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Abstract

Background: The use of overall survival (OS) as the gold standard primary endpoint (PEP) in
metastatic oncologic randomized controlled trials (RCTs) has declined in favor of progression-free
survival (PFS) without a complete understanding of the degree to which PFS reliably predicts for
OsS.

Methods: Using ClinicalTrials.gov, we identified 1,239 phase 3 oncologic RCTs, 260 of which
were metastatic solid tumor trials with a superiority-design investigating a therapeutic intervention
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using either a PFS or OS PEP. Each individual trial was reviewed to quantify RCT design factors
and disease-related outcomes.

Results: A total of 172,133 patients were enrolled from 1999-2015 in RCTs that utilized PFS
(56.2%, 146/260) or OS (43.8%, 114/260) as the PEP. PFS trials were more likely to restrict
patient eligibility using molecular criteria (15.1% vs. 4.4%, p=0.005), utilize targeted therapy
(80.1% vs. 67.5%, p=0.048), accrue fewer patients (median 495 vs. 619, p=0.03), and successfully
meet the trial PEP (66.9% vs. 33.3%, p<0.0001). On multiple binary logistic regression analysis,
factors that predicted for PFS or OS PEP trial success included choice of PFS PEP (p<0.0001),
molecular profile restriction (p=0.02) and single agent therapy (p=0.02). Notably, there was only a
38% (31/82) conversion rate of positive PFS-t0-OS benefit; lack of industry sponsorship predicted
for PFS-to-OS signal conversion (80.0% without industry sponsorship vs. 35.1% with industry
sponsorship, p=0.045).

Conclusions: A PFS PEP has suboptimal positive predictive value for OS among phase 3
metastatic solid tumor RCTs. Regulatory agency decisions should be judicious in utilizing PFS
results as the primary basis for approval.

Introduction:

Patients with metastatic malignancies are at high risk of disease-related mortality as well as
suffering from poor quality of life. In this patient population, the need for treatment
guidelines based on rationally-designed randomized controlled trials (RCTs) with a sound
testable hypothesis cannot be understated.! To that end, the choice of primary endpoint
(PEP) for RCTs is paramount. Historically, overall survival (OS) has been considered the
“gold standard” PEP, as it provides an objective, easily measurable, and patient-centered
outcome. However, the practical limitations of cost, trial design (including power analysis
and crossover arm strategies), extended follow-up, and urgency of need for new treatments
has led to a decline in OS as the PEP among oncologic RCTs.2 Instead, contemporary trials
and regulatory approvals have increasingly relied on surrogate endpoints.3->

The most commonly utilized surrogate endpoint among metastatic solid tumor trials is
progression-free survival (PFS), generally defined as tumor growth beyond a certain
threshold or death.8 Given the disease-centered nature and subjectivity commonly associated
with PFS, there is debate in the oncologic community on the usefulness of PFS as a PEP in
patients with advanced cancer.” If PFS is to be useful, it should provide a reasonable degree
of predictive value for clinically meaningful endpoints such as OS or quality of life.

Examining the disease-site-level relationship between PFS and OS, meta-analyses of RCTs
for individual disease sites—thirteen trials in colorectal cancer®, seven in small-cell lung
cancer?, and five in ovarian cancer!®—found PFS to be a potential surrogate for OS.
Meanwhile, the same cannot be said for RCTs evaluating non-small cell lung cancerl?,
breast cancer'2, and prostate cancer.13 A disease-site agnostic systematic review of one
hundred and ninety-three oncologic RCTs found that the majority (54%) of trials had a low
correlation coefficient between surrogate endpoints and OS.24 Such a comprehensive review
offers valuable insight but is limited by the heterogeneity of included surrogate endpoints
(i.e. PFS, pathologic complete response, locoregional control, disease-free survival, event-
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free survival, and/or time to progression) and treatment settings (i.e. locally advanced and
metastatic). Moreover, a correlation coefficient provides limited clinically-meaningful
information to most patients on how to interpret the relationship between PFS and OS when
choosing to participate in a trial .1

To address these limitations in the current literature, we sought to determine the positive
predictive value of PFS for OS through a broad analysis of phase 3 RCTs across all
metastatic solid tumor disease sites.

We queried the Clinical Trials.gov database to identify superiority-design oncologic RCTs
for patients with metastatic solid tumors. The following search parameters were utilized:
Terms: “cancer”; Study Type: “All Studies”; Status: excluded “Not yet recruiting”; Phase:
“3”; and Study Results: “With Results.” This search yielded 1,239 trials, which were then
screened for metastatic-solid-tumor-specific phase 3 randomized multi-arm trials assessing a
therapeutic intervention (Figure 1). Trials were eligible for analysis if the primary endpoint
(PEP) evaluated a disease-related outcome (DRO) such as disease control and/or survival.
Trials with a DRO PEP that was not PFS or OS (e.g. overall response rate, durable response
rate) were also deemed ineligible to limit trial PEP heterogeneity. If a trial had a PFS and OS
co-primary PEP, these trials were assorted to the PFS PEP group. Trial screening and
abstraction of trial variables were independently performed by a minimum of two
individuals. For each trial, the peer-reviewed literature was reviewed through PubMed.gov to
identify publication of trial results.

