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Abstract

Background.—Targeting short-term improvements in multicomponent risk scores for mortality
in patients with pulmonary arterial hypertension (PAH) may result in improved long-term
outcomes. We aimed to determine whether PAH risk scores were adequate surrogates for clinical
worsening in PAH randomized clinical trials.

Methods.—We performed an individual participant data meta-analysis using three large long-
term RCTs in PAH (AMBITION, GRIPHON, and SERAPHIN). We calculated predicted risk
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using the COMPERA Full, COMPERA 2.0, non-invasive FPHR, REVEAL 2.0, and REVEAL
Lite 2 risk scores. We assessed the surrogacy of achievement of low-risk status by 16 weeks for
improvement in long-term clinical worsening and survival using both mediation and meta-analysis
frameworks.

Findings.—The study sample included 2508 participants. The mean age was 49 +16 years, 78%
were women, 68% were classified as white, and 11% were Hispanic/Latino. Fifty-five percent
had idiopathic PAH and 31% had PAH associated with connective tissue disease. In a mediation
analysis, the proportions of treatment effects explained by achievement of low-risk status ranged
only from 7% to 13%. In a meta-analysis of trial-regions, the treatment effects on low-risk

status were not predictive of the treatment effects on clinical worsening. A leave-one-out analysis
suggested that the use of these risk scores as surrogates may lead to biased inferences regarding
the effect of therapies on clinical outcomes in PAH RCTSs. Results were similar when using
absolute risk scores at 16 weeks as the potential surrogates.

Interpretation.—Multicomponent risk scores may have utility for the prediction of long-term
outcomes in patients with PAH. Clinical surrogacy for long-term outcomes, however, is not
guaranteed by results from observational studies that suggest changes in multicomponent risk
scores correlate with better outcomes. Our analyses of three PAH trials with long-term follow-up
suggest that further study is necessary before using these or other scores as surrogate outcomes in
PAH RCTs.

Funding.—Cardiovascular Medical Research and Education Fund

Keywords
Pulmonary hypertension; surrogate outcome; risk score; pulmonary vascular disease

Introduction

Functional and hemodynamic measures have long been used to inform the diagnosis and
care of patients with pulmonary arterial hypertension (PAH). More recently, there have
been increasingly strong recommendations to use multicomponent risk scores that combine
these and other clinical and laboratory values to guide the treatment of PAH. Popular
examples include REVEAL,! FPHR,2 and COMPERA, 34 though several others exist or
are in development.® These scores transform several measures of disease severity, organ
dysfunction, and hemodynamics into an ordinal ranking that is usually further stratified into
three to four levels of mortality risk at one year.

The 2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension®
advocate for “a risk-based, goal-orientated treatment approach in patients with PAH, where
achieving and/or maintaining a low-risk status is favorable and recommended.” (Class |
Recommendation, Level of Evidence B). This approach assumes that new (or established)
therapies that improve patients to a “low-risk” score in the short term will also lead to
benefits in the long term, i.e., that the risk score is a surrogate end point. However,

the formal validation of these scores as surrogate outcomes remains incomplete and it is
possible that the current approach to ranking and calculating these scores is suboptimal
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for using them as clinical surrogates to inform regulatory decisions pertaining to treatment
efficacy or clinical care.

The Food and Drug Administration (FDA) defines a surrogate end point as “a laboratory
measurement or physical sign that is used in therapeutic trials as a substitute for a
clinically meaningful end point... and is expected to predict the effect of the therapy.”6"
A surrogate endpoint is an alternative outcome measure that can substitute for a clinically
important outcome that would happen later in time or be more difficult to measure.®7 Such
endpoints would have high utility for PAH, which is a rare disease. The low incidence of
PAH necessitates long time-to-event focused trials, preventing rapid evaluation of potential
therapies.

