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and risk estimates as obtained from the literature, clinical trials, 
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ABSTRACT 
Date of Protocol Abstract: 
19 November  2015 
Title: Testing new approaches to monitoring benefit/risk with pertussis vaccines as test case. 

Part IV: benefit-risk analysis of pertussis vaccines in pre-school children comparing whole-cell and 
acellular formulations in the post-marketing setting. 
Observation Period: 01 January 1990 – 31 December 2015 
Rationale and Background: This protocol aims to propose and test an approach for synthesizing 
and near real-time monitoring of coverage, benefits and risks on pertussis vaccination. The key 
decision question addressed is: Has the initial benefit-risk profile in children prior to school-entry 
booster been maintained after the switch from whole-cell pertussis (wP) vaccines to acellular pertussis 
(aP) vaccines? 
Research Question and Objectives: 
The objectives of this specific analysis, which focuses on testing methods for benefit-risk analysis with 
pertussis vaccines as test case, are the following: 

1. To analyze the benefit-risk balance of pertussis-containing vaccines in children comparing wP 
and aP formulations at the time of the switch from wP to aP adopting a public health perspective 
(historical benefit-risk) 

2. To investigate the impact of (1) statistical uncertainty in benefit and risk estimates as obtained 
from the literature, clinical trials, observational databases (uncertainty analyses), (2) differences 
in preferences and (3) subjective model choices (scenario analyses). 

3. To identify the benefit and risk criteria that would most likely modify the benefit-risk balance 
over time (i.e. the pivotal parameters). 

4. To assess the feasibility of (retrospectively) monitoring the benefit-risk balance of pertussis-
containing vaccines over time (this to mimic prospective monitoring) 

5. To re-analyze the benefit-risk balance of pertussis-containing vaccines in children comparing wP 
and aP formulations from a public health perspective using all currently available evidence 
(current assessment). 

Methods: 
The multi-criteria decision analysis (MCDA) methodology will be used to analyze the benefit-risk 
balance of wP and aP vaccines at the time of the switch, using all currently available evidence. To 
construct the MCDA effects table, hypothetical wP and aP cohorts of 1,000,000 children receiving at 
least one dose of pertussis vaccine followed since the start of pertussis vaccination until pre-school 
booster will be built. A state transition model will be developed to simulate the number of events for 
the various benefit and risk outcomes within the hypothetical cohorts. Preference weights will be 
obtained using MCDA swing-weighting. Uncertainty in outcome measurements and preferences will be 
explored using stochastic multi-criteria acceptability analysis (SMAA). The incremental net health 
benefit (INHB) using disability weights approach will be explored for prospective monitoring. 
Data Sources: 
• Electronic health care databases (record linkage, surveillance and GP-based databases) currently 

available in the ADVANCE consortium and eligible are located in Denmark, Spain, Italy, The 
Netherlands and UK 
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• Informative data sources: ECDC pertussis schedules in Europe and switch points of national 
ministries of health 

 Population: Children from birth until their school-entry pertussis booster if any (4th or 5th dose) 
within all eligible ADVANCE databases 
Informed Consent and Ethical Approval: This analysis will be conducted on the basis of secondary 
use of electronic healthcare records. Each database will apply local governance and privacy rules prior 
to aggregating and sharing anonymized data. 
Milestones: 
Draft protocol: July 31 2015 

Submission to SC: August 6, 2015 

Comments from SC: August 31, 2015 

Submission for stakeholder consortium review: September 2015 

Finalized and cleared protocol: November 20 September 30 2015 

Submission to Ethics Committee/Institutional Review Board: January 2016 

Updated protocol after review: April 15, 2016 

Final data extraction to CDM:  June 15, 2016 

Running scripts and submission to RRE: June 30, 2016 

Data analysis: July 2016 

Data interpretation and reporting: August 2016 

Final report of study results: September 2016 
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AMENDMENTS AND UPDATES 
Protocol amendments following IRB approval: 

Table 1: Overview of Protocol Amendments and Updates 

Number Date 
(DDMMMYY) 

Section of the 
study protocol 

Amendment or 
update 

Reason 

1     
2     
….     

 

MILESTONES 
Table 2: Overview of Milestones  
 

Milestones: 
Draft protocol: July 31 2015 

Submission to SC: August 6, 2015 

Comments from SC: August 31, 2015 

Submission for stakeholder consortium review: September 2015 

Finalized and cleared protocol: November 20 September 30 2015 

Submission to Ethics Committee/Institutional Review Board: January 2016 

Updated protocol after review: April 15, 2016 

Final data extraction to CDM:  June 15, 2016 

Running scripts and submission to RRE: June 30, 2016 

Data analysis: July 2016 

Data interpretation and reporting: August 2016 

Final report of study results: September 2016 
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1. RATIONALE AND BACKGROUND 
The ADVANCE vision is to deliver “best evidence at the right time to support decision-making on 
vaccination in Europe”. The mission is to establish a prototype of a sustainable and compelling 
system that rapidly provides best available scientific evidence on vaccination benefits and risks 
post-marketing for well-informed decisions. In light of this goal, the ADVANCE platform aims to 
provide evidence on the benefits and risks of vaccines to support decision-making by all 
stakeholders in a wide range of contexts. Examples of scenarios are the inclusion of a new vaccine 
in a vaccination program, and the occurrence of a new safety issue, e.g. when the benefits of the 
vaccine are questioned or when a new population is targeted (see Pertussis POC Outline). 

The concept this POC analysis aims to demonstrate is as follows: in the event that an important 
decision regarding a health intervention is to be made, a benefit-risk assessment will be carried 
out. Upon a favorable benefit-risk assessment, the health intervention is implemented and the 
benefits and risks are monitored to investigate whether the benefit-risk balance is changing over 
time. The benefit-risk monitoring may focus primarily on the benefits and risks that could 
potentially modify the benefit-risk balance. If there is a strong indication that the benefit-risk has 
changed over time, a full re-assessment of the benefit-risk balance of the health intervention may 
be triggered using all accumulated evidence available at that point in time. To inform the benefit-
risk assessment and monitoring, electronic health care databases available within Europe will be 
used. 

To be able to prove this concept of benefit-risk monitoring in ADVANCE without waiting for the 
evidence to accumulate prospectively, we will start from a historical decision and simulate 
monitoring through a retrospective analysis. Pertussis vaccination, particularly comparing wP and 
aP vaccination, was chosen by the ADVANCE Steering Committee as the subject of the first POC 
analysis. Therefore, the starting point of the current POC analysis is the historical decision to 
switch from wP to aP vaccination in children in the pioneering countries. 

Within this POC analysis , three main phases are distinguished: 

• Historical benefit-risk analysis: First, the benefit-risk analysis around the time of the 
switch from wP to aP was made will be simulated, under a public health perspective. Only 
information available at that time will be used, which is information from clinical trials, 
literature and possibly observational databases for wP vaccination, and information from 
clinical trials for aP vaccination. A sensitivity analysis will identify pivotal parameters, i.e. 
parameters that might modify the benefit-risk balance. 

• Benefit-risk monitoring using retrospective analyses: Second, the monitoring of the 
pivotal benefits and risks parameters of aP vaccination over time will be simulated, as 
compared to the benefits and risks of wP vaccination based using retrospective analyses in 
observational databases. 

• Current benefit-risk analysis: Third, a benefit-risk analysis will be performed using all 
currently accumulated evidence as if re-assessment was triggered today. We will use 
information from clinical trials, literature and observational databases. The decision to opt to 
act as if a trigger occurred today is taken pragmatic reasons. This allows the performance of 
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the multi-country observational databases within the ADVANCE consortium to be tested 
without having to wait for a trigger from the benefit-risk monitoring. 

 
Figure 1: Schematic Overview of the Concept of Monitoring the Benefit-Risk of 

Vaccination Post-licensure 
 

This protocol is about analyzing information on coverage, benefits and risks that will be collected 
and made available by the different POC pillars. Since data will be derived from different sources 
and with different designs, these pillars have separate protocols. The different protocols are 
aligned to ensure that the data are collected as required for the benefit-risk analyses proposed in 
this protocol. 

 

2. RESEARCH QUESTION AND OBJECTIVES 
 

The overall ADVANCE POC question is to test the currently available system for benefit-risk 
monitoring of vaccines in Europe. The system will be tested around the following B/R question: 
Has the initial benefit-risk profile in children prior to school-entry booster been maintained after 
the switch from wP to aP pertussis vaccines?  

 

2.1. Process and methodology for system-testing  
Although the system testing will occur largely outside of this study, it is summarised here. 

The system testing follows several steps which are visualized in the figure 2 and described in the 
following chronological order:  
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Figure 2  Visualization of the stepwise approach to the system testing  

 
Step 1: Feasibility assessment of the databases: this step will assess whether the quality of the 
candidate database is sufficient inclusion in the study.  The focus will be on what type of data 
are available in the databases and whether population, events, and exposure may be 
misclassified. This step is largely based on the so-called fingerprinting which has been described 
in deliverable D5.2. A summary of the components and methods is provided in appendix 1. A 
quality assessment summary will be created per database, with decisions whether the data-
sources can or cannot participate in the different pillar studies (see below under 7.2). 
Responsibility of fingerprinting lies with the workpackage leaders. 

