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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 

OS.

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-to-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.1 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.3–5

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.6 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.7 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 cancer8, seven in small-cell lung 

cancer9, and five in ovarian cancer10—found PFS to be a potential surrogate for OS. 

Meanwhile, the same cannot be said for RCTs evaluating non-small cell lung cancer11, 

breast cancer12, 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.14 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.15

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.

Methods:

We queried the ClinicalTrials.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 Chi-
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).9

Results:

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 
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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 enrollment, 

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 r=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.17 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.21 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.25,26 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.4,27 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.3,28,29

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 OS.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-to-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 r=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 priori in keeping with a prior study that examined varying degrees of trial power,31 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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Figure 1. 
Flowchart of trial screening, eligibility, and inclusion. Disease-related outcomes (DROs) 

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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Figure 2. 
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.
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