A validated surrogate endpoint can provide results faster and often more affordably than
long-term or difficult-to-capture outcomes in trials.8-10 For example, if the multicomponent
risk score at 4 months captured the effects of an intervention and predicted outcomes

over several years, therapies could be tested in shorter and less expensive RCTs by using

the risk score as a surrogate outcome.1! Prior efforts have shown that six-minute walk
distance (6MWD) and hemodynamics are not adequate surrogates for outcomes in PAH,12:13
however these studies have been criticized for only including short-term follow-up and
assessing single parameters at a time (6MWD, pulmonary vascular resistance, etc.). We
sought to assess the surrogacy of five validated multivariable risk scores using long-term
data from PAH trials.

Study population and study sample

We considered randomized clinical trials (RCTs) of any PAH therapy that were submitted
to the United States (US) FDA since 2000 (Table S1) for inclusion in this study. The

FDA provided us with individual participant data (IPD) from these RCTs with the goal of
improving study design and quality. For this study, we included Phase 111 long-term event-
driven trials which included data for the risk prediction scores captured at 12 or 16 weeks
and follow-up of 1-4 years (Figure S1). Most trials were excluded for having a follow-up
duration of less than 1 year. Three trials were included in this study. The AMBITION trial4
randomized patients to an ambrisentan 10 mg and tadalafil 40 mg combination therapy arm
or one of two monotherapy arms (ambrisentan 10 mg alone and tadalafil 40 mg alone).

We considered the combination therapy arm as the ‘experimental treatment arm’ for this
study; monotherapy patients were combined into one ‘control arm.” The GRIPHON triall®
randomized patients to selexipag (up to 3200 ug daily) or placebo. The SERAPHIN triall6
randomized patients to macitentan 3 mg, macitentan 10 mg, or placebo. We combined the
macitentan 3 mg and macitentan 10 mg arms into one ‘experimental treatment arm’ for this
study.

We harmonized the IPD obtained from the FDA as previously described.1’:18 Briefly, we
used the Study Data Tabulation Model (Version 1.4) to organize the data into domain
datasets. Demographic, PAH etiology, World Health Organization (WHO) functional class
(FC), 6MWD, laboratory, vital sign, hemodynamic values from right heart catheterization,
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clinical worsening, and mortality data were harmonized across the various trials. The time
points at which data were captured in the individual trials were recorded. The University of
Pennsylvania Institutional Review Board considered the harmonization and secondary use of
these data as exempt from approval.

Description of PAH risk scores

We assessed five commonly used PAH risk scores for potential surrogacy: REVEAL

2.0,19 REVEAL Lite 2,20 COMPERA,® COMPERA 2.0,2! and non-invasive FPHR.2 A
summary of the score formulations are given in Table S2, with a full description of each
score provided in the Web Supplement. The standard FPHR score (which requires right
atrial pressure and cardiac index) could not be used because the included studies did not
perform right heart catheterization at 12 or 16 weeks. The non-invasive FPHR score will be
henceforth referred to as FPHR for brevity.

We calculated risk scores when some risk score components were missing using the standard
procedures described by each respective risk score calculator; this is described in more

detail in Table S3. In addition, the AMBITION and GRIPHON trials collected data for

risk score calculation at 16 weeks, while SERAPHIN collected such data at 12 and 24
weeks. To harmonize the surrogate variable data, risk scores at 16 weeks in SERAPHIN
were imputed using linear interpolation of the 12- and 24-week data. The 12-week data
contributed two-thirds of the weighted average, and the 24-week data contributed one-third.

Description of clinical outcomes

The primary outcome of interest was time to “clinical worsening”, a composite endpoint
composed of any of the following events: all-cause death, hospitalization for worsening
PAH, lung transplantation, atrial septostomy, discontinuation of study treatment (or study
withdrawal) for worsening PAH, initiation of parenteral prostacyclin analogue therapy, or
decrease of at least 15% in 6MWD from baseline, combined with either worsening of
WHO FC from baseline or the addition of an approved PAH treatment.14-16 The secondary
outcome of interest was time to all-cause mortality.