Data abstraction was finalized December 2019. Statistical analyses included Pearson’s ChF-
squared testing to compare proportions between groups; independent-samples Mann-
Whitney U-tests and multiple binary logistic regression modeling were utilized for
continuous variables. A multiple binary logistic regression analysis was performed to
determine factors associated with trial PEP success; it was decided, a priori, that the model
would only include factors that met the p<0.05 threshold to limit variable inputs, spurious
associations, and dilution of true associations. All statistical tests were performed using
SPSS (Version 22.0).°

Two hundred and sixty trials met inclusion criteria as superiority-design trials assessing a
therapeutic intervention for patients with a metastatic solid tumor (Figure 1). A minority of
trials (128/388, 33.0%) were deemed ineligible due to evaluation of a non-DRO PEP
(64/388, 16.5%), non-inferiority trial design (42/388, 10.8%), and lack of OS or PFS DRO
PEP (22/388, 5.7%; Figure 1). The combined total enrollment for the 260 eligible trials
using either PFS (146/282, 56.2%) or OS (43.8%, 114/260) as the PEP was 172,133
patients, with years of enrollment initiation ranging from 1999 to 2015.

Comparative characteristics of PFS and OS PEP trials are detailed in Table 1. PFS trials
enrolled significantly fewer patients than OS trials with a median enrollment of 495 patients
compared to 619 patients, respectively (p=0.03). Among the 114 OS PEP trials, the median

Eur J Cancer. Author manuscript; available in PMC 2021 September 01.


http://ClinicalTrials.gov
http://PubMed.gov

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pasalic et al.

Page 4

time from start of accrual to primary completion date, defined as the final data collection
date for primary outcome measure, was 39 months (interquartile range: 32-54 months);
comparatively, among the 146 PFS PEP trials, the median time from start of accrual to
primary completion date was 36 months (interquartile range: 27-58 months, p=0.48). PFS
trials were no more likely to be sponsored by industry than OS trials (89.0% vs 92.1%,
p=0.41). By disease site, breast cancer trials were more likely to utilize PFS as the PEP,
whereas genitourinary and gastrointestinal trials were more likely to utilize OS (p<0.0001).
PFS trials were more likely to include molecular profile restriction criteria, defined by those
trials that restricted eligibility to patients with specific tumor molecular characteristics (i.e. —
EGFR mutation, ALK fusion, BRAF mutation) (15.1% vs 4.4%, p=0.005). Similarly, PFS
trials were more likely to test a targeted therapy (such as a monoclonal antibody or small
molecular inhibitor) versus a cytotoxic chemotherapy than OS trials (80.1% vs 67.5%,
p=0.048). There was no difference between PFS and OS trials testing a first-line therapy or
second-line and-higher therapy (p=0.66). Notably for trials that reported PEP results
(n=235), PFS trials succeeded in reaching statistically-significant benefit for the PEP (as
defined by each trial) markedly more often than OS trials (66.9% vs 33.3%, p<0.0001).

Among those trials with reported PEP results (n=235), these were pooled to determine
predictors of trial success as detailed in Table 2. We found that cooperative group trials were
less likely to succeed compared to studies not sponsored by cooperative groups (30.6% vs
56.3%, p=0.004), while the opposite trend was seen for industry-sponsored studies (53.8%
vs 31.3%, p=0.08). Molecular profile-restricted trials, on the other hand, were more likely to
succeed than unrestricted trials (84.6% vs 48.3%, p<0.0001). Trials testing an investigational
agent alone rather than in combination with other therapies were also more likely to succeed
(64.5% vs 43.9%, p=0.002). Considering only PFS PEP trials, the method of PFS
assessment was determined for each trial; we found a trend toward higher rates of success
amongst PFS trials that defined PFS based on local investigator assessment versus
independent central review (81.0% vs 65.5%, p=0.09). Similarly, total trial enroliment,
disease site, treatment order, and co-primary endpoint were not found to predict trial
success. Multiple binary logistic regression demonstrated that trial PFS PEP (vs. OS PEP;
odds ratio [OR] of 3.6, 95% confidence interval [CI] 3.0-4.2, p<0.0001), use of molecular
profile restriction (yes vs. no; OR of 4.1, 95% CI 2.9-5.3, p=0.02), and use of combination
oncotherapeutics (vs. single agent; OR of 2.1, 95% CI 1.5-2.7, p=0.02) remained
independently associated with trial success, whereas cooperative group sponsorship status
did not (yes vs. no; OR of 2.1, 95% CI 1.2-2.9, p=0.08).

Consequently, we evaluated the association of successful PFS PEP trials and subsequent
positive OS signal. Out of 146 trials with PFS as the PEP, 133 trials (91.1%) had PEP results
that were evaluable; 13 trials were excluded because they either did not have peer-reviewed
results published at the time of analysis or their results were published as part of a pooled-
analysis rather than the individual trial-level data (Figure 2). Among the 133 trials, 82 trials
(61.7%) successfully met the PFS PEP and also reported on any OS results either as a co-
PEP or secondary endpoint (Figure 2). Out of 82 trials, 26 trials (31.7%) reported a
statistically significant OS benefit at initial publication, and 31 trials (37.8%) reported a
statistically significant OS benefit at any time point (Figure 2). Among the 133 trials, 43
trials (32.3%) did not successfully meet the PFS PEP and also reported on any OS results
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(Figure 2). Out of 43 trials, 2 trials (4.7%) reported a statistically significant OS benefit
(Figure 2).

