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1  |  INTRODUCTION

A surrogate endpoint is defined as a proxy outcome that can substitute for and predict a relevant final patient-relevant outcome, 
such as mortality or health-related quality of life (Ciani et al., 2016, 2017; DeMets et al., 2020; Gyawali et al., 2019; Robb 
et al., 2016). In recent years, regulatory agencies, including the European Medicines Agency (EMA) and the Food and Drug 
Administration (FDA) in the United States (US), have used various accelerated programmes to approve therapies based on 
surrogate endpoints (Salcher-Konrad et al., 2020; US Food Drug Administration, 2021).

Whilst surrogate endpoints may help speed up the evaluation and approval of therapies by allowing faster outcome accrual 
and shorter and smaller clinical trials (Ciani et al., 2016, 2017), reliance on such endpoints introduces decision uncertainty for 
healthcare policy makers. For regulators, surrogate endpoints may fail to fully capture the complete risk-benefit profile of a 
new therapy (Fleming & DeMets, 1996). In the health technology assessment (HTA) and payer setting, reliance on a surrogate 
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Abstract
In the drive toward faster patient access to treatments, health technology assess-
ment (HTA) agencies and payers are increasingly faced with reliance on evidence 
based on surrogate endpoints, increasing decision uncertainty. Despite the develop-
ment of a small number of evaluation frameworks, there remains no consensus on 
the detailed methodology for handling surrogate endpoints in HTA practice. This 
research overviews the methods and findings of four empirical studies undertaken as 
part of COMED (Pushing the Boundaries of Cost and Outcome Analysis of Medical 
Technologies) program work package 2 with the aim of analyzing international HTA 
practice of the handling and considerations around the use of surrogate endpoint 
evidence. We have synthesized the findings of these empirical studies, in context of 
wider contemporary body of methodological and policy-related literature on surro-
gate endpoints, to develop a web-based decision tool to support HTA agencies and 
payers when faced with surrogate endpoint evidence. Our decision tool is intended 
for use by HTA agencies and their decision-making committees together with the 
wider community of HTA stakeholders (including clinicians, patient groups, and 
healthcare manufacturers). Having developed this tool, we will monitor its use and 
we welcome feedback on its utility.

K E Y W O R D S
cost-effectiveness, decision tool, health technology assessment, surrogate endpoints, validation

S U P P L E M E N T  P A P E R

Development of a framework and decision tool for the evaluation 
of health technologies based on surrogate endpoint evidence

Oriana Ciani1,2  |  Bogdan Grigore3  |  Rod S. Taylor4,5 

DOI: 10.1002/hec.4524

Received: 2 August 2021        Revised: 28 November 2021        Accepted: 2 April 2022

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited and is not used for commercial purposes.

© 2022 The Authors. Health Economics published by John Wiley & Sons Ltd.

wileyonlinelibrary.com/journal/hecHealth Economics. 2022;31(S1):44–72.

 10991050, 2022, S1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hec.4524 by U

niversity O
f G

lasgow
, W

iley O
nline L

ibrary on [09/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-3043-6011
http://creativecommons.org/licenses/by-nc/4.0/
https://wileyonlinelibrary.com/journal/hec
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fhec.4524&domain=pdf&date_stamp=2022-05-24


45

endpoint may result in an inaccurate assessment of a therapy's value. Surrogate endpoints have been shown to result in larger 
treatment effects than final outcomes (Ciani, Buyse, et al., 2013; Walter et al., 2012) thus leading to a systematic overestimation 
of clinical (and underestimation of the costs) of a new or emerging technology.

Therefore, it has been recommended that the use of surrogate endpoints be limited only to those that have been validated 
appropriately (Ciani et al., 2014, 2016, 2017; Schuster Bruce et al., 2019). Ideally, such validation requires evidence from 
multiple randomised controlled trials, consistently demonstrating a strong statistical association between the treatment-induced 
change in the surrogate endpoint and the final patient-relevant endpoint (Ciani et al., 2016, 2017). The US FDA website states: 
“Clinical trials are needed to show that surrogate endpoints can be relied upon to predict, or correlate with, clinical benefit. 
Surrogate endpoints that have undergone this testing are called validated surrogate endpoints” (US Food Drug Administra-
tion, 2021). They have published an approved listing of surrogate endpoints across a wide range of diseases, including cancer 
(disease or progression free survival), asthma (forced expiratory volume in 1 s), chronic kidney disease (glomerular filtration 
rate), and diabetes (glycosylated hemoglobin; US Food Drug Administration, 2021).

In 2017, Ciani et al. proposed a methodological framework for the incorporation and reporting of the use of surrogate 
endpoints in HTA (Ciani et al., 2016). As shown in Figure 1, this framework recommends a three step approach: (1) to establish 
the level of evidence available (i.e., whether the relationship between the putative surrogate endpoint and final patient relevant 
outcomes of interest is supported by clinical plausibility [‘level 3’ evidence], observational data [‘level 2’ evidence], and clin-
ical trial data [‘level 1 evidence’]); (2) to assess the strength of the association between the surrogate and final patient relevant 
outcomes: observational or treatment level effect association/correlation; and (3) to quantify the expected effect on the final 
patient relevant outcome(s) given the observed effect on the surrogate endpoint.

Despite the development of this and other evaluation frameworks for surrogates (IQWiG, 2011; Lassere et al., 2012), empir-
ical evidence on their application or uptake by HTA agencies or payers is scarce (Ortiz et al., 2021). Furthermore, the tradi-
tional focus of the use and application of surrogate endpoints has been in the licensing and coverage of drugs and biologics 
with little application to other medical technologies, particularly medical devices (Ciani et al., 2016, 2017). Given this context, 
within work package 2 (WP2) of the COMED (COMED (Pushing the Boundaries of Cost and Outcome Analysis of Medical 
Technologies) European Union Horizon 2020 funded program, we sought to research current international HTA and payers' 
practice on their use of surrogate endpoints and explore whether this practice varied across technologies, such as drugs versus 
devices (COMED, 2021). The overarching goal of WP2 was to develop a framework to support HTA agencies and payers in 
their decision-making and policy processes when faced with the evaluation of health technologies based on evidence from 
surrogate endpoints.

In this paper we first overview the methods and findings of our four empirical studies undertaken as part of COMED WP2: 
(1) an international survey of HTA agencies on their current methodological guidance for use of surrogate endpoints (Grigore 
et al., 2020), (2) a review of the current international practice of the application and validation of surrogate endpoints in HTA 
reports and impact on coverage decisions (Ciani et al., 2021), (3) a qualitative study exploring views of stakeholders on the 

CIANI et al.

F I G U R E  1   Three-step evaluation framework for assessment of surrogate endpoints [Colour figure can be viewed at wileyonlinelibrary.com]
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issue of surrogacy in HTA decision-making, and (4) a pilot choice experiment to better understand the trade-offs made by HTA 
stakeholders on their use of surrogate endpoints evidence as a basis for value determinations. Second, we seek to synthesize 
and apply our research findings, in context of the wider contemporary body of methodological and policy-related literature on 
surrogate endpoints, to revisit the three-step framework and develop a web-based decision tool to support HTA agencies and 
payers when faced with surrogate endpoint evidence.

2  |  METHODS

2.1  |  International survey of HTA agencies approaches to surrogate endpoints

We updated the listing of European HTA agencies of a previous survey of surrogate endpoints by Velasco-Garrido published in 
2009 (Velasco Garrido & Mangiapane, 2009) to include all organisations currently listed as members of major HTA networks 
(as of March 2018) of Health Technology Assessment International (HTAi), European network for Health Technology Assess-
ment (EUnetHTA), and International Network of Agencies for Health Technology Assessment (INAHTA). We also purposively 
included Australia and Canada to learn from these jurisdictions with more mature HTA processes.

Following a detailed review of the website of each HTA agency, we considered how their methods guidelines addressed the 
handling of surrogate outcomes, that is, (1) the level of evidence required, (2) methods of validation, (3) thresholds of accepta-
bility, and (4) whether the guidance was specific to pharmaceuticals or medical devices or both.

2.2  |  Analysis of HTA international reports practice on validation of surrogate endpoints and 
impact on coverage decisions

Given their extensive HTA portfolio (technology appraisal guidance, medical technologies guidance, and diagnostics guidance 
reports), wefirst screened the health technology guidance published by National Institute of Care Excellence (NICE) in United 
Kingdom between May 2013 and June 2018 for reports including surrogate endpoint evidence. Second, based on a selected 
list of NICE reports, we then identified HTA evaluation reports for the same health technology and clinical indication from a 
further sample of eight international HTA agencies chosen to include different geographical areas, the most prominent HTA 
organisations, are known (from our survey above) to have HTA methods guidelines, and expertise in report languages within 
our research team (English, German, and Hungarian). These agencies included Health Improvement Scotland (HIS)/Scot-
tish Medicines Consortium (SMC), Haute Autorité de Santé (HAS) in France, Pharmaceutical Benefits Advisory Committee 
(PBAC) and Medical Services Advisory Committee (MSAC) in Australia, Canadian Agency for Drugs and Technologies 
in Health (CADTH) in Canada, Institut für Qualität und Wirtschaftlichkeit im Gesundheitswesen (IQWiG)/Gemeinsame 
Bundesausschuss (G-BA) in Germany, Zorginstituut Nederland (ZiN) in the Netherlands, and Országos Gyógyszerészeti és 
Élelmezés-egészségügyi Intézet (NIPN) in Hungary. For each included report from each agency, data was extracted on the 
methods approach to handling of surrogate endpoint (based on the three-step framework), the judgment on the acceptability of 
the surrogate endpoint (e.g., ‘‘increase in total kidney volume correlates to growth in cyst volume […] was considered to be an 
appropriate surrogate for disease progression’’), and their coverage recommendation. Mixed effects logistic regression models 
were used to test the impact of validation approaches on the agency's acceptability of the surrogate endpoint and their coverage 
recommendation.

2.3  |  Qualitative study of HTA stakeholders' views on the use of surrogate endpoints

A purposive sampling technique (Palinkas et al., 2015) was used to identify and select the individuals (or organisations) within 
each of the HTA stakeholder groups across Europe.

1.	 �Clinical/healthcare professionals or representatives of professional organisations.
2.	 �Payers or representatives of HTA agencies
3.	 �Healthcare regulators
4.	 �Researchers in regulatory science, biostatistics, health economics, and HTA.
5.	 �Medicines and medical devices manufacturers.