Statistical Analysis

Characteristics of the study sample were shown using mean + standard deviation (SD) or
median and interquartile range (IQR). The proportion of study subjects with low-risk status
for each risk score at 16 weeks was calculated for each treatment group. Corresponding
risk differences were calculated along with 95% confidence intervals. The Kaplan-Meier
method?2 was used to estimate time-to-clinical-worsening stratified by treatment allocation
and by low-risk status.

Surrogacy was assessed using three methods, (i) mediation analysis, (ii) meta-analysis, and
(iii) leave-one-out meta-analysis.23 Complete-case analysis was used for all methods, as
only a low proportion of surrogate outcomes were expected to be missing after performing
the calculations to adjust for missing risk score components as described above. Individuals
with a clinical worsening event before 16 weeks were excluded from primary analyses
focused on clinical worsening to avoid conditioning on future information in models.
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Because ordinal variables introduce potential issues in mediation and other analyses, the
primary surrogate outcome was dichotomized as 1 = low-risk status vs. 0 = not low-risk
status. Figure 1 shows directed acyclic graphs corresponding to surrogate outcomes of
various strengths. If a robust indirect effect of treatment exists while a direct effect is non-
existent, risk status and risk scores would be considered strong surrogates. In practice, direct
effects will usually be present, and the strength of surrogacy is assessed by considering the
effect size of the indirect effect relative to the total effect of treatment.

First, we performed a mediation analysis considering each candidate surrogate as an
intermediate outcome.2425 To avoid */nconsistent mediatior’ (i.e., when direct and indirect
effects cancel each other out, the direct effect is even larger than the total effect, or other
situations that result in a negative proportion mediated), we first empirically tested four
criteria to justify the mediation analysis (Table S4).26:27 Next, Cox proportional hazards
models28 were fit for the clinical worsening and survival outcomes conditional on each
candidate surrogate separately, as well as treatment, corresponding baseline risk score, and
a fixed effect variable with three levels for trial membership (to allow for similarity within
each trial/intervention). Results from these models were combined with parallel models that
did not condition on the candidate surrogates, but otherwise conditioned on the same set of
variables to perform the “difference method’ for mediation,29:30 estimating the total effect
and direct effects of treatment on clinical worsening and survival, as well as the indirect
effects through each candidate surrogate. The proportion of the effect mediated through each
surrogate risk score was estimated, along with 95% confidence intervals via a bootstrap
procedure.

Next, surrogacy was assessed using meta-analysis techniques.3132 As recommended when
the number of available trials is small,33 each geographic region within each trial was treated
as its own clinical trial in the meta-analysis. For the AMBITION study, trial locations

were grouped by North American and European/Australian regions. The GRIPHON and
SERAPHIN studies were grouped by American, European/Australian, and Asian regions.
In all trials, Israel was included in the European/Australian region. First, the effects of
treatment on risk scores were estimated within each trial-region using separate logistic
regression models for each risk score. Then the effects of treatment on clinical worsening

in each trial-region were estimated using Cox proportional hazards models. The estimated
treatment effects on the surrogates were then regressed on the corresponding estimated log
hazard ratios for the outcome, weighting by the inverse variance of the estimated log hazard
ratio from each trial region. The R2 metrics from the final weighted models were used to
assess the strength of the potential surrogates.

Finally, we carried out a trial-region leave-one-out meta-analysis. Specifically, the meta-
regression described above was performed for all but one trial-region. Then, the effect of the
treatment on the surrogate was used to predict the hazard ratio in the left-out trial region,
using the fitted meta-regression. This full procedure was repeated for each trial-region and
the predicted hazard ratios were compared to the observed hazard ratios.

We performed sensitivity analyses, including specifying accelerated failure time (AFT)
models rather than Cox proportional hazards models within the mediation and meta-
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analyses. We also repeated the analyses using the raw absolute risk scores at 16 weeks

as surrogates, which utilized ordinal logistic regression when modeling the risk scores.
Finally, a post-hoc sensitivity analysis incorporating events before 16 weeks was performed.
All analyses were carried out in R 4.1.2 statistical software.34 The statistical code used to
perform all analyses is available at https://github.com/harhay-lab/PAH-surrogates.