Step 2: Estimation and delivery of the rates for coverage, benefits and risks, this is 
described in the different ‘pillar’ protocols in the databases that may generate adequate 
results according to the feasibility assessment. Responsibilities are with the study teams that 
have generated the protocols 
Step 3: B/R analysis: integration of the incidence rates (generated from step 2) with the 
utilities to generate a B/R model, as described in the B/R analysis protocol, responsibility 
with the B/R study team 
 
Step 4: Evaluation of the studies and the systems used. This is conducted by a POC 
evaluation team which is separated on purposes from the POC study teams. A description of 
the framework for the POC evaluation is attached in appendix 2.  

The purpose of this protocol is to describe in detail the methods for the B/R analysis (step 3). In 
particular, the objectives of the B/R analysis, which focuses on testing methods, are the following: 
To investigate the impact of  

• statistical uncertainty in benefit and risk estimates as obtained from the literature, clinical 
trials, observational databases (uncertainty analyses),  

• differences in preferences  

• subjective model choices, such as different case definitions (scenario analyses). 

• To identify the benefit and risk criteria that would most likely modify the benefit-risk 
balance over time (i.e. the pivotal parameters). 
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• To assess the feasibility of (retrospectively) monitoring the benefit-risk balance of 
pertussis-containing vaccines over time (this to mimic prospective monitoring). This will 
be further developed within WP4 on benefit-risk monitoring. 

• To re-analyze the benefit-risk balance of pertussis-containing vaccines in children 
comparing wP and aP formulations from a public health perspective using all currently 
available evidence (current assessment). 

 

3. RESEARCH METHODS 
To demonstrate the concept of benefit-risk monitoring of vaccinations, different methodologies 
will be used (see Figure 2 for a schematic overview). For the historical and current benefit-risk 
analysis, the MCDA methodology with MCDA swing-weighting will be used to elicit preferences 
from representatives of public health and regulatory authorities, and from family 
physicians/clinicians (candidate vaccine recipients or their parents are not included for this POC 
for simplification reasons). The public health authorities are the main decision makers. The 
preferences from the regulatory authorities and family physicians/clinicians are elicited as well to 
inform the decision making by the public health authorities and to test the methodology of eliciting 
preferences from different stakeholders.  Monte Carlo (MC) simulation will be performed to 
investigate the impact on the benefit-risk balance of: (1) statistical uncertainty in the benefit and 
risk estimates (uncertainty analyses), (2) differences in preference, and (3) subjective model 
choices (e.g. different case definitions). Additional sensitivity analyses will be performed to 
identify the pivotal benefit and risk outcomes. 

Disability weights for the various benefit and risk criteria will also be extracted to be used for 
monitoring the benefit-risk and for validating the preferences obtained using MCDA swing-
weighting (section 7.2). For the benefit-risk monitoring, roll-back analyses will be used that 
monitor the ‘pivotal’ outcomes periodically. 

Details on the methods and the rationale for their choice are given in the subsequent sections. 
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Phase I Phase II Phase III 

Historical Benefit-Risk 
assessment 
(wP – aP switch) 

 

Benefit-Risk monitoring 
 
 

 

Current Benefit-Risk 
assessment 
 

 
• MCDA 
• MCDA swing-weighting 
• Disability weights 
• MC: uncertainty, 

preferences, subjective 
model choices, pivotal 
outcomes 

Periodic monitoring of critical 
outcome rates 

• MCDA 
• MCDA swing-weighting 
• Disability weights 
• MC: uncertainty, 

preferences, subjective 
model choices, pivotal 
outcomes 

Figure 2: Schematic Overview of Methodology Tested for Monitoring the Benefit-Risk of 
Vaccination Post-licensure 

 

3.1. Multi-criteria Decision Analysis 

3.1.1. Rationale 
The benefit-risk assessments will be carried out following MCDA methodology. Among the benefit-
risk methodologies for medicines as appraised by PROTECT and for vaccinations appraised by the 
ADVANCE consortium, MCDA is the only quantitative framework sufficiently flexible to use for 
post-marketing benefit-risk evaluation. Its use for pharmaceutical benefit-risk assessment has 
been recommended by the CMPH working group on benefit-risk methods [1] and the PROTECT 
consortium [2]. MCDA has also been used when subjective preferences are involved in decision-
making; good practice guidelines are currently being developed (International Society for 
Pharmacoeconomics and Outcomes Research [ISPOR] Good Practices Task Force: MCDA in health 
care decision making). 

MCDA has been developed to support decision makers in structured evaluation and explicit 
selection of alternatives. It is a quantitative methodology for appraising alternatives on individual, 
often conflicting criteria and combining them into one overall appraisal, through incorporating 
elicited preferences (weights). Its use is particularly recommended to assess and compare 
multiple alternatives on multiple criteria. MCDA methods are valuable to systematically identify 
where the differences in preferences between persons are and to achieve consensus necessary 
for decision-making. In addition, MCDA (in combination with its stochastic extensions, such as 
SMAA and probabilistic sensitivity analyses [PSA]) allows sensitivity analyses to be conducted to 
investigate the impact of uncertainty in benefit, risk and preference estimations on the overall 
benefit-risk balance. 

Within this POC, MCDA will be used for the historical and current benefit-risk analyses because: 
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• Within this POC, multiple alternatives (i.e. wP and aP vaccination) will be compared on 
multiple benefit and risk criteria. 

• Different stakeholder groups (e.g. public health authorities, regulatory authorities, health 
care providers) who may have different preferences are involved in vaccine-related decision-
making. MCDA makes any differences in preference explicit and requires consensus to be 
reached in order to establish the benefit-risk balance.  

• There may be substantial uncertainty about the available estimates on the benefits and risks 
from multiple countries and data sources. 

• The sensitivity analyses can be tailored to identify the benefit and risk parameters that might 
modify the benefit-risk balance (i.e. the pivotal parameters), which will be subsequently 
prioritized for benefit-risk monitoring. 

The use of MCDA in the context of periodic monitoring is an open question, which will be 
addressed by this analysis. 

Preferences will be elicited during a decision conference from the following stakeholder groups: 

1. Public health authorities (main decision makers), 

2. Regulatory authorities, and 

3. Family physicians/clinicians. 

As the Steering Committee had decided to adopt a public health perspective for the current POC, 
the public health authorities are the primary stakeholder group. Preferences from regulatory 
authorities and family physicians/clinicians are elicited as well, and these can be taken into 
account by public health authorities in their decision-making. The family physicians/clinicians are 
considered to represent the (candidate) vaccine recipients. 

Although the importance of patient and public involvement in healthcare/medical decision-making 
is recognized, preferences from candidate vaccine recipients or their parents will not be elicited 
in the current POC. Direct preference elicitation from candidate vaccine recipients is believed to 
be more difficult as this requires a proper understanding of the clinical relevance of both the 
benefit and risk outcomes. Indirect preference elicitation (such as discrete choice experiments -
which are more resource and time consuming) seems more appropriate to use with healthy 
subjects.  

In particular, preferences will be elicited for MCDA using a value measurement model, involving 
swing-weighting. Thokala et al. [3] describe the merits of three different approaches to MCDA 
(Table 3). As compared to outranking methods and goal programming, the value measurement 
model is the easiest approach to propagate uncertainty in outcome measurements and is 
therefore the preferred choice. 
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Table 3: Comparison of Different Multi-Criteria Decision Analysis Approaches 
 Value measurement 

models 
Outranking approach Goal programming 

Weights Swing weights are used 
to capture both the 
effect of measurement 
scales and the 
importance of the 
criteria. 
Weights need to satisfy 
the preferential 
independence of criteria 
and the trade-off 
requirements. 

Weights are 
uninfluenced by the 
scale of the value 
functions. They convey 
the relative importance 
of criteria in the 
assertion that one 
alternative is better than 
the other. 
Weights do not have to 
satisfy any conditions 

Weights are attached to 
the deviations and 
represent the relative 
importance of criteria by 
specifying an overall 
measure of deviations 
from the goals. 
Weights do not have to 
satisfy any conditions. 

Measuring the 
performance of the 
criteria 

Performance scores 
vi(a), monotonic 
functions of the attribute 
values zi(a), need to be 
developed for all 
criterion i. Significant 
effort is needed to 
develop these 
performance scores. 

Outranking approach 
can use either 
performance value 
scores vi(a) or the 
attribute values zi(a), 
saving on the effort 
needed to develop 
performance scores. 

Goal programming 
method operates directly 
on the attribute values, 
zi(a). No need to 
develop performance 
scores. 

Complexity of the 
MCDA model 

Weighted sum approach 
is easy to understand 
and use by the decision 
makers. The parameters 
can be changed in real 
time to observe their 
effect. 

Intuitive and easy to 
follow. With right 
software, assumptions 
can be changed and 
results can be observed 
almost instantaneously. 

Easy to understand but 
requires significant 
computational time to 
provide results. Real-
time updating is not 
possible. 

Presentation of the 
results 

Easy to follow and 
enables further 
deliberation, well suited 
for good visual 
presentation of the 
results. 

Moderately easy to 
follow, can be presented 
visually but difficult with 
multiple alternatives. 

Results easy to follow, 
but they cannot be 
represented visually. 

Incorporating 
uncertainty 

Probabilistic sensitivity 
analysis can be used to 
propagate parameter 
uncertainty quite easily. 

