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ABSTRACT

Objective Estimations of the treatment effect on overall
survival (0S) may be influenced by post-progression
therapies (PPTs). It is unclear how often 0S analyses
account for PPT effects. The purpose of this cross-
sectional analysis was to determine the prevalence of 0S
analyses accounting for PPT effects in phase IIl oncology
trials.

Methods and analysis We screened two-arm, superiority
design, phase lll, randomised, oncology trials reporting
0S from ClinicalTrials.gov. The primary outcome was the
frequency of OS analyses adjusting for PPT confounding.
Logistic regressions computed ORs for the association
between trial-level covariates and the outcome.

Results A total of 334 phase lll trials enrolling 265310
patients were included, with publications between 2004
and 2020. PPTs were reported in 47% of trials (157 of
334), and an analysis accounting for PPTs was performed
in only 12% of trials (N=41). PPT adjustments were often
prespecified (N=23, 56%), and appeared to be more likely
in cross-over studies (OR 5.04, 95% Cl 2.42 to 10.38)
and studies with discordant surrogate-0S findings (OR
2.26,95%Cl 1.16 to 4.38). In key subgroup analyses, PPT
analyses were infrequent, including 8% of trials among
those studying locoregional/first-line therapy and 11% of
trials among those powered for 0S.

Conclusions Although time on PPTs is an important
component of OS, PPTs are rarely considered in 0S
analyses, which may introduce confounding on estimates
of the treatment effect on 0S. PPTs and methods to
account for their effects on 0S estimates should be
considered at the time of trial design and reporting.

INTRODUCTION

Overall survival (OS) is defined in phase
II trials as the time from randomisation
until death or censoring. Compared with
endpoints that are used as surrogates for
OS, such as progression-free survival (PFS),
OS is often considered more meaningful to
patients.' Surrogate endpoints such as PFS
can be subject to a number of biases, including
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Following progression on a clinical trial, patients
often receive non-protocol-specified treatments at
the discretion of their oncologist, which are associ-
ated with observational selection biases. Differential
efficacy and differential receipt of postprogression
therapies between arms may introduce confounding
between arms in estimating treatment effects on
overall survival.

WHAT THIS STUDY ADDS

= This large-scale cross-sectional study of phase I
randomised controlled trials found that postprogres-
sion therapies were reported in a minority of clinical
trials. Attempts to adjust for confounding on overall
survival estimates from postprogression therapies
were rare.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= There may be confounding in the overall survival es-
timates of phase Ill oncology trials. Regulatory agen-
cies and oncologists should consider confounding
effects in the treatment estimates of overall survival
from postprogression therapies when interpreting
current clinical trials. Future trials should consider
prespecification of methods to account for postpro-
gression therapy confounding at the time of trial

design.

informative censoring and measurement
biases; moreover, several groups have also
found that surrogate endpoints often have
only limited correlations with OS.*”° For these
and other reasons, OS is typically recom-
mended as the endpoint for use in regulatory
approvals in phase IIT trials.”"

Unlike progression-based surrogate
endpoints, however, estimates of the treat-
ment effect on OS may be influenced by
treatments received after progression, aka
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Post-Progression Therapies Influence Estimates of
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Figure 1
com. RCT, randomised controlled trial.

postprogression therapies (PPTs), since disease progres-
sion prompting the initiation of PPT is generally consid-
ered an event for surrogate endpoints such as PFS.'™"?
In some cases, PPTs have been shown to suggest an OS
benefit in randomised trials of clinically inert or harmful
drugs (in which patients in the ineffective experimental
arm received more effective PPTs, compared with
patients in the control arm who crossed over to the inef-
fective experimental therapy following progression).14 9
Not accounting for PPTs can also produce the opposite
effect and lead to underestimation of the OS benefit, for
example, if patients in the less effective arm cross-over to
the more effective therapy after progression.16 Thus, PPTs
may have a considerable impact on estimating the treat-
ment effect on OS and subsequent interpretations for
clinical practice (figure 1).""" Because the scope of this
concern in oncology is poorly understood, the present
empirical study was undertaken to evaluate the frequency
of phase III trials attempting to account for PPT effects in
OS analyses.