Role of the funder

Results

The funder(s) had no role in data collection, analysis, interpretation, writing of the
manuscript, or decision to submit.

Of the 28 PAH trials received from the FDA that were considered for inclusion, we included
three Phase 111 event driven trials in this study (Figure S1). The characteristics of the
included studies are shown in Table S5. The study sample included 2508 subjects. The mean
age was 49 + 16 years, 1956 (78%) were women, 1704 (68%) were white, and 280 (11%)
were Hispanic/Latino. Of these, 1388 (55%) had idiopathic PAH, and 776 (31%) had PAH
associated with connective tissue disease. Table 1 shows the baseline characteristics of the
study sample stratified by COMPERA risk score.

After calculations adjusting for missing risk score components (Table S3), 37-55 (2%) of
enrolled individuals had missing risk scores at 16 weeks, with slight variation by risk score.
With similar variation, 56-81 individuals (2—-3%) had clinical worsening before 16 weeks
but were still enrolled for risk score assessment; these were excluded from relevant primary
analyses. Of those at risk for events after surrogate measurement, 717 (32%) experienced
clinical worsening and 138 (6%) died. Allocation to the experimental arm increased the
probability of achieving low-risk status for each risk score at 16 weeks compared to
allocation to the control/placebo arm (Table S6). Randomization to the experimental arm
was also associated with increased time to clinical worsening (Figure 2A), although no
effect on long-term survival was found (Figure 2B). Achievement of low-risk status was
associated with both a longer time to clinical worsening (Figure 2C and Figure S2) and a
longer time to death (Figure 2D and Figure S3) for all risk scores considered.

The four standard criteria for carrying out mediation analysis were assessed (Table S4). All
criteria were met for the clinical worsening outcome, but they were not met for mortality, as
treatment group was not significantly associated with survival in the combined trial sample
(logrank test p=0.6; HR = 0.97 [95% CI: 0.72, 1.31]; Figure 2B). Figure 3 shows the key
results of the mediation analysis for clinical worsening (Table S7 shows the full results).
Indirect and direct effects are reported in the figure, where the indirect effect is the part

of the treatment effect which is mediated through the risk status, while the direct effect
summarizes the portion of the treatment effect which is not mediated through the risk status.
Attainment of low-risk status was not a strong mediator for the effect of treatment on time to
clinical worsening for any of the risk scores, with proportionally small and only marginally
significant indirect treatment effects. The proportions of the effects mediated through the
risk scores were at best modest, ranging from 0.07 to 0.13.
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Figure 4 shows the meta-regression results for clinical worsening. The meta-regression was
weighted by the inverse variance of the effect estimate on clinical worsening, which is
proportional to the sample of each trial-region. For each risk score, RZ values were between
0.01 and 0.19, indicating no or weak correlations between the treatment effect on achieving
low-risk status at 16 weeks and the treatment effect on long-term clinical worsening. The
meta-regression for mortality also showed low correlations, ranging from 0 to 0.2. Thus,
the treatment effects on risk status do not seem to predict the eventual treatment effects on
clinical worsening or mortality.

The leave-one-out meta-regression results for clinical worsening are presented in Table

2. The predicted hazard ratios for the association of the surrogate with time to clinical
worsening were generally biased for most trial-regions, with both overestimation and
underestimation for different regions. The meta-regression results predicted a large effect
on increased time to clinical worsening in SERAPHIN: Asia, GRIPHON: Europe/Australia,
and GRIPHON: Asia (predicted HR 0.53-0.71) which was not observed in the trial-regions
(estimated HR 0.82-0.91). The leave-one-out meta-regression results for mortality were
similarly biased (Table S8).