CIANI et al.
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The study recruitment was drawn from stakeholders known to the COMED consortium partners. Potential participants were 
sent an email invitation to participate, including background information on the study and expected time commitment. Upon 
receiving confirmation to participate, they were further contacted by a member of the team to set up the interview date. Up 
to two additional follow-up messages were sent in case of no reply. Ethical approval was granted by the University of Exeter, 
College of Medicine and Health, Research Ethics Committee (UEMS REC reference number: 18/09/182) for this qualitative 
interview-based study.

Interviews were conducted either face-to-face or by telephone. A semi-structured schedule was developed to guide inter-
views and included questions on: (1) the meaning/definition of surrogate endpoint, (2) methods and guidance available to vali-
date such endpoints, (3) level of surrogate-related uncertainty considered acceptable for regulatory and value determinations, 
and (4) specific consideration of these issues for drugs versus medical devices. The four questions included a closed component, 
where interviewees were asked to provide a score on a six-point Likert scale (e.g., on a scale from 0 (not relevant) to 5 (essen-
tial), how important is…?). Piloting was conducted with three potential participants, and the draft interview guides were revised 
accordingly. A copy of the interview schedule is provided in the Appendix 3. Interviews were conducted by a member of the 
research team either in English or native language of the interviewee, where possible.

A total sample of >20 participants was judged to be achievable and provide sufficient information for qualitative analysis 
(Vasileiou et al., 2018). Interviews were digitally recorded, transcribed, and (where necessary) translated into English. Tran-
scripts were deidentified (pseudonymized) and analyzed thematically, according to the principles of reflexive thematic analysis 
(Braun & Clarke, 2006), independently coded the qualitative data, analyzed by two members of the research team (OC/BG). 
Any discrepancies/differences in interpretation were resolved through discussion and involvement of a third researcher (RST). 
Quantitative data from closed questions were summarized descriptively.

2.4  |  Pilot choice experiment with HTA stakeholders on their decision making when faced with 
surrogate endpoint evidence

We recruited participants from two sources: (1) postgraduate students from the Bocconi University Master Program in Inter-
national Healthcare Management, Economics and Policy (MIHMEP) studying health economics; (2) colleagues from partner 
institutions in the COMED consortium. It was anticipated that all participants had adequate background knowledge to complete 
the choice tasks. Ethics approval obtained from the Bocconi University Ethics Committee (SA000160/September 28, 2020). 
The study was conducted online (Qualtrics, Provo, UT, USA) and presented/collected information to participants as follows: 
an introduction to the study (explaining the rationale of the study) and collection of their demographic details, choice tasks, 
and debriefing questions asking for feedback on the questionnaire (structure, content and intelligibility and any suggestions for 
improvement). A copy of the online survey script is provided in Appendix 1.

The choice task attributes (see Appendix 2) were developed iteratively by the project team based on our understanding of 
the challenges in the use of surrogate endpoints in HTA (Ciani et al., 2021) and our findings of the three empirical WP2 studies 
outlined above. A two-step vignette was used where participants were asked to: (i) first determine the acceptability of the surro-
gate endpoint illustrated in the vignette, and (ii) then, make a coverage decision. Two hypothetical—but based on real world 
examples - vignettes were developed: one based on a pharmaceutical (i.e., a drug therapy indicated for the treatment of neuro-
muscular symptoms of a metabolic myopathy, ‘Scenario 1’) and the other, a medical device (i.e., a device-based procedure 
for the treatment of resistant hypertension using renal denervation, ‘Scenario 2’). Each vignette was framed within a detailed 
case study of the hypothetical surrogate endpoint—Scenario 1: serum levels of the enzyme matrix metalloproteinase 9 (MMP); 
Scenario 2: systolic blood pressure, each with four attributes of the surrogate endpoint at two levels:

1.	 �Source of evidence for the validation of the surrogate endpoint (stronger vs. weaker evidence);
2.	 �Class of therapies providing evidence for the validation of the surrogate endpoint (same vs. different treatment class);
3.	 �Strength of association between the surrogate and patient-relevant endpoint (weaker vs. stronger association);
4.	 �Surrogate threshold effect (STE) that is, the minimum effect on the surrogate to predict a significant effect on the patient-rel-

evant endpoint (Lower vs. higher STE likely to be observed; Ciani et al., 2016, 2017).

Based on the information provided, the participant was asked to characterize the surrogate measure as either ‘acceptable’ 
(i.e., valid) or ‘not acceptable’.

CIANI et al.
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Following their judgment on the acceptability of the surrogate measure, the participant was asked to judge as a payer 
whether the therapy should be approved, given four contextual factors (each with 2 levels):

1.	 �Condition prevalence (lower vs. higher prevalence);
2.	 �Condition baseline (health-related quality of life) utility score (on 0–1 scale; more severe vs. less severe disease);
3.	 �Comparator (no alternative treatment(s) versus existing alternative treatment(s));
4.	 �Effect on the final patient-relevant outcome based on ‘immature data (positive vs. negative trend).

We sought to recruit ∼20 participants based on previous choice experiments (Braun & Clarke, 2006) assessing determine 
feasibility and acceptability. Given the pilot nature of this study, the primary focus of our data analysis and presentation was 
descriptive. We report a summary of the recruitment process, response rate, questionnaire completion rate, and summary char-
acteristics of the participants. Response counts for the choice tasks were tabulated and individual choice responses summarized 
through a Sankey flow diagram.

3  |  RESULTS

3.1  |  International survey of HTA agencies approaches to surrogate endpoints

Of the 74 HTA agencies included, 44 had methods guidelines, 29 (66%) of which included consideration of the handling of 
surrogate endpoints in their methods guidance. Although the extent to which guidelines provided specific consideration on the 
use of surrogate endpoints varied across agencies, the majority were based on the guidance on surrogate endpoint methods 
of the EUnetHTA collaboration ‘Endpoints used in relative effectiveness analysis of pharmaceuticals: Surrogate Endpoints’ 
published in November 2015 (EUnetHTA, 2015). Seven agencies had methods guidelines that included detailed methodologi-
cal consideration of surrogate endpoints—IQWiG (Germany), NICE (UK); AOTMiT (Agency for Health Technology Assess-
ment and Tariff System, Poland); INFARMED (National Authority of Medicines and Health Products, Portugal); PBAC and 
MSAC (Australia), and CADTH (Canada). These guidelines included recommendations of the methods for the validation of 
surrogate endpoints and, in two cases, cut-offs for the acceptance of surrogates based on their validation (IQWiG, PBAC). Two 
counties had separate drug and medical device specific HTA processes (i.e., UK: NICE Technology Appraisal and Medical 
Technology Evaluation programmes; Australia: PBAC and MSAC programmes). In both case, methods guidance for medical 
devices appeared less specific and did not include any specific recommendations on the handling of surrogate endpoints.

3.2  |  Analysis of HTA international reports practice on validation of surrogate endpoints and 
impact on coverage decisions

We included 23 NICE technology assessments of which: 21 (91%) were pharmaceuticals and 2 (9%) were medical devices; 12 
(52%) in oncology indication, 3 (13%) cardiovascular indications, 2 (9%) for either an endocrinology or a nephrology indica-
tion, and the remainder spread across a variety of conditions (i.e., chronic hepatitis C, biliary cholangitis, vitreomacular traction, 
pulmonary fibrosis). We identified a total of 124 reports across all 8 HTA agencies matching these NICE appraisals. There was 
a median of 5 evaluations per technology: 4 technologies (alirocumab, evolocumab, pirfenidone, ribociclib) were evaluated by 
all 8 agencies and one technology (Geko device; FirstKind Ltd High Wycombe, UK) was only evaluated by NICE. Of the 124 
included reports, 61 (49%) discussed the level of evidence to support the relationship between the surrogate and the final patient 
relevant outcome, 27 (22%) reported a correlation coefficient/association measure, and 40 (32%) quantified the expected effect 
on the patient-relevant final outcome. The level of depth and scrutiny applied by different agencies in relation to the validation 
of surrogate endpoints varied considerably: NICE was the agency most likely to report on the level of evidence, strength of 
association, and quantification of effect related to the validation of a surrogate endpoint. However, the statistical association 
(e.g., R 2, Spearman's r correlation coefficient) and quantification of the expected treatment effect on the patient-related final 
outcome, based on the observed effect on the surrogate endpoint, were rarely reported. Overall, the surrogate endpoint was 
deemed acceptable in 49 (40%) reports (k-coefficient 0.10, p = 0.004). Any consideration of the level of evidence (level 1 to 
3) was associated with acceptance of the surrogate endpoint as valid (odds ratio [OR], 4.60; 95% confidence interval [CI], 1.60 
to 13.18, p = 0.005). However, we did not find strong evidence of an association between accepting the surrogate endpoint and 
the coverage recommendation (OR, 0.71; 95% CI, 0.23 to 2.20; p = 0.55).

CIANI et al.
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3.3  |  Qualitative study of HTA stakeholders' views on the use of surrogate endpoints

A total of 27 interviews were conducted between October 2019 and February 2020 from individuals based across Europe 
(Austria 1, Switzerland 1, Germany 5, France 1, Hungary 4, Italy 4, Netherlands 3, Sweden 1, and UK 7) that included 
representation from regulators (3), payers & HTA agencies (9), clinicians (6), researchers (4), and healthcare manufacturers (5).