METHODS

A cross-sectional analysis of published, phase III,
randomised, controlled, oncology trials was conducted
by screening ClincialTrials.gov in February 2020 without
date limitations.QOKey inclusion criteria were (1) inter-
ventional anticancer therapy being tested, (2) a two-arm
superiority design and (3) the reporting of matured OS
findings as a primary or secondary endpoint (online
supplemental figure 1). The maturation of OS findings
was defined according to each trial. This study complies
with the Strengthening the Reporting of Observational
Studies in Epidemiology guidelines.”’ Data were curated
from all available publications (manuscript reporting

. oo
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Postprogression therapy effects on estimates of the treatment effect on overall survival. Created using Biorender.

the primary endpoint as well as any updated analyses,
including all supplemental data through February 2024),
ClinicalTrials.gov, and the trial protocol (English only),
if available, by a single reviewer. For simplicity, surrogate
endpoints such as disease-free survival, eventfree survival
and time to progression were collectively referred to as
PFS, which is the most commonly used surrogate survival
endpoint.

The primary objective of this study was to evaluate the
frequency of trials attempting to statistically account for
PPT confounding in an analysis of OS. Any statistical
attempts to account for PPTs were considered; several
examples include censoring the OS analysis at the time of
PPT initiation, inverse probability of censoring weighting,
and rank-preserving structural failure time models.”
Whether any PPT adjustments were prespecified versus
post hoc was also recorded; in the absence of a published
protocol or statistical analysis plan, it was assumed that
analyses not clearly defined as prespecified were post hoc.

Because PPT confounding is present when salvage ther-
apies are available, a sensitivity analysis was performed
for trials evaluating the neoadjuvant, definitive, adjuvant,
maintenance, first-line metastatic solid tumour or first-
line haematological malignancy settings. A second sensi-
tivity analysis was performed including only trials powered
for OS with a primary or coprimary endpoint of OS.

Continuous variables were summarised by median
and IQR, and categorical variables were summarised by
frequency. The trends of PPT adjustments over time were
evaluated by ordinary least squares linear regression, in
which the slope (m) of the regression represented the
rate of change. Univariable binary logistic regression
models examined associations of trial-level variables with
the outcome of any PPT adjustment to calculate ORs and
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95% CIs. Multivariable analysis was not performed due to
low numbers of the event of interest. All tests were two
sided. Missing data were not encountered for this analysis
of public data. The significance (o) level was set at 0.05.
Analyses were performed by using SAS V.9 and plots were
created using Prism V.10 (GraphPad, La Jolla, California,
USA).

Patient and public involvement
Patients were not involved as contributors in this study.

RESULTS

After screening 785 phase III, randomised trials, a total
of 334 therapeutic, interventional, two-arm, superiority-
design trials enrolling 265310 patients were included
(online supplemental figure 1). Primary endpoint publi-
cation dates ranged from 2004 to 2020. The majority of
trials evaluated metastatic solid tumours (N=218, 65%)
(table 1). OS was the primary or coprimary endpoint
of 168 trials (50%). Most trials were open-label (N=206,
62%). Of the 128 double-blind studies, unblinding
occurred at the time of progression in 20 trials or at the
time of an interim analysis/database lock in 27 trials.
Unblinding procedures were not specified in the available
trial documentation for 66 trials. In 46 trials, cross-over
was allowed, but not required, and in 3 trials, cross-over
was required, resulting in a total of 49 cross-over trials
(15%). Of these 49 trials, OS was the primary endpoint
in 7 trials (with a placebo control arm in 5 of the 7 trials)
(online supplemental table 1). In 41 trials, cross-over was
prohibited. Rates of cross-over from the control arm to
the experimental therapy were reported in 42 trials; in
these trials, a median of 55% of eligible patients in the
control arm crossed over to the experimental therapy
after progression (IQR 37%-76%).