A post-hoc sensitivity analysis including patients with clinical worsening before 16 weeks
who were still enrolled for surrogate measurement at 16 weeks (rather than excluding

them as above) yielded the same conclusions (Table S9). Planned sensitivity analyses

using AFT models are provided in Tables S10 and S11. For the mediation analysis, these
yielded slightly higher proportions of treatment effect mediated by low-risk status for each
risk score, although all were less than 0.2, which is not consistent with strong mediation/
surrogacy (Table S10). Meta regression results using AFT models are displayed in Figure
S5, yielding improved (but still weak) R? values ranging from 0.02 to 0.28. The leave-one-
out meta-regression results for clinical worsening using AFT models are presented in Table
S11, showing biases in predicting trial-region effects. The magnitude of these biases cannot
be easily compared to those from the primary analysis as the estimands are on a different
scale.

We also performed sensitivity analyses using raw ordinal risk score values at 16 weeks

as candidate surrogates rather than binary attainment of low-risk status (Table S12). The
estimated proportions mediated were marginally higher than those found using binary low-
risk status, but there were no particularly strong mediators identified. Meta-regression using
ordinal mediators (Figure S6) and leave-one-out meta-regression using ordinal mediators
(Table S13) yielded similar conclusions to the meta-regressions using binary low-risk status.

Discussion

We used IPD from three large RCTs in PAH to assess whether established multicomponent
risk scores (both “low-risk status” and the ordinal scores themselves) were adequate
surrogates for time to clinical worsening. Using mediation analysis, we showed that
achieving low-risk status explained about 7-13% of the effect of experimental arm
allocation on time to clinical worsening. Sensitivity analyses showed that the proportion
mediated could be higher when considering ordinal risk scores or using accelerated failure
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time models. The ordinal score results were similar to those presented in a recent mediation
analysis of the FREEDOM-EV trial (which was not included in this analysis).3> Meta-
regression of trial-regions showed weak associations between the treatment effect on the
prediction rules and the treatment effect on the outcomes. Leave-one-out regressions did not
predict the actual treatment effect on time to clinical worsening for the trial-region left out
with substantial differences both towards and away from a null treatment effect in several
instances. Sensitivity analyses for the meta-analyses did not yield substantially different
results.

Counter to recent guidelines and proposals to use established multicomponent risks scores
as surrogates in RCTs or as targets in clinical management, our results suggest that this
approach could lead to erroneous conclusions about the effects of new PAH treatments on
long-term clinical worsening. While the threshold to determine adequate surrogacy is not
clearly established in any disease state, most set a high bar for surrogacy, with 50% or more
proportion of treatment effect often stated as the goal. Targeting a surrogate outcome that is
not a valid surrogate could have negative consequences, such as finding a “positive” result
for a surrogate (when there is actually no impact on long-term outcomes) or a “negative”
result for a surrogate, when the intervention is actually effective in improving long-term
outcomes. The strength of the surrogate effect could also differ greatly from the strength of
the effect on the outcome, even if in the same direction.

These results may seem surprising. These prediction rules are well-established and validated
approaches to predicting mortality in PAH patients. It has also been shown that allocation to
experimental arms in RCTs in PAH is associated with improved time to clinical worsening.
We confirmed both of these results in our study, however, these findings are insufficient to
infer surrogacy.® There is a pervasive fallacy that showing an impact of treatment on the
potential surrogate and an association between the surrogate and outcome is sufficient to
validate a surrogate end point. The treatment of ventricular ectopy with anti-arrhythmics and
of systolic heart failure with chronic milrinone infusion are classic examples of targeting
what were thought to be surrogate endpoints which ended up failing.38 In PAH, one study
(COMPASS-3) tried using a “targeted” treatment approach based on a surrogate which did
not translate into improved longer-term outcome.3” We believe that early-phase clinical trials
should only use validated surrogates as primary outcomes (or include possible surrogates

as secondary outcomes for hypothesis generation). Any goal-oriented treatment approaches
(like targeting “low-risk status™) require testing in RCTs comparing them to usual care
before making evidence-based recommendations. The risks of using such unvalidated
surrogates or treatment targets include erroneous inferences about treatment effects and
potential over-treatment of patients with multiple expensive drugs with significant respective
side effects.