We next examined whether any trial-specific factors might predict for an OS benefit among
the 82 PFS-positive trials (Table 3). Of all trial-specific factors, we only found that industry
sponsorship was less likely to predict for OS benefit as compared to studies not sponsored
by industry (35.1% vs. 80.0%, p=0.045). We additionally evaluated the role of crossover
following disease progression and the effect of PFS hazard ratio (HR) magnitude. When
evaluating crossover, 40 trials (53.3%) allowed crossover from one study arm to another
following disease progression; studies allowing crossover had comparable rates of
subsequent OS benefit as those that did not allow crossover (40.0% vs 28.6%, p=0.30). On
an analysis of PFS HR, there was no association with a subsequent OS benefit (median PFS
HR 0.58) vs. no OS benefit (median PFS HR 0.60, p=0.70).

Finally, given the possible effects of insufficient trial power, an alternative method of
evaluating OS benefit among PFS PEP trials was performed by analyzing OS HRs and PFS
HRs. When plotting log of PFS HRs vs. log of OS HRs among PFS-positive PEP trials,
linear regression revealed a weak correlation (correlation coefficient /=0.44). An additional
analysis of trials that met an OS HR threshold of <0.80 was observed in 34% (n=27/79) of
PFS-positive PEP trials vs. 17% (n=6/36) of PFS-negative PEP trials (p=0.052). Among
PFS-positive PEP trials, binary logistic regression revealed that PFS HR was associated with
OS HR <0.80 (p=0.01).

Discussion:

Among phase 3 oncologic RCTs for patients with metastatic solid tumors, PFS is a
suboptimal predictor for OS. A positive PFS signal with a subsequent OS benefit was
observed in only 31 of 82 trials (positive predictive value of 38%). This is comparable to the
rate of success for all trials with OS as the PEP, where an OS benefit was observed for 33%
of trials. Apart from lack of industry sponsorship, we identified no discernable pattern to
which PFS-positive trials have a higher likelihood of OS benefit. Altogether, it appears PFS
functions best as a screen for an OS signal (sensitivity 94%, specificity 45%, negative
predictive value 95%), which is logical given its development as a tool to detect therapeutic
activity in early phase 1/2 trials rather than a clinically-meaningful endpoint in and of itself.
To our knowledge, this represents the first report comprehensively assessing trial factors and
predictive value of PFS for OS in the metastatic cancer setting.

Notably, the present study provides new insights into the characteristics and predictors of
trial success in phase 3 RCTs addressing patients with metastatic disease. Particularly when
evaluating factors between PFS PEP trials and OS PEP trials, we observed that PFS PEP
trials were more likely to restrict patient eligibility using molecular criteria, utilize targeted
therapy, accrue lower numbers of patients, successfully meet the PEP, and enroll in certain
disease sites. In the era of precision medicine, patient screening and selection are
fundamental in identifying these subgroups of patients who may derive the most benefit. The
reasons for the observed association between PFS PEP trials and both molecular profile
restriction as well as assessment of targeted agents are unclear. One explanation for this
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association is that PFS allows for quantification of disease response to targeted therapy or in
a molecular-subtype-restricted population while reserving cytotoxic therapy and/or crossover
as a salvage treatment. Alternatively, there may be a component of convenience or of
commercial interest given PFS trials enroll fewer patients and are more likely to successfully
meet their PEP, likely a result of the shorter median time to an event and larger number of
events that occur when compared to OS PEP trials.16 As such, novel targeted agents may be
set up for success through the use of PFS as the PEP. This is further supported by our
multivariable analysis that demonstrated PFS, molecular profile restriction, and the use of
single agent therapy were independently associated with PEP success. The observation that
patient selection through molecular profile restriction enriches for PEP success may carry
implications for continued pursuit of precision-medicine-based efforts. Similarly, there was
an association between PEP success and lack of cooperative group sponsorship. Cooperative
group clinical trials, especially those in the metastatic setting, are at high risk of low/poor
accrual and subsequent lack of successful PEP achievement, secondary to a host of factors
including greater trial complexity.1” Of note among PFS and OS trials with a positive,
successful PEP, there was a trend with industry-sponsorship; meanwhile, the only
association for PFS-positive trials with a subsequent OS-positive endpoint was lack of
industry sponsorship. While the signal is admittedly faint (p=0.045), it suggests that industry
trials do well to achieve a PFS-positive signal but fail to demonstrate an OS benefit, perhaps
due to study design or lack of confirmatory studies.18 Finally, we observed variability
between disease site and utilization of PFS as the PEP—breast trials were more likely to
utilize PFS while gastrointestinal, genitourinary, and thoracic trials were more likely to
utilize OS. The observed association in genitourinary and thoracic disease sites is expected
as there is a growing body of evidence that PFS is a poor predictor of OS in certain
malignancies within these broad disease sites.11:13 However, we were surprised to note that
breast trials were associated with PFS PEP despite only a moderate correlation coefficient
(0.69) to OS in previous studies; in the same vein, gastrointestinal cancer trials were less
associated with PFS PEP despite of a strong correlation coefficient (0.82) to OS in previous
studies evaluating colorectal cancer.8:12

