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This white paper summarizes the ISPOR US 2022 Issue Panel #223

Executive Summary

The past 50 years have witnessed a vigorous debate around the use of surrogate (aka 
intermediate) endpoints in oncology and other disease areas. 

•	 Reliance on inadequate surrogate endpoints has led to waste of resources and, at its worst, 
even harm to patients

•	 At the same time, well-characterized surrogate endpoints have been shown to be vital 
when equipoise cannot be maintained in clinical trials otherwise, and for providing timely 
access to beneficial treatments years sooner than awaiting long-term clinical outcomes

This panel brought together experts from the fields of health technology assessment (HTA), 
statistical modeling, and patient advocacy to contribute to the important ongoing dialogue 
among stakeholders from different perspectives. 

NICE methods update for surrogate endpoint validation (Dr. Dalia Dawoud, Senior 
Scientific Adviser, NICE, UK):

•	 The new National Institute for Health and Care Excellence (NICE) methods manual requires 
more explicit evidence when using surrogate endpoints in submissions

•	 A hierarchy of levels of evidence is introduced (top to bottom): 

o Evidence from randomized clinical trials (RCTs) demonstrating correlation of the treatment 
effect on the surrogate endpoint with the treatment effect on the target endpoint

o Observational or real-world evidence (RWE) showing consistent association between the 
surrogate and target measures

o Biological plausibility of the surrogate/target- endpoint relationship

•	 It is recommended to use bivariate meta-analytic approaches to determine the correlation 
of the treatment effect on the surrogate endpoint with the treatment effect on the target 
endpoint

•	 The uncertainty in the final endpoint prediction should be quantified and accounted for in 
the economic models

Statistical methodology update (Dr. Billy Amzal, CEO, Quinten Health, France)

•	 The choice of the adequate method and statistical model to assess surrogacy is critical 
to best capture heterogeneity and potential non-linearities and hence reduce bias and 
uncertainty when predicting the final endpoint based on the surrogate/intermediate 
endpoint
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•	 For non-small cell lung cancer (NSCLC) specifically, analyses of a large clinical dataset 
showed that use of joint (aka bivariate) models, recommended in the new NICE guidelines, 
makes most use of the available information and can improve of the surrogacy estimates 
substantially

•	 RWE may provide additional information where clinical trial evidence is unavailable, too 
sparse or when real-world outcomes matter more

The value of surrogates for oncology patients (Dr. Jeff Allen, President and CEO, 
Friends of Cancer Research, USA)

•	 The accelerated approval pathway is an important route for treating severe conditions 
to reach patients faster, and these approvals rely on surrogate endpoints along with the 
commitment to develop confirmatory evidence regarding long-term outcomes

•	 One needs to expect that it will require additional time to evaluate final clinical outcomes; 
however, diligent follow-up on studies to confirm the initial effect on surrogates is 
important and follow-on studies should be initiated and completed in a timely manner to 
demonstrate actual benefits for the patients 

•	 More frequently than not, accelerated approvals based on surrogate endpoints in oncology 
have subsequently confirmed clinical benefit with only approximately 10% of accelerated 
approvals being withdrawn to date

Conclusions and outlook

The panel agreed that surrogacy validation in NSCLC is an as timely endeavor as it has ever 
been and that alignment on requirements and optimal methodology (such as using the 
bivariate/joint modelling approach as recommended by NICE) provides an important roadmap 
for early dialogue between manufacturers, regulators, and payers.

•	 Active engagement of all stakeholders is necessary to align on a consistent and rational 
methodology that allows all sides to weight benefits against risks inherent to the use of 
surrogates

•	 Policy requirements to ensure safe and yet timely access to treatments include the timely 
completion of confirmatory studies and transparent and streamlined withdrawal processes

Inviting patient representatives to panels such as this one was highlighted as an important 
step toward making sure that patient benefit is always front and center in considerations of 
surrogate endpoints.
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Objective

This white paper summarizes an experts’ discussion on surrogate endpoints, held at the 
issue panel #223 “Surrogate Endpoints Under Attack – Is It Still Worth Performing Surrogacy 
Validation? Lessons From NSCLC” at ISPOR 2022 in Washington D.C., US, with a focus on how 
to best tackle analytical issues in surrogate endpoint validation.