Respondents rated the importance of having a “valid” surrogate endpoint (when evidence on patient-relevant endpoints was 
absent), as ‘high; with a mean rating of 4.3 (median 4.0; with rating scale of 0 ‘not relevant’ to 5 ‘essential’). Eleven (41%) 
respondents noted that surrogates were acceptable in HTA with one respondent stating “while ideally one would have informa-
tion on the patient-relevant endpoint, if that is not available, then the surrogate is the next best thing” [E09]. When asked about 
surrogate endpoint validity, 8 (30%) respondents referred to the concept of surrogacy, that is, (1) a candidate surrogate endpoint 
must be shown to forecast outcome in the same fashion as a prognostic marker (‘individual-level’ surrogacy and (2) that the 
effect of treatment on the candidate surrogate endpoint must be closely correlated with the effect of treatment on the patient-rel-
evant endpoint (‘trial-level’ surrogacy). However, illustrated by the following quotation “there is no generally accepted crite-
rion, which would be sufficient to prove validity” [E21], 6 (22%) respondents pointed out there they believed there to be agreed 
criterion for surrogate validity. Most respondents (17, 63%) indicated that they would like to see at least level 2 evidence (i.e., 
observational studies showing the association of the surrogate endpoint and the final outcome) and 10 (37%) indicated they 
would prefer Level 1 evidence. Respondents indicated that it would be slightly more difficult to validate surrogate endpoints 
for a medical device as compared to drug (mean and median ‘2’, where 0 is ‘same difficulty’ and five is ‘much more difficult’). 
Eight (30%) interviewees stated that they considered drugs and medical devices to be similar and illustrated by the following 
quotes: “in principle, the challenge is exactly the same” for medical devices [E13] (“insulin pumps in diabetes; there would not 
be a problem of sample size. I don't see why the reasoning should be different with medtech. We should follow  the same require-
ments” [E22]) and the issue was more one of the disease area (“the problem lies less in the type of therapy (e.g., radiotherapy 
vs. drugs) but in the specific indication (e.g., prostate cancer)” [E08]). When asked about what methods are available and used 
to validate potential surrogate endpoints, 14 (52%) interviewees replied they knew none. Four researcher respondents pointed 
to the meta-analytic approach on stating “use only aggregate data from RCTs, which are publicly available, so much easier to 
implement in a HTA setting” [E02].

The majority (15, 56%) of respondents reported they did not know any specific guidelines for surrogate endpoints. 
One respondent referred to the approach followed in the IQWiG methods, six (22%) referred to NICE methods guidelines 
(EUnetHTA,  2015), and four (15%) cited the EunetHTA guidelines (Braun & Clarke,  2006). Only 2/27 (7%) respondents 
indicated that were ‘completely satisfied’ with current available guidance for the use of surrogate endpoints with a satisfaction 
mean score of ‘2’ (median 2; scale: 0 ‘not at all’ to 5 ‘completely satisfied’) and that they thought it was very important to 
improve guidance for the use of surrogate endpoints in health care decision making (mean 4.2, median 4). The need for harmo-
nization in HTA agencies between jurisdictions were highlighted (“England and Wales, sometimes Scotland, made a different 
decision based on the same evidence” [E09]), “HTA agencies sometimes have very different approaches to surrogate endpoints” 
[E13]) as was the need for harmonization between regulators and payers/HTA agencies (“I have come across situations where 
regulators have approved treatments based on very weak evidence” [E09]).

3.4  |  Pilot choice experiment with HTA stakeholders on their decision making when faced with 
surrogate endpoint evidence

A total of 20 participants (13 postgraduate students and 7 COMED partners) completed online choice experiments. The recruit-
ment process is summarized in Figure  2. There were no differences in characteristics between those who did and did not 
complete the online task.

A summary of the characteristics of survey completers is provided in Table 1.
Excluding 5 participants who did not complete the task in one sitting, the mean time to complete the survey was 14 min 

(range: 5–24 min). Overall, 16 (80%) respondents strongly or somewhat agreed with the statement “The background informa-
tion provided clear explanation about the purpose of the study”, with none strongly disagreeing.

Fourteen (70%) and 10 (50%) agreed the two scenarios were plausible and agreed with the statement “The choice tasks 
were relatively easy to perform” respectively. Specific feedback comments included minor typographical or syntax errors, or 
suggestions for clearer wording (e.g., for statement “With an innovative technology, it is always acceptable to rely on evidence 
for validating a surrogate endpoint derived from a previous class of therapies”).

CIANI et al.
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50 CIANI et al.

F I G U R E  2   Recruitment flow diagram

Number (percentage, N = 20)

Population

  MIHMEP students 13

  COMED partners 7

Gender

  Male 7 (35%)

  Female 13 (65%)

  Prefer not to say –

Age group

  18–24 –

  25–34 14 (70%)

  35–44 5 (25%)

  45–54 1 (5%)

  55–64 –

  65–74 –

  75 or older –

Background

  Economics 9 (45%)

  Engineering 2 (10%)

  Humanities/Law 1 (5%)

  Medicine 1 (5%)

  Nursing/healthcare profession 2 (10%)

  Pharmacy/Biomedical sciences 5 (25%)

Current occupation

  Academia 10 (50%)

  Public agency/competent authority/government 2 (10%)

  Industry 4 (20%)

  Healthcare organization –

  Consulting firm 4 (20%)

T A B L E  1   Participant characteristics of 
survey completers
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In Scenario 1, seven (35%) participants assessed the surrogate endpoint as unacceptable; of these seven, only four chose not 
to reimburse the technology. In total, six (30%) chose to reimburse the technology described in the scenario. In Scenario 2, nine 
(45%) respondents chose not to accept the surrogate as valid; the majority choosing not to reimburse the technology. In total, 
four (20%) of the respondents chose to reimburse/approve the technology (see Table 2).

The individual choices by each participant in the two scenarios are presented in Figures 3 and 4 (and details is provided 
Appendices 4 and 5). To illustrate the process, we describe the choices made by two of the participants. In Scenario 1 (see 
Figure 3), participant ID13 was presented with the permutation IC10 of surrogate endpoint evidence (i.e., validation evidence 
based on observational data, derived from the same class of therapies, with a stronger association between surrogate and final 
endpoints, and a lower surrogate threshold effect) and concluded that the surrogate endpoint was likely an acceptable outcome 
measurement. They were then presented with permutations IC7T of the technology characteristics (i.e., higher prevalence, 
more severe disease, where therapeutic options already exist, and a positive effectiveness suggested by the immature final 
endpoint data), based on which they concluded the technology should likely be reimbursed. In Scenario 2 (see Figure 4), 
participant ID16 considered the surrogate as acceptable based on permutations IIC9 (i.e., evidence from a meta-analysis of 
randomised controlled trials on the same therapeutic class, with a weaker association and a lower surrogate threshold effect). 
When presented with the technology characteristics permutations IIC11 T (lower prevalence, less severe disease, with existing 
therapies and immature final point evidence favoring the control), the participant chose not to reimburse the technology.

4  |  DISCUSSION

Whilst the use of surrogate endpoints as primary endpoints in clinical trials can accelerate regulatory approval and market 
access for selected healthcare technologies, they increase decision uncertainty for HTA agencies and payers faced with making 
coverage and funding decisions for health technologies. Work package 2 of the EU H2020 funded COMED program undertook 
four linked empirical research studies with the overarching goal of improving the knowledge base to support HTA agencies and 
payers in their handling of surrogate endpoints.

Our research findings have important implications for current HTA and policy practice. First, our updated survey of interna-
tional HTA agencies (Grigore et al., 2020) demonstrates there has been an increase in the development of methodological guid-
ance for the use of surrogate endpoints over the last decade, largely driven by the adoption of EUnetHTA guidance on surrogates 
published in 2015 (Braun & Clarke, 2006). Nevertheless, only a small number of HTA settings (Australia, Canada, Germany, 
and UK) have developed what we deemed to be sufficiently detailed advice on the statistical methods of surrogate validation or 
clear transparency on their criterion for acceptance (or rejection) of surrogates (COMED, 2021). This was further evidenced by 
our analyses of HTA reports (Ciani et al., 2021) that showed considerable variability across HTA agencies in their application 
of these validation methods or criteria for surrogate endpoint acceptance. Our interview-based study highlighted variability 
across stakeholder groups in their confidence, familiarity, and understanding of these issues. Research (including statisticians 
and health economists based in academia, the healthcare industry, and regulatory agencies) had detailed knowledge and under-
standing of surrogate validation methods. Whilst often critical of the value surrogate endpoints, we found patient representative 
groups to be much less familiar with technical approaches to assessing surrogate validity. Across the payers/Payers or represent-
atives of HTA agencies interviewed there appeared to a range of expertise and confidence in handling of surrogate endpoints. 
Such heterogeneity in institutional expertise and methods may explain the variability in acceptance and coverage decisions that 
we observed when we compared HTA agencies across a common basket of health technologies decisions.

Second, our choice experiment study and analysis of HTA reports (Grigore et al., 2020) showed an intriguing ‘disconnect’ 
by HTA agencies and payers in their judgment of surrogate acceptance and their coverage decision. Both these studies indicated 
that whilst stronger validation evidence (e.g., regression analysis of randomised controlled trials demonstrating the association 
between the intervention effect on the surrogate endpoint and final patient-relevant outcome) would lead to increased likelihood of 
an agency's ‘acceptance’ of the surrogate, our analyses showed that this did not necessarily appear to translate to a positive cover-

CIANI et al.

Scenario 1

Valid 
surrogate 
– YES

Valid 
surrogate 
- NO Scenario 2

Valid 
surrogate 
- YES

Valid 
surrogate 
- NO

Full coverage – YES 3 (15%) 3 (15%) Full coverage – YES 3 (15%) 1 (5%)

Full coverage – NO 10 (50%) 4 (20%) Full coverage – NO 8 (40%) 8 (40%)

Note: Values represent number of responses, percentages are in brackets (out of a total of 20).

T A B L E  2   Summary of responses to 
choice tasks
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52 CIANI et al.

F I G U R E  3   Choices in Scenario 1: pharmaceutical evaluation (Section C: experimental scenario I). IC1-IC16 indicate variants displayed for 
surrogate evidence (contents of these variants presented in the connected rectangle boxes); IC1T-IC16 T indicate variants displayed for technology 
evaluation (contents of these variants presented in the connected rounded corner boxes); STE – surrogate threshold effect; FE – final endpoint 
[Colour figure can be viewed at wileyonlinelibrary.com]

F I G U R E  4   Choices in Scenario 2: medical device evaluation (Section C: experimental scenario II). IIC1-IIC16 indicate variants displayed 
for surrogate evidence (contents of these variants presented in the connected rectangle boxes); IIC1T-IIC16 T indicate variants displayed for 
technology evaluation (contents of these variants presented in the connected rounded corner boxes); STE – surrogate threshold effect; FE – final 
endpoint [Colour figure can be viewed at wileyonlinelibrary.com]
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age decision. Whilst this ‘disconnect’ may simply reflect the variation in depth of methodological approach applied by agencies, 
it may also indicate that consideration of the treatment effect (based on a surrogate endpoint in this case) is only one factor that 
contributes toward a coverage decision in the appraisal of a health technology (National Institute for Health and Care Excellence 
(NICE), 2013; Rawlins & Culyer, 2004). For example, if an indication is rare, has a severe disease impact, or has a high unmet 
treatment burden, HTA agencies and payers may be willing to trade off their uncertainty in treatment effect and make a positive 
technology funding decision. Given that regulators have traditionally supported surrogate endpoints as part of their accelerated 
programmes (Gyawali et al., 2019; Salcher-Konrad et al., 2020), such as for orphan conditions or innovative treatments with high 
unmet treatment need, this is perhaps one specific area of application of surrogate endpoints where regulators and payers can 
develop a consensus and compile a joint list of approved (validated) surrogate endpoints (US Food Drug Administration, 2021).

