

What Test Should Be Used for Diagnosis in Average-
Risk Women Recalled lacn-c of Suspicious Lesions
at Mammography Screening

Recommendation 15. The ECIBC's GDG suggests
using DBT over diagnostic mammography projections
in women at average risk for breast cancer recalled
for suspicious lesions at mammography screening

Annals.org

(conditional recommendation, moderate certainty of
test accuracy data; EtD available at http://bit.ly
/31KVOmD).

We found 10 studies (72, 89-97) reporting the accu-
racy of DBT compared with assessment mammography
for diagnosis in women recalled because of suspicious
lesions at mammography screening. Digital breast tomo-
synthesis leads to more true-positives (patients correctly
diagnosed with breast cancer), fewer false-negatives (pa-
tients incorrectly classified as not having breast cancer),
more true-negatives (women without breast cancer), and
fewer false-positives (women incorrectly assumed to have
breast cancer). Although the GDG found no evidence re-
garding the consequences of these accuracy results on
dinical outcomes, the group discussed the possible con-
cem about radiation dose in DBT. Only 1 study reported
radiation dose (a surrogate outcome to assess the risk for
radiation-induced breast cancer), and the GDG judged
that side effects of DBT compared with assessment mam-
mography (induding magnification) were likely to be
trivial (91).

The GDG concluded that DBT probably confers a
net health benefit, and although the DBT device is
much more expensive than the equipment needed for
magnification mammography, information for other
EtD criteria also generally favored using DBT for diag-
nosis in women recalled for suspicious lesions at mam-
mography screening.
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DiscussioN

In developing the European Breast Guidelines, the
ECIBC used a rigorous approach to produce recom-
mendations on breast cancer screening and diagnosis
for women. The guidelines include recommendations
that address the use of various tests, induding DBT,
MRI, ABUS, and HHUS, for women who have suspicious
lesions on mammography screening or who have
dense breast tissue. The use of some tests, such as
DBT, in women with high breast density are not ad-
dressed in this synopsis, but updates that incorporate
emerging pertinent evidence and related recommen-
dations are under way.

The strengths of the guidelines include their adher-
ence to requirements for development (4,
6, 98), induding the public and transparent display of
all evidence, considerations, and judgments for use by
women, health care professionals, policymakers, and
researchers (https://ecibc.jrc.ec.europa.eu/recommen-
dations). Previously we described limitations of our
guidelines related to the lack of high-certainty evidence
for some recommendations, the absence of formal
modeling, conflicts of interest, and process issues (7).
We believe these limitations are balanced by the rec-
ommendations' transparency, which allows for scientific
discourse and comparison with other guidelines.

Table 2 shows that our key recommendations on
screening in women younger than 50 years generally
agree with guidelines from the American College of
Obstetricians and Gynecologists (99), American Col-
lege of Physicians (100), and American Cancer Society
(101), which suggest shared decision making. How-
ever, our recommendations are less strong and favor
wider screening intervals than those of the American
College of Radiology (102) and the National Compre-
hensive Cancer Network (103) (Table 2). For the other
age groups, the recommendations agree with those of
the World Health Organization (104) and U.S. Preven-
tive Services Task Force (105) but not with those of the
Canadian Task Force for Preventive Health Care
(CTFPHC) (106). The CTFPHC also used the GRADE EtD
approach, allowing a more detailed exploration of the
differences. The key difference is the CTFPHC's recom-
mendation against screening in women until age 49
and after age 69. We believe this is a result of the
CTFPHC attaching a higher value to potential harms;
more concerns about risk of bias, leading to lower cer-
tainty of the evidence; and greater importance at-
tached to outcomes for which less information was
available. This in turn led the CTFPHC to assign overall
lower certainty. The ECIBC's GDG carefully analyzed
the existing data and supplemented the RCTs when
available with observational studies and had no serious
concerns about risk of bias in the trials overall (see ex-
planations in the evidence profile at http//bitly
/2gNKE91). In contrast to the CTFPHC, the ECIBC's
GDG also did not have concerns about inconsistency in
trial results, making the GDG more confident in the rec-
ommendation for women aged 50 to 69 years.
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A Synopsis of the European Breast Guidelines

The feasibility of implementing a recommendation,
the acceptability of that recommendation, the required
resources, and the associated values are often context
dependent. Some countries have started or intend to
adapt or adopt specific recommendations in Europe
(Bulgaria, Czech Republic, Denmark, Estonia, Germany,
ltaly, Norway, and Slovakia) and outside Europe (Bah-
rain, Chile, China, and Tunisia) using the EtD frame-
works and the GRADE-ADOLOPMENT (GRADE EtD
frameworks for adoption, adaptation, and de novo de-
velopment of trustworthy recommendations) method-
ology (107).

In summary, this synopsis presents and summarizes
the rationale for 15 key recommendations of the Euro-
pean Breast Guidelines. The complete set of recom-
mendations (Supplement Table) provides advice on
additional issues, such as how to communicate with vul-
nerable populations about screening options, how to
inform women about results, the use of decision aids,
how to work up calcifications, whether to use clip mark-
ing for core needle biopsies, and whether mammo-
grams require double reading.
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