Introduction Introduction 
Dr. Silvia Paddock, Senior Manager, PwC SwitzerlandDr. Silvia Paddock, Senior Manager, PwC Switzerland

In her introduction to the topic of surrogate endpoints and their validation, Dr. Paddock 
highlighted the importance of “uncertainty” for the current debate and explained that in 
general, the prediction of the final endpoint based on the surrogate endpoint includes two 
sources of uncertainty: one source of uncertainty from measuring the surrogate endpoint, 
and another source of uncertainty from predicting the final endpoint based on the surrogate 
endpoint, illustrated in Figure 1.

Dr. Paddock noted that this uncertainty necessarily implies the risk of being wrong about 
surrogacy, and that failures on either side of the spectrum (i.e., using surrogates that turned 
out to be harmful or not using surrogates when equipoise was violated in trials) have led 
to the debate around surrogates becoming quite emotional and the pendulum of their 
acceptability swinging widely between “absolutely vital” and “completely unacceptable”. She 
expressed hope that panels such as this one could contribute to a more “stable equilibrium” 
of surrogate use based on commonly agreed best practices and shared evaluation of the 
benefit/risk ratio for patients.

Figure 1. 

Sources of uncertainty when predicting the final endpoint based on the surrogate endpoint

Uncertainty of prediction from S to F

E�ect on Surrogate Endpoint (S)
with uncertainty 

Predicted e�ect on Final Endpoint (F):
two sources of uncertainty 

S F
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Surrogate endpoint validation in NSCLCSurrogate endpoint validation in NSCLC

Dr. Paddock elaborated on attempts to validate progression-free survival (PFS) or overall 
response rate (ORR) as surrogate endpoints for overall survival (OS) in non-small cell lung 
cancer (NSCLC) that have been difficult in the past1,2, which could partially be explained by 
cross-over from the control to the treatment arm after progression.2 Other potential issues 
hampering surrogate validation in NSCLC are pseudoprogression3 (a phenomenon in which 
an initial increase in tumor size is observed or new lesions appear, followed by a decrease 
in tumor burden), which is observed in some patients on immunotherapies, and multiple 
later lines of treatment “diluting” the effect of the initial treatment. At the same time, the 
biological rationale that PFS is a potential surrogate for OS is strong in NSCLC, since patients 
die from cancer in the lung4, thus, a thorough and comprehensive assessment of surrogacy, 
using advanced analytic methods that reduce biases compared to prior analyses, is warranted.

Experts’ opinions on surrogate endpoints

In the following, different perspectives of the panelists on various aspects of surrogacy 
validation, hurdles for using of surrogate endpoints, and possible solutions to overcome those 
hurdles are presented.

HTA/PAYERS’ PERSPECTIVE
Dr. Dalia Dawoud, Senior Scientific Adviser, National Institute for Health and Care Excellence 
(NICE), UK

Dr. Dawoud pointed out that HTA agencies increasingly reviewing submissions containing early 
evidence and immature data. In particular, the evidence presented to support the validity 
of the relationship between the surrogate endpoints and outcomes required for decision-
making is often limited. NICE therefore recently updated its methods guideline5 on surrogacy 
validation after reviewing (i) current methods used within NICE, (ii) those used in other HTA 
organizations, and (iii) key literature on the topic including a commissioned report by NICE 
Decision Support Unit6. Dr. Dawoud explained that the updated guideline calls for more 
explicit evidence in the submissions and provides methodological guidance on how to prepare 
this evidence. Three key changes in the methods update are laid out in the following.