4.1  |  Development of a decision tool for HTA agencies/payers

Our research underscores the urgent need for technical support for the HTA and payer community in their assessment of the 
clinical and cost-effectiveness of health technologies when based on surrogate endpoint evidence. Such technical support 
includes: (1) the use of appropriate statistical validation methods, (2) clarity around the criteria for surrogate acceptance (or 
rejection), (3) transparency in the quantification of surrogate endpoint treatment effects in economic models (where relevant), 
and (4) incorporation of appropriate uncertainty into the decision-making process. We have identified a small number of HTA 
agencies, together with the European Network of HTA agencies, that have developed methods guidance for the surrogate 
endpoints that address the majority of these issues - UK NICE, German GBA and IQWiG, Australian PBAC and Canadian 
CADTH. However, despite the public availability of this detailed technical guidance, there remain potential barriers within 
individual HTA agency or payer settings to the systematic implementation of these approaches, such as technical capacity and 
difference in HTA processes. Initiatives such as the EU proposal of joint HTA clinical assessment (Kanavos et al., 2019) may 
provide the opportunity for implementation of a harmonized approach to the validation of the handling of surrogate endpoints 
across European agencies.

To facilitate such implementation and based on the three-step framework for surrogate endpoints introduced above, we have 
developed a web-based decision tool to support HTA agencies and payers when faced with the assessment of health technol-
ogies based on surrogate endpoint evidence. The tool was empirically developed by two of the authors (OC & RST) based on 
the findings of our research work undertaken in WP2 and the wider literature on the use of surrogate endpoints in HTA. We 
acknowledge that its development has not involved the wider community of researcher and policy makers. We therefore much 
welcome feedback on the utility of the decision tool. The tool is based on a process flowchart that provides the user with a step-
by-step guide through the decision-making process (see Figure 5) and is available online (https://www.sphsu.gla.ac.uk/comed/
index.php). It is important to emphasise that this tool does not replace the existing HTA assessment, appraisal, and policy 
making processes but rather provides a guide to support these existing processes in those situations where the clinical evidence 
base relies primarily on a surrogate endpoint.

The decision support tool directs the user through five questions (diamond shaped boxes), the responses to which determine 
the path through the algorithm arriving at a final recommended decision (blue circles).

4.1.1  |  Is the primary endpoint a surrogate?

A surrogate endpoint definition widely applied in the regulatory setting is ‘a laboratory measurement or physical sign used in 
therapeutic trials as a substitute for a clinically meaningful endpoint, that is a direct measure of how a patient feels, functions, 
or survives, and is expected to predict the effect of the therapy’ (De Gruttola et al., 2001). This definition is usually limited to 
biomarkers (e.g., blood pressure, bone density, tumor size), clinical measures that can be objectively quantified but may not be 
perceived by patients. However, within the HTA context, a broader surrogate endpoint definition is needed that also includes 
the concept of an intermediate outcome, that is, an outcome of value to the patient that is thought to capture the causal path-
way through which the disease process affects the final patient-relevant outcomes (e.g., for a therapy for heart failure, exercise 
capacity may serve as valid surrogate (intermediate) endpoint for cardiovascular mortality (Ciani et al., 2018)). HTA agencies 
and payers may also seek to broaden the definition of final patient-relevant outcomes to include not only clinical events (such as 
disease-related hospitalization or death) but also health-related quality of life (NICE, 2013). A key element of the HTA process 
is for stakeholders to clarify at the outset of a technology appraisal what might be an acceptable surrogate end point and final 
patient-patient outcome, and how they are measured (Drummond et al., 2008).

CIANI et al.
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If the answer to this question (Is the primary endpoint a surrogate?) is ‘no’ (e.g., trial-based evidence is available with 
mature overall survival data), the decision tool will direct the user to a traditional approach for the assessment of clinical and 
cost-effectiveness assessment. However, if the evidence is primarily based on a surrogate endpoint, the tool will progress 
the user to a set of operations (rectangles) that deal with gathering the evidence about the relationship between the surrogate 
endpoint and final patient-relevant outcomes.

CIANI et al.

F I G U R E  5   Surrogate outcome decision support tool. LY, life years; QALY, quality-adjusted life years [Colour figure can be viewed at 
wileyonlinelibrary.com]
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4.1.2  |  Gather the evidence about the surrogate-to-final outcome relationship

Establishing the validity of a surrogate endpoint requires a comprehensive review of the evidence for relationship between the 
surrogate and final patient-relevant outcome of interest and be based on a systematic review approach (Ciani et al., 2016, 2017). 
This review should include the following types of evidence: (1) randomised controlled trials, where both the surrogate and final 
outcome have been measured, (2) observational (or large single-arm interventional) studies, where both the surrogate and final 
outcome have been measured, and (3) mechanistic clinical studies designed to understand a biological process, the pathophys-
iology of a disease, or the mechanism of action of an intervention. This evidence should be interpreted using the Bradford Hill 
criteria for epidemiological causality (Hill, 1965) including whether the surrogate-final outcome relationship is consistent (i.e., 
do different studies show a consistent relationship?), strong (e.g., is there a high correlation coefficient?), plausible (i.e., does 
the relationship fit with existing biological/clinical thinking), and specific (i.e., is the relationship demonstrated in the relevant 
specific disease population/indication and class of treatment). Based on the different sources of evidence that might be availa-
ble, the decision tool directs the user through the following three specific questions.

4.1.3  |  Is there evidence of biological plausibility?

According to the hierarchy of evidence, whilst necessary and important, biological plausibility of the relationship between 
the surrogate and final outcome (based on mechanistic studies and understanding of the pathophysiology of the disease and 
mechanism of action of the intervention) is necessary but not sufficient and corresponds to ‘Level 3 evidence’. Recent devel-
opments of in silico disease modeling may contribute at this level (Musuamba et al., 2021). Such evidence alone is insufficient 
to establish the validity of the putative surrogate endpoint and the decision tool therefore directs the user to a question on the 
next level of evidence.

4.1.4  |  Is there observational evidence of an association between surrogate and final outcome?

This ‘individual (or patient) level’ evidence is typically sourced from observational design (e.g., cohort studies) or analysis 
of interventional studies the surrogate and final outcome association is assessed irrespective of treatment. For a surrogate to 
be considered valid, there should be a strong association quantified by statistical approaches such as a correlation coefficient 
(Pearson's, Spearman's, Kendall's) or coefficients of determination (R 2). Prognostic model research or alternative measures 
derived from information theory could be used. In general, the stronger the correlation, the more likely the causal link between 
the surrogate and final outcomes, provided adjustment for confounders has been performed (Bucher et al., 1999). Whilst neces-
sary, level 2 evidence is not generally considered sufficient for acceptance of a surrogate endpoint (Ciani et al., 2016, 2017). 
However, our COMED research has shown this level of evidence can be deemed sufficient by HTA agencies in particular 
circumstances including rare disease and conditions with high unmet treatment need, where flexibility is expected in the deci-
sion-making process. If Level 2 evidence is available, the decision tool directs the user to assess the strength of the association 
between the surrogate and final patient-relevant endpoint (individual-level surrogacy; see case study 2).

4.1.5  |  Is there evidence from randomised controlled trials showing that treatment changes in the 
surrogate and final outcome are associated?

For unequivocal surrogate endpoint acceptance, level 1 evidence is required, that is, a number of randomised controlled trials 
showing a strong association between the treatment change in surrogate and outcome undertaken in the appropriate patient 
population and therapy class. The more the RCTs the better, however the number of trials needed is hard to quantify as it 
may depend on the surrogacy pattern. This surrogate-final outcome treatment association is expressed at the trial-level typi-
cally based on a meta-analysis of a number of randomised trials and expressed as coefficient of determination from a linear 
regression of treatment effects on endpoints (see case study 1; Buyse et al., 2010), although linear regression is known to 
underestimate the uncertainty around the parameters describing the surrogate relationship (Bujkiewicz et al., 2017; Bujkiewicz, 
Achana, et al., 2019; Welton et al., 2020). Bivariate meta-analytic methods that involve appropriate inclusion of all relevant 
uncertainty are preferred (Daniels & Hughes, 1997).

CIANI et al.
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There has been debate around what might constitute an ‘acceptable’ level of surrogate-final outcome association, with 
a correlation of ≥0.6 is often cited as ‘acceptable’ (Ciani et al., 2014), However, advocating a predefined threshold for the 
strength of association may not be the best approach needed. Instead, it may be better to reflect the quality of the surrogate-final 
outcome association in the uncertainty around the predicted treatment effect on the final outcome (Ciani et al., 2016, 2017).

Meta-analysis of individual participant data (IPD) from single or multiple randomised controlled trials provides an optimal 
approach to surrogate validation as it enables the standardization of statistical methods across trial data sets and analysis of the 
association at both the individual and trial levels (Xie et al., 2019). However, meta-analyses based on aggregate (trial level) data 
remains the most reported approach to surrogate validation (Ciani et al., 2014). Reporting guidelines of surrogate endpoint eval-
uation using meta-analyses have been developed to promote greater methodological consistency and facilitate the interpretation 
and reproducibility of meta-analytic surrogacy evaluation (Xie et al., 2019). More computationally intensive statistical methods 
of validation have been proposed including Bayesian multivariate meta-analytic methods for modeling surrogate relationships 
in each treatment pairwise comparison whilst borrowing information from other treatment contrasts, or for borrowing infor-
mation about surrogate relationships across treatment classes within a hierarchical model (Bujkiewicz, Jackson, et al., 2019; 
Papanikos et al., 2020). Exploiting full or partial exchangeability of evidence across indications or treatment classes may be 
needed in those situations where flexibility is warranted by important contextual considerations.

4.1.6  |  Is the treatment effect predictable and favorable?

Following assessment of the validity, the next step is the prediction and quantification of the treatment effect on the final 
outcome with related uncertainty (see Figure 1), given the treatment effect observed effect on the surrogate in the pivotal trial 
of the technology under evaluation.