It has previously been suggested that the role of patient crossover in cancer trial design may
explain observed trials where PFS improvements do not translate into OS improvements.
19-21 One prior analysis, which focused exclusively on non-small-cell lung cancer trials,
observed that the correlation coefficient between PFS and OS HRs became stronger
following exclusion of trials that permitted crossover.2! Yet, the absolute correlation
coefficient even after exclusion of crossover trials remains at best a ‘low-strength’
correlation (r< 0.7) as previously defined by the Institute of Quality and Efficiency in
Health Care.22 Other than this disease-site-limited analysis, no prior studies to our
knowledge have systemically examined the effect of crossover on the role of oncologic
surrogate endpoints. In our series, half of PFS PEP trials that demonstrated a positive PFS
signal allowed crossover. The rate of subsequent OS improvements was in fact higher among
those studies that allowed crossover (40%) than those that did not (29%), although this
difference was not statistically significant. This observation runs counter to the hypothesis
that a crossover design may decrease detection of a subsequent OS signal among PFS-
positive trials.14:21 While it remains possible that at the individual-trial level crossover may
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affect conversion of a PFS signal into an OS signal, this pooled trial-level analysis does not
demonstrate an effect of crossover on the PFS-OS relationship.

PFS is a heterogeneously-defined endpoint, with progression being assessed by local
investigators or by an independent central review, depending on the trial. Prior studies have
sought to characterize the differences between investigator-assessed and centrally-
determined PFS, with variable results.23-26 The degree of concordance between these two
forms of PFS remains debated; similarly, whether one form of PFS assessment will
systematically exaggerate results relative to the other form of PFS is unclear.2%26 Our data
demonstrate that PFS trials with investigator-assessed PFS as the PEP have higher rates of
trial success (81%). This success rate decreases to 66% among trials with centrally-
determined PFS as the PEP. However, trials using either method of PFS assessment had
similar predictive values for OS; an OS signal was seen for 31% of investigator-assessed
PFS-positive trials and 35% of centrally-assessed PFS-positive trials. Therefore, the basis for
defining progression among PFS trials does not appear to impact the likelihood of PFS-to-
OS signal conversion. The variable categorization of death in respect to PFS may also
introduce heterogeneity that is difficult to account for when comparing trials, including in
this effort.

Overall, our results call into question the broad application of PFS at the regulatory level
which is timely considering that regulatory agencies are increasingly utilizing surrogate
endpoints for decision-making in oncologic RCTs. By some estimates, 57% (39/68) of drug
approvals at the European Medicines Agency from 2009 to 2013, and 67% (36/54) of drug
approvals at the United States Food and Drug Administration from 2008 to 2012 were based
on a surrogate endpoint.#27 Similarly, PFS as a PEP among oncologic RCTs has also
increased over several decades, from 2% between 1984 and 1994 to 26% between 2005 and
2009.7 The hazard of relying on surrogate endpoints is the lack of evidence that they provide
a clinically meaningful outcome as validation, and post-marketing studies are rarely
initiated.3 Even when these additional studies are performed and fail to demonstrate an
improvement in quality of life or OS, regulatory approval is rarely revoked, with the
exception of a few high-profile cases.328:29

There are also several shortcomings to using PFS as a surrogate endpoint when considering
the patient perspective, especially in non-biomarker driven trials. Patients benefit if material
for decision-making is easy to understand. However, PFS is often difficult to interpret in a
clinically meaningful way, with widely disparate definitions among clinical research studies,
making informed consent potentially challenging.15 It is also difficult to counsel patients
with correlation coefficients alone, on which prior attempts to quantify the association
between surrogate endpoints and OS have relied. The present study offers a simpler
comparison: only about one-third (38%) of trials showing benefit to PFS result in
improvement in OS. As 33% of all trials designed with OS as the PEP succeed, PFS does
not appear to add significant value to our interpretation of the meaningfulness of trial
interventions.

There are multiple limitations to the current study. First, the analysis includes RCTs that are
heterogeneous in nature, from trial design to disease site, thereby making direct comparisons
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difficult. With regards to disease site heterogeneity, we chose to do this analysis only among
patients with metastatic disease as the clinical course and prognosis tend to be similar
(broadly-speaking) in this patient population, thereby limiting the effect of disease site.30
Second, we were unable to accurately characterize the burden of disease as there is a wide
range of metastases, including limited soft-tissue oligometastasis versus multiple visceral
organ metastases. The third limitation relates to post-progression survival (PPS), which is an
important consideration in metastatic cancer trials, as patients with a longer PPS could
potentially dilute the PFS treatment effect, whereas patients with a shorter PPS could
demonstrate a strong correlation between PFS and 0S.31 As we did not have direct access to
patient-level data, our study cannot directly answer that question. Instead, we provide an
indirect measure of first-line therapy versus second-line or higher therapy which did not
predict for PEP success or PFS-to-OS conversion. The final limitation to consider is the
observation that PFS PEP trials enroll fewer patients than OS PEP trials, and therefore PFS
PEP trials may have insufficient power to detect an OS difference. As such, the trials that
demonstrate a PFS-t0-OS signal may be underpowered to make such a conclusion, while
ones that do not demonstrate a signal may be underpowered to detect it in the first place.
However, these trials should show preliminary differences in HR signal if not significant, a
finding which our analysis did not support given that there was no difference in PFS HRs in
trials with or without a statistical OS benefit (HR 0.58 vs 0.60). Similarly, there was a weak
association between PFS HR and OS HR (correlation coefficient /=0.44) for PFS-positive
PEP trials.22 On further analysis of trials meeting an OS HR of 0.80, a threshold that was set
a prioriin keeping with a prior study that examined varying degrees of trial power,3! showed
a non-significant trend among PFS-positive PEP trials vs. PFS-negative PEP trials (34% vs.
17%). We acknowledge that PFS may serve as a potential signal for OS, especially as PFS
HR is associated with achieving an OS HR threshold of <0.80. However, the strength of that
signal appears to be weak and should not replace OS as a PEP unless there is robust
evidence that PFS may be a reliable surrogate endpoint.