Moderately difficult to 
include uncertainty, 
needs specialist 
software. 

Quite difficult to include 
uncertainty, complex 
stochastic programming 
techniques are needed. 

Source: Thokala et al [3] 

 

3.1.2. Multi-criteria Decision Analysis: Different Steps 
There are eight steps involved in developing and exploring an MCDA model (see Table 4) [4]. 
Some of these steps were already described in the Pertussis POC Outline (see Appendix 1), which 
was approved by the Steering Committee and is the basis for this protocol. 
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Table 4: Steps in Conducting a Multi-Criteria Decision Analysis, Linkage to the Different 
Pertussis POC Analyses and Data Sources 

MCDA STEP Historical Benefit-Risk 
(sw itch wP to aP) Current BR 

1. Context: establish the 
decision context and 
describe the perspective 

Public health decision: switching 
from wP to aP? 

Public health: is the benefit-risk 
balance of aP still more favorable 
compared to wP?  

2. Alternatives: identify 
the alternatives to be 
appraised 

wP (all marketed formulations) versus aP (all marketed formulations) 
pertussis vaccines 

3. Criteria: identify and 
define the benefit and 
risk criteria and organize 
in a value tree 

Benefits: pertussis disease, pneumonia, seizures, death. 
Risks: injection site reactions, fever, somnolence, persistent crying, 
convulsions, hypotonic-hyporesponsive episodes (HHE) and extensive 
limb swelling (ELS). 

4. Scoring: criteria 
measurements, assess 
the performance of each 
alternative against the 
criteria (effects table) 

Primary sources: 
1. Clinical development (as 
public) 
2. Literature 

Primary sources: 
1. Clinical development (as public), 
2. Literature 
3. Observational databases (POC 
benefit protocol, POC risk protocol) 

5. Value functions: 
transform the scores to 
preferences on the 0-1 
scale 

The type of value functions will be decided upon during the decision 
conference. 

6. Weighting: assign a 
weight to each criterion 

Types of weights: 
1. MCDA swing weights elicited during the decision conference 
2. Disability weights (Disability-Adjusted Life Years [DALYs]) 

7. Results: calculate 
results and provide 
graphs 

Incremental Net Health Benefit (INHB) 

8. Sensitivity analysis: 
explore the effects of 
uncertainty on the 
benefit-risk balance 

- MC simulation to investigate uncertainty in criteria measurements. 
- SMAA to investigate the uncertainty/heterogeneity in preference 
 measures. 
- Scenario analyses if required. 
- ‘Pivotal’ analyses to identify the criteria that might potentially modify 
 the benefit-risk balance. 
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Step 1:  Establish the Decision Context 
Whole-cell (wP) pertussis vaccines were used first and are typically available in combination with 
diphtheria (D) and tetanus (T) vaccines. Concerns regarding the reactogenicity and neurological 
effects of the wP component in DTwP vaccines have been expressed but the neurological effects 
could never be proven (and therefore will not be addressed in this POC). To address adverse 
reactions observed with wP vaccines, aP vaccines were developed. The aP vaccines have gradually 
supplanted the use of wP vaccines in industrialized countries. As evidence emerged that the 
duration of vaccine protection was less than expected, based on the results of clinical trials, 
several countries introduced additional booster doses later in life. Those booster doses further 
influenced/changed the pertussis epidemiology. 

In this POC, we will investigate whether the initial benefit-risk profile associated with wP 
vaccination was maintained after the switch from wP to aP, or changed over time during the use 
of aP vaccines. For the sake of simplicity, and to focus on proving the concept of monitoring 
benefit-risk post-licensure, the population of interest is children from first dose until their school-
entry pertussis booster, for the reason that the introduction of booster doses hampers the 
comparison of benefits during the wP and aP vaccine era beyond childhood. 

In this POC, public health authorities are selected as the decision-making body, i.e. deciding on 
whether to use wP or aP in their vaccination programs. However, there may be differences in 
perspectives from other stakeholder groups that need to be taken into account when making their 
decision. Therefore, preferences from other stakeholder groups (i.e. regulatory authorities and 
family physicians/clinicians) will be elicited in this POC as well. 

Step 2: Identify Alternatives to be Appraised 
Two alternatives will be considered: 

1. Any marketed vaccines containing aP (any brand), any series of doses recommended by 
the National Immunization Programs in the ADVANCE participating countries 

2. Any marketed vaccines containing wP (any brand), any series of doses recommended by 
the National Immunization Programs in the ADVANCE participating countries 

Because vaccine types and not vaccine brands are compared, this comparison rather reflects a 
public health perspective than a regulatory perspective. 

The schedule of the primary series depends on the countries and has been changed over time. 
Details on changes in type of pertussis-containing vaccine and coverage will be provided in the 
protocol developed by the POC team on coverage. 

Step 3:  Identify and Define the Benefit and Risk Criteria and Organize in a Value 
Tree (Outcome Tree) 

The full list of benefit and risk criteria that will be used to compare aP and wP vaccines are 
graphically organized in the outcome tree shown in Figure 3. Within the current Pertussis POC, 
the benefits and risks of pertussis vaccination in children from first dose until pre-school booster 
will be compared, with a focus on direct effects only for simplicity reasons. The benefits include 
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prevention of pertussis disease, and complications (pneumonia and seizures) and deaths due to 
pertussis. In this POC, the risks are limited to the known adverse reactions and include injection 
site reactions, fever, somnolence, persistent crying, convulsions, HHE and ELS. The case 
definitions, time windows and codes are described in the risk and benefit protocols that will 
generate the data for the benefit-risk analysis. The case definitions are also included Appendix 2. 

 
Figure 3: Pertussis-containing Vaccine Benefit-Risk Outcome Tree 
 

Step 4: Scoring: Assess the Performance of Each Alternative Against the 
Criteria (Health Outcomes) 

The benefits and risks of both aP- and wP-containing childhood vaccinations will be estimated 
through the incidence rates for the various health outcomes listed in the outcome tree. 

• ‘Historical’ benefit-risk analysis: information on incidence rates for each of the outcomes in 
the outcome tree will be retrieved from the literature and electronic health care databases 
when these cover the time period of interest. 

• ‘Current’ benefit-risk analysis: information on incidence rates for each of the outcomes in the 
outcome tree will be retrieved from the literature and electronic health care databases. 

To facilitate the comparison of different health outcomes (very rare versus common outcomes) 
hypothetical cohorts of 1,000,000 children receiving at least one dose followed up since the start 

aP vs wP

Benefits 
(direct)

Confirmed pertussis

Pneumonia

Seizures

Deaths

Risks 
(direct)

Injection site reactions

Fever

Somnolence

Persistent crying

Convulsions

HHE

limb swelling
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of pertussis vaccination until pre-school booster will be built. The hypothetical population is 
assumed to be static, meaning that no new subjects will enter the hypothetical cohort at a later 
stage than first dose, and that no subjects will leave the hypothetical cohort before the age of 
pre-school booster, with the sole exception that deaths due to pertussis might occur. Two 
hypothetical cohorts will be built; one with aP-vaccinated children and one with wP-vaccinated 
children. The two hypothetical cohorts are assumed to be identical, except for the pertussis 
vaccine. 

For each hypothetical cohort, the number of cases per health outcome will be estimated during 
the period from first dose until pre-school booster. To this end, a state transition model will be 
built: every child within the hypothetical cohorts will move through various periods (i.e. ‘states’) 
one at a time. The states are defined by age at vaccination and time (Figure 4). Each child within 
each state has a certain probability of developing the event. This probability depends on the 
duration of the state and on the age-specific incidence rates. 

 
Figure 4: Pertussis Vaccination-related States from First Dose until End of Follow-up 
Note: for the various benefit and safety outcomes, the relevant benefit-risk windows might differ 

For every child and for every outcome, the number of events within each state will be simulated, 
and the sum of the events over the states/children taken to obtain the number of events within 
the hypothetical cohorts. The number of estimated cases of safety and benefit outcomes within 
each hypothetical cohort will be used to build the effects table. An outline of the effects table is 
given in Table 5. In addition, age at disease onset and duration of disease will be obtained to 
describe the criteria (outcomes) to the experts participating in the decision conference. 

The information needed to inform the parameters of the hypothetical cohorts will be retrieved 
from the literature and from the databases. Information on duration of disease will be obtained 
from the literature only. 

‘States’ for risk outcomes 
*D1                        D2                         D3                                                                                  * 
start follow-up                                                                                                       end follow-up 
             risk window,             baseline,         age strata 
 
‘States’ for benefit outcomes 
*D1                        D2                         D3                                                                                  * 
start follow-up                                                                                                       end follow-up 
             baseline,    age strata 
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Table 5: Outline of the Effects Table: Estimated Number of Cases for the Various Benefits 
and Risks in Hypothetical Cohorts of 1,000,000 wP- and aP-vaccinated Children 
Followed from First Dose Until Pre-School Booster; by Geographical Area, and 
Calendar Time 

  wP aP 

  Number 
of cases 

Duration 
of 

disease* 

Age at 
disease 
onset 

Number 
of cases 

Duration 
of 

disease* 

Age at 
disease 
onset 

  est. 
(95% CI) 

Mean 
(IQR) 

Mean 
(IQR) 

est. 
(95% CI) 

Mean 
(IQR) 

Mean 
(IQR) 

Benefits       
 Pertussis disease       
 Pneumonia       
 Seizure       
 Death       
Risks       
 Injection size 

reaction 
      

 Fever       
 Somnolence       
 Persistent crying       
 Convulsion       
 Hypotonic-

hyporesponsive 
episode 

      

 Extensive limb 
swelling 

      

*Obtained from the literature only 
 

Step 4a:  Source – Literature 
Information on incidence rates for each of the outcomes in the outcome tree will be retrieved 
from the clinical trials and observational studies. Priority will be given to studies on children under 
the age of six conducted in Western countries. If these cannot be found, we will look at other 
age groups and studies conducted in African and Asian countries as well. The following systematic 
reviews will be the primary sources: 

1. Zhang L, Prietsch SO, Axelsson I, Halperin SA. Acellular vaccines for preventing whooping 
cough in children. Cochrane Database Syst Rev 2014;9:CD001478. 

