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Can overall survival benefit be predicted from Improvements in progression-free survival (PFS) for previously untreated
metastatic colorectal cancer?
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Introduction

* Colorectal cancer (CRC) is the third most common cancer worldwide, accounting for 10% of all
diagnoses.! Among metastatic CRC patients, the 5-year survival rate is only 14%,2 highlighting the need
for better treatments.

« Overall survival (OS) is the standard measure of efficacy in oncology, but obtaining mature OS data can
be challenging in cases involving effective treatments or populations exhibiting specific biomarkers (e.g.,
PD-L1 expression, microsatellite instability) by requiring extended follow-up durations and larger trials.34

« To address these challenges, surrogate endpoints such as progression-free survival (PFS) are often
used as primary endpoints in randomized settings. In contrast to OS, PFS allows earlier efficacy
assessment, higher statistical power with fewer patients, and avoids the influence of post-progression
therapy on efficacy assessment.>6

« Elston and Taylor (2009) proposed three criteria for validating surrogates: aggregate-level association,
individual-level association, and biological plausibility.”

* Building on prior evidence of individual-level association between PFS and OS, this study aimed to
address the association criteria at the trial level by evaluating the correlation between treatment effects
on PFS and OS. based on aggregate-level data from RCTs in first-line metastatic CRC (mCRC).8

Systematic Literature Review

« Embase, MEDLINE®, and Cochrane Controlled Register of Trials (CENTRAL) were searched from
inception to July 2021. Conference proceedings (2019-2021) and US/EU clinical trial registries were
also reviewed.

» Eligible studies included randomized (phase 2-4) and non-randomized clinical trials of adults (=18
years) with 1L mCRC, reporting hazard ratios (HRs) for intervention vs. comparator or Kaplan-Meier
(KM) curves by arm for PFS and OS.

Statistical Methods

» The correlation between HRys and HR,5 was analyzed on a natural log scale using a revised bivariate
random-effects meta-analysis (BRMA) and weighted linear regression (WLR).

» Predictive performance was evaluated with leave-one-out cross-validation (LOOCV), assessing if the
95% prediction interval (PI) captured observed HR as a validity measure.

« Surrogate threshold effects (STE), the minimum PFS benefit translating to OS benefit with 95%
probability, were derived for various sample sizes to gauge model utility in prospective RCTSs.

« The primary analysis consisted of all included trials in the evidence base. Sensitivity analyses omitted
trials that 1) had anti-EGFR medications, 2) had anti-VEGF medications (due to differences in their
mechanisms of action), 3) violated the proportional hazards (PH) assumption of the Cox PH model, to
assess the impact of these studies on the analysis, and 4) permitted treatment crossover, to assess the
impact of treatment crossover on the results.

Systematic Literature Review

 The SLR identified 178 trials, of these, 47 studies published in 2010 or later with comparators limited to
chemotherapy alone or chemotherapy + anti-VEGF/anti-EGFR were included in the analyses. Sample
sizes ranged from 48 to 3,058 with a total of 13,959 patients.

* In the evidence base, there were 1 phase l/ll, 27 phase Il, 1 phase Il/lll, 16 phase Ill and 1 phase IV
trial- One trial did not report its phase. Geographically, 18 trials were multinational, 14 in Europe, 5 each
in Japan and the US, 3 in China, and 1 each in Canada and Algeria.

Primary analysis

* The surrogacy equation derived from WLR was log(HRys) = —0.03 + 0.56 log(HRpgg) With a statistically
insignificant intercept and statistically significant slope emphasizing the strength of the relationship
between HRp-5 and HRg (Figure 1).

* The estimated correlation between HRyrg and HRy5 was 0.67 (95% CI: 0.48-0.80) using BRMA and
0.70 (95% CI: 0.48-0.84) using WLR (Table 1).

* For hypothetical trials with 200 and 300 patients, WLR estimated that PFS HRs less than 0.55 and 0.62,
respectively, could lead to statistically significant OS benefit (HRyg < 1) at the 95% confidence level.

Figure 1: Scatterplot from weighted linear regression.
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Legend: The WLR is graphed as a solid straight line (—) with its corresponding 95%
predictive interval boundaries as dotted curved lines (---). The green dots (®) are plotted
using measures from the reported log(HRprs) On the x-axis against measures of
log(HRos) on y-axis for each treatment comparison. Sizes of the dots correspond to the
weights associated within the surrogacy equation. Abbreviations: HR — Hazard ratio; OS
— Overall survival; PFS — Progression-free survival.

Table 1: Correlation, STE, and LOOCYV results.

Analysis
Set

# of

Studies

Correlation (95% CI)

LOOCV

Coverage

Rate

- 0.67 0.70
Prlmafy 47 0.55 0.62 93.6%
Analysis (0.48, 0.80) (0.48, 0.84)
o 0.75 0.78
SA1-Ant 34 0.55 0.61 94.1%
EGFR (0.57, 0.86) (0.55, 0.90)
Ao Anti 0.44 0.62
S nti 14 0.44 0.52 92.9%
VEGF (-0.08,0.77) | (-0.05, 0.90)
SA3- 0.61 0.59
Proportional 36 0.46 0.55 94.4%
Hazards (0.36, 0.77) (0.26, 0.80)
SA4. 0.68 0.67
43 0.52 0.60 93.0%
Crossover (0.48,0.81) (0.41, 0.83)

CI — confidence interval, LOOCV — leave-one-out cross validation, N — sample size,
SA — sensitivity analysis, STE — surrogate threshold effect.

Figure 2: WLR model on treatment comparisons developed for treatment-level correlation.
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Legend: The blue diamond (¢) and its error bars are the observed HRy5 and its 95% confidence interval, the green diamond (¢) and its error bars are the predicted HR,5 and its
95% prediction interval, and an asterisk in the margin indicates that the observed HRg is not captured by the 95% prediction interval. Abbreviations: HR — Hazard ratio; OS —

Overall survival.
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Results

Observed HRyg's were within their 95% prediction intervals predicted from HRpgg for 93.6% of
studies in LOOCYV (Figure 2).

Sensitivity analyses

Sensitivity analyses resulted in moderate correlations and slightly lower STEs than the primary
analysis and maintained >90% alignment between the observed HR,g5 and 95% PlIs of the
predicted HRgg's from the model in LOOCV.

Excluding trials of anti-EGFR therapies and trials that permitted treatment crossover improved
the strength of association but omitting studies with anti-VEGF medications and studies which
violated the PH assumption reduced the correlation.

Discussion

The analysis results aligned with Shi et al. (2015),° showing a slightly higher correlation of
0.73, and exceeded Yoshida et al. (2020),1° which reported a weaker correlation of 0.57;
differences in study selection and Yoshida’s use of unweighted Spearman’s rho may explain
this disparity.

The correlation strength matches typical oncology surrogacy analyses; among 193 trial-level
correlations for OS, 18% were 20.85, 28% fell between 0.70 and 0.85, and 55% were <0.70.11

However, these findings should be cautiously interpreted, as STEs are largely based on
chemotherapy and targeted therapy trials, limiting applicability to newer therapies such as
immune-checkpoint inhibitors in MSI-H and MMR-deficient tumors.

Conclusions

Moderate correlations between HRy-5 and HR,5 using BRMA and WLR demonstrate
consistent findings across methodologies.

Cross-validation of surrogacy equations suggests PFS benefit can predict OS benefit in
previously untreated mCRC.

These findings validate PFS as a surrogate endpoint for OS but require further verification with
new therapies and specific biomarker subgroups like MSI-H and MMR.
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