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Meta-analyses of randomized controlled trials show suboptimal validity
of surrogate outcomes for overall survival in advanced colorectal cancer
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Abstract

Objectives: To quantify and compare the treatment effects on three surrogate end points, progression-free survival (PFS), time to pro-
gression (TTP), and tumor response rate (TR) vs. overall survival (OS) based on a meta-analysis of randomized controlled trials (RCTs) of
drug interventions in advanced colorectal cancer (aCRC).

Study Design and Setting: We systematically searched for RCTs of pharmacologic therapies in aCRC between 2003 and 2013. Trial
characteristics, risk of bias, and outcomes were recorded based on a predefined form. Univariate and multivariate random-effects meta-
analyses were used to estimate pooled summary treatment effects. The ratio of hazard ratios (HRs)/odds ratios (ORs) and difference in
medians were used to quantify the degree of difference in treatment effects on the surrogate end points and OS. Spearman r, surrogate
threshold effect (STE), and R2 were also estimated across predefined trial-level covariates.

Results: We included 101 RCTs. In univariate and multivariate meta-analyses, we found larger treatment effects for the surrogates than
for OS. Compared with OS, treatment effects were on average 13% higher when HRs were measured and 3% to 45% higher when ORs
were considered; differences in median PFS/TTP were higher than on OS by an average of 0.5 month. Spearman r ranged from 0.39 to
0.80, mean R2 from 0.06 to 0.65, and STE was 0.8 for HRPFS, 0.64 for HRTTP, or 0.28 for ORTR. The stratified analyses revealed high
variability across all strata.

Conclusion: None of the end points in this study were found to achieve the level of evidence (ie, mean R2
trial O 0.60) that has been set to

select high or excellent correlation levels by common surrogate evaluation tools. Previous surrogacy relationships observed between PFS
and TTP vs. OS in selected settings may not apply across other classes or lines of therapy. � 2015 Elsevier Inc. All rights reserved.
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1. Introduction

Surrogate end points have been defined as biomarkers or
intermediate outcomes that can substitute for a final
patient-relevant end point to successfully measure the effect

of health interventions [1]. In colorectal cancer, the second
commonest cause of cancer-related mortality in high-
income countries [2], predictive end points for overall
survival (OS) are needed to accelerate the availability of
promising new therapies for patients. A number of surro-
gate end points for OS in clinical oncology trials have been
proposed, including progression-free survival (PFS), time
to progression (TTP), and tumor response rate (TR)
[3e5]. However, to ensure that these surrogate end points
provide the same answer as the final end point (OS) about
the experimental therapy, they should undergo a process of
surrogate validation [6]. Several authors have dealt with the
validation of PFS [7e12], TTP [8,10,13], or TR [13,14] as
surrogate end points for OS in advanced colorectal cancer
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What is new?

� The meta-analyses showed that treatment effect
sizes were always larger for the surrogate end
points than for overall survival (OS). The stratified
analyses revealed high variability across all strata.

� Progression-free survival (PFS), time to progres-
sion (TTP), and tumor response rate (TR) have
been proposed as surrogate for OS in advanced
colorectal cancer (aCRC); however, previous sur-
rogacy relationship observed in selected aCRC
therapies may not directly apply across other clas-
ses or lines of therapy.

� None of the end points in this study were found to
achieve the level of evidence that has been set to
select high or excellent correlation levels by com-
mon surrogate evaluation tools. Where PFS and
TTP are deemed acceptable surrogates for OS, pol-
icy makers still need to consider that the antici-
pated treatment effect on OS is likely to be
smaller than that observed on the surrogate mea-
sure when weighing up the evidence in their
licensing and coverage decisions. TR should not
be used as a surrogate end point for OS when eval-
uating the efficacy of drug interventions in aCRC.

(aCRC) over the last decade. Although most of the studies
are of high quality, some are not based on systematic re-
view of the available evidence, either because they were
based on opportunistically available individual-patient data
(IPD) [7,9,11,12,14] or focused on subgroups of trials and
therapies [8,13] and did not, therefore, provide a compre-
hensive examination of the issue. The present study seeks
to overcome these limitations by systematically looking at
all available randomized controlled trials (RCTs), across
drug classes and lines of therapy, and considering different
approaches to surrogate validation, with the primary aim of
quantifying and comparing treatment effects on surrogates
and on OS.

2. Methods

We conducted and reported this systematic review in
accordance with the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses statement [15].

2.1. Data sources and selection strategy

We searched the following databases from 2003 to January
31, 2013: MEDLINE, EMBASE (via OVID), and the Co-
chrane Central Register of Controlled Trials. A copy of the
bibliographic searches is provided in the Supplementary

Material at www.jclinepi.com. We limited our searches to
the last 10 years of drug interventions in metastatic colorectal
cancer to limit the heterogeneity in our sample and, at the same
time, to reflect current clinical practice in most developed
countries. We checked citations in identified studies and sys-
tematic reviews already known to the authors [16] as addi-
tional sources of potentially eligible trials.

Trials were included if they were RCTs in advanced or
metastatic colorectal cancer assessing a pharmacologic
therapy against either a placebo or other drug therapy. Tri-
als had to report OS and either PFS or TTP or TR. We
excluded adjuvant setting trials and trials assessing radio-
therapy, supportive-care drugs, other nonantineoplastic
drugs, nondrug treatments, and trials that were stopped
early, with accrual rate less than 70% of the target sample
size. When multiple publications of the same RCT were
available, only the most recent one reporting both surrogate
and final end points was included. Titles and abstracts were
screened independently by two reviewers, and disagree-
ments were resolved by full-text retrieval and, when neces-
sary, involvement of a third reviewer.

2.2. Data extraction

One reviewer extracted the data using a standardized
form, and a second reviewer independently checked the
extraction. Information collected included: general charac-
teristics of the trial (ie, study design, sample size), patient
characteristics (ie, median age, performance status), treat-
ments under comparison, risk of bias assessment (using
the Cochrane Collaboration tool [17]), and treatment effects
on OS and PFS, TTP, or TR. In multiarm trials, all available
between-arm comparisons were recorded. OS was defined
as the time from randomization to death from any cause,
with patients censored when they are last seen alive or when
they are lost to follow-up [18]; PFS was defined as the time
between randomization and tumor progression (however
defined) or death from any cause; and TTP as the time be-
tween randomization and tumor progression (however
defined), with censoring of patients who died without prior
documentation of progression. Tumor response is based on
objective tumor measurements by imaging methods that
allow the classification of patients with a complete or partial
confirmed best response as responders. Responses are usu-
ally determined according to the Response Evaluation
Criteria in Solid Tumors guidelines [19] or the World Health
Organization recommendations [20].

For OS, PFS, and TTP, the hazard ratio (HR) and median
survival time, together with the 95% confidence intervals
(CIs) for each arm, were recorded whenever available. The
numberof events (ie, deathsor tumorprogressions or tumor re-
sponses) were also recorded to estimate odds ratios (ORs).

2.3. Statistical analyses

We derived the sample size for this present study based
on a previous publication comparing the treatment effects
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