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Background. Surrogate endpoints (i.e., intermediate endpoints intended to predict for patient-centered outcomes) are
increasingly common. However, little is known about how surrogate evidence is handled in the context of health
technology assessment (HTA). Objectives. 1) To map methodologies for the validation of surrogate endpoints and 2)
to determine their impact on acceptability of surrogates and coverage decisions made by HTA agencies. Methods.
We sought HTA reports where evaluation relied on a surrogate from 8 HTA agencies. We extracted data on the
methods applied for surrogate validation. We assessed the level of agreement between agencies and fitted mixed-
effects logistic regression models to test the impact of validation approaches on the agency’s acceptability of the sur-
rogate endpoint and their coverage recommendation. Results. Of the 124 included reports, 61 (49%) discussed the level
of evidence to support the relationship between the surrogate and the patient-centered endpoint, 27 (22%) reported a
correlation coefficient/association measure, and 40 (32%) quantified the expected effect on the patient-centered out-
come. 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 was associated with accepting the surrogate endpoint as valid (odds ratio [OR],
4.60; 95% confidence interval [CI], 1.60-13.18, P = 0.005). However, we did not find strong evidence of an association
between accepting the surrogate endpoint and agency coverage recommendation (OR, 0.71; 95% CI, 0.23-2.20; P =
0.55). Conclusions. Handling of surrogate endpoint evidence in reports varied greatly across HTA agencies, with incon-
sistent consideration of the level of evidence and statistical validation. Our findings call for careful reconsideration of
the issue of surrogacy and the need for harmonization of practices across international HTA agencies.
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Background that is thought to capture the causal pathway through
L ) which the disease process affects the patient-centered
In recent years, regulatory agencies, including the Eur- outcomes.>
opean Medicines Agency (EMA) and the Food and Drug
Administration (FDA) in the United States, have increas-
ingly approved drugs and biologics on the basis of surro-
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When used as primary outcomes, surrogate endpoints
enable clinical trials of smaller sample size, shorter dura-
tion, and lower cost than trials with a patient-centered
primary endpoint.® The uptake of surrogate endpoints in
pivotal trials is typically associated with expedited drug
review and accelerated approval programs, resulting in
market authorization based on less rigorous evidence (i.e.,
fewer and smaller studies) without an appropriate com-
parator or single-arm studies.* However, once licensed,
patient access to these products typically depends on
assessment by a health technology assessment (HTA)
agency that informs a country’s or region’s coverage of
reimbursement decision.” While regulatory bodies are pri-
marily concerned with the efficacy-safety, HTA agencies
seek to assess the long-term comparative effectiveness and
economic consequences of health technologies, alongside
other considerations such as equity, severity of disease, or
unmet need. Recent research has shown that the methodo-
logical guidelines of HTA agencies often take a conserva-
tive approach to the use of surrogate endpoints to support
their coverage recommendations, for example, by 1)
expressing a preference for patient-relevant outcomes
(such as mortality), 2) recommending that surrogate end-
points should only be used in situations where patient-
relevant outcomes are not available or their evidence is
limited, or 3) limiting use of surrogate outcomes to vali-
dated measures.®’
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Four previous studies have investigated the impact of
surrogate endpoints on HTA decisions. Two studies
focused on cancer drugs,&9 and 2 considered the range of
technology appraisals undertaken by either the National
Institute of Health and Care Excellence (NICE) in the
United Kingdom or the Canadian Common Drug
Review.'®!"" However, these previous studies did not
assess HTA agencies’ approach to validation of the sur-
rogate endpoints or how this related to their coverage
recommendation.

The objectives of this study were 1) to map the metho-
dological approaches for the validation of surrogate end-
points applied in reports across a sample of international
HTA agencies and 2) to assess how the consideration of
the validity of the surrogate endpoints influences the cov-
erage or reimbursement decisions made by these agencies.

Methods
Selection of HT'A Reports

We applied a 2-step approach to the selection and inclu-
sion of HTA reports in this study. First, we sought to
identify health technologies and related HTA reports that
involved the use of surrogate endpoints. We used the sur-
rogate endpoint definition of the US National Institutes
of Health, that is, a biomarker (or intermediate endpoint)
intended to substitute for a clinical endpoint.'> We
screened the guidance published by NICE between May
2013 and June 2018. All technology appraisal guidance,
medical technologies guidance, and diagnostics guidance
reports published in this timeframe were screened by one
of the research team (BG) for inclusion on the basis that
they included discussion of a surrogate endpoint.