2. Pertussis vaccines: WHO position paper - September 2015. Wkly Epidemiol Rec 
2015;90:433-58. 

3. Lambert LC. Pertussis vaccine trials in the 1990s. J Infect Dis 2014;209 Suppl 1:S4-9. 

4. Herzog C. Changing from whole-cell to acellular pertussis vaccines would trade superior 
tolerability for inferior protection. Expert Rev Vaccines 2015;14:1065-72. 

5. Jefferson T, Rudin M, DiPietrantonj C. Systematic review of the effects of pertussis vaccines 
in children. Vaccine 2003;21:2003-14. 
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If appropriate, information from different studies will be pooled using a random effects meta-
analysis. For the current benefit-risk model, an additional literature/clinical trial search for 
studies/trials published after 2014 will be conducted. 

For the historical benefit-risk model, only information prior to ~1995 will be used (to be exactly 
determined based the average year of switch for the European countries). The rationale for this 
choice is that several European countries switched from wP to aP around this time; earlier 
switches were based on limited data whereas for later switches post-marketing information was 
available. 

Step 4b Source – Observational Databases 
Information on incidence rates for each of the outcomes in the outcome tree will also be retrieved 
from the observational data. The information that will be provided by the coverage pillar is given 
in Table 6. This information will be used to build cohort models reflecting real-life vaccine usages 
(i.e. age at vaccination and number of doses). 

Table 6: Frequency Table of the Number of Vaccinated Subjects by Age at First Dose, 
Time Since First/Second Dose at the Subsequent Doses, by Year of Birth and 
Country 

Year of Birth Dose 1 Dose 2 Dose 3 Frequency 
  

Age 
(months) 

Time since 
first dose 

(wks) 

Time since 
second dose 

(wks) 

 

199X     
199X     
199X     
199X     
199X     
... … … … … 
200X     

 

The specific evidence required from the observational databases to inform the cohort model and 
to subsequently build the effects table is given in Table 7 for the safety outcomes and in Table 8 
for the benefit outcomes. The incidence rates (or baseline rates multiplied with a measure of 
relative risk) will be used to simulate the number of events within the hypothetical cohorts using 
state-transition modelling. For every health outcome, estimates and confidence intervals are 
provided by country and by birth year. Time trends will be investigated by the benefit and risk 
POC teams. It is still an outstanding issue whether data from different databases/countries can 
be pooled or not. If pooling of data is appropriate, a ‘European’ benefit-risk model will be 
developed. If this cannot be done, country-specific benefit-risk models will be developed. 
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Table 7: Evidence Required from the Databases for Safety Outcomes to Build the Effects 
Table by Outcome, Country, and Year of Birth 

Incidence in risk period after aP or wP vaccination 
   Dose 1* Dose 2 Dose 3 
Time since dose** Inc 95% CI Inc 95% CI Inc 95% CI 
 Day 0       
 Day 1-3       
 Day 4-7       
Baseline incidence 
 2-3 months       
 3-4 months       
 4-5 months       

* number of doses might depend on the country and birth year 
** risk windows might be different depending on the safety outcome 
 

Table 8: Evidence Required from the Databases for Benefit Outcomes to Build the Effects 
Table by Outcome, Country, and Year of Birth 

 Unprotected a Dose 1 b Dose 2 c Dose 3 d 
 
Whole cell 

Inc 95% 
CI 

Inc 95% 
CI 

Inc 95% 
CI 

Inc 95% 
CI 

Pertussis disease 
(not resulting in 
complications/death) 

        

Complications e 
(not resulting in death) 

        

Death f         
Acellular         
Pertussis disease 
(not resulting in 
complications/death) 

        

Complications e 
(not resulting in death) 

        

Deathf         
a Pertussis from start follow-up until 4 weeks after first dose 
b Pertussis from 2 weeks after Dose 1 until 2 weeks after Dose 2 
c Pertussis from 3 weeks after Dose 2 until 2 weeks after Dose 3 
d Pertussis from 3 weeks after Dose 3 until school-enter booster/age 6 
e Complications until one month after each dose 
f Death until three months after each dose 
 

Step 5:  Create Value Functions 
This step it will decided how to convert the scores (in this case the number of cases within the 
hypothetical cohort) to preference values on a 0 to 1 scale. 

First, the range of the scores needs to be defined. This range will be based on the mean or 
median vaccine evaluations and should not be influenced by the level of precision of the criteria 
measurements. Large confidence intervals may influence the expert in the assessment of the 
importance (weights) to be given to the criterion during the swing-weighting process. 
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Then, the value function, which maps the scores (x-axis) to the preferences (y-axis), needs to be 
defined. The simplest method is the direct linear conversion, by which differences in scores are 
preserved. A concave or convex function shortens the distance on the preference scale (y-axis) 
for the range of scores (x-axis) where the function is flat: a change on the x-axis translates into 
a very small change on the y-axis. For the range of scores where the curve increases or decreases 
sharply, a small change on the x-axis translates into a substantial change on the y-axis. 

During the decision conference, participants will decide on the shape of the value functions using 
a software tool by which they can explore the shape of the value function (i.e. linear, convex, 
concave, s-shaped, piecewise linear) by altering two sliders. 

Step 6:  Assign a Weight to Each Criterion Using Swing-Weighting 
In MCDA swing-weighting, the value of a change on the preference scale of one (benefit or risk) 
criterion is compared with the value of a change of another criterion. The changes or ‘swings’ 
over these scales are considered by the decision-makers to assign weights. The theoretical 
background of the consistency between preferences and weights is provided in Appendix 4. 

The following hypotheses are made when applying MCDA swing-weighting: 

1. Compensatory behavior of the expert: The expert agrees that a loss on one endpoint 
can be compensated by an increase in another endpoint. On the contrary, if a range of 
evaluations for a criterion renders the alternative completely unacceptable, the criterion is 
non-compensatory. 

2. Independence between criteria: The utility for a criterion can be calculated 
independently from the evaluations on another criterion. MCDA accounts for main effects 
only and does not account specifically for interactions between main effects. Such 
interactions, if critical for decision-making, should be handled outside of the MCDA workshop 
in an ad-hoc manner. 

3. Independence between evaluations on different endpoints:  Correlation would apply 
if the occurrence of an endpoint increases the probability for another (independent) endpoint 
to occur. For example, it is likely that crying is correlated with pain. Not accounting for the 
correlation between the events will introduce biased results.  

Double counting of the same event often occurs and data sets should be revised prior to 
being used for MCDA input. 

The weighting is performed after all alternatives are scored on all criteria and all value functions 
are decided on. The software facilitates the swing-weighting through visual interfaces by guiding 
the participants through the following steps (see Appendix 4 for more details): 

1. Select a subgroup of criteria to be weighted together, starting from the lowest level of the 
hierarchy of the outcome tree hierarchy to the highest (i.e. bottom-up approach). 

2. Order the sub-set of criteria according to the increase in overall preference generated by 
improving a criterion from its worst to its best performance (called swing). The first-order 
criterion presents the most valuable swing and is assigned a swing-weight of 100. 
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3. Elicit the relative weights of lower-order criteria in comparison to the reference criterion 
assigned the swing-weight of 100. 

4. Verify the weighting consistency. 

5. Move up the value tree, assessing the relative weights of different reference criteria. 

In the following, distinction will be made between: 

• Criteria swing-ratings: for which the most important criterion is the reference and is 
always assigned a weight of 100. 

• Relative weights: these weights are normalized criteria swing-ratings for which the sum 
equals 1 among a family (or subgroup) of criteria weighted together. 

• Cumulative weights: these weights are equal to the product of the normalized weights 
from the top of the hierarchy down to each branch of the final criterion and for which the 
sum equals 1 among the whole outcome tree. 

Ordering the criteria and rank-based weighting 
Among a subgroup of criteria, the participants are asked to identify the criterion that is the most 
important to bring from its lowest (worst) level to its highest (best) level and to proceed similarly 
across all remaining criteria. This way the order of the criteria is established. The degree of 
preferences among the ordered criteria is then elicited to the expert and described in the next 
section. 

When the number of criteria is very large, the expert may use a rank-based criteria weighting. 
The rank-order centroid (ROC) has been shown as one of the best alternatives among other rank-
based methods. More details on ROC calculations are provided in Appendix4. 

Weighting the criteria 
The first-order criterion is given a swing-rating of 100 (%) by default and is considered the 
reference to which the other criteria will be compared. The worst level for the first criterion will 
be noted as Eval1Worst and its best level as Eval1Best, identifying therefore the swing as 
(Eval1Worst, Eval1Best). 

