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Objectives
• Very, very brief background on GRADE
• GRADE certainty assessment for 

models – concept paper on models and 
how we got there

• My worries about rating certainty in 
model outputs

Based on perspective of user of models or 
mini-modeller



Are we sure?

More desirable than undesirable 
consequences?

What is GRADE



Summary of findings table and certainty 
rating



Summary of findings table and certainty 
rating

Model
Same?



MODEL

• simple
baseline risk x relative risk reduction = risk 
difference

• sophisticated
nutritional reference values, economic, system 
dynamics, … 



Certainty in modelled 
evidence

Really concerned about 
certainty of model output





Main points

 simple or sophisticated – all assessments of the certainty of effects 
(on health outcomes and cost or resources) are based on MODELS

 certainty of outputs  certainty of inputs & credibility of model

 4 scenarios:

1. develop a new model

2. use off-the-shelf or adapt an existing model

3. use results from multiple existing models

4. forgo modelling

 Most models produce very low certainty in the output



Background

Models of systems representing causal mechanisms (aka 

mechanistic models), models predicting outcomes from input 

data (aka empirical models), and models combining 

mechanistic with empirical approaches (aka hybrid models).

We did not consider statistical models used to estimate the 

associations between measured variables (e.g., proportional 

hazards models or models used for meta-analysis).



Existing approaches to estimating the 
trustworthiness in the model output…

… lacked clarity regarding sources of 

uncertainty that may arise from model 

inputs and from the uncertainty about a 

model itself.



Tools to assess credibility of models…

… address only selected aspects, such 

as statistical reproducibility of data, the 

quality of reporting, or a combination of 

reporting with aspects of good modeling 

practices 



Methods for the GRADE concept on models

 Multi-disciplinary across disciplines in health: economics, 

toxicology, pharmacology, guidelines, systematic reviews

 Review of existing methods

 Multiple workshops

 Consensus methods to arrive at conclusion



hypothesis about real-world system

real-world study mathematical model

MEASURED results PREDICTED results

SCIENTIFIC METHOD



FORMAL QUANTITATIVE MATHEMATICAL MODEL

i.e. not back-of-the-envelope



CERTAINTY OF EVIDENCE

model
(“black box”)

input

output

input

input

certainty of each input

credibility of a model

certainty of output
(modelled evidence)



SOURCES OF EVIDENCE FOR A MODEL



QUALITY



DIRECTNESS





P

I/C
Interval, etc

O



Systematically search for existing 
models meeting pre-specified criteria

Is formal modelling necessary 
and/or beneficial?

May forgo formal modelling

Is there just one model?

Is it possible to choose one “optimal” 
model with clearly highest certainty?

Develop your own model 
and assess certainty of its outputs

Existing model(s) found?

May need to forgo formal modelling

no

yes

no

Can you develop your own model?
no

yes

no

yes

no

Assess certainty of outputs
for each single model:
1. risk of bias
- credibility of the model itself
- certainty of all its inputs
2. directness
3. precision
4. consistency
5. risk of publication bias

Is it possible and useful to adapt one of 
existing “suboptimal” models?

no

yes

Consider model averaging
when appropriate

Use single “optimal” model off-the-shelf

yes
Adapt an existing “suboptimal” model 

and assess certainty of its outputs

Use single existing “suboptimal” model
(report certainty and its limitations)

yes

Can you develop your own model?
yes

Develop your own model 
and assess certainty of its outputs

no

Assess certainty of outputs
across all included models:
1. risk of bias
- credibility of the model itself
- certainty of all its inputs
2. directness
3. precision
4. consistency
5. risk of publication bias

Use multiple models

HOW TO USE 
MODELS



Systematically search for existing 
models meeting pre-specified criteria

Is formal modelling necessary 
and/or beneficial?

May forgo formal modelling

Is it possible to choose one “optimal” 
model with clearly highest certainty?