For level 1 evidence, predictions can be derived directly from linear regression, or preferably bivariate meta-analytic meth-
ods based on intercept, slope, and conditional variance of the linear model of the relationship between the treatment effects on 
the surrogate and the treatment effects on the final outcome (Bujkiewicz, Achana, et al., 2019). This prediction makes use of 
all data from the previous relevant studies reporting the treatment effects on both outcomes with corresponding standard errors, 
together with the data on the treatment effect on the surrogate endpoint and the corresponding standard error for the new study. 
The unreported treatment effect on the final outcome in the new study, and the corresponding standard error, are considered 
as missing and predicted from the model by the Markov chain Monte Carlo simulation, by assuming that the two treatment 
effects and their corresponding population level variances follow the same model as the data from all other studies reporting 
the treatment effects on both outcomes.

The 95% confidence (or credible) interval (95% CI) provides an estimate of uncertainty of the predicted treatment effect on 
the final outcome. Surrogate threshold effect (STE) has been defined as the minimum treatment effect on the surrogate neces-
sary to predict an effect on the final patient-relevant outcome (Burzykowski & Buyse, 2006). This metric could support the 
quantification of the predicted treatment effect on the final outcome, since treatments that are able to induce effects larger than 
the STE on the surrogate would be expected to also induce a proportionally greater effect on the final outcome.

When only level 2 evidence is available, the treatment effect on the final-reported outcome needs to be estimated indirectly from 
the observed treatment effect on the surrogate. Proceeding with this step even in the absence of Level 1 evidence may be appro-
priate in the context of rare diseases or in general interventions for which randomized evidence is rarely available. The approaches 
vary depending on the type of surrogate endpoint and available observational data. For example, overall survival curves estimated 
separately for responders and non-responders (with or without a landmark time) may be combined with the observed proportions 
of patients in the trial who did and did not achieve a response after treatment (Ciani, Hoyle, Pavey, et al., 2013). Consequently, 
a treatment effect on the final patient-relevant outcome can be estimated. Given the indirect nature of these estimates, additional 
decision uncertainty should be factored into to the acceptance of clinical effectiveness of the technology in question.

In addition to assessment of clinical effectiveness, many HTA agencies/payers will also require a formal assessment of 
cost-effectiveness to make a coverage decision for a health technology. When a cost-effectiveness evaluation is required, 
a common challenge is that the outcome used in the economic evaluation is not the primary endpoint used in the clinical 
trial. In this respect, a decision support tool such as the one discussed in this study may be of considerable help, given that 
cost-effectiveness models cannot ignore the clinical effectiveness of the alternative options under evaluation. Ensuring 
that the issue of  the validity of the surrogate endpoint is accounted for in a cost-effectiveness model implies transparency 
on how the surrogate treatment effect contributed to a model-based assessment of the incremental cost-effectiveness, 
whether through estimation of life years gained (NICE, 2016), quality-adjusted life years gained (e.g., determining differ-
ent levels of utility value to use for different health states; SMC, 2015), or incremental costs (Hawkins et al., 2012). Avail-

CIANI et al.
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able studies show consideration of validity of the surrogate endpoint is usually disregarded at this stage, and modeling 
approaches often rely on extrapolation of immature overall survival data or, when overall survival data are not available, 
on assumptions based on anecdotal evidence, evidence from different treatment settings, or expert opinion (Beauchemin 
et al., 2016; Ciani et al., 2021).

The practical implementation of the decision support tool developed is illustrated using two HTA case studies available as 
an online appendix, one on a medical device technology and the other on oncology drugs: (1) renal denervation for resistant 
hypertension where level 1 evidence was available (Boer et al., 2021) and (2) dasatinib, nilotinib, and imatinib for newly diag-
nosed newly diagnosed Philadelphia chromosome positive chronic myeloid leukemia where only level 2 evidence was available 
(Ciani, Hoyle, Cooper, et al., 2013; Pavey et al., 2012).

5  |  CONCLUSION

This research program sought to analyze contemporary international HTA practice and views and preferences of stakeholders with 
the overarching objective of improving the decision-making process for the use of surrogate endpoints in the assessment of the clin-
ical effectiveness and cost-effectiveness of new or existing healthcare technologies. Based on our research findings, we adapted the 
three-step evaluation framework as a web-based decision support tool. This decision tool is intended for use by HTA agencies and 
their decision-making committees together with the wider community of HTA stakeholders (including clinicians, patient groups, 
and healthcare manufacturers). Having developed this tool, we plan to monitor its use and we welcome feedback on its utility.
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APPENDIX 1:   CHOICE EXPERIMENT QUESTIONNAIRE

Investigating attitudes to surrogate evidence in health technology assessment: a binary choice experiment pilot

Informed consent
The purpose of the following text is to supply you with the information you need in order for you to provide your informed 
consent for your participation in this research project.

Statement of the research being undertaken
The study is part of an European Union funded project called COMED (Pushing the boundaries of Cost and Outcome analysis 
of MEDical Technologies) that seeks to develop scientifically rigorous recommendations on methods for the assessment of 
health technologies. Prof Aleksandra Torbica at the Center for Research on Health and Social Care Management(CERGAS) is 
the principal investigator. This specific study is led by Dr Oriana Ciani(oriana.ciani@unibocconi.it) from Bocconi University, 
Prof Rod Taylor (Rod.Taylor@glasgow.ac.uk) from Glasgow University and Dr Bogdan Grigore (b.grigore@exeter.ac.uk) from 
Exeter University. As former student on the MIHMEP course between 2016 and 2019, SDA Bocconi has given us permission 
to directly contact you to seek your participation in this research exercise on surrogate endpoints.

Procedures and duration
The exercise involves you reading two hypothetical scenarios each of which requires you to give your view on the strength of 
evidence for the surrogate endpoint and whether you would fund a technology based on this evidence. Before completing these 
two scenarios, we will ask you some brief demographic questions about yourself, attitudinal questions about the use of health 
care evidence, and then finally, at the end of this exercise, we would like your views on how you found undertaking this exer-
cise. We anticipate that the completion of the scenarios and questions will take you about 15 min in total.

Expected benefits and foreseeable risks
We do not anticipate any further burden to you, beside the time commitment. Furthermore, we expect that participation in this 
study will re-acquaint you with the current concerns about the use of surrogate endpoints in health technology assessment.

Voluntary participation
Participation in this study is voluntary. You will be able to withdraw from the study at any point, and your withdrawal involves 
no penalty or loss of benefits you would otherwise receive. You do not have to answer questions you don't want to answer. If you 
have given your consent and you wish to withdraw it, please contact Dr Oriana Ciani (oriana.ciani@unibocconi.it) or Dr Bogdan 
Grigore (b.grigore@exeter.ac.uk). Please note that where our processing of your personal data relies on your consent and where 
you then withdraw that consent, its withdrawal shall not cause any effect in the lawfulness of the previously processed data.

Compensation
There will be no material compensation for participating in the study.

Deception
This study does not involve deception.

Research participant declaration
Please click the box to confirm you agree to continue this survey.

I confirm that I read the patient documentation, and I declare having read and understood its content. I confirm that I am 
18 years of age or older, and volunteer to take part in this research. Taking note that my Data are processed in full compliance 
with the Law, I freely consent to my Data to be used in the manner and uses described. I also declare having understood my 
rights and limitations, as well as how to exercise them.

Thank you for agreeing to participate – please read the text below that provides some background on surrogate 
endpoints in health care and then complete sections A, B, C and D.
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What are surrogate endpoints and what are the issues with their use?
For the purpose of this study, we define a surrogate endpoint as a biomarker, or an intermediate outcome, that can substitute 
for a final patient-relevant outcome such as morbidity, mortality and health-related quality of life (De Gruttola et al., 2001). For 
example, bone mineral density has been considered as a surrogate for bone fracture.

Surrogate endpoints enable faster and smaller clinical trials that in turn lead to faster healthcare decisions and faster access 
to treatment for patients. However, surrogate endpoint evidence can sometimes be unreliable, leading to undesirable conse-
quences, such as more harm than benefit to patients or non-cost effective use of healthcare resources.

For this reason, it is important to explore the robustness of surrogate endpoint information through a process generally 
referred to as validation. Our recent work reviewing health technology assessments that relied on surrogate endpoint evidence 
suggests both a lack of consensus on what constitute “acceptable” surrogate measures, and a lack of consistency in weighting 
the uncertainty induced by such surrogate measures.

In this study, we would like to explore how surrogate endpoints are valued in the decision-making process by proposing 
a choice scenario.

A: General questions
First, we would like to know a few things about you.

These questions are not intended to identify you, however they will help assess the adequacy of the survey.

�A1.	� What is your gender? (male/female/prefer not to answer)
�A2.	� What is your age group? (18–24/25-34/35–44/45-54/55–64/65-74/75 or older)
�A3.	� What is your main background?

•	 �Economics
•	 �Engineering
•	 �Humanities/Law
•	 �Medicine
•	 �Nursing/healthcare profession
•	 �Pharmacy/Biomedical sciences
•	 �Other – please specify.

�A4.	� What is your current occupation?
•	 �Academia;
•	 �Public agency/competent authority/government;
•	 �Industry;
•	 �Healthcare organization;
•	 �Consulting firm;
•	 �other – please specify.

B: Your views on the role of surrogate endpoints in health care decision making
Before completing the two choice scenarios below, we would like to explore your views on using surrogate endpoint evidence 
in health technology assessment.

Please indicate whether you agree with the following statements about the use of surrogate endpoints in the evaluation of 
health technologies.

CIANI et al.

Strongly 
disagree

Somewhat 
disagree

Neither agree 
nor disagree

Somewhat 
agree

Strongly 
agree

In HTA, it is of paramount importance to only consider surrogates that have 
been previously validated

The earlier a technology is in its development, the more uncertainty should 
be allowed in the surrogate measure

With an innovative technology, it is always acceptable to rely on evidence for 
validating a surrogate endpoint derived from a previous class of therapies

The quality of evidence for validating a surrogate endpoint can be overlooked 
when there are unmet needs
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Section C: experimental scenario I
Please consider the following hypothetical scenario.

Imagine that you are a member of the board that evaluates new health technologies for reimbursement.
Currently, you are evaluating a new pharmaceutical therapy. This therapy is indicated for the treatment of neuromuscular 

symptoms of a metabolic myopathy. The condition is characterized by inefficient synthesis of a mitochondrial enzyme from 
its precursor. Severity of the condition varies, with many patients completely asymptomatic.