The overall interpretation of PFS and OS was discordant
in 107 trials (32%) (eg, superior PFS with no difference
in OS). Of trial-level characteristics studied, cross-over
rate was most associated with discordance between PFS
and OS findings. Of 42 trials reporting cross-over rates,
16 trials had discordant PFS and OS findings. Higher rate
of cross-over to the experimental therapy was associated
with an increased odds of discordance between PFS and
OS (median cross-over rate for discordant trials 74% vs
47% for concordant trials; per each additional percentage
point of cross-over, OR 1.03, 95% CI 1.01 to 1.07, p=0.03).

Overall, PPTs were reported in any format by 157 trials
(47%). However, only 12% of trials (41 of 334 trials)
reported an OS analysis adjusted for PPTs. The most
typical approach for addressing PPT confounding was
simple censoring at the start of PPT (n=19). Nine trials
used multiple approaches to account for PPT impact on
OS (table 2). At least one PPT analysis was preplanned
in 56% of trials (N=23), with the remaining trials using
only post hoc analyses (N=18 trials, 44%). There was no
discernable increase over time in trials attempting to
account for PPT (m=0.02, 95% CI -1.29 to 1.33, p=0.97)

(online supplemental figure 2). Trials with cross-over
were more likely to account for PPT confounding (33%
vs 9%, OR 5.04, 95% CI 2.42 to 10.38, p<0.0001). Of trials
with PPT analyses, there was no significant association
between cross-over trials and prespecification of PPT anal-
yses (50% vs 60%, OR 0.67, 95% CI 0.18 to 2.37, p=0.53).
Furthermore, trials with a discordance between PFS and
OS were more likely to account for PPT confounding
(19% vs 9%, OR 2.26, 95% CI 1.16 to 4.38, p=0.02). PPT
analyses conducted by trials with discordant findings
were not more likely to be post hoc compared with trials
with concordant findings (40% vs 48%, OR 0.73, 95% CI
0.21 to 2.53, p=0.62). There was no significant associa-
tion between the use of OS as a primary endpoint, use
of double-blinding or trial sponsor and PPT adjustment
(table 1).

PPTs may be more readily available and/or more effec-
tive after the first instance of progression compared
with subsequent progressions. Thus, a sensitivity anal-
ysis was performed on 187 trials evaluating localised,
first-line metastatic and first-line haematological settings
(excluding second-line or later metastatic or haemato-
logical trials). The characteristics of these 187 trials were
similar to the full analysis (online supplemental table 2).
Only 8% of trials (N=15) attempted to account for PPT,
which was also consistent with the primary analysis. Trials
with cross-over were similarly associated with increased
odds of PPT analysis (21% vs 5%, OR 5.41, 95% CI 1.81
to 16.55, p=0.002), although the association of trials with
PFS-OS discordance was reduced (12% vs 6%, OR 2.06,
95% CI1 0.66 to 6.07, p=0.19).

A second sensitivity analysis was performed evalu-
ating 168 trials powered for OS differences, with OS as
the primary or coprimary endpoint (ie, excluding trials
where OS was a secondary endpoint). Trial characteris-
tics were largely similar to the overall analysis, except for
a decreased representation of cross-over studies (online
supplemental table 3). In this subset of trials, only 11%
of trials evaluated PPT confounding (N=18), reproducing
the overall findings. However, the association of trial
covariates and PPT confounding analyses was decreased,
including for cross-over trials (21% vs 10%, OR 2.53,
95% CI10.53 t0 9.23, p=0.19) and trials with PFS-OS discor-
dance (20% vs 7%, OR 1.13,95% CI 0.37 to 3.10, p=0.82).

