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Abstract 

Overall survival (OS) is the undisputed gold standard efficacy endpoint in cancer drug trials. It is with 

growing concern that we observe how progression-free survival (PFS) gains ground as surrogate 

endpoint in its place. PFS has appeal because it is resource-efficient, but it has severe shortcomings. 

Our concern is that uncritical use of PFS will harm the evidence-based evaluation of cancer drugs 

when considering them for standard use in publicly financed health care systems. PFS is only valid as 

a surrogate endpoint for OS if it correlates strongly with OS and if the cancer drug being investigated 

has the same effect on PFS and OS such that effects on one predicts effects on the other. The latter 

might be less obvious than the former but is no less critical. Research indicates that in a majority of 

cases, correlation between surrogate endpoints and OS is of medium strength or lower. PFS is 

therefore unreliable as a surrogate for OS. We do not find it justified to use PFS as surrogate for OS 

without first having assessed its validity. Stakeholders who take part in evaluating cancer drugs 

considered for standard use in a health care system must be particularly vigilant about this issue to 

minimize the risk of introducing cancer drugs that have an unacceptable cost-risk-benefit profile. 

 

Annotations & Reflections 

Progression-free survival (PFS) is increasingly used as a primary endpoint in oncology trials. This 

continuous incremental adoption of a surrogate for overall survival (OS) has important implications 

for patients, clinical oncologists, hospital owners, regulatory authorities, politicians and societal 

stakeholders. With this paper, we argue that surrogate endpoints – especially PFS - should be used 

with great care - if at all - within oncology. We discuss the following questions: 1) Is progression-free 

survival (PFS) valid as a surrogate for overall survival (OS) in oncology 2) Is PFS a relevant endpoint in 

its own right? 

 

Background 
We are of the opinion, and find it self-evident, that the only endpoints in oncology relevant to the 

patients are OS and quality of life (QoL). However, OS (and QoL) are increasingly being substituted by 

PFS in pivotal phase III trials supporting marketing authorization [1]. An American study from 2015 
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found that during the period from 2008 to 2012, 36 of 54 (67%) cancer drugs were approved by the 

United States Food and Drug Administration (US FDA) based on a surrogate endpoint. After a median 

subsequent follow-up of 4.4 years, improved OS had been demonstrated for an additional 5 drugs. 

Of the remaining 31 drugs, 18 failed to demonstrate effect on OS, and 13 drugs continued to have 

unknown survival effects [2]. A similar study from 2017 found that in the period of 2009 to 2013, the 

European Medicines Agency (EMA) approved 48 cancer drugs for 68 indications. Of these, 24 (35%) 

showed significantly improved OS with a median effect of 2.7 months. Improved QoL was 

demonstrated for 10%. After a median follow-up of 5.4 years, only 51% had shown significant 

improvement in OS or QoL [3]. 

 

PFS was developed as a descriptive biomarker of anti-neoplastic efficacy in scientific trials testing 

new cancer drugs. Typically, this involved imaging techniques, e.g. computerized tomography scans 

(CT) and a set of standardized evaluation criteria based on uni-, or bi-dimensional tumour 

measurements [4,5]. This approach has been useful in the trial and error approach to testing new 

compounds and new combinations of cytotoxic agents in oncology. RECIST (Response Evaluation 

Criteria in Solid Tumors) is an example of a set of criteria which has gained almost universal use [6]. 

However, it is important to note that tumour response, i.e. the shrinkage of a tumour, is not 

sufficient to demonstrate a clinically relevant effect on OS or QoL. In fact, the question of 

substitution in this regard is not simple. The word surrogate is from Latin and simply means 

substitute, “to put in the place of another” [7]. The term “surrogate endpoint” has been defined as: 

“a biomarker that is intended to substitute for a clinical endpoint. A surrogate endpoint is expected 

to predict clinical benefit (or harm or lack of benefit or harm) based on epidemiologic, therapeutic, 

pathophysiologic or other scientific evidence” [8]. The surrogate marker must be strongly correlated 

to the endpoint it substitutes – but even that does not suffice. It is also necessary that the 

intervention, i.e. the drug under investigation, has the same effect on the surrogate as on the 

endpoint, meaning that the surrogate will predict the effect on the endpoint of interest (fig. 1). 