First, three levels of evidence can be considered7 (Figure 2), with the most important level 
(Level 1) being the correspondence of treatment effects on the surrogate endpoint to the 
treatment effects on the final endpoint as shown in RCTs. Robust meta-analytic methods exist 
to conduct such analyses, for example joint modelling (aka bi-variate meta-analysis) of the 
surrogate and the final endpoint6,8 are recommended.

Level
1

                treatment e�ect on surrogate 
endpoint corresponds to commensurate 
treatment e�ect on �nal endpoint (as shown in RCTs)

Level
2

                consistent association between 
surrogate and �nal endpoint (as derived 
from epi/observational studies)

                biological plausibility of relation 
between surrogate and �nal endpoint

Level 1:

Level
3

Level
3

Level 2:

Level
3

Level 3:

Level
3

Figure 2. 

Levels of evidence to be considered in surrogate analyses
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Second, the evidence presented should be specific to the population, disease area 
and technology of interest. Deviations from this rule, e.g. for first-in-class treatments, 
need thorough justification, and using meta-analytic methods that allow borrowing of 
information from sufficiently similar treatment classes, populations, and treatment settings is 
recommended.8

Third, the uncertainty on predicting the final outcome from the surrogate outcome needs 
to be quantified, to enable its incorporation into the economic models through probabilistic 
sensitivity analyses.

METHODOLOGICAL PERSPECTIVE
Dr. Billy Amzal, CEO, Quinten Health, France

Dr. Amzal explained that in addition to the challenges of surrogacy validation mentioned 
above that are more specific to oncology/NSCLC, surrogacy validation is often performed with 
aggregated data on published study results which limits the statistical methods to adjust for 
confounders. 

If the functional relationship between the surrogate and the final endpoint is mis-specified, 
the available data may not be used efficiently, and popular methods such as meta-regression 
disregard that also the surrogate endpoint is measured with error. Therefore, choosing 
the appropriate statistical method that can avoid bias and reduces the uncertainty of the 
prediction is critical. For example, covariate adjustment, even if performed on the aggregate 
level, may reduce bias and increase precision.

The case of NSCLC
Dr. Amzal presented results from an exploratory analysis that was performed on a large NSCLC 
database including aggregate data of more than 1000 clinical trials published before the end 
of June 2021. The aim of this data exploration was to evaluate:

•	 How strength of surrogacy or uncertainty may be impacted by different model 
parameterization, and to benchmark different statistical models,

•	 How surrogacy may vary across patient subgroups. 

Both trial-level (hazard ratios, HRs) and arm-level (median survival times) results were used to 
assess PFS and ORR as surrogate endpoints for OS.

This exploratory analysis revealed that surrogacy strength depended on the model 
parameterization and how well nonlinearities and collinearities are captured. For example, 
surrogacy strength substantially improved when using a joint/bi-variate meta-analytic model8 
for the surrogate and the final endpoint, which can be seen in Table 1: the adjusted R2 
(correlation coefficient) of the joint model increased to 0.47 as compared to the one of the 
standard meta-regression model. In addition, while joint modelling does not impact mean 
predictions, it led to narrower prediction intervals compared to those based on the standard 
meta-regression model, see the last column of Table 1.
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Table 1. 

Comparison of adjusted R2 and predicted HRs from the standard meta-regression model 

The exploratory analysis also showed that surrogacy strength varied across subgroups and 
could thus be improved by adjusting for relevant covariates. For example, surrogacy for PFS 
vs. OS resulted in R2 = 0.501 for trials with high percentage of patients who never smoked as 
compared to R2 = 0.339 overall. Likewise, and as expected, surrogacy depends on drug class: 
we found for example a very weak surrogacy in immunotherapy-treated subgroups (R2=0.007) 
but a very strong surrogacy in chemo-treated subgroups (R2=0.843).

In summary, Dr. Amzal concluded that this exploratory analysis for NSCLC thus negated the 
simplistic message that “surrogacy is weak” in NSCLC as previously published. It also indicated 
a clear correlation between PFS gain and OS gain: progression rates reduction of X% translated 
into mortality rates reduction of X/2%, and longer median PFS seemed to be associated 
with longer median OS. The study confirmed that the surrogacy question needs appropriate 
methods (e.g., using non-linear and/or joint models) to be robust and fair.