Develop your own model 
and assess certainty of its outputs

Existing model(s) found?

May need to forgo formal modelling

no

yes

no

Can you develop your own model?
no

yes yes

no

Assess certainty of outputs
for each single model:
1. risk of bias
- credibility of the model itself
- certainty of all its inputs
2. directness
3. precision
4. consistency
5. risk of publication bias

Is it possible and useful to adapt one 
of existing “suboptimal” models?

yes Use single “optimal” model off-the-
shelf

yes Adapt an existing “suboptimal” model 
and assess certainty of its outputs

no



Is there just one model?

no

Is it possible and useful to adapt one 
of existing “suboptimal” models?

no

Consider model averaging
when appropriate

yes Adapt an existing “suboptimal” model 
and assess certainty of its outputs

Use single existing “suboptimal” model
(report certainty and its limitations)

yes

Can you develop your own model?
yes Develop your own model 

and assess certainty of its outputs
no

Assess certainty of outputs
across all included models:
1. risk of bias
- credibility of the model itself
- certainty of all its inputs
2. directness
3. precision
4. consistency
5. risk of publication bias

Use multiple models

no



CONCEPTUALIZATION

Researches should start by designing a 
conceptualization of the problem and the ideal 
target model that would best represent the actual 
phenomenon they are considering



CERTAINTY OF EVIDENCE

decrease certainty

risk of bias

inconsistency

indirectness

imprecision

publication bias

large effect

dose response

opposing residual 
confounding

increase certainty
😟 😀



FINAL CERTAINTY ASSESSMENT

Certainty assessment № of patients Effect

Certainty Importance
№ of 

studies
Study 
design

Risk of bias Inconsistency Indirectness Imprecision Other considerations
annual 

mammography 
screening

triennial 
mammography 

screening

Relative
(95% CI)

Absolute
(95% CI)

Breast cancer death averted 

1 modelling 
studies 

very serious not serious not serious not serious none 90 47 -- 43 more (from 40 
more to 45 more) 

per 10.000

⨁◯◯◯

LOW 
CRITICAL 

Overdiagnosis

1 modeling 
studies 

very serious not serious not serious not serious none 80 58 -- 22 more (from 17 
more to 28 more) 

per 10.000

⨁◯◯◯

LOW 
CRITICAL 







Domains of modeling requiring evaluation by 
guideline panel

What is being evaluated (produced)

Structure PI(E)CO analytical framework - Graphical representation
Description of model characteristics (e.g. annual vs biannual screening for cervical 

cancer)

Input Certainty in the evidence (GRADE) in evidence profiles
• Prognostic information

• Test accuracy
• Effects of interventions (as part of the pathways described)

• Link(ed) evidence
• Values and preferences

Calculation Summary of findings/evidence profiles
Evidence to Decision Frameworks 

Process Involvement of (appropriate) panel members at relevant stages
Sign off on PICO analytical framework

Agreement with input variables
COI management
Documentation

Evidence to Decision Frameworks (GRADE)
Certainty in the evidence for the recommendation (GRADE)

Signaling questions: 
Was there a full 
description and 

depiction of disease 
and intervention 

pathways?





Domains of modeling requiring evaluation by 
guideline panel

What is being evaluated (produced)

Structure PICO analytical framework - Graphical representation
Description of model characteristics (e.g. annual vs biannual screening)

Input Certainty in the evidence (GRADE) in evidence profiles
• Prognostic information

• Test accuracy
• Effects of interventions (as part of the pathways described)

• Link(ed), indirect evidence
• Resources

• Values and preferences

Calculation Summary of findings/evidence profiles
Evidence to Decision Frameworks 

Process Involvement of (appropriate) panel members at relevant stages
Sign off on PICO analytical framework

Agreement with input variables
COI management
Documentation

Evidence to Decision Frameworks (GRADE)
Certainty in the evidence for the recommendation (GRADE)