Therefore, surrogacy can strictly only be established within the framework of a disease-specific 

intervention. 

 

Is PFS a valid substitute for OS? 
To address this question, it is useful to look for explanations in situations where a statistically 

significant effect is detected for either PFS or OS, but not the other. There are several possible 

explanations: 1) When treating small or very early solid tumours, it is conceivable that early tumour 
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regression and a corresponding prolonged PFS does not translate into postponed death. 2) Trials can 

be powered sufficiently to pick up an effect on PFS but not OS. This is possible because PFS invariably 

has more and earlier events compared to OS. This means that follow-up studies with continued 

observation will pick up the signal on OS. 3) PFS can be false positive. This may happen by chance, 

but the risk of a spurious result is increased in cases where the experimental arm and the control 

arm of a trial have different evaluation cadences. Evaluation bias, attrition bias and other biases may 

also play a role. 4) Theoretically, initial tumour remission might cause a change in the tumour 

phenotype towards a more aggressive type such that initial PFS improvement is related to worse 

outcome with decreased or unchanged OS. 5) Cross-over design, where patients from the 

experimental arm and/or the control arm may receive (or are automatically offered) the other 

treatment, is a widespread practice. This will attenuate any OS effect without diluting the effect on 

PFS. However, it cannot reasonably be assumed that post trial treatments cause a similar effect, as it 

is unlikely that the trial participants will be treated systematically differently in subsequent therapy 

lines. 6) Immune modulators have been associated with initial tumour swelling to a degree that the 

disease would meet the criteria for disease progression based on RECIST [9]. In such situations, PFS is 

clearly invalid as a substitute for OS. RECIST was modified in 2009 to include immune-related 

response criteria. Several updates and branched versions now exist with iRECIST from 2017 being 

the most recent addition. 

 

Strong correlation between PFS and OS is required for surrogacy. A systematic review of trial-level 

meta-analyses in oncology found 36 articles with a total of 65 specific correlations between a 

surrogate endpoint and OS. Fifty-two percent of the correlations were of low strength (r2 ≤ 0.49). 

Approximately 25% were of medium strength (r2, between 0.49 and 0.72). Twenty-three percent 

were highly correlated (r2 ≥ 0.72) with survival. The results showed that the conclusions varied 

considerably among cancer types [10]. There is no consensus on which factors that can be expected 

to impact on the relationship between PFS and OS. Proposed factors include: treatment line, year of 

the clinical trial, type of therapy (combination/mono), treatment type, region (global or regional), 

tumour type, sample size, cross-over and targeted therapies [11]. Estimations of OS and PFS for 

treatment-specific interventions may be complicated by sequential treatment lines.  
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To summarize, PFS is not ubiquitously valid as a surrogate for OS. PFS and OS may be well correlated, 

but having data that demonstrate that the intervention has the same effect on PFS and OS at the 

individual level happens very rarely. Consequently, the validity of PFS as a substitute for OS must be 

assessed on a case-by-case basis keeping the intervention and the disease-specific context in mind. 

 

Is PFS valid as an endpoint in its own right? 

What is the value of a drug that improves PFS but has no effect on OS? 