Second, based on a selected list of NICE evaluations
(and reports), we then identified HTA evaluation reports
for the same health technology and clinical indication
from a further sample of 6 HTA agencies. These agencies
included Health Improvement Scotland (HIS)/Scottish
Medicines Consortium (SMC) in Scotland, Haute
Autorité de Santé (HAS) in France, Pharmaceutical Ben-
efits Advisory Committee (PBAC) and Medical Services
Advisory Committee (MSAC) in Australia, Canadian
Agency for Drugs and Technologies in Health (CADTH)
in Canada, Institut fiir Qualitit und Wirtschaftlichkeit
im Gesundheitswesen (IQWiG)/Gemeinsame Bunde-
sausschuss (G-BA) in Germany, Zorginstituut Nederland
(ZiN) in the Netherlands, and Orszagos Gyogyszerészeti
és Elelmezés-egészségiigyi Intézet (NIPN) in Hungary.
These agencies span different geographical areas, include
some of the most prominent HTA organizations world-
wide, and are known to follow methodological guidelines
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that include consideration of surrogate endpoints with
different levels of detail.” Between August and September
2018, we sought all relevant reports from these agencies,
irrespective of language and publication date.

Framework for Assessment and Validation
of Surrogate Endpoints

In the biostatistics literature, several approaches have
been discussed that would identify when a biomarker is
“likely to predict” a patient-centered endpoint of inter-
est.”> Most common methods are framed within the
causal inference and meta-analytic paradigms.'*'> The
2-stage meta-analytic approach developed by Burzy-
kowski et al.'® requires demonstration of strong correla-
tion between the surrogate and definitive endpoints
(individual-level surrogacy) as well as correlation of
treatment effects on both endpoints (trial-level surro-
gacy). Meta-analysis of individual patient data (IPD)
remains the optimal approach because it enables the
standardization of methods across IPD sets and robust
analysis at both the patient and trial levels. However,
because IPD meta-analyses are time and resource inten-
sive, meta-analyses of outcome correlation or trial-level
associations using aggregate data are more often
reported. Bayesian multivariate meta-analytic methods
of estimation are increasingly used, as they take into
account the correlation between the treatment effects on
the surrogate and patient-centered outcomes in addition
to the uncertainty in the surrogate relationship.'®

A recent overview of HTA guidelines identified that
only 5 HTA agencies provide detailed advice on the sta-
tistical methods that should be used for the validation of
surrogate endpoints.” These guidelines note the current
lack of consensus on the minimum criteria to establish
the validity of surrogates.” Numerical values discussed as
thresholds for acceptable surrogacy include a coefficient
of determination R> > 0.6 or 0.7'7'% or a coefficient of
correlation R > 0.85."°

In 2017, Ciani et al.?*® proposed a methodological
framework for the incorporation and reporting of the use
of surrogate endpoints in HTA. A 3-step approach was
recommended: 1) to establish the level of evidence avail-
able (i.e., whether the relationship between the putative
surrogate endpoint and patient-centered endpoint of
interest is supported by clinical plausibility, observational
data, or meta-analyses of multiple randomized controlled
trials [RCTs]); 2) to assess the strength of the association
between the surrogate and patient-centered outcomes:
observational association or treatment effect assessment
(e.g., correlation coefficient at the individual and at the

trial level); and 3) to quantify the expected effect on the
patient-centered outcome given the observed effect on
the surrogate endpoint. Table 1 elaborates this 3-stage
methodological framework, illustrated with examples of
good practice.

Data Extraction from Reports

We developed a structured extraction form for included
HTA reports based on the above framework, previous
studies,?! and the Consolidated Health Economic Eva-
luation Reporting Standards (CHEERS) checklist.”> We
considered the following categories of information: gen-
eral characteristics of the evaluation/report, characteris-
tics of the health technology, and orphan status
designation. Orphan designation is attributed to medi-
cines that are intended to treat, prevent, or diagnose a
rare disease (usually no more than 5 in 10,000 in the rele-
vant jurisdiction) that is life-threatening or chronically
debilitating; that are unlikely to generate sufficient
returns to justify the investment needed for the medi-
cines’ development; and that provide a significant benefit
in relation to the efficacy or safety of the treatment, pre-
vention, or diagnosis of the same condition.?* 2’