QoE

Diagnostic test 
accuracy

⊕⊕⊕⊕

⊕⊕⊕⊝

⊕⊕⊝⊝

⊕⊝⊝⊝

QoE

Linked evidence

⊕⊕⊕⊕

⊕⊕⊕⊝

⊕⊕⊝⊝

⊕⊝⊝⊝

Final QoE

(per outcome)

⊕⊕⊕⊕

⊕⊕⊕⊝

⊕⊕⊝⊝

⊕⊝⊝⊝

Consider all outcomes

Recommendation

Studies that link (TP, FP, 
TN, FN) to patient-
important outcomes:
• Prognosis studies
• Treatment studies
• Economic studies

(Preferably from a 
systematic review)

• Diagnostic studies 
(Preferably from a 
systematic review)

GRADE GRADE



SR – SENSITIVITY & SPECIFICITY
Reference standard: colposcopy plus biopsy



Sum
m

a
ry

of Find
ing

s



Domains of modeling requiring evaluation by 
guideline panel

What is being evaluated (produced)

Structure PICO analytical framework - Graphical representation
Description of model characteristics (e.g. annual vs biannual screening)

Input Certainty in the evidence (GRADE) in evidence profiles
• Prognostic information
• Test accuracy
• Effects of interventions (as part of the pathways described)
• Link(ed), indirect evidence
• Resources
• Values and preferences

Calculation Summary of findings/evidence profiles
Evidence to Decision Frameworks 

Process Involvement of (appropriate) panel members at relevant stages
Sign off on PICO analytical framework

Agreement with input variables
COI management
Documentation

Evidence to Decision Frameworks (GRADE)
Certainty in the evidence for the recommendation (GRADE)



SUMMARY OF FINDINGS – PATIENT 
IMPORTANT OUTCOMES

SOPHISTICATED MODEL



VERY LOW CERTAINTY IN PEOPLE IMPORTANT 
OUTCOMES

Outcomes

Events in the screen-treat strategies for patient important outcomes

(numbers presented per 1,000,000 patients)*

HPV +/-
CKC

HPV +/-
LEEP

HPV +/-
Cryo

VIA +/-
CKC

VIA +/-
LEEP

VIA +/-
Cryo

NO 
screen10

Mortality from cervical 
cancer1 20 30 30 81 88 88 250 

Cervical Cancer Incidence2 28 43 43 112 124 124 350

CIN2-3 recurrence3 1088 1677 1677 4328 4762 4762 13400

Undetected CIN2-3 (FN) 1000 6000

Major bleeding4 1511 397 60 1210 318 48 0

Premature delivery5 712 575 610 670 560 588 500

Infertility6 - - - - - - 0

Major infections7 156 225 24 125 180 19 0

Minor infections8 1649 1061 1139 1321 850 913 0

Unnecessarily treated (FP) 157000 127000 -

Cancer found at one time 
screening9 2454 3168 -



Domains of modeling requiring evaluation by 
guideline panel

What is being evaluated (produced)

Structure PICO analytical framework - Graphical representation
Description of model characteristics (e.g. annual vs biannual screening) – part of 

Evidence to Decision (EtD) Framework

Input Certainty in the evidence (GRADE) summarized in evidence profiles for:
• Prognostic information
• Test accuracy
• Effects of interventions (as part of the pathways described)
• Link(ed), indirect evidence
• Resources
• Values and preferences

Calculation Summary of findings/evidence profiles
EtD Frameworks 

Process Involvement of (appropriate) panel members at relevant 
stages

Sign off on PICO analytical framework
Agreement with input variables

COI management
Documentation

EtD Frameworks (GRADE)
Certainty in the evidence for the recommendation (GRADE)



SUMMARY

GRADE provides a framework for using evidence from 
models in health decision-making and the assessment of 
certainty of evidence from a model or models. 

More operationalization needed!

My worry: model outputs, if carefully evaluated, will rarely 
result in high certainty



Thank you!