Strengths of this study include the relatively large number of subjects with representation
from various international regions, randomization of allocation to study intervention or
control arms (required to validate surrogates), harmonization of the clinical worsening
definition to be consistent between studies, and the IPD meta-analysis. There were also
several limitations to this study. First, the mediation method may be overly liberal for
determining surrogacy;38 a strong mediator doesn’t necessarily make for a good surrogate.
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However, we did not identify any metric (achieving low-risk status or ordinal risk score)

as a strong mediator of the treatment effect on outcome, mitigating this concern. Another
limitation is that only 3 trials met the analysis inclusion criteria, which is less than typically
used to assess surrogacy in a meta-analytic framework. We tried to partially address

this limitation by considering each trial-region as its own trial for analysis, as has been
previously proposed and validated.33 More large long-term trials would increase confidence
in the findings. FREEDOM-EV was a long-term trial that was not included in the analysis
because it concluded after we had received the data from the FDA. This study found similar
estimates for the proportion of treatment effect explained by the REVEAL Lite 2 prediction
rule (15-33%).3°

As all trials were submitted to the FDA for regulatory approval, this is likely a biased sample
of trials; external validity (especially for new therapies and patient populations not included
in the current set of trials) would be important to establish. Relatedly, the population
represented in these trials is somewhat different from that represented in risk score registries
and the population as a whole (in particular, our sample was younger on average and a
higher proportion female). We were unable to assess whether these rules were adequate

for surrogacy for mortality using mediation analysis due to the lack of overall treatment
effect on mortality in the combined sample. This was likely due to opposing benefit and
harm effects in the randomized phases of AMBITION and GRIPHON, respectively. There
was little evidence of surrogacy in the meta-regression analyses for mortality. Overall,

the inclusion of more trials with greater variability of treatment effects on survival (and
more mortality events) would improve this analysis and allow for further investigation of
surrogacy. Because these prediction rules were derived to predict mortality at one-year,

new prediction rules derived to predict clinical worsening might have better performance as
surrogates. The time to clinical worsening outcome has not been comprehensively evaluated
in the risk score registries, despite becoming a common primary endpoint for late-phase
approval trials for PAH therapies.

There were inevitably missing data for the risk scores and risk score components (e.g.,
hemodynamic data was not collected at baseline in two of the included trials), and data
needed to be interpolated for one trial due to measurement at different time points compared
to the other two trials. These factors could have contributed to the poor performance of risk
scores as surrogates, but the data completeness likely reflects other Phase 111 studies. While
the main analysis focused on maintaining low-risk status at 16 weeks after randomization
as the surrogate marker, sensitivity analyses incorporating the actual risk scores themselves
showed slightly better results. These results can only be applied early in treatment and
assessment of patients with PAH, as we do not know whether these prediction rules applied
later in the course of disease may be surrogates for longer-term outcomes.

In summary, these data do not support the use of current prediction rules as surrogates of
time to clinical worsening in clinical trials. While the risk scores remain strong predictive
tools and can be used as such, this approach should not be conflated with use as a

validated surrogate end point. Future work could consider alternative clinical outcomes,
such as composite clinical improvement endpoints. Studies should try to refine risk scores
as surrogate endpoints and leverage large, harmonized sets of data and use machine-learning
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tools to derive variables specifically designed for surrogacy rather than risk prediction. Such
a priori approaches are essential for all stakeholders in PAH, as validated surrogate outcomes
could improve clinical care and expedite clinical research for this disease.
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included clinical trials. This data and related study documents will not be made available
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Research in context
Evidence before this study

Many have advocated for the use of multicomponent risk scores as surrogate outcomes
in pulmonary arterial hypertension (PAH) trials and clinical care. While studies have
shown that these scores are predictive of later mortality, this correlation is not sufficient
in isolation to support the use of changes in multicomponent risk scores as surrogate
outcomes. We completed a search of Medline to identify literature on the assessment
of surrogate outcomes for PAH on April 14, 2023, including all languages, using these
search terms: ((pulmonary hypertension) OR (pulmonary arterial hypertension)) AND
(surrogate). The search identified older papers that examined hemodynamic values and
six-minute walk distance as potential surrogate outcomes for PAH, and a mediation
analysis of the FREEDOM-EYV trial in which the REVEAL Lite 2 score had a proportion
of treatment effect explained of 15% to 33%.