We analyzed characteristics of the included surrogate
endpoint (i.e., source of evidence, justification for use,
methods for validation, how surrogate endpoint was
incorporated in economic modeling [if undertaken], and
other considerations), how uncertainty was dealt with in
relation to consideration of the surrogate endpoint
(including restricted coverage or price discounts), and
final coverage/reimbursement recommendation. Follow-
ing the 3-step validation framework described above,*
we assessed 1) the level of evidence available to support
the surrogate—to—final outcome relationship (e.g., an
individual patient data meta-analysis of RCTs would
represent the highest level of evidence), 2) whether the
report discussed the association between surrogate and
final outcome with a related metric (e.g., Spearman’s p)
given, and 3) whether the report discussed quantifica-
tion of the expected treatment effect on the patient-
centered endpoint based on the observed effect on the
surrogate endpoint, either from previous evidence or
based on the decision model in the report (Table 1). In
addition, we assessed the level of acceptability of the
surrogate endpoint. For example, “increase in total
kidney volume correlates to growth in cyst volume and
was considered to be an appropriate surrogate for dis-
ease progression” would be a statement that indicates
acceptability of total kidney volume as a surrogate by
the appraisal committee. Finally, we investigated how
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Table 1 Methods for the Validation of Surrogate Endpoints: 3-Stage Framework

Level of Evidence

Strength of the Association

Quantification of the Expected
Effect on the Patient-Centered
Outcome

For trial-level surrogacy

Meta-analysis of individual
patient data/aggregate data
from randomized controlled
trials that have assessed both
the surrogate and patient-
centered endpoints

With trial/country/center as
the analysis unit

Preferably within the same
indication and treatment
class

For individual-level surrogacy

As above or even single large
randomized controlled trials/
observational studies that
have assessed both the
surrogate and patient-
centered endpoints

Level 1: Randomized
controlled trials showing that
treatment changes in the
surrogate are associated with
treatment changes in the
final outcome

Level 2: Epidemiological/
observational studies
showing consistent
association between
surrogate and final outcome

Level 3: Pathophysiological
studies and understanding of
the disease process
demonstrating the biological
plausibility of relation
between surrogate and final
outcome

For trial-level surrogacy

Coefficient of correlation
(Kendall’s 7, Spearman’s p,
Pearson within-study
correlations from
multivariate meta-analyses)

Coefficient of determination
from weighted/unweighted
adjusted/unadjusted linear
regression of treatment
effects on endpoints/copula
models

For individual-level surrogacy

Coefficient of correlation
(Kendall’s 7, Spearman’s p,
Pearson)

Coefficient of determination

For trial-level surrogacy
Prediction based on the

estimated regression
equation for the trial-level
surrogacy and observed
effect on the surrogate
endpoint

Intercept, slope, and

conditional variance of the
linear model of the
relationship between the
treatment effects on the
surrogate endpoint and the
effects on the final outcome
based on aggregate data
Bayesian multivariate meta-
analyses

Surrogate threshold effect, the
minimum treatment effect on
the surrogate necessary to
predict a nonzero effect on

from weighted /unweighted
adjusted/unadjusted linear
regression of treatment
effects on endpoints/copula

models the patient-centered
Hazard ratio from Cox outcomes using the 95%
regressions/Bayesian prediction limits of the

hierarchical analysis regression line

the surrogate endpoint was used in the development of
the cost-effectiveness model and the reimbursement/
coverage recommendation made. We recorded if finance-
based (e.g., “Patient Access Schemes” in the United
Kingdom intended to provide the National Health Ser-
vice with access to the technology based on confiden-
tial discount from list price) or performance-based
risk-sharing arrangements (e.g., plans to track the per-
formance of the product over a specified period of time
to inform the amount or level of reimbursement based
on the health outcomes achieved) were agreed with the
manufacturer.*®

The data extraction form was piloted on 3 HTA
reports (by OC, BG, RST). Following this pilot, infor-
mation was extracted from each HTA report by one of
the authors. Non-English reports were data extracted by
coauthors who were native or proficient speakers and
translated into English. A random sample of the reports
(n = 36) was checked for accuracy of data extraction by
another member of the team (OC, BG, or RST).

Data Analysis and Synthesis

We used tables and descriptive statistics to summarize
extracted data and enable comparison of information
across agencies (for a given health technology) and
within agencies (across HTA reports). Two key areas of
results presentation are 1) the methodological handling
of surrogate endpoints in HTA reports and how this
influences the acceptability of surrogate endpoints and 2)
how surrogate endpoint validity influences the final
reimbursement/coverage recommendation made by
HTA agencies. In case of multiple evaluations made by
an agency for the same technology, we considered the
latest evaluation. Given that clinical evidence often accu-
mulates after marketing authorization, we considered
this to be a conservative approach (i.e., looking at the
highest evidence base for surrogate validation).