Symptomatic patients usually manifest either neuromuscular symptoms (generalised muscle weakness and fatigability or 
recurrent exercise-induced myalgia) or cardiac symptoms (heart failure due to left ventricular non-compaction cardiomyopathy, 
LVNC). Associated heart failure has been treated with conventional treatment (e.g., angiotensin-converting enzyme inhibitors, 
beta-blocking agents etc.) with some success; however the prognosis seems to be more dependent on the severity of the disease, 
quantified by the serum levels of the enzyme, matrix metalloproteinase 9 (MMP-9).

The therapy was evaluated in a randomised placebo-controlled trial where MMP-9 was the primary outcome. The trial 
also collected quality of life data using a validated disease specific measure. The analysis of the clinical trial showed there was 
a statistically significant improvement in MMP-9 levels (mean change −0.80 ng/ml) compared to the placebo group (mean 
change −0.08 ng/ml) at 18 weeks (p < 0.0001).

The evidence linking MMP-9 levels to HR-QoL was based on [a meta-analysis of several RCTs/a large observational 
study].

This data came from a population of patients with [the same neuromuscular symptoms/the cardiac symptoms] originated 
by metabolic myopathy.

The calculated strength of association between MMP-9 levels and HR-QoL was [0.30 (95% confidence interval [0.20, 
0.40]/0.85 (95% confidence interval [0.77, 0.93]] ].

The calculated surrogate threshold effect (STE), defined as the minimum treatment effect on the surrogate necessary to 
predict a significant non-zero effect on the true endpoint, was [−0.10 ng/ml observed in about 20% of the studies in the indica-
tion/−0.90 ng/ml observed in about 70% of the studies in the indication].

CIa. Based only on the information provided so far in this scenario, would you consider that this is an acceptable 
(i.e., valid) surrogate for predicting changes in patient health-related quality of life? [Yes/No]

Now, consider other characteristics of the submission.
The prevalence of this disease is [one in 100,000/one in 1000].
Mean utility score (where a score of 0 is equivalent to death and score of 1.0 perfect health) of typical untreated patients 

was [0.30/0.60].
Current best treatment for this condition is [best supportive care (i.e., there is no specific therapy)/off-label treatment with 

a pharmaceutical indicated for heart failure].
Secondary endpoint in the trial (HR-QoL at 18 weeks) showed [improvement/deterioration], although with no statistical 

significance (p = 0.10).
CIb. Based solely on the data presented so far, would you support the full coverage of this therapy? (Yes/No)

Section C: experimental scenario II
Please consider a second hypothetical scenario, as member of the reimbursement board.

You have been tasked to evaluate a new medical device for the treatment of resistant hypertension through renal denerva-
tion. This is achieved through catheterization with a probe able to thermally ablate and disrupt the renal sympathetic nerves 
while sparing the renal arterial wall.

The medical device was evaluated in a single-blind, randomised, sham-controlled trial with 300 participants. Primary 
endpoint was mean reduction in average daytime ambulatory systolic BP from baseline to 2 months post procedure. Analysis 

CIANI et al.

Strongly 
disagree

Somewhat 
disagree

Neither agree 
nor disagree

Somewhat 
agree

Strongly 
agree

Evidence on the surrogate endpoint is always complemented by evidence on 
the final point, however immature it may be

Medical devices should be evaluated using the same quality of evidence as 
pharmaceuticals

Evidence based on non-validated surrogate endpoints is acceptable for the 
evaluation of medical devices
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showed greater change with renal denervation (−8.5 mm Hg, standard deviation = 9.3) than with the sham procedure (−2.2 mm 
Hg, standard deviation = 10.0; baseline-adjusted difference between groups: −6.5 mm Hg, 95% CI -9.4 to −3.6, p = 0.0001).

The primary endpoint in the trial (change in systolic blood pressure) was a surrogate for major cardiovascular events.
The evidence linking change in systolic blood pressure to major cardiovascular events was based on [a meta-analysis of 

several RCT/a single RCT]. This data came from a population of patients under treatment with [antihypertensive medication/a 
non-pharmaceutical technology in the same indication].

The calculated strength of association between systolic blood pressure and major cardiovascular events was [0.85 (95% 
confidence interval [0.77, 0.93])/0.30 (95% confidence interval [0.20, 0.40])].

Calculated surrogate threshold effect (STE), defined as the minimal difference between intervention and control needed 
to ensure a stroke reduction benefit, was [−4 mm Hg (observed in about 70% of the studies in the indication)/−10 mm Hg 
(observed in about 20% of the studies in the indication)].

CIIa. Based only on the information provided so far in this scenario, would you consider that this endpoint is an 
acceptable (i.e., valid) surrogate for predicting changes in the risk of stroke? [Yes/No]

Now, consider other characteristics of the submission.
The prevalence of this disease is [one in 11/one in 1500] hypertensive patients.
Mean utility score (where a score of 0 is equivalent to death and score of 1.0 perfect health) of typical untreated patients 

was [0.57/0.79].
Currently, there is [another/no] treatment reimbursed for resistant hypertension.
Secondary endpoint in the trial (cardiovascular events) was immature, appearing to favor [the intervention/the control].

CIIb. Based solely on the data presented so far, would you support the full coverage of this medical device? (Yes/No)

Section D. Your views of this exercise
We would welcome your views on the practicalities of completing this exercise.

Strongly 
disagree

Somewhat 
disagree

Neither 
agree 
nor 
disagree

Somewhat 
agree

Strongly 
agree

The background information provided clear explanation about the purpose of the 
study.

The two scenarios are plausible in real life appraisals

The choice tasks were relatively easy to perform

Please provide any specific comments and/or suggestions in the box below:

Thank you for your participation.

APPENDIX 2:   ATTRIBUTES AND LEVELS USED IN THE BINARY CHOICE EXPERIMENT

CIANI et al.

Attribute Level Interpretation

Scenario 1: new drug therapy for management of neuromuscular symptoms of a metabolic myopathy

Question 1. Based only on the information provided so far in this scenario, would you consider that this is an acceptable (i.e. valid) 
surrogate for predicting changes in patient health-related quality of life?

  Source of evidence for the validation of the surrogate endpoint A meta-analysis of several RCTs Stronger evidence

A large observational study Weaker evidence
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64 CIANI et al.

Attribute Level Interpretation

  Class of therapies providing evidence for the validation of the 
surrogate endpoint

The same neuromuscular symptoms originated by 
metabolic myopathy

The same class

The cardiac symptoms originated by metabolic 
myopathy

A different class

  Strength of association between the surrogate and patient-
relevant endpoint

R 2 = 0.30 (95% confidence interval [0.20, 0.40] Weaker association

R 2 = 0.85 (95% confidence interval [0.77, 0.93] Stronger association

  Surrogate threshold effect (i.e. the minimum effect on the 
surrogate to predict a significant effect on the patient-relevant 
endpoint)

−0.10 ng/ml (observed in about 70% of the studies in 
the indication)

Lower STE

−0.90 ng/ml (observed in about 20% of the studies in 
the indication)

Higher STE

Scenario 1 Question 2. Based solely on the data presented so far, would you support the full coverage of this therapy?

  Disease prevalence One in 100,000 Lower prevalence

One in 1000 Higher prevalence

  Baseline utility score (on 0–1 scale) 0.30 More severe disease

0.60 Less severe disease

  Comparator (i.e. therapeutic alternatives) Best supportive care (i.e. there is no alternative) No alternative

Off-label treatment with a pharmaceutical indicated 
for heart failure

Existing alternative 
therapy

  Effect on the final outcome at 18 weeks based on immature data Improvement, although not statistical significance 
(p = 0.10)

Positive trend

Deterioration, although not statistical significance 
(p = 0.10)

Negative trend

Scenario 2: new medical device for the treatment of resistant hypertension

Question 1: Based only on the information provided so far in this scenario, would you consider that this endpoint is an acceptable (i.e. 
valid) surrogate for predicting changes in the risk of stroke?

  Source of evidence for the validation of the surrogate endpoint A meta-analysis of several RCT Stronger evidence

A single RCT Weaker evidence

  Class of therapies providing evidence for the validation of the 
surrogate endpoint

Antihypertensive medication The same class

A non-pharmaceutical technology in the same 
indication

A different class

  Strength of association between the surrogate and patient-
relevant endpoint

0.30 (95% confidence interval [0.20, 0.40]) Weaker association

0.85 (95% confidence interval [0.77, 0.93]) Stronger association

  Surrogate threshold effect −4 mm Hg (observed in about 70% of the studies in 
the indication)

Lower STE

−10 mm Hg (observed in about 20% of the studies in 
the indication)

Higher STE

Scenario 2 Question 2: Based solely on the data presented so far, would you support the full coverage of this medical device?

  Disease prevalence One in 11 hypertensive patients Higher prevalence

One in 1500 hypertensive patients Lower prevalence

  Baseline utility score (on 0–1 scale) 0.57 Less severe disease

0.79 More severe disease

  Comparator (i.e. therapeutic alternatives) No treatment reimbursed for resistant hypertension No alternative

Another treatment reimbursed for resistant 
hypertension

Existing alternative 
therapy

  Effect on the incidence of cardiovascular events based on 
immature data

Appearing to favor the intervention Positive trend

Appearing to favor the control Negative trend

Note: R 2 = coefficient of determination, the proportion of the variance in the final endpoint that is predictable from the surrogate endpoint; RCT = randomised 
controlled trial; STE = surrogate threshold effect = the minimum treatment effect on the surrogate endpoint necessary to predict a non-zero effect on the final endpoint.
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APPENDIX 3:   QUALITATIVE STUDY OF HTA STAKEHOLDERS' 
VIEWS ON THE USE OF SURROGATE ENDPOINTS

INTERVIEW SCHEDULE

CIANI et al.
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APPENDIX 4:   CHOICE EXPERIMENT: SCENARIO 1 -  PHARMACEUTICAL 
EVALUATION (SECTION C: EXPERIMENTAL SCENARIO I)

CIANI et al.

Responder S1 Q1 (Surrogate acceptability) YES/ 

NO

S1 Q2 (Technology coverage) YES/ 

NO

ID1

- source of evidence for surrogate valida�on: a meta-analysis of several 

RCTs 

- valida�on evidence derived from a different class of therapies 

- strength of associa�on:  was 0.85 (95% confidence interval [0.77, 0.93])

- surrogate threshold effect (STE): -0.10 ng/ml observed in about 70% of 

the studies in the indica�on.