Taken together, our results demonstrate suboptimal predictive value of PFS for OS
metastatic solid tumor oncologic RCTs. Combining our findings with recent data suggesting
a weak association between PFS benefit and patient-reported quality of life all call into
question the predictive value of PFS for improvements to either patient quality or quantity of
life.8
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1,239 Trials identified using ClinicalTrials.gov

\ 4

851 Excluded

302 Not cancer-specific

376 Non-metastatic
74 Phase lll single-arm
41 Phase lll non-randomized
31 Cancer prevention
15 Non-therapeutic
12 Phase /Il

388 Metastatic solid tumor phase 3 RCTs
assessing a therapeutic intervention

b 4

128 Ineligible
64 Evaluating non-DRO PEP
42 Non-inferiority design
22 Not OS or PFS DRO PEP

260 Superiority-design metastatic solid tumor
RCTs evaluating PFS or OS PEP

\ 4

146 Trials with PFS as PEP

Figurel.

A

114 Trials with OS as PEP

Flowchart of trial screening, eligibility, and inclusion. Disease-related outcomes (DROSs)
includes outcomes related to disease control and/or survival; non-DRO endpoints include
those assessing disease- or treatment-related toxicities, supportive measures, and similar.
Abbreviations: RCT, randomized controlled trials; DRO, disease-related outcome; PEP,
primary endpoint; PFS, progression-free survival; OS, overall survival.
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260 Superiority-design metastatic solid tumor
RCTs evaluating PFS or OS PEP

146 Trials with PFS as PEP

13 Censored
10 Lack of peer-reviewed
manuscript on PEP
3 Pooled analysis without
individual trial-level data

133 PFS PEP Trials with Evaluable PEP
125 Reported OS results at any time point
120 Reported OS at first manuscript
27 Reported OS at subsequent manuscript
22 Reported OS at first and subsequent

manuscript
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114 Trials with OS as PEP

13 Censored
10 Lack of peer-reviewed
manuscript on PEP
3 Published without PEP
analysis

101 OS PEP Trials with Evaluable PEP
96 Reported PFS results at any time point
96 Reported PFS at first manuscript
13 Reported PFS at subsequent manuscript
13 Reported PFS at first and subsequent

manuscript

89 PFS-Positive PEP Trials
82 Reported OS results at any time point
79 Reported OS at first manuscript
26 Positive OS results
25 Reported OS at subsequent manuscript
9 Positive OS results
22 Reported OS at first and subsequent
manuscript
4 Positive OS at first and subsequent manuscript
5 Negative OS at first manuscript but positive OS
at subsequent manuscript
2 Positive OS at first manuscript but negative OS
at subsequent manuscript
11 Negative OS at first manuscript and negative
OS at subsequent manuscript

Figure2.

44 PFS-Negative PEP Trials
43 Reported OS results at any time point
41 Reported OS at first manuscript
2 Positive OS results
2 Reported OS at subsequent manuscript
0 Positive OS results
0 Reported OS at first and subsequent manuscript

33 OS-Positive PEP Trials
32 Reported PFS results at any time point
32 Reported PFS at first manuscript
24 Positive PFS results
8 Reported PFS at subsequent manuscript
6 Positive PFS results
8 Reported PFS at first and subsequent
manuscript
6 Positive PFS at first and subsequent
manuscript
0 Negative PFS at first manuscript but positive
PFS at subsequent manuscript
0 Positive PFS at first manuscript but negative
PFS at subsequent manuscript
2 Negative PFS at first manuscript and negative
PFS at subsequent manuscript

68 OS-Negative PEP Trials
64 Reported PFS results at any time point
64 Reported PFS at first manuscript
23 Positive PFS results
5 Reported PFS at subsequent manuscript
3 Positive PFS results
5 Reported PFS at first and subsequent
manuscript
2 Positive PFS at first and subsequent
manuscript
1 Negative PFS at first manuscript but positive
PFS at subsequent manuscript
0 Positive PFS at first manuscript but negative
PFS at subsequent manuscript
2 Negative PFS at first manuscript and negative
PFS at subsequent manuscript

Flowchart of PFS and OS PEP trials with peer-reviewed manuscript reported primary and
secondary endpoint results. Among PFS PEP trials, OS represents either a co-PEP or
secondary endpoint. Among OS PEP trials, PFS represents a secondary endpoint.
Abbreviations: RCT, randomized controlled trials; PEP, primary endpoint; PFS, progression-
free survival; OS, overall survival.

Eur J Cancer. Author manuscript; available in PMC 2021 September 01.




Page 13

Pasalic et al.