EUROPEAN BREAST GUIDELINES

The benefits and harms of population-wide mammography screening have been 
long debated. Modelling study to evaluate the impact of screening frequency and 
age range on breast cancer mortality reduction and overdiagnosis



OUTCOMES

•Breast cancer deaths (averted)

•Overdiagnosis



DOI:10.1038/bjc.2014.206



CONCEPTUALIZING (I) 

The problem

• Long term diseases, several pre-clinical stages

• In-situ lesions: detection?, regression?

• Efficacy of screening exams / chemotherapy effects

• Age of screening, intervals



CONCEPTUALIZING (II) 

The model   

• Type of model: decision tree vs. markov model

• Subgroups of populations (pre-clinical states, breast density, risk 
factors)

• Horizon time: months vs. Years (lifetime)



RISK OF BIAS: CERTAINTY OF INPUTS

What input parameters had the study



RISK OF BIAS: CERTAINTY OF INPUTS

• Breast cancer incidence: surveillance data for the population of interest (quality
of the register?)

• Mammography accuracy: five studies (no systematic review)



RISK OF BIAS: CERTAINTY OF INPUTS

Accuracy (no systematic review)

Among the 5 studies, 3 are empirical accuracy
studies

• Risk of bias: a different reference standard for 
positive and negative results to the test? 
(biopsy vs clinical follow-up)

• Indirectness: film mamography (compared to 
digital mammography?)

• Inconsistency:  ---

• Imprecision: no pooled data 



RISK OF BIAS: MODEL CREDIBILITY

Design

• Markov model (monthly cycle, several frequency scenarios)

• Assumptions: …progressive in situ breast cancers could not be diagnosed in the 
absence of screening, that non-progressive in situ breast cancers were detectable 
clinically in the absence of screening, and that all preclinical invasive breast cancers
had a mandatory progressive in situ precursor.

• Adjuvant treatment effect for ER/HER2-specific subtypes not included

• Time horizon: 40 to 80 years



The 13-state Markov simulation 
model for the evaluation of 
mammography screening



RISK OF BIAS: MODEL CREDIBILITY (II)

Validity

• Fit of estimated invasive and in situ breast incidence in a cohort of women born 
in 1935 in the UK to that observed in the UK 

• Breast cancer and competing mortality rates could not be validated 

Analysis

• We performed a series of sensitivity analyses to assess the impact of higher and 
lower uptake of screening, and of uncertainty in estimates of sensitivity and 
mean sojourn time.



RISK OF BIAS: FINAL ASSESSMENT

Certainty of the inputs      +     Model credibility =     Risk of bias 

( very low?)                     (concerns for validitation?)      (very serious?)



INDIRECTNESS

Outputs

• Breast cancer mortality

• Life years gained

• Overdiagnosis 

Input data

• UK from national statistics



INCONSISTENCY

• One model study

• No further information about input inconsistency



IMPRECISION

Sensitivity analysisResults (x10,000 women)



NEXT STEPS - FEEDBACK

• Overall certainty: very low









Guideline topics, guideline questions, 
evidence review questions and 
recommendations
• A topic/module describes the general area of the guideline (the scope)

• E.g., screening for tuberculosis (as opposed to all topics including treatment)
• Guideline question – “should” question - Population, interventions, comparison

• E.g., should A or B be used for people with X
• Evidence (systematic) reviews – Population, interventions, comparison, outcomes (PICO) 

questions 
• In people with X, what is the accuracy of test A compared with test B
• In people with X, what is the impact of A compared with B on outcomes 1, 2, 

3, …
• What value do people with X place on outcomes 1, 2, 3, …
• In people with X, how cost effective is intervention A compared with B
• In people with X, when compared to intervention B is intervention A feasible 

to implement
• …

• Recommendation - provide the answers to the “should” questions
• In people with X, the guideline panel recommends/suggests using A rather 

than B