- disease prevalence:  1 in 100,000

- mean u�lity score: 0.30

- current best treatment: best suppor�ve care (i.e. there is no specific 

therapy)

- immature data on final endpoint showed improvement, although no 

sta�s�cally significant (P=0.10)

ID2

- source of evidence for surrogate valida�on: a large observa�onal study

- valida�on evidence derived from a different class of therapies

- strength of associa�on:  was 0.30 (95% confidence interval [0.20, 0.40])

- surrogate threshold effect (STE): -0.90 ng/ml observed in about 20% of 

the studies in the indica�on.

- disease prevalence:  1 in 100,000

- mean u�lity score: 0.30

- current best treatment: best suppor�ve care (i.e. there is no specific 

therapy)

- immature data on final endpoint showed deteriora�on, although no 

sta�s�cally significant (P=0.10)

ID3

- source of evidence for surrogate valida�on: a meta-analysis of several RCT

- valida�on evidence derived from the same class of therapies

- strength of associa�on:  was 0.30 (95% confidence interval [0.20, 0.40])

- surrogate threshold effect (STE): -0.10 ng/ml observed in about 70% of 

the studies in the indica�on.

- disease prevalence:  1 in 1,000

- mean u�lity score: 0.60

- current best treatment: best suppor�ve care (i.e. there is no specific 

therapy)

- immature data on final endpoint showed deteriora�on, although no 

sta�s�cally significant (P=0.10)

ID4

- source of evidence for surrogate valida�on: a meta-analysis of several 

RCTs 

- valida�on evidence derived from the same class of therapies

- strength of associa�on:  was 0.85 (95% confidence interval [0.77, 0.93])

- surrogate threshold effect (STE): -0.10 ng/ml observed in about 70% of 

the studies in the indica�on.

- disease prevalence:  1 in 100,000

- mean u�lity score: 0.60

- current best treatment: off-label treatment with a pharmaceu�cal indicated 

for heart failure

- immature data on final endpoint showed deteriora�on, although no 

sta�s�cally significant (P=0.10)

ID5

- source of evidence for surrogate valida�on: a large observa�onal study 

- valida�on evidence derived from the same class of therapies

- strength of associa�on:  was 0.30 (95% confidence interval [0.20, 0.40])

- surrogate threshold effect (STE): -0.10 ng/ml observed in about 70% of 

the studies in the indica�on.

- disease prevalence:  1 in 1,000

- mean u�lity score: 0.30

- current best treatment: best suppor�ve care (i.e. there is no specific 

therapy)

- immature data on final endpoint showed deteriora�on, although no 

sta�s�cally significant (P=0.10)

ID6

- source of evidence for surrogate valida�on: a large observa�onal study 

- valida�on evidence derived from the same class of therapies

- strength of associa�on:  was 0.85 (95% confidence interval [0.77, 0.93])

- surrogate threshold effect (STE): -0.10 ng/ml observed in about 70% of 

the studies in the indica�on.

- disease prevalence:  1 in 100,000

- mean u�lity score: 0.30

- current best treatment: off-label treatment with a pharmaceu�cal indicated 

for heart failure

- immature data on final endpoint showed improvement, although no 

sta�s�cally significant (P=0.10)

ID7

- source of evidence for surrogate valida�on: a large observa�onal study 

- valida�on evidence derived from the same class of therapies

- strength of associa�on:  was 0.30 (95% confidence interval [0.20, 0.40])

- surrogate threshold effect (STE): -0.10 ng/ml observed in about 70% of 

the studies in the indica�on.

- disease prevalence:  1 in 1,000

- mean u�lity score: 0.30

- current best treatment: best suppor�ve care (i.e. there is no specific 

therapy)

- immature data on final endpoint showed improvement, although no 

sta�s�cally significant (P=0.10)

ID8

- source of evidence for surrogate valida�on: a meta-analysis of several 

RCTs 

- valida�on evidence derived from a different class of therapies 

- strength of associa�on:  was 0.85 (95% confidence interval [0.77, 0.93])

- surrogate threshold effect (STE): -0.10 ng/ml observed in about 70% of 

the studies in the indica�on.

- disease prevalence:  1 in 1,000

- mean u�lity score: 0.30

- current best treatment: off-label treatment with a pharmaceu�cal indicated 

for heart failure

- immature data on final endpoint showed improvement, although no 

sta�s�cally significant (P=0.10)

ID9

- source of evidence for surrogate valida�on: a large observa�onal study 

- valida�on evidence derived from the same class of therapies

- strength of associa�on:  was 0.85 (95% confidence interval [0.77, 0.93])

- disease prevalence:  1 in 1,000

- mean u�lity score: 0.60

  [Colour figure can be viewed at wileyonlinelibrary.com]
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69CIANI et al.

- surrogate threshold effect (STE): -0.90 ng/ml observed in about 20% of 

the studies in the indica�on.

- current best treatment: off-label treatment with a pharmaceu�cal indicated 

for heart failure

- immature data on final endpoint showed improvement, although no 

sta�s�cally significant (P=0.10)

ID10

- source of evidence for surrogate valida�on: a large observa�onal study

- valida�on evidence derived from a different class of therapies

- strength of associa�on:  was 0.30 (95% confidence interval [0.20, 0.40])

- surrogate threshold effect (STE): -0.90 ng/ml observed in about 20% of 

the studies in the indica�on.

- disease prevalence:  1 in 1,000

- mean u�lity score: 0.30

- current best treatment: off-label treatment with a pharmaceu�cal indicated 

for heart failure

- immature data on final endpoint showed improvement, although no 

sta�s�cally significant (P=0.10)

ID11

- source of evidence for surrogate valida�on: a large observa�onal study 

- valida�on evidence derived from a different class of therapies 

- strength of associa�on:  was 0.85 (95% confidence interval [0.77, 0.93])

- surrogate threshold effect (STE): -0.90 ng/ml observed in about 20% of 

the studies in the indica�on.

- disease prevalence:  1 in 1,000

- mean u�lity score: 0.30

- current best treatment: best suppor�ve care (i.e. there is no specific 

therapy)

- immature data on final endpoint showed improvement, although no 

sta�s�cally significant (P=0.10)

ID12

- source of evidence for surrogate valida�on: a meta-analysis of several 

RCTs 

- valida�on evidence derived from the same class of therapies

- strength of associa�on:  was 0.85 (95% confidence interval [0.77, 0.93])

- surrogate threshold effect (STE): -0.90 ng/ml observed in about 20% of 

the studies in the indica�on.

- disease prevalence:  1 in 1,000

- mean u�lity score: 0.60

- current best treatment: off-label treatment with a pharmaceu�cal indicated 

for heart failure

- immature data on final endpoint showed deteriora�on, although no 

sta�s�cally significant (P=0.10)

ID13

- source of evidence for surrogate valida�on: a large observa�onal study 

- valida�on evidence derived from the same class of therapies

- strength of associa�on:  was 0.30 (95% confidence interval [0.20, 0.40])

- surrogate threshold effect (STE): -0.10 ng/ml observed in about 70% of 

the studies in the indica�on.

- disease prevalence:  1 in 1,000

- mean u�lity score: 0.30

- current best treatment: off-label treatment with a pharmaceu�cal indicated 

for heart failure

- immature data on final endpoint showed improvement, although no 

sta
s
cally significant (P=0.10)

ID14

- source of evidence for surrogate valida
on: a meta-analysis of several 

RCTs 

- valida
on evidence derived from a different class of therapies 

- strength of associa
on:  was 0.30 (95% confidence interval  [0.20, 0.40])

- surrogate threshold effect (STE): -0.10 ng/ml observed in about 70% of 

the studies in the indica
on.

- disease prevalence:  1 in 1,000

- mean u
lity score: 0.30

- current best treatment: best suppor
ve care (i.e. there is no specific 

therapy)

- immature data on final endpoint showed improvement, although no 

sta
s
cally significant (P=0.10)

ID15

- source of evidence for surrogate valida
on: a large observa
onal study 

- valida
on evidence derived from a different class of therapies 

- strength of associa
on:  was 0.30 (95% confidence interval [0.20, 0.40])

- surrogate threshold effect (STE): -0.10 ng/ml observed in about 70% of 

the studies in the indica
on.

- disease prevalence:  1 in 1,000

- mean u
lity score: 0.60

- current best treatment: best suppor
ve care (i.e. there is no specific 

therapy)

- immature data on final endpoint showed improvement, although no 

sta
s
cally significant (P=0.10)

ID16

- source of evidence for surrogate valida
on: a large observa
onal study 

- valida
on evidence derived from a different class of therapies 

- strength of associa
on:  was 0.85 (95% confidence interval [0.77, 0.93])

- surrogate threshold effect (STE): -0.10 ng/ml observed in about 70% of 

the studies in the indica
on.

- disease prevalence:  1 in 1,000

- mean u
lity score: 0.60

- current best treatment: best suppor
ve care (i.e. there is no specific 

therapy)

- immature data on final endpoint showed improvement, although no 

sta
s
cally significant (P=0.10)

ID17

- source of evidence for surrogate valida
on: a large observa
onal study 

- valida
on evidence derived from a different class of therapies 

- strength of associa
on:  was 0.85 (95% confidence interval [0.77, 0.93])

- surrogate threshold effect (STE): -0.90 ng/ml observed in about 20% of 

the studies in the indica
on.

- disease prevalence:  1 in 100,000

- mean u
lity score: 0.60

- current best treatment: off-label treatment with a pharmaceu
cal indicated 

for heart failure

- immature data on final endpoint showed deteriora
on, although no 

sta
s
cally significant (P=0.10)
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APPENDIX 5:   CHOICE EXPERIMENT SCENARIO 2:  MEDICAL DEVICE (SECTION C:  
EXPERIMENTAL SCENARIO I)

CIANI et al.