We determined the level of agreement between agencies
in terms of acceptability of surrogate endpoint and final rec-
ommendations made using a generalization of the k
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coefficient for binary observations and multiple observers.
We interpreted k values as follows: values <0 as indicating
no agreement and 0.01 to 0.20 as none to slight, 0.21 to
0.40 as fair, 0.41 to 0.60 as moderate, 0.61 to 0.80 as sub-
stantial, and 0.81 to 1.00 as almost perfect agreement.>’

We collapsed categorical variables into binary responses
(acceptable surrogate v. no/unclear; approved technology v.
rejected/restricted), and we fitted univariable and multivari-
able mixed-effects logistic regression models to test 1) the
impact of level of evidence, reporting a metric of associa-
tion, and quantifying the expected effect on the patient-
centered outcome and orphan status on the HTA agency’s
acceptability of the surrogate endpoint and (2) the impact
of the acceptability of the surrogate endpoint (and previous
variables) on the final coverage recommendations given by
the HTA agency. We applied the standard 2-tailed P <
0.05 threshold for the interpretation of statistical signifi-
cance of regression coefficients. We conducted all statistical
analyses in Stata/SE 16.1 (StataCorp, College Station, TX).

Results

Description of Health Technologies under
Assessment and Included Reports

We screened a total of 291 HTA reports from NICE, of
which 23 (8%) were included in the analysis. Among the
23 technologies assessed, 21 (91%) were pharmaceuticals
and 2 (9%) were medical devices. Twelve (52%) technol-
ogies were used for an oncology indication, 3 (13%) for
a cardiovascular indication, 2 (9%) for either an endocri-
nology or a nephrology indication, and the remainder
spread across a variety of conditions (i.e., chronic hepati-
tis C, biliary cholangitis, vitreomacular traction, pulmon-
ary fibrosis). A summary of the technologies included is
available in Table 2.

The most frequently considered surrogate endpoint,
progression-free survival, was used in the evaluation of 7
(30%) technologies (axitinib, 2 indications of bortezo-
mib, brentuximab, cobimetinib, pertuzumab, ribociclib),
all intended for oncology indications. Major/complete
cytogenetic response was used in 4 (17%) oncologic eva-
luations (bosutinib, dasatinib first and second line, pertu-
zumab). Changes in low-density lipoprotein cholesterol
levels were used in 2 (9%) technologies intended for
dyslipidemia (alirocumab, evolocumab). Other surrogate
endpoints were biomarkers (parathyroid hormone, testos-
terone level, prostate-specific antigen, alkaline phospha-
tase, bilirubin, glycated hemoglobin, sustained virologic
response), functional measurements (forced vital capac-
ity, venous blood flow, change in total kidney volume),
or measure of clinical response (e.g., proportion of

Table 2 Summary of Characteristics of HTA Reports

Total No. (%)
of HTA Reports

Characteristic (N = 124)
Drugs 122 (98)
Medical device 2(2)
HTA agencies
NICE 23 (19)
HIS/SMC 20 (16)
HAS 20 (16)
PBAC/MSAC 15 (12)
CADTH 13 (10)
IQWiG/G-BA 13 (10)
ZiN 9(7)
NIPN 11(9)
Disease area
Cancer 65 (52)
Cardiovascular 17 (14)
Pulmonology 8 (6)
Nephrology 8 (6)
Endocrinology 7 (6)
Infectious disease 7 (6)
Ophthalmology 6(5)
Gastroenterology 6 (5)
Orphan status 8 (6)
Surrogate validation
Surrogate accepted (yes) 49 (40)
Level of evidence assessed (yes) 61 (49)
Strength of association provided (yes) 27 (22)
Quantification of effect provided (yes) 40 (32)
Final recommendation given
Approved 32 (26)
Restricted 61 (49)
Rejected 20 (16)
No recommendation 11(9)

CADTH, Canadian Agency for Drugs and Technologies in Health;
HAS, Haute Autorité de Santé; HIS/SMC, Health Improvement
Scotland/Scottish Medicines Consortium; HTA, health technology
assessment; IQWiG/G-BA, Institut fiir Qualitidt und Wirtschaftlichkeit
im Gesundheitswesen/Gemeinsame Bundesausschuss; NICE, National
Institute for Health and Care Excellence; NIPN, Orszagos
Gyodgyszerészeti és Elelmezés-egészségiigyi Intézet; PBAC/MSAC,
Pharmaceutical Benefits Advisory Committee/Medical Services
Advisory Committee; ZiN, Zorginstituut Nederland.

patients with nonsurgical resolution of focal vitreomacu-
lar traction).