A lower-order endpoint, with swing (Eval2Worst, Eval2Best), is then considered. The expert is 
asked to determine the value Eval1Mid (Eval1Mid ≤ Eval1Best) for which the utility of the swing 
(Eval1Worst, Eval1Mid) on the first-order criterion would be similar to the utility of the swing 
(Eval2Worst, Eval2Best) on the second criterion. Appendix 4 provides further insight on the 
rational for this procedure. Figure 5 provides a visual explanation of the process. 
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Reference Criterion (ranking = 100) Secondary criterion (Ranking = 75) 

  
 

Figure 5: Criteria Weighting – Swing Rating 
In this example, the swing range [0%-4%] of the secondary criterion is given a weight of 75 in comparison 
to the 100 rating given, by default, to the primary swing range [0%-25%]. The expert then confirms his 
indifference between a change of 0% to 14% on the reference criterion and a change of 0% to 4% on the 
secondary criterion. If the expert expresses a preference for either of the two proposals, it suggests that 
the weights need to be changed. 
 

Relative weights are calculated through normalization to the sum of swing-ratings. The relative 
weights between two criteria can be translated into a coefficient of ‘stretch’ or ‘shrinkage’ applied 
to the two ranges of values on the separate scales in order to present an equal utility. 

When moving up the outcome tree, the criterion that was considered as the reference among the 
sub-set of criteria is now the representative of that sub-group and may be considered for ordering 
with the reference criteria of other criteria sub-sets. 

The notion of swing weights captures both the concept of ‘importance’ of the criterion and the 
extent to which the evaluation scale used discriminates between the alternatives. For instance, 
fatalities are amongst the worst outcomes, but the swing weight may be very small (or even null) 
if the maximum death swing between the alternatives equals 1 death over 109 subjects. One of 
the most common errors in naïve scoring models is to assume that weights are independent of 
the evaluation scales used. From the equations in Appendix 5 it is clear that the effect of the 
weight parameter wi is directly connected to the scale used for calculating the utility for the 
corresponding criterion. 
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Step 7:  Calculate the Results 
The overall preference value for an alternative will be calculated as the weighted average of the 
preference values of the benefit and risk criteria. 

Step 8:  Conduct an Uncertainty Analysis 
The obtained overall benefit-risk measure reflects only the average scenario without quantifying 
the variability of this measure. Because many uncertainties may be involved in the benefit-risk 
analysis, it is important to understand how strongly the benefit-risk balance depends on these 
uncertainties. The uncertainty might arise from uncertain criteria measurements (i.e. incidences 
are measured with a certain precision), from uncertain or heterogeneous preferences (i.e. 
stakeholders are uncertain regarding their preferences or different stakeholders have different 
preferences) and from subjective choices made when building the MCDA effects table. The 
uncertainty analyses will be explained in detail in Section 7.3. 

3.1.3. Selection of Stakeholder Groups 
The primary stakeholder group is the public health authorities, as the decision-making authority. 
The preferences of representatives of regulatory authorities and family physicians/clinicians or 
other health care professionals will be elicited as well. Participants should: 

• have a solid clinical training to understand the clinical relevance and consequences of the 
benefit and risk criteria; 

• make quantitative decisions on priorities between two sorts of endpoints / pathologies 
associated to two different cohorts. This cognitive exercise is difficult for people who have 
no real-life experience in dealing with such decisions.  

 

Consistency Assessment 
Criteria weights in compensatory approaches express the substitution rates of one criterion in 
comparison to another. The participants to the decision conference may use this property to 
assess the consistency of their judgments. The D-Sight Swing-Weighting tool is using that concept 
to elicit weights from experts. 

After the criteria swing-rating have been provided by experts, the relative weights (i.e. the criteria 
swing-ratings normalized to unity) are calculated and the importance of each criterion may be 
compared pairwise to the reference criterion. Experts may then decide to adapt the weight of the 
(non-reference) criterion if the comparison seems unfair. 

After all criteria have been rated, a global consistency check consists in presenting all criteria 
according to their cumulative weights (weights that sum to unity across the whole endpoint tree). 
The participants will review the discriminative power of the criteria ranges between alternatives 
and decide on the need to revise the weights. 
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Consensus Discussions 
Only few participants are selected to participate in the decision conference and their opinions do 
not necessarily reflect the whole diversity of opinions. Their recommendations therefore pertain 
to their own opinions, but are nonetheless informative to decision-makers. The calculation of the 
average scores among participants is meaningful provided a consensus has been reached during 
the decision conference. In absence of consensus, calculating average scores is less meaningful. 
Instead, it is more meaningful to identify divergences and initiate a discussion on the reasons for 
this among the participants. The participants are then invited to update their opinions after the 
discussion and consensus is attempted again. 

Training 
The MCDA training will focus on understanding the swing-weighting process. An Excel tool similar 
to the one below (which was set up for neuralgia and reactogenicity pain) will be used to train 
the participants and to make them familiar with the IT tools, swing-weighting and the cognitive 
processes involved in stating their preferences. 

 

Figure 6: Swing-weighting Example for Neuralgia and Reactogenicity Pain 
 

Evaluating the Process of Involvement 
The participants will be asked to evaluate the decision conference by rating how strongly they 
(dis)agree with a series of statements on a five point Likert scale. Examples of such statements 
are: 

1. “It was easy to make comparisons between the outcomes.” 

1 - Option 2

Example

Median Median Median Median Median Median

Neuralgia 250 245 258 500 490 515 1 000 980 1 030 Grade 3 11 000 10 780 11 330 5 000 4 900 5 150 0 0 0

VE 75% 50.0% 0% Incidence 11% 5% 0%

HZ Incidence 1% Cohort vaccinees

HZ Cohort 1000 Weight 1

All other characteristics being equal, compare the 2 vaccine options:

Neuralgia Pain 5 days - Weight = 100 - Option 1 Grade 3 pain 5 days - Weight = 

If option 1 better than option 2: The weight given to 2nd criteria is too high.
If option 1 worst  than option 2: The weight given to 2nd criteria is too low.

95% Cred Limits 95% Cred Limits 95% Cred Limits
Vaccine1 Vaccine2 Placebo

95% Cred Limits 95% Cred Limits 95% Cred Limits

Is an improvement from 11000 to 0 on the number of patients presenting grade 3 pain (option 2) for 5 days comparable with 
an improvement from 1000 to 1000 (0 reduction) on the number of patients presenting neuralgia pain for 5 days (option 1)
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2. “The questions adequately reflect the aspects of pertussis vaccination that I feel are 
important.” 

3. “Sufficient information was provided, in a clear and understandable format, to enable me to 
answer the questions.” 

4. “I would be happy to take part in similar decision conferences in the future.” 

Participants will also be invited to provide additional free text comments or suggestions to improve 
the preference elicitation methodology. 

Number of Participants 
There is no theoretical minimum number of participants at a decision conference. If different 
stakeholder groups are present, that minimum number of participants per stakeholder group can 
be reduced, maintaining the number per group well above 4. Based on experience, the maximum 
number of participants, including the facilitator, is about 20. More participants would make it 
difficult to manage the decision conference. A minimum number of participants (about 8) is 
needed as well to reflect the diversity in opinions. Hence, the optimal number of participants 
ranges between 8 and 15. 

Trimming the Outcome Tree 
A large number of pertussis complications has been identified and may lead to a large outcome 
tree. A subset of pertussis complications and sequels may be identified and endorsed by the 
experts prior the decision conference. The outcome tree will first be trimmed down by omitting 
those criteria that are less clinically relevant, having a small population impact or providing no 
discrimination between alternatives. 

Software: D-Sight 
The preference elicitation will be carried out using the web-based software D-Sight. D-Sight is 
preferred to HiView3 since D-Sight offers the option to organize a virtual decision conference (a 
video conference) using a web-based MCDA interface for each participant individually and a 
central repository. A server will handle all consensus calculations, data presentations and 
visualizations.  

Prior to the MCDA workshop, the facilitator will set up the web-server and create the alternatives 
and criteria scores for each alternative. A linear value function will be defined as default for all 
criteria, and equal swing-weights will be defined for all criteria among the all sub-groups. Ideally, 
the facilitator will investigate whether preliminary consensus can be reached on the grouping of 
benefit and risk criteria and, possibly, the order of importance of criteria within these groups. 

The MCDA interface used for this POC is based on a previous version of the standard software of 
D-Sight and has been optimized for benefit risk balance applications about two years ago. The 
software (https://brb.d-sight.com/) is freely available for testing purposes by individuals for a 
period of 30 days. 
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D-Sight can upload Excel files from a PC to the web-server to initiate the outcome tree, to define 
the alternatives and to define the criteria scores for each alternative. The format of the Excel file 
is provided in Appendix 2. 

The XML files generated by D-Sight web-interface can be retrieved and converted into SAS 
datasets. An SQL script is currently being created to retrieve the relational database aspects of 
the MCDA database. All critical information will therefore be available in SAS datasets. Additional 
graphs, tables and analysis that are not available from D-Sight might be implemented using the 
D-Sight – SAS bridge. 