(962'99) 89 (%T°€e) v ON
T000°0>d (neee) ve (%6°99) 68 SOA nome d3d) $s399Ns [eHL
(%5°09) 69 (%5°L5) ¥8 uoneuIqIoD
yy0=d (%0°9¢) T (%8'T¥) 19 Juabe-abuls ,uoneuiquio Jo Jusbe-s|buis
(%0°09) L5 (%€"L¥) 69 Adeuayy 1aybiy Jo aul|-puodsg
99°0=d (%60°09) LS (%L°28) LL Adeuay sui|-1siid JapJo Juaweal |
(6'82) €€ (%z'6T) 82 Adetaypowayo 21x0101A0
8v00=d (%G°29) 12 (%T1°08) LTT Adesayy parabirel Qéems olwIsAs
(969°56) 60T (%6'v8) veT ON
500°0=d (%vv) g (%T1'ST) 22 SOA pUonoLISal a11yoid ejnasjolN
(%L°97) 6T (%z'12) 1€ ETTe)
(%eee) 8¢ (%L v2) 9¢ 2198104 L
(%e'6T) 22 (%0°TT) 9T Areunnonuao
(%g'92) 0g (%v'91) 2 [eunsajuI0nSED
1000°0>d (%trv) g (%.°92) 6 Isealg alIs aseasiq
(%1°82) 68 (%¢g°98) 92T ON
80°0=d (%6'12) G2 (%L°€T) 02 SOA fet1 dno.B aarreladood
(%6°2) 6 (%0°7T) 9T ON
T7°0=d (%1°26) SOT (%0°68) OET SOA Tewn) Jo Burpuny Ansnpuj
8y°0=d (¥S - 2¢€) syuow g (85 - £2) syuow 9 (401) ueipaw ‘uonajdwod Arewid pue Le)S [enIdde UIMISY Sl L
€0'0=d | (968 —9Tp) swened 619 | (TSL - 20¢g) Susied Gev (401) UeIpaW UBWI|[0IUS [BI0L
anmea-d AQQV N TX,V N
SN (¥TT=N)S[eIL SO (9T=N) Sell1 S4d foed fetil

Author Manuscript

‘TalqeL

Author Manuscript

Author Manuscript

S[ellL SO Pue Sdd Jo sanstialoeeyD

Author Manuscript

Eur J Cancer. Author manuscript; available in PMC 2021 September 01.



Page 14

Pasalic et al.

‘utodpua Arewnid ‘d3d ‘ebues ajisenbiaiul *YO| ‘sfer Jo abe1usalad ‘op SRl JO JaquInu ‘N {[AIAINS |[BIBAO ‘SO ‘[EAIAINS 931)-U0ISsa1B04d ‘S4d SUOIBIASIGOY

‘d3d ay1 8zAeue Jou pIp uoedljgnd sy 10 ‘elep |aAs]-[el4l [eNPIAIPUI 8} Uey) Jayres sisAjeur-pajood e Jo ued se paysijgnd aiam synsal ‘sisAjeue 0 awi

ayp 1e paysijgnd snsal pamalnai-19ad aney 1ou pIp Jayna Asy) asnesaq papn|oxa aiam (d3d SO ZT PUe d3d S4d E£T) Slel Gz ‘synsal d3d [el Jo uonealjgnd pamalnai-1aad 1saljJea uo paseq $saaons [ell ._.h
‘sIsAJeue SIY) U1 papnjoul 10U a1am pue suonsanb auldIpaw Jeajonu

Jo [eaifuns Ajaind Jayua parebnsanul (d3d SO ¥ pue d3d S4d T) Sieu § (. uoneuiquio),,) so1nadesayioduo Jaylo yim uolreuiquiod ui Jo ( Jusbe-ajbuis,,) uonuaaiaiul Jusbe-a|buls e Jaylia paisal mm_nawm

‘sisA|eue sIU1 Ul PapN[oul 10U 819M pue uonsanb auldIpaw feajonu Jo [eaibins Ajaind e sayyie parebnsaaul (d3d

SO ¥ pue d3d S4d T) s[ew G Adelayiowayd 91X030140 pue (JejiuIs pue ‘siolgIyul 9|NISJoW |[ews ‘salpogiue [euojoouow Buipnjour) saidesay paabie) olul PapIAIp 31aMm sUoRUBAISIUL Adeiay) Q_Emzm\omQ
“Je[IWIS pue ‘uoneInw

V44 'UoISNy X/ T ‘UOERINW &+9F UM sjusiied 10y BUNIa|as s|el) Sapnjoul SIy L 'SUOIeINW paye|al-1owny 914193ds Ylm sjusiied 10y palos|as 1ey S|ell} 3soy} 0} 18481 UonoLisal ajyold 1eINIBION,,

‘papinoid si anjea-d uoissaifias onsiBo| Areulq yoiym 1oy ‘uonsjdwod Arewid pue Lels [eniode Usamiaq
awn pue ‘papinodd si anjea-d 158177 ASUNYAN-UUBIA 83U} YDIUM 10§ ‘JUBLI||0IUS [e10) 1d89Xa SI1ISII81oRIRYD [eL] |[e 4o} S|eLll SO pue S4d Bulredwod sanjea-d 1s8) patenbs-yD s,uosiead s1oajjal anjea-d
¥

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2021 September 01.

Eur J Cancer. Author manuscript:



Page 15

Pasalic et al.