We identified a total of 124 reports across all 8§ HTA
agencies matching these NICE appraisals (Figure 1).
These reports included a total of 341 archived documents
(including the reports, associated recommendations,
appendices, and responses to consultation) that were
obtained and screened for data extraction (see Supple-
mentary Material). Four technologies (alirocumab, evo-
locumab, pirfenidone, ribociclib) were evaluated across
all 8 agencies. One technology (geko device; FirstKind
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HTA reports from screening of NICE guidance website

=291
(238 TA reports, 26 DG reports, 27 MTG reports )

HTA reports excluded because of no consideration of surrogacy
N =263

HTA reports from screening of NICE guidance website that
explicitly consider surrogacy issue

(24 TAreports, 2 DG reports, 2 MTG reports )

HTA reports excluded N = 5 because

- superseded by more recent guidance N =3

- surrogacy discussed not in relation to the efficacy/effectiveness
of the technology of interest N =2

NICE HTA reports relevant for analysis
=23

(21 TAreports, 1 DG reports, 1 MTG reports )

Matched HTA reports from other agencies N = 101
- CADTHN =13

- HASN =20

- HIS/SMC N =20

- IQWIG/G-BAN =13

- NIPN N=11

- PBAC/MSACN =15

- ZN=9

HTA reports relevant for analysis across agencies

Figure 1 Flow diagram of health technology assessment report
selection. CADTH, Canadian Agency for Drugs and
Technologies in Health; DG, diagnostic guidance; HAS, Haute
Autoritée de Santé; HIS/SMC, Health Improvement Scotland/
Scottish Medicines Consortium; IQWiG/G-BA, Institut fiir
Qualitdt und Wirtschaftlichkeit im Gesundheitswesen/
Gemeinsame Bundesausschuss; MTG, medical technologies
guidance; NIPN, Orszagos Gyogyszerészeti és Elelmezés-
egeszségiigyi Intézet; PBAC/MSAC, Pharmaceutical Benefits
Advisory Committee/Medical Services Advisory Committee;
TA, technology appraisal; ZIN, Zorginstituut Nederland.

Ltd High Wycombe, UK was only evaluated by NICE.
The median number of evaluations per technology was 5.

How validation of surrogate endpoints is empirically
addressed in HTA reports. To investigate how the vali-
dation of putative surrogate endpoints was addressed in
practice, each of the 124 unique reports was considered
as a separate observation (Table 3).

The level of evidence to establish the validity of the
surrogate was clearly assessed in 61 (49%) evaluations
and not assessed in 57 (46%). In the other 6 reports, this
information was unclear (5%). Only 27 reports (22%)
reported a measure of strength of association between
the putative surrogate endpoint and the patient-relevant
endpoint of interest, and in the majority of the evalua-
tions (97, 78%), there was no correlation metric reported.
Forty (32%) evaluations quantified the predicted effect
of the surrogate endpoint on the patient-centered out-
come; the majority of reports did not (72, 58%) or failed
to provide enough information (12, 10%) for us to judge

whether this was actually done. The surrogate endpoints
were overall deemed “acceptable” in 49 reports (40%),
“unacceptable” in 23 (18%), and with no clear statement
on acceptability provided in the remaining 52 (42%) eva-
luations (Suppl. Table S1).

Variation between agencies. The level of depth and scru-
tiny applied by different agencies in relation to the vali-
dation of surrogate endpoints varied (Figure 2). NICE
was the agency most likely to report on the level of evi-
dence (22/23), strength of association (7/23), and quanti-
fication of effect (17/23) related to the validation of a
putative surrogate endpoint. In contrast, HAS and NIPN
were the agencies with the least level of information
reported in terms of validation.

IQWiG appeared to apply a particularly strict
approach with respect to the acceptability of surrogate
endpoints, with no surrogate outcome explicitly deemed
valid. Pairwise k coefficients revealed moderate to sub-
stantial (>0.40) agreement on the acceptability of the
surrogate endpoint between NICE and SMC, as well as
between PBAC and NIPN HTA. Overall, there was very
low level of agreement across the 8 agencies (0.10; P =
0.04) (Suppl. Table S2).

Variation between health technologies. High consistency
in acceptability was seen for cholesterol level used in the
assessment of alirocumab in hypercholesterolemia (only
IQWiG did not accept the validity of this putative surro-
gate endpoint®®) (Suppl. Figure S1). Total kidney volume
used in the assessment of tolvaptan in autosomal domi-
nant polycystic kidney disease was accepted in 5 of 6
assessments (CADTH stated that the relationship
between total kidney volume and clinically important
endpoints “remains to be elucidated”?®). For other
health technologies, conclusions about the validity of the
surrogate endpoints were conflicting. For example, alka-
line phosphatase and bilirubin were deemed valid in the
assessment of obeticholic acid for primary biliary cholan-
gitis by 3 agencies (NICE,*® SMC,! CADTH™) and
invalid by 3 agencies (HAS,* IQWiG/G-BA,** ZIN*).