Resources 
Resources that need to be considered: 

1. A meeting place for participants to attend the MCDA session: if possible, participants working 
close-by should meet face-to-face, possibly in the presence of a local facilitator who is 
knowledgeable of the MCDA process and IT tools. 

2. Web-meeting platform to share interim and final results of MCDA across all experts, possibly 
with video enabled. The session may become long and non-verbal feedback might be 
important to catch. The software selected presently is D-Sight. 

3. A group of three to four experts available for each of the stakeholder groups. 

4. A main MCDA facilitator and possibly a local facilitator at each location to guide participants 
on how to use the interface. 

5. A secretary to capture main issues occurring and decisions made during the decision 
conference. A statistician may also be useful to support bridge between the D-Sight web-
platform and the SAS system. 

A training session will be organized for the experts to get used to the MCDA interface and to 
understand the Swing-Weighting process. We anticipate a three hour session. It will also be an 
opportunity to reach a consensus on the list of criteria considered, alternative evaluations, and 
possibly the clinical relevance ordering of the criteria. Several training sessions can be organized 
if all experts cannot attend simultaneously. About three to four weeks after the training session, 
the actual MCDA decision conference will be organized. The presence of identified participants is 
mandatory during the four to five hours planned for the decision conference. 

3.2. Disability Weights 
For the benefit-risk analyses, disability weights as used for DALY calculations will be used. 
Disability weights will be obtained from the literature if possible. This would allow an intermediate 
benefit-risk analysis to be carried out. The intermediate benefit-risk analyses can be used for 
validation and, in case of the historical benefit-risk analysis, will be the starting point for the 
benefit-risk monitoring. 

For this intermediate benefit-risk assess analysis, the disability weights developed previously for 
the estimation of pertussis burden within the BCoDE project [5], or within the GBD-2010 project 
[6] will be used. In the former, a set of disability weights for specific health outcomes were 
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assembled through literature review/expert opinion, and were attached to a natural history model 
for pertussis, beginning with symptomatic pertussis infection. In the GBD project, new disability 
weights were determined for a set of 220 more generic health states [7]; these were elicited 
using a survey-based procedure, with the general public as respondents. For both projects, if 
disability weights for a specific health state/sequela were unavailable, a proxy weight (for another 
health outcome deemed similar in severity, according to expert opinion) could be applied. 

3.3. Uncertainty and Sensitivity Analyses 

3.3.1. Rationale 
There are many sources of uncertainty that might affect the benefit-risk assessment. Uncertainty 
analyses will be conducted to assess the impact on the overall benefit-risk result of: 

• the uncertainty in benefit and risk criteria measurements as obtained from the literature, 
clinical trials or observational databases; 

• differences in preferences; 

• subjective modelling choices if applicable (e.g. different case definitions). 

Additionally, a sensitivity analyses will be conducted to identify the benefit and risk criteria that 
might modify the benefit-risk balance (i.e. the pivotal criteria, to be used for monitoring). 

3.3.2. Probabilistic Uncertainty Analysis through Monte-Carlo Simulation 
In benefit-risk assessment, the uncertainty of the criteria measurements (or statistical 
uncertainty) propagates or ‘carries forward’ to the uncertainty on the final benefit-risk result. MC 
simulation is perhaps the most common technique for propagating uncertainty and is especially 
recommended when having multiple inputs. Wen et al. applied the Monte-Carlo approach to 
account for uncertainty in MCDA models [8]. MC simulation applied to MCDA involves: 

1. Specifying suitable probability distributions for the criteria measurements (e.g. beta 
distributions for probabilities, Poisson distributions for counts). Parameters for these 
probability distributions will be derived mainly from the literature/clinical trials for the 
‘historical’ benefit-risk assessment and from the literature/clinical trials/observational 
databases for the ‘current’ benefit-risk assessment. Correlations between the criteria 
measurements will be estimated if appropriate. 

2. Randomly sampling (correlated values) from these probability distributions. 

3. Calculating the overall benefit-risk result. 

4. Applying steps 1-3 multiple times, say 10,000 times. 

This way, a distribution of benefit-risk results is obtained. Based on this distribution, the median, 
the standard deviation and coverage intervals are calculated reflecting uncertainty in criteria 
measurements. Correlated values will be generated using Gaussian’s copula’s. 

For the current POC, the following approaches to include the preference weights might be 
considered: 
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1. The average preferences across all stakeholder groups if appropriate (overall model). 

2. The average preferences within each stakeholder group if appropriate (stakeholder group-
specific models). 

3. The individual member preferences (heterogeneity models, overall and stakeholder group-
specific). 

3.3.3. Stochastic Multi-criteria Acceptability Analysis: Exploring 
Preferences 

Stochastic Multi-criteria Acceptability Analysis (SMAA), one of the methods recommended by the 
PROTECT consortium, is a stochastic extension of MCDA [9]. SMAA allows investigation of the 
impact of uncertainty and heterogeneity in preferences on the benefit-risk assessment. It is based 
on exploring the weight (preferences) space in order to describe the preferences that would make 
each alternative the most preferred one. SMAA can be computed efficiently through MC simulation 
using probability distributions for the preferences. The main results of SMAA are: 

1. Rank acceptability indices: This index measures the variety of different preferences that 
grant a certain alternative the first (or second) rank and is most conveniently expressed as 
percentages. 

2. Central weight vectors: These are calculated as the average of the preferences that grant 
a certain alternative the first rank. The central weights represent the ‘typical’ preferences 
supporting a certain alternative. 

3. Confidence factors: These are calculated as the probability for an alternative to obtain the 
first rank when the central weight vector is chosen. 

In this POC, SMAA analysis will be performed by extending the MC analyses described above. In 
particular, rank acceptability indices, central weight vectors and confidence factors will be 
calculated using the following preference distributions: 

• Stochastic distributions derived from the elicited preferences, for instance using Dirichlet 
distribution to describe uncertainties on the cumulative weights 

• Uniform weight distributions (all values between 0 and 1 are equally likely), reflecting a lack 
of preferences (so called missing-weight analysis). 

3.3.4. Scenario-analysis: Subjective Choices 
It is anticipated that subjective choices will have to be made to build the MCDA effects table and 
that these choices may impact the benefit-risk assessment. For every subjective choice made that 
is expected to have some impact on the benefit-risk assessment, a scenario-analysis will be 
performed. There may be also interest to vary parameters outside of their observed range. A 
scenario-analysis implies that the benefit-risk model is adjusted for every choice option. Possible 
scenarios include: 

• Different case definitions (e.g. laboratory confirmed pertussis or clinical case definition) 

• Different vaccination schedules 



 
 

© Copyright 2013 ADVANCE Consortium 37 
 

3.3.5. Sensitivity Analyses: Identifying the Pivotal Criteria 
Sensitivity analysis has different meanings depending on the context in which it has been used. 
Sensitivity analyses will be performed to provide an answer to the question: “How much can the 
criteria measurements and associated weights differ in comparison to the baseline without tipping 
the benefit-risk balance?” and “Which parameters are the most likely to impact the overall benefit-
risk balance?” These most ‘pivotal’ criteria will be prioritized for sequential benefit-risk monitoring. 

In this POC, the following analyses will be performed: 

1. Deterministic sensitivity analyses: Starting from the MCDA with average values for the 
criteria measurements and preferences, criteria measurements and preference weights will 
be varied until the benefit-risk balance is tipped. The measurements/preference weights for 
which the least percentage-wise change is needed before tipping the benefit-risk balance are 
the most ‘pivotal’. Sensitivity analyses will be conducted by varying each criteria 
measurement/preference weight separately. This is a one-factor-at-the-time approach, since 
when one factor is varied all others are held constant. In addition, sensitivity analyses will be 
conducted by jointly varying each criteria measurement and corresponding preference 
weight. 

2. Stochastic sensitivity analyses: The deterministic analyses described above do not 
account for the uncertainty in the benefit-risk model. The analyses will be repeated starting 
from the MC model developed in Section 7.3.2. For every change in percentage points in 
criteria measurements and/or preference weights, the probability of tipping the benefit-risk 
balance will be obtained. 

 

3.4. Benefit-risk monitoring 
As described above, this POC analysis will apply a three phase approach to simulate what could 
have been performed with the wP to aP switch for pertussis vaccines. The phases are: 

1. Simulation of the historical benefit-risk analysis to support the decision for the switch, based 
on data available at that time. 

2. Simulation of prospective monitoring of critical benefit-risk parameters (identified in phase 
I), using input from retrospective analyses based on the electronic health care databases in 
ADVANCE. In order to monitor the pivotal parameters (which may be beyond the parameters 
that are currently collected) which will only be identified after phase 1 the benefit and risk 
protocols may need to be amended.  