DISCUSSION

In this large-scale analysis of contemporary two-arm
superiority-design phase III oncology trials with matured
OS endpoints, 88% of trials did not attempt to account
for confounding introduced by PPTs. These findings
were consistent across sensitivity analyses for trials evalu-
ating definitive /first-line therapy and trials with a primary
(including coprimary) endpoint of OS. Taken together,
this study suggests that the effects of PPTs on estimates of
the treatment effects on OS may be under-evaluated in
phase III oncology studies.
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Table 1 Characteristics of trials accounting for postprogression therapy (PPT) bias on overall survival estimates

PPT analysis
Characteristic All trials, N Yes, N (%) No, N (%) OR 95% CI P value
Total trials 334 41 (12) 293 (88)
Disease stage
Solid MO 65 12 64 (98) 0.10 0.01 to 0.49 0.03
Solid M1 218 29 (13) 189 (87) Ref
Haematologic 51 11 (22) 40 (78) 1.79 0.80 to 3.80 0.14
Disease site
Breast 50 8 (16) 42 (84) 1.14 0.39 to 3.37 0.81
Gastrointestinal 62 5(8) 57 (92) 0.53 0.15t0 1.68 0.29
Genitourinary 43 5(12) 38 (88) 0.79 0.22 to0 2.56 0.70
Haematologic 51 11 (22) 40 (78) 1.65 0.61to0 4.64 0.33
Thoracic 72 4 (6) 68 (94) 0.35 0.09to 1.19 0.10
Other* 56 8 (14) 49 (86) Ref
Treatment type
Systemic therapy 322 41 (13) 281 (87)
Local therapy 12 0(0) 12 (100) Ref
Cooperative group study
Yes 86 6 (7) 80 (93) 0.46 0.17 to 1.05 0.09
No 248 35 (14) 213 (86) Ref
Industry sponsored
Yes 284 38 (13) 246 (87) 2.42 0.83 to 10.30 0.15
No 50 3 (6) 47 (94)
Enrolled patientst NA NA NA 0.999 0.998 to 1.00 0.04
Publication datet NA NA NA 0.996 0.90 to 1.11 0.95
Cross-over (allowed or
required)
Yes 49 16 (33) 33 (67) 5.04 2.42t0 1.38 <0.0001
No 285 25(9) 260 (91) Ref
Blinding
Double-blind 128 15 (12) 113 (88) 0.92 0.46 to 1.79 0.81
Open-label 206 26 (13) 180 (87) Ref
Overall survival primary or
coprimary endpoint
Yes 168 18 (11) 150 (89) 0.75 0.38 to 1.44 0.38
No 166 23 (14) 143 (86) Ref
Surrogate survival and overall
survival discordance
Yes 107 20 (19) 87 (81) 2.26 1.16 to0 4.38 0.02
No 227 21 (9) 206 (91) Ref

Associations are evaluated by unadjusted binary logistic regression.

*Other disease sites included central nervous system, endocrine, gynaecological, head and neck, paediatric, sarcoma, and skin.
1The median trial enrolment was 585 patients (IQR 362-896).

FTrends over time are reported in online supplemental figure 2.

§No local therapy trial accounted for PPT, so an odds ratio was not computed.

The implications of this study may impact the interpreta- ~ OS as the time from randomisation to death, OS may be
tions of OS from current phase III oncology trials. In clin-  better conceptualised as a composite measure summing
ical scenarios with salvage PPTs, rather than considering  multiple landmark times: the time from randomisation
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Table 2 Description of methods used to account for
postprogression therapy (PPT) effects on overall survival

Trials*
Approaches used to account for PPT N (%)
Total trials evaluated 334
Use of any method to account for PPT 41 (12)
Multiple methods to account for PPT 9 (3
Simple censoring at start of new therapy 19 (5)
Post-progression survival analysis 18 (5)
Rank-preserving structural failure time 72
Inverse probability of censor weighting 5(1)
lterative parameter estimation 2(1)
Two-stage method 1(0.3)
Marginal structural model 1(0.3)
Analysis with data locked before and after 1(0.3)

cross-over was allowed

*The number of individual approaches used to account for PPT
does not add to 41 (total trials accounting for PPT) as 9 trials used
multiple methods to account for PPT.