Surrogacy validation using real-world evidence
Dr. Amzal further elaborated on the potential inclusion of real-world data (RWD) in surrogacy 
validation analyses: if (aggregated or individual-level) data are sparse for the drug class and/or 
population studied, RWD may be used to enhance and generalize surrogacy. Such an analysis 
requires mapping of relevant variables from RCTs to the real-world, and it needs to account 
for drivers of effectiveness. Though no method to integrate RWD into surrogacy validation 
is recommended yet by NICE, research is active in the field and a growing number of pilots 
and cases have been explored, some submitted to HTA agencies. It required appropriate 
methodologies, such as the use of pharmaco-epidemiological methods to control potential 
biases or the use of Bayesian bivariate random-effects meta-analysis as proposed by Wheaton 
et al.9

PATIENT AND POLICY PERSPECTIVE
Dr. Jeff Allen, President and CEO, Friends of Cancer Research (FOCR), USA

Accelerated approval has enabled patients access to new medicines to treat serious illnesses 
with unmet medical need years sooner than would have been possible without this pathway. 
Dr. Allen explained that yet, besides withdrawn indications amounting to 10.1% among all 
accelerated approvals, a large portion of indications with pending action have not yet been 
converted to full approval, as can be seen in Table 2. He also pointed out that the average 
time that had passed since these were approved was still shorter than the average gain that 
previous approvals had brought in terms of earlier access. This means that the data may not 
be mature yet for a substantial share of the pending molecules. This finding calls for patience

 CI: confidence interval, PrI: prediction interval
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Table 2. 

Overview of accelerated approvals across all indications and for oncology indications

when waiting for final results but also timely initiation and completion of confirmatory studies 
and a transparent and streamlined withdrawal process at the regulatory level. 

Dr. Allen highlighted that oncology has benefitted from accelerated approval due to 
quantifiable and standardized disease measures. This has been supported by rapidly evolving 
science leading to an improving understanding of disease biology and advanced drug design. 
Most importantly the patient benefit is becoming clear – a recent study demonstrates a 
reduction in the 5-year mortality of NSCLC due to the availability of targeted therapies12 many 
of which were approved through accelerated approval.

Dr. Allen further reviewed recent work by his organization to validate circulating tumor DNA as 
a potential surrogate endpoint for future use in cancer research and showed recent data from 
a study that pooled results from several RCTs to investigate the potential utility of this marker. 
He noted the importance of such rigorous validations to ensure that patients truly benefit 
from adequate use of surrogate endpoints.

Conclusions

The panel concluded that surrogacy validation in NSCLC was an as timely subject as ever, 
and that alignment on requirements and optimal methodology, discussed in the current 
panel from multiple perspectives, provide an important roadmap for early dialogue between 
manufacturers, regulators, HTA agencies and payers.

Previous challenges hampering surrogacy validation may be alleviated by selecting 
appropriate analytical methods such as joint/bi-variate meta-analytic models for the 
surrogate and final endpoint that improve surrogacy strength in terms of the R2 and reduce 
uncertainty of the final endpoint prediction. For NSCLC, contrary to the pessimistic tenor of 
recent surrogacy validation attempts, a clear correlation between PFS gain and OS gain could 
be observed based on RCT evidence with optimized methodology. Proper accounting for all 
uncertainties in the calculations in the future will help HTA agencies to better accommodate 
early evidence from surrogate endpoints. Because no methodology will ever fully eliminate 
all uncertainties when using surrogates, an intense dialogue is necessary to ensure that the 
benefit/risk balance reflects the patient perspective. Surrogate use needs to be planned early 
during trial design, and diligent follow-on studies are necessary to ensure that patients indeed 
benefit from earlier access to targeted therapies.
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