3. Current benefit-risk analysis using all currently accumulated evidence as if re-assessment 
were triggered today. 

This section focuses on phase II, which is described in Table 9, where the activities in this POC 
analysis are listed (in the second column) in regards with what would be (have been) done in an 
ideal world where ADVANCE would be implemented. 
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Table 9: Stepwise Approach to Monitoring of Benefit-Risk of Vaccines 
Step-by-step process in real life (i.e. 
post-ADVANCE), according to ADVANCE 
vision 

How  w ill this be mimicked in the Pertussis POC 

Benefit-risk analysis to support the decision 
to launch a new vaccine on the market 

Benefit-risk analysis (MCDA) to illustrate the historical 
decision to switch from wP to aP  

Sensitivity analysis of the benefit-risk 
analysis used to identify critical parameters 
(large statistical uncertainty, large potential 
impact on benefit-risk ratio or difference) 

Idem 

Critical parameters identified from benefit-
risk sensitivity analysis translated into 
outcomes and measurements from post-
marketing surveillance data 

Idem 

Agreement on threshold, periodicity, total 
duration of monitoring 

Idem, but can be simplified (see below) 

Risk and benefit analyses designed to 
produce periodical values of critical benefit-
risk parameters 

Idem 

Periodical output from the safety and 
benefit analyses, near real-time, prospective 

Idem; 3 month periodicity. 
‘Real-time’ situation mimicked by roll-back extraction 
in the retrospective databases 

Periodical analysis with cumulative number 
(rates) of events to assess if still within 
acceptable limits, using a control chart 
statistical method (such as CUSUM, SPRT) 
[10-14] 

For the sake of simplicity and feasibility, this will be 
reduced here to monitoring by simple visualization 
(rates and confidence intervals of ‘critical’ 
parameters) of periodic output from the analyses 
(As a consequence, there is no need for predefined 
threshold nor total duration) 
This POC will be limited to only few parameters, but 
there should be at least one risk parameter and one 
benefit parameter. 
 

End of monitoring and conclusion if no alert, 
or new actions if threshold for alarm is 
reached 

Not applicable 
(In this POC, phase III will be performed regardless 
of phase II outcome)  
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4. LIMITATIONS 
• This benefit-risk analysis has been designed mostly to test new approaches to benefit-risk 

monitoring, not to provide a definite answer to the comparison between the two alternatives 

• The benefit-risk model is truncated: the risks are from all vaccine components (not only 
pertussis), and the benefits are limited to those before booster age. 

• In the benefit-risk analysis, evidence on the benefits and risks of pertussis vaccination 
obtained from various sources will be combined. The quality of the sources will be different. 
However, these differences in quality will not be taken into account in the current benefit-
risk analyses. 

• For reasons of simplification, indirect effects will not be considered, although a public health 
perspective is adopted. 

• It was decided to elicit preferences using MCDA swing-weighting from representatives of 
public health and regulatory authorities as well as from family physicians/clinicians. The 
public health authorities are the main decision makers. In this analysis, preferences from the 
general public will not be elicited. 

• The preferences that will be elicited for the historical benefit-risk analysis as part of this 
benefit-risk analysis do not necessarily reflect the preferences at that time and are to a certain 
extent artificial.  

• Within this POC, we will not monitor changes in preferences over time because this cannot 
be retrospectively done.   

• The quality of the benefit-risk assessment is as good as the quality of the evidence that feeds 
into the benefit-risk assessment. Issues of bias, confounding, missing data and missing 
information that often characterize epidemiological studies, will affect the benefit-risk 
analysis they inform. 

• The primary objective of benefit-risk methodology is to support transparent and consistent 
decision making. Complex methodology hampers transparency. 

• To conduct the benefit-risk analyses, evidence on benefit and risk health outcomes is 
required. It might not be possible to find accurate evidence for some of the required health 
outcomes and the benefit-risk analyses might be subject to huge uncertainty, leading to 
inconclusive results. 

• It is still questionable whether the MCDA swing weights obtained for the historical benefit-
risk analyses can be used for the subsequent benefit-risk monitoring. 

• It is still unclear whether there will be sufficient evidence per country to conduct a country-
specific benefit-risk analysis. On the other hand, it is also still unclear how generalizable the 
results are across countries. 

• The comparability of the evidence on the benefits and risks of wP and aP vaccination is 
questionable as a results of the sudden switch from wP to aP and hence, the huge potential 
for time-varying confounding. 



 
 

© Copyright 2013 ADVANCE Consortium 40 
 

• Pivotal parameters may not yet be collected in the benefits and risk protocols which would 
mean they need to be amended. 

 

5. REGULATORY STATUS 
This analysis is based on secondary use of data. 

This analysis is not considered as a post-authorization safety surveillance (PASS) because the aim 
is not to identify, characterize or quantify a safety hazard, confirm the safety profile of the 
medicinal product, nor of measure the effectiveness of risk management measures. 

While the analysis is being conducted, the marketing authorization holder (MAH) shall monitor 
the data generated and consider its implications for the risk-benefit balance of the medicinal 
product concerned. Any new information that might influence the evaluation of this risk-benefit 
balance shall be communicated to the competent authorities of Member States in which the 
medicinal product has been authorized. The channel for communicating this information is the 
notification of an Emerging Safety Issue. 
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APPENDIX 1: POC OUTLINE 
 

See ADVANCE SharePoint: 

https://publication.wiv-
isp.be/workspaces/advance/wp5/Shared%20Documents/POC%20Study%20Teams/COVERAGE/
Background%20docs/2_POC%20pertussis%20outline_version%201.5_tobedistributed.docx 

 
  

https://publication.wiv-isp.be/workspaces/advance/wp5/Shared%20Documents/POC%20Study%20Teams/COVERAGE/Background%20docs/2_POC%20pertussis%20outline_version%201.5_tobedistributed.docx
https://publication.wiv-isp.be/workspaces/advance/wp5/Shared%20Documents/POC%20Study%20Teams/COVERAGE/Background%20docs/2_POC%20pertussis%20outline_version%201.5_tobedistributed.docx
https://publication.wiv-isp.be/workspaces/advance/wp5/Shared%20Documents/POC%20Study%20Teams/COVERAGE/Background%20docs/2_POC%20pertussis%20outline_version%201.5_tobedistributed.docx
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APPENDIX 2: CASE DEFINITIONS 
 

• Injection site reactions: Brighton Collaboration case definition: Gidudu J, Kohl KS, 
Halperin S, et al. A local reaction at or near injection site: case definition and guidelines 
for collection, analysis, and presentation of immunization safety data. Vaccine 
2008;26:6800-13. 

 

• Fever: Brighton Collaboration case definition: Marcy SM, Kohl KS, Dagan R, et al. Fever 
as an adverse event following immunization: case definition and guidelines of data 
collection, analysis, and presentation. Vaccine 2004;22:551-6. 

 

• Somnolence: Reduced interest in surrounding or increased sleeping. Grade1: Sleepier than 
usual or less interested in surroundings; Grade 2: Not interested in surroundings or did 
not wake up for a feed/meal; Grade 3: Sleeping most of the time or difficult to wake up 

 

• Persistent crying, irritability: Brighton Collaboration case definition: Bonhoeffer J, 
Vermeer P, Halperin S, et al. Persistent crying in infants and children as an adverse 
event following immunization: case definition and guidelines for data collection, analysis, 
and presentation. Vaccine 2004;22:586-91. 

 

• Generalized convulsions: Brighton Collaboration case definition: Bonhoeffer J, Menkes J, 
Gold MS, et al. Generalized convulsive seizure as an adverse event following 
immunization: case definition and guidelines for data collection, analysis, and 
presentation. Vaccine 2004;22:557-62. 

 

• HHE: Brighton Collaboration case definition: Buettcher M, Heininger U, Braun M, et al. 
Hypotonic-hyporesponsive episode (HHE) as an adverse event following immunization in 
early childhood: case definition and guidelines for data collection, analysis, and 
presentation. Vaccine 2007;25:5875-81. 

 

• Extensive limb swelling: Brighton Collaboration case definition: Kohl KS, Walop W, 
Gidudu J, et al. Swelling at or near injection site: case definition and guidelines for 
collection, analysis and presentation of immunization safety data. Vaccine 
2007;25:5858-74. 
 

• Pertussis is defined clinically as well as by laboratory assessement.Clinical criteria for the 
diagnosis of pertussis are (1)Any person with a cough lasting at least two weeks and at 
least one of the following three: paroxysms of coughing, inspiratory ‘whooping’, post-
tussive vomiting, or (2) Any person diagnosed as pertussis by a physician, or (3) Otherwise 
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unexplained apnoeic episodes in infants. For laboratory criteria at least one of the 
following is needed for diagnosis: (1) Isolation of B. pertussis from a clinical specimen, 
(2) Detection of B. pertussis nucleic acid in a clinical specimen and (3)B. pertussis-specific 
antibody response.  

 
• Pneumonia: A new infiltrate on a chest radiograph together with two or more clinical 

symptoms (dyspnoea, cough, sputum production, chest pain, and/or body temperature > 
38°C or < 36.1°C) and/or WBC > 109 cells/L) or plasma CRP > 30 mg/L). Severe 
pneumonia was defined as pneumonia with a CURB-65 score ≥ 2. Community acquired 
pneumonia was defined as: (1) the presence of symptoms consistent with acute lower 
respiratory tract infection (at least one of increasing breathlessness, cough, sputum 
orfever); and (2) the presence of a new infiltrate on the chest radiograph. 
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APPENDIX 3: EXCEL FILE FORMAT FOR UPLOAD INTO D-SIGHT 
 

An example of structure of an excel file used to upload into D-Sight. 