Author Manuscript

(%eee) 2oT/ve SO

1000°0>d (%6°99) €€1/68 Sdd d3ad leuL
(%6°¢) 6ET/T9 uolneUIqWOD

200'0=d (%S'79) €6/09 wabe-aibuis [ uoneuiquiod Jo juabe-aibuis
(%6°28) ¥TT/99 Adesayy Jaybry Jo sull-puodss

otT°0=d (%T°Lv) T2T/LG Adetayy au-1sii4 13pJo JuswWIesl |
(%6°2Y) 6v/TC Adesaypowayd 91x010149

¥1°0=d (%9'1S) £8T/00T Adelay pajebie| Q\aEmE 21WaISAS
(%€8v) 602/10T ON

T000°0>d (%9'¥8) 9z/2Z SOA ,UonoLIsal a|yoid ejnasjolN
(%€83) 8v/82 Byo
(%t zv) 99/82 2198104 L
(%T°Lv) vEI9T Areuninojiuae
(%T°SS) 6v/.2 [eUNS3IUI0.SES)

geo=d (%z'€9) 8e/ve 1sealg alls aseasiq
(%€°95) 66T/2TT ON

¥00°0=d (%9°0€) 9€/TT SA fets1 dnoJf antyeladood
(%g'1E) 9T/5 ON

80°0=d (%6°€S) 6T2/8TT SBA fern jo Buipuny Ansnpuj
(228 - 1€€) Swaned y85 ain|req [euL

28°0=d (828 —z/€) swaned £/ $5920NnS el | (4O1) uelpaw ‘yuawjjoius [elol

onead mc\ﬁuvm—m_ﬁ [nJSss00Ns Jo uolliodoud JopeH el

‘¢ slqeL

Author Manuscript

$$929nS julodpu3 Arewlld [elil JO S1010Ipaid

Author Manuscript

Author Manuscript

Eur J Cancer. Author manuscript; available in PMC 2021 September 01.



Page 16

Pasalic et al.

"[BAIAINS |[BJSAO ‘SO ‘[eAIAINS 93.)-uoissalfold ‘S4d ‘utodpus Arewid ‘34 ‘abues ajienbisiul ‘4O ‘sier Jo abejuadiad ‘o :SUoRINBIgOY

'sfery utodpua Arewid S4d se pareubisap alam wulodpus S4d pue SO Atewild-09 e pey ydrym m_m_ﬁm

"JUBWISSaSSE S4d JoyeBisanul Jo wspuadapul A31oads 10U pIp sfel €€ ‘d3d St S4d UM S|eL 1oy papiaoid (MaIABS [eJ1U0 Juapuadapul SNSI9A Passasse-101eB1IsaAul) JUSWSSasse Sd

7%

'sisA[eue SIy} Ul Papnjoul Jou a1am pue uonsanb auldIpaw Jesjonu
Jo [ea16ins Ajaind e Jaya parebnsanul (d3d SO Z Pue d3d S4d T) slew € ‘(. uonreuiquo,,) sonnadelayioduo ayio Yiim uoireuiquiod ui Jo (Juabe-ajbuls,,) uonuaaiaiul Juabe-ajbuls e Jayua palsel mm_uamm

‘SISAJeue SIY} Ul papn|aul Jou a1am pue uoisanb auldIpaw Jeajonu Jo [eaifins Ajaind e Jayie parebnsaaul (d3d
SO Z Pue d3d S4d T) S[elh € ‘Adelayiowayd 21X0101A9 pue (JejIwis pue ‘siojgiyul ajndsjow [ews ‘saipogiiue jeuojdouow Buipnjour) saidelayy paiabie) olul papIAIp a1am suonuanIaiul Adesayl d1WaIsAS

q
“JeJIWIS pUe ‘uoneINW

Y4 ‘UoISNy X/ 7 ‘UoIRINW /49T Yim siusied 10) Bunos|ss s|eL sspnjoul iYL ‘SUOHEINW Pale[al-Iowny 013198ds Yim siusiied 10) palos)ss Jeyl S|eL 8soy) 01 Siajal UonoLIsal a|yoid 18IN3JOIN,,

‘papinold si anjea-d 158177 ASUNYAA-UURIA 8UI YDIUM 104 ‘JUBWI|0IUS €10} 1d80Xa SONSLIBIORIRYD [eli] |[e 10} 8iN|Ie) [e1)) SNSISA $S32INs [el) Buliedwod sanjea-d 1sa) pasenbs+yD s,uosiead $1991484 anjen-d
¥

*1030B} [e1} 1ad S[eL} JO JaqUINU [810} JONO (SS3INS [BL11) 18W SBM dTd aU) 19U Sfel} Jo uoiodoid

gl
(%2'19) LT2/TTT oN
T2'0=d (%.°99) 81/2T N utodpua Arewid-09
(%5'59) 85/8€ MaIAa] Juspuadapul
60°0=d (%0°'18) Z¥/ve passasse-101ebiisanu| haEmmmmmm S4d
Lnend [ (%) S Injsseoons Jo uoiodoid loyed felil
Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2021 September 01.

Eur J Cancer. Author manuscript:



Page 17

Pasalic et al.