to progression plus the subsequent time(s) on PPT(s) to
death (ie, postprogression survival). Importantly, post-
progression survival is affected by both the efficacy of
PPTs and potential confounding bias, similar to the bias
in observational studies (figure 1)." Time on PPTs is thus
highlyrelevant to OS in most oncology trials. Time on PPTs
may be especially pertinent for trials evaluating locore-
gional malignancy or trials evaluating first-line therapy,
where effective salvage therapies may result in longer
postprogression survival times compared with rapidly
fatal cancers.”*® Not accounting for PPT confounding
may result in underestimation or overestimation of OS
differences between arms of a randomised controlled
trial with conventional comparisons of the upfront
randomisation.' * If patients in the control arm cross-
over to the more effective experimental therapy following
progression, the impact of the experimental therapy on
OS may be underestimated due to overestimation of the
OS of the control arm.”* For example, in the PROFILE
1014 trial, the observed OS benefit was weak (HR 0.76,
95% CI 0.5 to 1.05, p=0.10), with 84% of patients in the
control arm crossing over to crizotinib (the experimental
therapy) after progression.” However, a prespecified
rank-preserving structural failure time model to account
for cross-over effects revealed a stronger OS signal in
favour of the experimental arm (HR 0.35, 95% bootstrap
CI 0.08 to 0.72). Conversely, if patients on the control
arm systematically receive less effective PPTs, the control
arm may have underestimated OS, resulting in an over-
estimation of the OS benefits of the experimental arm.*
For example, the ADAURA trial found that adjuvant
osimertinib was associated with better OS compared with
placebo after resection of non-small cell lung cancer.”
However, only 38.5% of eligible patients in the placebo

Original research

arm received osimertinib at the time of progression,
despite the established efficacy of osimertinib for first-line
metastatic disease, which may have biased OS compari-
sons in favour of the experimental arm.” ** Other exam-
ples have been reviewed in detail elsewhere, such as the
ANNOUNCE trial."' * Due to the biases introduced by
uncontrolled PPTs, some contend that cross-over should
be protocol driven—either required (when efficacy has
been demonstrated in later lines) or prohibited (when
efficacy has not been demonstrated in later lines) —rather
than simply ‘allowed’ and thus subject to confounding.”
In this context, it is interesting to note that more trials
in our study allowed cross-over rather than required or
prohibited cross-over, suggesting there is considerable
opportunity for improvement in this aspect of late-phase
trial design. A recent study corroborates this notion,
finding that PPTs in most phase III trials were substan-
dard for the relevant clinical scenario.* Finally, there are
important ethical considerations for ensuring trial partic-
ipants receive effective standard-of-care PPTs, particularly
in low-income and middle-income countries with promi-
nent barriers to access to care.””

While the overall rate of trials attempting to account
for PPT confounding was low in this study, several factors
were associated with an increased likelihood of PPT anal-
ysis. In particular, trials with cross-over were more likely
to perform PPT analyses. Because cross-over is a compo-
nent of trial design, we expected that trials with cross-over
would be more likely to perform preplanned, rather than
post hoc, PPT analyses. We did not find this correlation
among the subset of cross-over trials, although this result
may be partly attributable to the small number of cross-
over trials in general, which increases the risk of type II
error. Trials with a discrepancy between the surrogate
survival findings and the OS findings were also more
likely to attempt PPT confounding adjustments. This may
be partly related to the increased attention given to PPTs
in cross-over trials, as we also found that cross-over trials
were more likely to be associated with discordant surro-
gate survival and OS results (which itself is unsurprising
in the setting of superior experimental therapy). We also
speculated that the correlation between discordant trials
and PPT analyses may be related to trialists exploring
explanations for their findings after observing discor-
dance; however, trials with discrepant findings did not
seem to be enriched for post hoc PPT analyses, although
the interpretation of this regression is also limited by type
IT error risk. Ultimately, however, PPT adjustments should
be considered for phase III trials evaluating OS where
PPTs are expected at the time of trial design.