 

 

 

 

  

Min Mean Max Min Mean Max Min Mean Max
Endpoint 1 Endpoint 2 Endpoint 3

Alternative 1 Low11 Mid11 High11 Low12 Mid12 High12 Low13 Mid13 High13
Alternative 2 Low21 Mid21 High21 Low22 Mid22 High22 Low23 Mid23 High23
Alternative 3 Low31 Mid31 High31 Low32 Mid32 High32 Low33 Mid33 High33
Alternative 4 Low41 Mid41 High41 Low42 Mid42 High42 Low43 Mid43 High43
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APPENDIX 4: SWING-WEIGHTING 
The following sections contain extracts from publications providing details on swing-weighting 
and implementation. 

HYDE KM. (2006) UNCERTAINTY ANALYSIS FOR MULTI-CRITERIA DECISION ANALYSIS 
 
Page 
 

Extracts 
 

50 
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50 

 

50 

 



 
 

© Copyright 2013 ADVANCE Consortium 48 
 

App D 
1.9 
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THOKALA P. (2011) MULTIPLE CRITERIA DECISION ANALYSIS FOR HEALTH TECHNOLOGY 
ASSESSMENT 
 
Page 
 

Extracts 
 

 

 

 
 

BRUHN BARFOD M. (2012) OPTIMISING TRANSPORT DECISION MAKING USING CUSTOMISED 
DECISION MODELS AND DECISION CONFERENCES 
 
Page Extracts 

41 (a) 
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41 (b) 

 

42 (a) 
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42 (b) 
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43 
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Fig 3.4: Urban issues cumulative weight of 76% is the sum of cumulative weights 
below that node since all criteria were evaluated simultaneously. Red figures were 
added to represent what might be the respondent’s ratings if a stepwise process 
had been used. Environment node is given a rating of 87 since the references 
Landscape and Urban Development references were compared in favor of the later, 
leading to a relative weight of 47% and 53% respectively. In other words, the 
Landscape Swing Weight is worth 87% of the Urban Development Swing Weight. 
The ratings sum for the Urban Issues node equals 231 and includes the rating for 
Urban Development and 87% of the rating sum for the Environment node (= 100 
+ 0.87*150). The rating sum for the Accessibility node is simply the sum of the 
criteria ratings below the node. A comparison of rating sums of 231 and 120 would 
lead to apriori cumulative weights of 66% and 34% if both reference criteria 
were given the same weights. The respondent can now modify those weights 
to reach 76% and 24% respectively. 
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US INSTITUTE OF MEDICINE. (2012) RANKING VACCINES: A PRIORITIZATION FRAMEWORK: 
PHASE I: DEMONSTRATION OF CONCEPT AND A SOFTWARE BLUEPRINT 
 

Page 
 

Extracts 
 

35 
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APPENDIX 5: THEORETICAL RELATIONSHIP BETWEEN UTILITY AND WEIGHTS 
 
For each attribute (1, .. i ..,n) of a set of alternative, a range of performance �𝑥𝑥𝑖𝑖

(0),𝑥𝑥𝑖𝑖
(1)� is defined. 

The additive utility function is scaled in order to equal zero (0) for the worst alternative 𝑥𝑥(0) and 
to equal one (1) for the best conceivable alternative 𝑥𝑥(1). Using its additive property, the total 
utility of an alternative can be expressed using the part-utilities relative to each criterion. 

Equation 1: 

min
𝑥𝑥
𝑈𝑈 (𝑥𝑥) = 𝑈𝑈�𝑥𝑥(0)� = 𝑈𝑈�𝑥𝑥1

(0), 𝑥𝑥2
(0), 𝑥𝑥3

(0), … , 𝑥𝑥𝑛𝑛
(0)� = �𝑈𝑈𝑖𝑖�𝑥𝑥𝑖𝑖

(0)�
𝑛𝑛

𝑖𝑖=1

= 0 

max
𝑥𝑥

𝑈𝑈(𝑥𝑥) = 𝑈𝑈�𝑥𝑥(1)� = 𝑈𝑈�𝑥𝑥1
(1), 𝑥𝑥2

(1), 𝑥𝑥3
(1), … , 𝑥𝑥𝑛𝑛

(1)� = �𝑈𝑈𝑖𝑖�𝑥𝑥𝑖𝑖
(1)�

𝑛𝑛

𝑖𝑖=1

= 1 

 
A scaling constant 𝑤𝑤𝑖𝑖 is introduced in order to also normalize each part-utility 𝑈𝑈𝑖𝑖(𝑥𝑥𝑖𝑖) on the [0, 1] 
interval. That scaling constant 𝑤𝑤𝑖𝑖 is the difference in utility between an alternative presenting the 
best level for the attribute (i) minus an alternative presenting the worst level for the same 
attribute, all other attributes being equal. 

Equation 2: 

𝑈𝑈(𝑥𝑥) = �𝑈𝑈𝑖𝑖(𝑥𝑥𝑖𝑖) = ��𝑈𝑈𝑖𝑖(𝑥𝑥𝑖𝑖) −𝑈𝑈𝑖𝑖�𝑥𝑥𝑖𝑖
(0)��

𝑛𝑛

𝑖𝑖=1

𝑛𝑛

𝑖𝑖=1

 

= ���𝑈𝑈𝑖𝑖�𝑥𝑥𝑖𝑖
(1)�−𝑈𝑈𝑖𝑖�𝑥𝑥𝑖𝑖

(0)��
�𝑈𝑈𝑖𝑖(𝑥𝑥𝑖𝑖) − 𝑈𝑈𝑖𝑖�𝑥𝑥𝑖𝑖

(0)��

�𝑈𝑈𝑖𝑖�𝑥𝑥𝑖𝑖
(1)�−𝑈𝑈𝑖𝑖�𝑥𝑥𝑖𝑖

(0)��
�

𝑛𝑛

𝑖𝑖=1

 

= �{𝑤𝑤𝑖𝑖 ∗ 𝑈𝑈𝑖𝑖′(𝑥𝑥𝑖𝑖)}
𝑛𝑛

𝑖𝑖=1

 

𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑤𝑤𝑖𝑖 = 𝑈𝑈𝑖𝑖�𝑥𝑥𝑖𝑖
(1)�−𝑈𝑈𝑖𝑖�𝑥𝑥𝑖𝑖

(0)� 𝑎𝑎𝑎𝑎𝑎𝑎 �𝑤𝑤𝑖𝑖 = 1
𝑛𝑛

𝑖𝑖=1

 

𝑈𝑈𝑖𝑖′(𝑥𝑥𝑖𝑖) =
�𝑈𝑈𝑖𝑖(𝑥𝑥𝑖𝑖) − 𝑈𝑈𝑖𝑖�𝑥𝑥𝑖𝑖

(0)��

�𝑈𝑈𝑖𝑖�𝑥𝑥𝑖𝑖
(1)�−𝑈𝑈𝑖𝑖�𝑥𝑥𝑖𝑖

(0)��
 

 
The normalized part-utility 𝑈𝑈𝑖𝑖′(𝑥𝑥𝑖𝑖) is given by the utility function elicited to the expert for each 
attribute (i). Equation 2 clearly establishes that the weight 𝑤𝑤𝑖𝑖 elicited to the experts for each 
attribute (i) depend on the range �𝑥𝑥𝑖𝑖

(0),𝑥𝑥𝑖𝑖
(1)� and express the substitution rate of one criterion in 

comparison to another. 

Assuming weights 𝑤𝑤𝑖𝑖 and 𝑤𝑤𝑗𝑗 (𝑤𝑤𝑖𝑖 ≥ 𝑤𝑤𝑗𝑗) were given by an expert to attributes (i) and (j), the 
facilitator may then present �𝑥𝑥𝑖𝑖

(0),𝑥𝑥𝑖𝑖′� and �𝑥𝑥𝑗𝑗
(0),𝑥𝑥𝑗𝑗

(1)� to the expert and ask whether the expert is 

indifferent to the part-utilities 𝑈𝑈𝑖𝑖(𝑥𝑥𝑖𝑖′) and  𝑈𝑈𝑖𝑖 �𝑥𝑥𝑗𝑗
(1)�, where 𝑥𝑥𝑖𝑖′ is calculated as below. 
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Equation 3: 
𝑈𝑈𝑖𝑖(𝑥𝑥𝑖𝑖′) = 𝑈𝑈𝑗𝑗�𝑥𝑥𝑗𝑗

(1)� 

{𝑤𝑤𝑖𝑖 ∗ 𝑈𝑈𝑖𝑖′(𝑥𝑥𝑖𝑖′)} = �𝑤𝑤𝑗𝑗 ∗ 𝑈𝑈𝑗𝑗′�𝑥𝑥𝑗𝑗
(1)�� 

𝑈𝑈𝑖𝑖′(𝑥𝑥𝑖𝑖′) =
𝑤𝑤𝑗𝑗
𝑤𝑤𝑖𝑖
∗ 𝑈𝑈𝑗𝑗′�𝑥𝑥𝑗𝑗

(1)� 

𝑥𝑥𝑖𝑖′ = 𝑈𝑈𝑖𝑖′
−1 �

𝑤𝑤𝑗𝑗
𝑤𝑤𝑖𝑖
∗ 𝑈𝑈𝑗𝑗′�𝑥𝑥𝑗𝑗

(1)�� 

𝑥𝑥𝑖𝑖′ = 𝑈𝑈𝑖𝑖′
−1 �

𝑤𝑤𝑗𝑗
𝑤𝑤𝑖𝑖
� 

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑈𝑈𝑗𝑗′�𝑥𝑥𝑗𝑗
(1)� = 1 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 
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