Added value of this study

In this paper, data from three large PAH trials with long-term follow-up were analyzed
using both mediation and meta-analysis frameworks to assess the potential surrogacy of
five popular multicomponent PAH risk scores (COMPERA, COMPERA 2.0, REVEAL
2.0, REVEAL Lite 2, and non-invasive FPHR).

Implications of all the available evidence

Evidence for surrogacy for five popular multicomponent PAH risk scores is weak to
moderate, and using these risk scores as surrogates in future trials may lead to erroneous
conclusions.
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Figure 1:

Directed acyclic graphs for A) a strong/perfect surrogate, B) a useful surrogate, and C) a
weak and/or inadequate surrogate.
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status at 16 weeks vs other status, and D) cumulative survival, stratified by COMPERA
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Visualization of mediation results for clinical worsening for A) REVEAL 2.0, B) REVEAL

Lite 2, C) COMPERA, D) COMPERA 2.0, and E) FPHR risk score mediators. Size of direct
and indirect effect lines were weighted according to the relative size of the effects.
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trial-region level.
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Table 2.

Leave-one-out meta-regression results and observed hazard ratio for the left-out trial-region for clinical
worsening

Predicted trial-region hazard ratio (95% CI) using surrogate in meta-regression

Observed
trial-region REVEAL 2.0 REVEAL Lite 2 COMPERA COMPERA 2.0 FPHR
hazard ratio

Trial-region left out of
meta-analysis

AMBITION: North

AMBIT! 0.49 0.66 (0.52,0.84) 0.69 (0.49,0.97) 0.68 (0.53,0.87) 0.68(0.53,0.88) 0.71(0.33, 1.52)
AAMB! FION: Europe/ 0.44 0.67 (0.53,0.84) 070 (0.54,0.90) 0.69 (0.56,0.86) 0.70 (0.57,0.87) 0.73 (0.37, 1.45)
SERAPHIN: Americas 0.60 0.73(0.57,0.94) 100 (0.48,2.06) 0.75(0.54,1.03) 0.72 (0.53, 0.96) -
SERAFHIN: Europe/ 0.78 0.87 (0.41,1.84) 067 (0.43,1.06) 0.72(0.43,1.21) 0.70 (0.38, 1.28) -
SERAPHIN: Asia 0.82 0.64 (0.51,0.81) 0.66 (0.51,0.85) 0.67 (052, 0.87) 0.68 (0.50, 0.91) -

GRIPHON: Americas 0.65 0.57(0.35,0.91) 067 (0.41,1.08) 061 (0.34,1.09) 0.65(0.39,1.06) 0.65 (0.13, 3.18)
GRIPHON: Europe/ 0.91 0.71(0.46,1.09) 0.65(0.51,0.83) 0.65(0.41,1.03) 0.65(0.44,0.96) 0.28 (0.11,0.71)
GRIPHON: Asia 0.91 0.63(0.50,0.78) 0.64 (0.49,0.84) 057 (0.40,0.82) 0.53(0.33,0.85) 0.57 (0.20, 1.62)

Each row displays the predicted hazard ratio (95% CI) corresponding to the treatment effect on clinical worsening, had the trial-region listed in the
first column been excluded from the meta-regressions. These predictions can then be compared to the observed trial-region hazard ratio displayed
in the second column to assess how well each surrogate would have worked if they had been used in each trial-region at 16 weeks rather than
waiting to observe the long-term clinical worsening outcome.
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