Level of evidence. The acceptability of the putative sur-
rogate measure should be based on the related level of
evidence (see Table 1). This can be as low as expert opin-
ion, as in the NICE HTA assessment of progression-free
survival (PFS) of brentuximab vedotin in CD30-positive
Hodgkin lymphoma,*® or as high as individual patient
data meta-analyses of RCTs, as seen in the evaluation
of pathological complete response of pertuzumab in
human epidermal growth factor receptor 2—positive
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Figure 2 Steps of the validation of surrogate endpoints performed by health technology assessment agencies. CADTH, Canadian
Agency for Drugs and Technologies in Health; DG, diagnostic guidance; HAS, Haute Autorité de Santé; HIS/SMC, Health
Improvement Scotland/Scottish Medicines Consortium; IQWiG/G-BA, Institut fiir Qualitdt und Wirtschaftlichkeit im
Gesundheitswesen/Gemeinsame Bundesausschuss; MTG, medical technologies guidance; NIPN, Orszagos Gyogyszerészeti €s
Elelmezés-egészségﬁgyi Intézet; PBAC/MSAC, Pharmaceutical Benefits Advisory Committee/Medical Services Advisory
Committee; TA, technology appraisal; ZIN, Zorginstituut Nederland.

breast cancer.’” However, a higher level of evidence did
not always result in a positive opinion expressed by the
committee in relation to the acceptability of the surro-
gate. For example, based on the CollaborativeTrials in
Neoadjuvant Breast Cancer pooled individual patient
data meta-analysis, CADTH concluded that there is
insufficient evidence to support the validity of pathologi-
cal complete response as a surrogate for long-term out-
comes in breast cancer.®® In contrast, informed by
clinicians’ opinion, NICE accepted PFS for brentuximab
vedotin in CD30-positive Hodgkin lymphoma.*¢

Strength of association. Reports often discussed the con-
cept of association or correlation between the 2 end-
points of interest but rarely reported an actual metric
(e.g., R?, Spearman’s p correlation coefficient). For
example, the pirfenidone in idiopathic pulmonary fibro-
sis appraisal by NICE?” cited 1 study showing that there
is a moderate correlation between changes in percent
predicted forced vital capacity and changes in a disease-
specific health-related quality-of-life measure (i.e., Spear-
man’s p correlation coefficient of —0.32). Lack of

reporting of correlation metrics may reflect the difficult
interpretation of these values, limited methods guidance,
or presumed confidence in the validity of the surrogate.

Quantification of effect on patient-relevant outcomes.
Quantification of the expected treatment effect on the
patient-centered outcome based on the observed effect
on the surrogate endpoint was rarely reported. In some
cases, this quantification was a risk equation based on
previous longitudinal studies or registries in the same (or
similar) therapy area. In the appraisal of evolocumab in
primary hypercholesterolemia/mixed dyslipidemia, treat-
ment effects were modeled with published risk equations
from the Framingham Heart Study and the UK REACH
registry for cardiovascular disease patients.** The surro-
gate threshold effect (STE) has been proposed as key
metric to identify the minimum level of observed effect
on the surrogate endpoint in order to predict a signifi-
cant effect on the patient-centered outcome.*' However,
STE was only included in the IQWiG report on ribociclib
in locally advanced or metastatic breast cancer.*?
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Table 4 Factors Associated with Surrogate Acceptability and Recommendation Given

Multivariate Regression Analysis,”

Factor

Univariate Regression Analysis,”

OR (95% CI) |P Value] OR (95% CI) [P Value]

Factors associated with acceptability of surrogate endpoint
Level of evidence assessed
Strength of association provided
Quantification of effect provided
Orphan status

Factors associated with positive recommendation
Acceptability of surrogate endpoint
Level of evidence assessed
Strength of association provided
Quantification of effect provided
Orphan status

4.60 (1.60-13.18) [0.005]
1.23 (0.40-3.74) [0.72]
1.17 (0.38-3.61) [0.78]
0.52 (0.81-3.39) [0.50]

5.51 (2.42-12.55) [<0.001]
2.69 (1.04-6.97) [0.041]
3.52 (1.43-8.65) [0.006]
0.38 (0.06-2.36) [0.30]

—_——

0.71 (0.23-2.20) [0.55]
0.32 (0.07-1.37) [0.12]
2.30 (0.51-10.45) [0.28]
1.12 (0.27-4.74) [0.87]
8.61 (1.03-72.94) [0.047]

0.52 (0.19-1.46) [0.21]
0.40 (0.15-1.09) [0.07]
1.42 (0.43-4.66) [0.57]
0.57 (0.20-1.63) [0.29]
11.38 (1.55-83.58) [0.02]

CI, confidence interval; OR, odds ratio.

“From mixed-effect logistic regression with clustering at the level of the health technology. OR >1 indicates higher odds of the surrogate deemed

acceptable or technology receiving positive recommendation.