Responder S2 Q1 (Surrogate acceptability) YES/ 

NO

S2 Q2 (Technology coverage) YES/ 

NO

ID1

- source of evidence for surrogate valida�on: a single RCTs 

- valida�on evidence derived from a pharmaceu�cal

- strength of associa�on: 0.85 (95% confidence interval [0.77, 0.93])

- surrogate threshold effect (STE): -10 mm Hg (observed in about 20% of 

the studies in the indica�on)

- disease prevalence:  1 in 1,500

- mean u�lity score: 0.79

- alterna�ve therapy available: yes

- immature data on final endpoint appearing to favour the interven�on

ID2

- source of evidence for surrogate valida�on: a single RCT 

- valida�on evidence derived from a similar medical device

- strength of associa�on: 0.85 (95% confidence interval [0.77, 0.93])

- surrogate threshold effect (STE): -4 mm Hg (observed in about 70% of the 

studies in the indica�on)

- disease prevalence:  1 in 11

- mean u�lity score: 0.57

- alterna�ve therapy available: yes

- immature data on final endpoint appearing to favour the control

ID3

- source of evidence for surrogate valida�on: a single RCT 

- valida�on evidence derived from a similar medical device

- strength of associa�on: 0.85 (95% confidence interval [0.77, 0.93])

- surrogate threshold effect (STE): -4 mm Hg (observed in about 70% of the 

studies in the indica�on)

- disease prevalence:  1 in 11

- mean u�lity score: 0.79

- alterna�ve therapy available: yes

- immature data on final endpoint appearing to favour the control

ID4

- source of evidence for surrogate valida�on: a meta-analysis of several 

RCTs 

- valida�on evidence derived from a pharmaceu�cal

- strength of associa�on: 0.30 (95% confidence interval [0.20, 0.40])

- surrogate threshold effect (STE): -4 mm Hg (observed in about 70% of the 

studies in the indica�on)

- disease prevalence:  1 in 1,500

- mean u�lity score: 0.57

- alterna�ve therapy available: no

- immature data on final endpoint appearing to favour the interven�on

ID5

- source of evidence for surrogate valida�on: a single RCT 

- valida�on evidence derived from a similar medical device

- strength of associa�on: 0.30 (95% confidence interval [0.20, 0.40])

- disease prevalence:  1 in 11

- mean u�lity score: 0.79

- alterna�ve therapy available: yes

ID18

- source of evidence for surrogate valida
on: a meta-analysis of several 

RCTs 

- valida
on evidence derived from a different class of therapies 

- strength of associa
on:  was 0.30 (95% confidence interval  [0.20, 0.40])

- surrogate threshold effect (STE): -0.90 ng/ml observed in about 20% of 

the studies in the indica
on.

- disease prevalence:  1 in 1,000

- mean u
lity score: 0.30

- current best treatment: best suppor
ve care (i.e. there is no specific 

therapy)

- immature data on final endpoint showed deteriora
on, although no 

sta
s
cally significant (P=0.10)

ID19

- source of evidence for surrogate valida
on: a meta-analysis of several 

RCTs 

- valida
on evidence derived from the same class of therapies

- strength of associa
on:  was 0.30 (95% confidence interval  [0.20, 0.40])

- surrogate threshold effect (STE): -0.90 ng/ml observed in about 20% of 

the studies in the indica
on.

- disease prevalence:  1 in 100,000

- mean u
lity score: 0.30

- current best treatment: off-label treatment with a pharmaceu
cal indicated 

for heart failure

- immature data on final endpoint showed deteriora
on, although no 

sta
s
cally significant (P=0.10)

ID20

- source of evidence for surrogate valida
on: a large observa
onal study 

- valida
on evidence derived from the same class of therapies

- strength of associa
on:  was 0.30 (95% confidence interval [0.20, 0.40])

- surrogate threshold effect (STE): -0.10 ng/ml observed in about 70% of 

the studies in the indica
on.

- disease prevalence:  1 in 100,000

- mean u
lity score: 0.30

- current best treatment: best suppor
ve care (i.e. there is no specific 

therapy)

- immature data on final endpoint showed deteriora
on, although no 

sta
s
cally significant (P=0.10)

  [Colour figure can be viewed at wileyonlinelibrary.com]
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- surrogate threshold effect (STE): -10 mm Hg (observed in about 20% of 

the studies in the indication)

- immature data on final endpoint appearing to favour the intervention

ID6

- source of evidence for surrogate validation: a single RCTs 

- validation evidence derived from a pharmaceutical

- strength of association: 0.85 (95% confidence interval [0.77, 0.93])

- surrogate threshold effect (STE): -10 mm Hg (observed in about 20% of 

the studies in the indication)

- disease prevalence:  1 in 1,500

- mean utility score: 0.57

- alternative therapy available: no

- immature data on final endpoint appearing to favour the control

ID7

- source of evidence for surrogate validation: a meta-analysis of several 

RCTs 

- validation evidence derived from a similar medical device

- strength of association: 0.30 (95% confidence interval [0.20, 0.40])

- surrogate threshold effect (STE): -10 mm Hg (observed in about 20% of 

the studies in the indication)

- disease prevalence:  1 in 11

- mean utility score: 0.57

- alternative therapy available: yes

- immature data on final endpoint appearing to favour the intervention

ID8

- source of evidence for surrogate validation: a meta-analysis of several 

RCTs 

- validation evidence derived from a similar medical device

- strength of association: 0.85 (95% confidence interval [0.77, 0.93])

- surrogate threshold effect (STE): -10 mm Hg (observed in about 20% of 

the studies in the indication)

- disease prevalence:  1 in 11

- mean utility score: 0.57

- alternative therapy available: no

- immature data on final endpoint appearing to favour the control

ID9

- source of evidence for surrogate validation: a meta-analysis of several 

RCTs 

- validation evidence derived from a similar medical device

- strength of association: 0.30 (95% confidence interval [0.20, 0.40])

- surrogate threshold effect (STE): -10 mm Hg (observed in about 20% of 

the studies in the indication)

- disease prevalence:  1 in 11

- mean utility score: 0.79

- alternative therapy available: no

- immature data on final endpoint appearing to favour the control

ID10
- source of evidence for surrogate validation: a single RCT 

- validation evidence derived from a pharmaceutical

- disease prevalence:  1 in 11

- mean utility score: 0.79

- strength of association: 0.30 (95% confidence interval [0.20, 0.40])

- surrogate threshold effect (STE): -10 mm Hg (observed in about 20% of 

the studies in the indication)

- alternative therapy available: no

- immature data on final endpoint appearing to favour the intervention

ID11

- source of evidence for surrogate validation: a meta-analysis of several 

RCTs 

- validation evidence derived from a pharmaceutical

- strength of association: 0.85 (95% confidence interval [0.77, 0.93])

- surrogate threshold effect (STE): -10 mm Hg (observed in about 20% of 

the studies in the indication)

- disease prevalence:  1 in 11

- mean utility score: 0.57

- alternative therapy available: yes

- immature data on final endpoint appearing to favour the control

ID12

- source of evidence for surrogate validation: a meta-analysis of several 

RCTs 

- validation evidence derived from a pharmaceutical

- strength of association: 0.85 (95% confidence interval [0.77, 0.93])

- surrogate threshold effect (STE): -4 mm Hg (observed in about 70% of the 

studies in the indication)

- disease prevalence:  1 in 11

- mean utility score: 0.79

- alternative therapy available: yes

- immature data on final endpoint appearing to favour the intervention

ID13

- source of evidence for surrogate validation: a meta-analysis of several 

RCTs 

- validation evidence derived from a similar medical device

- strength of association: 0.30 (95% confidence interval [0.20, 0.40])

- surrogate threshold effect (STE): -10 mm Hg (observed in about 20% of 

the studies in the indication)

- disease prevalence:  1 in 1,500

- mean utility score: 0.79

- alternative therapy available: no

- immature data on final endpoint appearing to favour the control

ID14

- source of evidence for surrogate validation: a single RCT 

- validation evidence derived from a pharmaceutical

- strength of association: 0.30 (95% confidence interval [0.20, 0.40])

- surrogate threshold effect (STE): -10 mm Hg (observed in about 20% of 

the studies in the indication)

- disease prevalence:  1 in 1,500

- mean utility score: 0.57

- alternative therapy available: no

- immature data on final endpoint appearing to favour the intervention
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ID15

- source of evidence for surrogate valida
on: a meta-analysis of several 

RCTs 

- valida
on evidence derived from a pharmaceu
cal

- strength of associa
on: 0.85 (95% confidence interval [0.77, 0.93])

- surrogate threshold effect (STE): -10 mm Hg (observed in about 20% of 

the studies in the indica
on)

- disease prevalence:  1 in 1,500

- mean u
lity score: 0.57

- alterna
ve therapy available: no

- immature data on final endpoint appearing to favour the interven
on

ID16

- source of evidence for surrogate valida
on: a meta-analysis of several 

RCTs 

- valida
on evidence derived from a similar medical device

- strength of associa
on: 0.30 (95% confidence interval [0.20, 0.40])

- surrogate threshold effect (STE): -4 mm Hg (observed in about 70% of the 

studies in the indica
on)

- disease prevalence:  1 in 1,500

- mean u
lity score: 0.79

- alterna
ve therapy available: yes

- immature data on final endpoint appearing to favour the contro

ID17

- source of evidence for surrogate valida
on: a single RCT 

- valida
on evidence derived from a similar medical device

- strength of associa
on: 0.30 (95% confidence interval [0.20, 0.40])

- surrogate threshold effect (STE): -10 mm Hg (observed in about 20% of 

the studies in the indica
on)

- disease prevalence:  1 in 11

- mean u
lity score: 0.57

- alterna
ve therapy available: yes

- immature data on final endpoint appearing to favour the interven
on

ID18

- source of evidence for surrogate valida
on: a single RCT  

- valida
on evidence derived from a similar medical device

- strength of associa
on: 0.30 (95% confidence interval [0.20, 0.40])

- surrogate threshold effect (STE): -4 mm Hg (observed in about 70% of the 

studies in the indica
on)

- disease prevalence:  1 in 11

- mean u
lity score: 0.57

- alterna
ve therapy available: no

- immature data on final endpoint appearing to favour the control

ID19

- source of evidence for surrogate valida
on: a single RCT 

- valida
on evidence derived from a similar medical device

- strength of associa
on: 0.30 (95% confidence interval [0.20, 0.40])

- surrogate threshold effect (STE): -10 mm Hg (observed in about 20% of 

the studies in the indica
on)

- disease prevalence:  1 in 11

- mean u
lity score: 0.57

- alterna
ve therapy available: no

- immature data on final endpoint appearing to favour the control

ID20

- source of evidence for surrogate valida
on: a meta-analysis of several 

RCTs 

- valida
on evidence derived from a similar medical device

- strength of associa
on: 0.30 (95% confidence interval [0.20, 0.40])

- surrogate threshold effect (STE): -4 mm Hg (observed in about 70% of the 

studies in the indica
on)

- disease prevalence:  1 in 11

- mean u
lity score: 0.57

- alterna
ve therapy available: no

- immature data on final endpoint appearing to favour the control
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