Author Manuscript

¢,°0=d (%0°T€) 62/6 passasse-101ebisanu| hEmEmmmm% S4d
(%8'9¢) 8E/YT UONEUIGUIOD

16'0=d (%z'L8) €V/9T 1abe-ajbuls ,UoTRUIGWI0D 10 JuaBe-a16uIS
(%TvE) TVVT Adesayy Jaybiy Jo auij-puodss

67°0=d (%S'TY) TV/LT Adesayy suil-isii4 19pJ0 Jusuyesl |
(%8°€S) €T/L Adesayrowsayd 21X010140

LT0=d (%8°€e) 89/ET Adesayy pajebire Q\amas o1waIshs
(%bse) so/€T ON

ge'0=d (%T'L¥) LT/8 SOA pUonoLISal B11yoid ejnasjolN
(%v'LY) 6T/6 1BUYI0
(%1°8¢g) T2/8 219BI0Y L
(%G°L€) 8/€ AJeunInojusS
(%0°G2) 9T/¥ [eunsajuI0seD

9,°0=d (%6°8€) 8T/ Iseaig alls esessiq
(%e'L€) SL/8T ON

L20=d (%62v) L/E S3A et} dnosb aanesadoon
(%0°08) S/v ON

Sv0'0=d (%T'se) 22112 SaA [et3 yo Burpuny Ansnpuj
(22 — 9ve) swaned z9y yauag SO ON

85'0=d (992 - ¥1€) swaned €55 Wauag SO | (YOI) ueIpaw ‘uswjolus [e10L

- (%8'2¢) 28/TE SeML +S4d IV

%3?.& uc\ama_ﬁ +S4d J0 Inos[eliL +SO Jo uoiniodoid 101084 eliL

Author Manuscript

11JauUsg [BAIAING 9314-UOIssalB604d Buimo|joy 114auag [eAIAINS [[R49AQ0 JO SI0101pald

‘€ 9lqeL

Author Manuscript

Author Manuscript

Eur J Cancer. Author manuscript; available in PMC 2021 September 01.



Page 18

Pasalic et al.

‘utodpua Arewnid ‘434 ‘onel piezey ‘yH ‘abuel ajirenbiaiul *YO| ‘S|el1 o abejuadiad ‘94 {[eAIAINS 831-U01SS81604d ‘SHd {[RAIAINS |[BIBAC ‘SO :SUONBINIQAY

"SISAJeUe SIy3 Ul papnjoul Jou Sem pue ¥H e AJ19ads Jou pip el T ‘uoiredljgnd [er [eriul Jo swi Je papinoid S-d 40} ¥H Yl S19913a) YH Sdd,
'SISA[eU® SIY} Ul Papn|oul 10U 318M pUB JaA0SS04d A}193ds Jou pIp se) 2 ‘uoissaifold aseasip Buimojjoy swae Apnis usamiag $>885x
‘sfet] Jurodpua Arewnid SHd se pareubisap aiam utodpua S4d pue SO Arewrid-09 e pey yaiym m_m__._.m

‘sisAJeue siy1 Ui papnjoul

10U 919M PUE JUBWISSASSE S4d Passasse-101eBnsanul o Juspuadapul A3199ds 10U pIp sew 9T ‘d3d S8 SHd UM S[eL 10} papIAcid (Ma1A3) [2J3U82 Juspuadapul SNSIaA Passasse-101eB1Isanul) JUBWSSasse mu_an
‘sisA|eue siy1 ui papnjoul

10U sem pue uonsanb auldIpaw Jeajonu Ajind e pareBinsaaul el T :(,UoneuIquio,,) sonnadelayloauo Jaylo Yim uoleuIquiod ul o ( Jusbe-ajfuls,,) uonuaaisiul Jusbe-a|fuls e Jayie paisal saipmis,

'sisA|eue SIU} Ul PapN|oUl J0U Sem pue uofsanb auroIpaw Jesjonu

Ajaind e parebisanul [ers T ‘Adesaylowayd 91x0303A9 pue (JejIWIsS pue ‘si0}igiyul a|ndsjow |[ews ‘saipogiue jeuojoouow Buipnjour) saidelayl paiabiel ojul PapIAIp aJam suonuaAIaiul Adesayl o_EEm\AwQ

“Je|IWIS pue ‘uoleINW
HY44 ‘uoIsny X/ 7 ‘UolRINW &~9F YuMm sjusied 1oj Bunos|es sjeL Sspnjoul iyl 'SUoeINwW payejal-1owny 914198ds yim sjusiied 1oj pa1os|as 18yl S|eL) 8soy) 0} Siayal UonoLlsal aj1yold 1IN0,

"papiaoid st anfen-d 1531y ASUNUAA-ULBIA U} YDIUM 10} “HH S4d PUe JuawijoIud 810 1daoxa sanfen-d 1s8) patenbs-/D s,uosiead 109143l anjea-d
M

11} yoea 10} pal1oads se 114auaq S4d ealiubis se paulyap 1yauaq S4d “uonedtjgnd 1usnbasgns Jo [eiIUI U0 PUNO) SeM 114aUsg SO SI8UM (38W d3d) 1auaq S4d YIM sfeLy d3d S-d 40 uoniodold

)
(S2°0-970) 09°0 1yauag SO ON
02°0=d (eL'0-¢€v'0) 850 Wausq SO 5(dO1) veIpsw “yH s4d
(%9'82) S€/0T Pamo|| 10N
o0s'0=d (%0°0%) O¥/9T pamoj v kco_mww:“,x:a J181e J9A0SS0ID
(%8€e) TLI72 ON
850°0=d (%9°€9) TT/2 SOA o uodpus Arewnid-0d
(%T°GE) LE/ET MaIAaJ Juapuadapul
%:_m?a ,%x_vm_m_; +S4d Jo InoseliL +SQO Jo uoniodo.d 101084 elL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2021 September 01.

Eur J Cancer. Author manuscript:



	Abstract
	Introduction:
	Methods:
	Results:
	Discussion:
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.