Use of surrogate endpoint evidence in cost-effectiveness mod-
els. For those reports that included a cost-effectiveness
analysis, surrogate endpoints were usually a key input in
the decision model. For example, annual change in total
kidney volume was used as an intermediate step to model
change in estimated glomerular filtration rate (¢GFR) in
the cost-effectiveness model of tolvaptan in autosomal
dominant polycystic kidney disease.** While quantification
of the treatment effect on the final outcome based on the
surrogate could be an output of the decision model, we did
not find any examples of this across reports in this study.
Despite a pivotal trial powered for a surrogate primary
endpoint, the available cost-effectiveness models were
developed using immature survival data from short-term
studies extrapolated to obtain estimates of the full survival
benefit.**** Evidence around the validation of the primary
surrogate endpoint could inform the choice of the methods
for performing the extrapolation in economic models (e.g.,
how plausible the extrapolated portions are),*® but we
never encountered this across our sample of HTA reports.
While surrogate endpoints are generally assumed to
replace patient-relevant outcomes, such as overall sur-
vival, in cost-effectiveness models, they may also be used
to predict health-related quality of life. For example, a
key utility value was an assumed 0.04 increase in health-
related quality of life for patients experiencing a sus-
tained virologic response with the use of the ledipasvir-
sofosbuvir drug combination in chronic hepatitis C eva-
luation.*’” They may also be used to predict health care
resource consumption/costs (e.g., PFS as a proxy for
time on treatment with biologic cobimetinib for the man-
agement of unresectable or metastatic melanoma).*®

Multivariable regression analysis showed that report-
ing about the level of evidence supporting the relation-
ship between the putative surrogate and the patient-
centered endpoint of interest increased the probability of
accepting the validity of the surrogate endpoints (odds
ratio [OR], 4.60; 95% confidence interval [CI], 1.60-
13.18; P = 0.005), regardless of whether this evidence is
biological, plausibility anecdotal, observational, or
experimental (Table 4). That these other elements are
statistically significant in univariate regressions suggests
that they are correlated with reporting of evidence.

What impact does use of surrogate endpoints have on the
recommendations given?. We were able to examine the
recommendations based on 113 assessments (11 [9%]
HTA recommendations given by NIPH were not pub-
licly accessible) (Table 2). Pairwise k coefficients show at
least modest (>0.20) agreement on the final recommen-
dation given by IQWiG/G-BA and SMC and substantial
(>0.60) agreement on the final recommendation given
by IQWiG/G-BA and HAS. Overall, the level of agree-
ment across the 8 agencies was relatively low (0.18; P =
0.004) (Suppl. Table S3).

For 8 (6%) of the recommendations, orphan drug des-
ignation was associated with either full approval (n = 6)
or restricted approval (n = 2). A patient access scheme
was mandated in 19 (16%) of the restricted recommenda-
tions by NICE and SMC, with risk-sharing agreements
being required in 3 (2%) of these restricted recommenda-
tions. In 10 (8%) of the restricted recommendations, a
price reduction was required. Lack of benefit, high uncer-
tainty on outcomes, or insufficient evidence on the
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relationship between the surrogate and patient-relevant
outcomes was explicitly cited in 13 (11%) rejections. In
contrast, 6 (5%) approval recommendations were made
despite stated uncertainty in clinical or cost-effectiveness
evidence (Suppl. Table S4).

With the exception of orphan status (OR, 8.61; 95%
CI, 1.03-72.94; P = 0.047), none of the other factors
were predictive of the final coverage recommendation
(Table 4).

Discussion

In this study, we mapped the methods used in 124 surro-
gate endpoint-based HTA evaluations/reports on 23 dif-
ferent health technologies across 8 HTA agencies. Based
on a previously proposed 3-step framework for the vali-
dation of surrogate outcomes,’® we found that 61 (49%)
reports discussed the level of evidence to support the
relationship between the surrogate endpoint and the
patient-centered outcome based on IPD meta-analyses of
RCTs in the relevant indication. Only 27 (22%) evalua-
tions reported a correlation coefficient or other associa-
tion measure. When available, these associations were
usually below recommended thresholds for acceptability
of surrogate (i.e., the lower limit of the 95% CI for R >
0.85 recommended by IQWiG).* Forty (32%) reports
quantified the expected effect on the patient-centered
outcome given the observed effect on the surrogate out-
come. A clear statement around the acceptability of the
surrogate endpoint was provided in 49 (40%) reports,
while 23 (19%) rejected the validity of the proposed sur-
rogate endpoint. Our regression models showed that
searching for evidence of the relationship between the
surrogate and patient-centered outcome was a predictor
of the HTA agency’s acceptance of the surrogate end-
point but did not show any significant effect for the other
steps in the validation process.