While simple censoring was the most common strategy
to account for PPT effects, this approach may be partic-
ularly prone to selection bias and is generally not recom-
mended.'® "* #* The key advantages and disadvantages of
several selected statistical and trial design approaches are
described in table 3. No approach has a universal advan-
tage over the others, and the choice of adjustment should
be considered based on each unique clinical trial scenario
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Table 3 Potential approaches towards addressing postprogression therapy (PPT) confounding of overall survival

Potential approaches to PPT adjustment

Main advantage

Main disadvantage

Simple censoring at next-line therapy

Two-stage estimation

Inverse probability of censoring weighting

Iterative parameter estimation/rank-preserving
structural failure time

Simple, easily applied to trials without
prespecified PPT.

Does not hold common treatment effect
assumption.

Adjusted estimates of the effect of PPT on
survival accounting for time-dependent
confounding. Adjusts for censoring biases.

Adjusted estimates of the effect of PPT on
survival accounting for time-dependent

Loss of survival information
following progression;
susceptible to informative
censoring.

Does not adjust for time-

depending confounding
following progression.

Assumes no unmeasured
confounders. More suitable
for observational studies.

Assumes that the PPT
effect is the same for both

confounding. Accounts for treatment switching/ treatment arms.

Ccross-over.

Sequentially multiple randomised assignment
trials

at the time of trial design. Because of the advantages and
disadvantages of each statistical approach, sensitivity anal-
yses incorporating multiple methods, with appropriate
multiplicity of testing control, may be reasonable. For
example, KEYNOTE-024 adjusted for cross-over effects
with three models: the simplified two-stage method,
rank-preserving structural failure time, and inverse prob-
ability of censoring weighting, each of which showed a
larger effect size than the unadjusted analysis.”’ BREAK-3
investigators showed that a rank-preserving structural
failure time model and an iterative parameter estimation
model strengthened the estimated OS treatment effect in
a trial where more than half of patients in the control
arm crossed over to the experimental therapy at progres-
sion.”” Bayesian approaches have also been suggested
and may yield more efficient inferences compared with
frequentist approaches.” ** Ultimately, however, statis-
tical approaches may not be able to adequately facilitate
interpretation of trials with flawed designs and substantial
PPT confounding."" Sequentially multiple randomised
assignment trials (SMART) randomise patients at the
original treatment assignment and again at the time
of progression to determine PPT allocation.”™ This
second randomisation to determine PPT allocation at
progression removes systematic confounding from PPT
selection, thus providing statistical license to compare
dynamic treatment regime pairs by virtue of randomisa-
tion. Particularly in an era of increasing PPT effectiveness
with targeted therapies and immunotherapies, trialists
should consider SMART designs to control for systematic
PPT confounding.

There are several limitations to consider for this study.
Trials were identified from the US-based registry Clinical-
Trials.gov, so the findings may not be extrapolatable to
global trials or trials conducted prior to the development

Least susceptible to confounding. Comparative Resource-intensive. Requires
overall survival estimates are licensed by virtue longer protocol follow-up.
of rerandomisation

Difficult to incorporate new
PPTs developed during the
trial

of ClinicalTrials.gov in 2000. Data were abstracted by a
single reviewer. While all manuscripts related to each trial
as well as all online supplemental materials were evaluated
for PPT analyses, trials that conducted but did not report
these analyses due to presentation bias or other reasons
may have led this study to underestimate the extent to
which phase III trials have approached PPT analyses.
Correlations with trial-level factors and PPT confounding
analysis were not adjusted due to a small number of trials
with PPT analysis and must be interpreted carefully.

In summary, a large-scale analysis of phase III oncology
trials suggests that OS analyses accounting for the effects
of PPTs are rare. To clarify the treatment effect estimates
on OS, PPT effects should be considered from trial design
through analysis, interpretation, and reporting of results.
Readers, journal editors, and regulatory agencies should
weigh the impacts of PPT confounding in the interpreta-
tion of the treatment effect on OS.
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