Among the 113 assessments with a policy recommen-
dation, 32 (28%) technologies were fully approved, 20
(18%) were rejected, and 61 (54%) received restricted
approval. To handle the decision uncertainty as the
result of the use surrogate endpoints, HTA agencies
often used conditional approval based on price discount
agreements (including patient access and risk-sharing
schemes with evidence development), had restricted indi-
cations, or applied more permissive evaluation frame-
works (such as orphan technology designation, end-of-
life treatment, or specialist coverage programs, such as
the Cancer Drugs Fund in the United Kingdom). For
example, when evaluating bosutinib, all HTA agencies
had access to results of the main study that reported
major cytogenetic response and immature overall

survival data. IQWiG approved bosutinib as an orphan
medicine despite concluding that major cytogenetic
response and overall survival were limited. The Scottish
Medicine Consortium also found “high uncertainty
around the survival estimate” but still approved bosuti-
nib as part of the ultra-orphan process. While the reim-
bursement of drugs authorized with orphan designation
may vary across Europe, orphan status is usually a pol-
icy imperative that commits HTA agencies to recom-
mend even without evidence of additional benefit.”® We
found weak evidence that the acceptability of the surro-
gate endpoint was associated with the final coverage
decision made by HTA agencies.

We found considerable variability in the level of scru-
tiny applied with respect to the surrogacy issue across
HTA agencies. This variability is in part explained by dif-
ferences in the methodological guidelines followed by the
HTA agencies.” Different expertise available to the com-
mittee, different level of reporting, or different interpre-
tations of the definition of surrogate endpoints may also
play a role. Some surrogate endpoints, especially so-
called intermediate endpoints (e.g., progression-free sur-
vival, disease-free survival, event-free survival), may be
considered not to require validation by HTA agencies as
they have been already accepted by a regulatory body for
marketing authorization. In several cases, HTA agencies
quoted EMA or FDA approval documents to support
their acceptance of the validity of a surrogate endpoint.
However, it is important to recognize that the mandate
of regulators is not the same as HTA organizations."'
The underlying evidence for the accepted surrogate end-
points for regulatory review may be weak or missing.’!*>
As a life-cycle evaluation to health care technologies
has become more widespread, regulatory agencies have
gained statutory authority to order postmarketing stud-
ies, typically in the case of approvals based on uncertain
evidence. However, only 1 in 10 new drug indications
approved by the US FDA on the basis of surrogate end-
points has been shown to have at least 1 postapproval
trial validating the use of the surrogate or demonstrating
improved overall survival.> >°

Surrogate endpoint evidence affects the assessment of
clinical and cost-effectiveness of a health technology.’
However, we found limited consideration in the eco-
nomic elements of the HTA reports included in this
study. For example, some cost-effectiveness models were
based on extrapolations of immature survival data from
short-term studies rather than use of validated primary
surrogate endpoint data. Furthermore, there was little
use of biomarkers or intermediate endpoints as replace-
ments for either health-related quality of life or health
care resource consumption/costs.
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Limitations

Our analyses were limited to consideration of publicly
available information, and reporting details varied
greatly between agencies. As we based our initial selec-
tion of technologies on a text search for surrogacy terms
of NICE reports, we may have excluded reports/technol-
ogies using surrogate endpoint evidence. We cannot
exclude the possibility that consideration of surrogacy
issues occurred during HTA committee meetings but
that these observations were not reported in public docu-
ments. Some of the non-English reports were not double
screened due to lack of language expertise across the
coauthors. Although we identified only 2 nondrug tech-
nologies in our sample, we believe that the findings of
the report apply equally to such technologies, including
medical devices.

Conclusions

We found that the handling of surrogate endpoint evi-
dence varied greatly across HTA reports and agencies,
with inconsistent consideration of level of evidence and
statistical validation. Consideration of the level of evidence
supporting the relationship between the surrogate endpoint
and patient-centered outcome increased the likelihood of
acceptability of a surrogate endpoint. However, we did not
find strong evidence supporting an association between
accepting the surrogate and the coverage recommendation
made about the treatment. Claims of surrogate validity
need to be considered contextually, given that the relation-
ship between surrogate endpoint and patient-relevant out-
come is typically treatment and indication specific.

HTA evaluation reports often refer to regulatory
(FDA or EMA) statements about the acceptability of
surrogate endpoints. However, regulators are more
focused on safety and shorter-term efficacy, and registra-
tion trials are often specifically designed to answer these
questions. Given that HTA agencies focus on a longer-
term perspective and seek to assess clinical effectiveness
and cost-effectiveness, their considerations on the accept-
ability of surrogate endpoints may differ from those of
regulators.”®

Our findings demonstrate the need for further consid-
eration of the issue of surrogacy and for harmonization
of practices between regulatory and HTA agencies and
across international jurisdictions.
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