PFS may be a relevant endpoint if it is a surrogate for QoL. The requirements are the same as 

discussed above, but in case of PFS the issue of what comprises a clinically meaningful effect size is 

even more critical. Two new studies consistently report poor correlation between PFS and QoL 

within cancer trials.  Among 30 qualifying trials, no association between global QoL scores and 

median difference in PFS was found as regression slope between differences was 0.12 (95% CI -0.27-

0.52)[12]. In a broader setting evaluating QoL in 147 clinical phase III cancer trials, the overall trial-

level correlation between QoL and PFS was very weak with r squared value of 0.12[13]. Despite 

these global findings, examples of dubious reporting practices are common. Recently, a statistically 

significant improvement in PFS of about 9 days – which actually met prespecified study target (!), 

was reported in a study of ramucirumab in the treatment of metastatic gastric and gastroesophageal 

cancer. There was no impact on OS and QoL was not reported [14]. We severely doubt that any 

patient holds an interest in a PFS of 9 days with no data on QoL, and neither should clinicians or 

regulatory authorities. On a related note, the Marketing Authorization Holder (MAH) withdrew its 

EMA application for adjuvant sunitinib treatment in renal cell carcinoma. The primary outcome 

reported was PFS but the MAH position was challenged in a negative opinion from EMA Committee 

for Medicinal Products for Human use (CHMP). Sunitinib remains approved by the FDA for this very 

indication supported by the same data [15]. Most recently, a MAH-sponsored study on patient-

reported QoL in this setting suggested a detrimental effect on QoL: ”Patients on sunitinib did report 

increased symptoms and reduced HRQoL…” [16]. Notably, the authors applied the following 

narrative interpretation to their findings: “...these changes were generally not clinically meaningful, 

apart from appetite loss and diarrhoea, and were expected in the context of known sunitinib 

effects”. Consequently, in the USA - an expensive drug on the market that is approved based on 

prolongation of PFS with documented lack of effect on OS and documented lack of beneficial effect 

on QoL. It appears that the argument here is that as long as there is no clinically meaningful 

detrimental effect on QoL, we are good.  Similar conclusions were made in a – MAH-sponsored – 

study of niraparib for recurrent ovarian cancer: “…are able to maintain QoL during their treatment 
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compared with placebo.”[17]. We are of the opinion that such not-so-subtle attempts to lower the 

clinical and regulatory bar of the evidence necessary to support meaningful patient benefits are 

unjustifiable and unacceptable.   

 

In situations where it is unknown whether the requirements have been met, it is not justifiable to 

use PFS on this pretense. EMA does not require evaluation of quality of life data for cancer drugs to 

be authorized for the market [18], but these data are of obvious pertinence for all other 

stakeholders. Many validated health-related QoL assessment tools exist [19]. In situations where 

QoL data are available, it is unnecessary and counter-productive to use PFS in its place. In situations 

where QoL data are unavailable, PFS can be considered as a surrogate only after specific assessment 

of its validity in the case at hand. Failure to do so increases the risk of drawing wrong conclusions 

with regard to the true value of the drug.  

 

Discussion 
OS and QoL are the crucial endpoints in oncology trials of cancer drugs. PFS is fast and resource-

efficient compared to OS (and QoL) but its use has pitfalls because the assumption that it adequately 

reflects true value to the patients, health-care professionals and other stake-holders may be wrong. 

The EMA and the US FDA approve cancer drugs based on an overall risk-benefit assessment of the 

available evidence on efficacy and safety. The most recent EMA guideline on the evaluation of 

cancer drugs states that: ”Prolonged PFS is considered to be of benefit to the patient” [18]. EMA 

requires that if PFS is selected as a primary endpoint, OS should be the secondary endpoint, and vice 

versa. The guideline adds that in situations where there is a large effect on PFS, or if there is a long-

expected survival after progression, OS is not necessarily required for approval of the drug. This 

means that while newly approved cancer drugs inherently are non-inferior or efficacious relative to 

PFS, it cannot be concluded that they necessarily meet the patients’, health-care professionals’ or 

societal stakeholders’ reasonable expectations of clinically meaningful improvement in OS and /or 

QoL. In Denmark, The Danish Medicines Council [20] assesses new hospital medicines and approves 

their introduction as acceptable standard of care based on the balance between efficacy, safety and 

– recently introduced – price relative to added treatment value. Many other countries in Europe 

have similar agencies, e.g. The National Institute for Health and Care Excellence (NICE) in the United 

Kingdom [21]. It is the task of these agencies to balance all the information available to ensure a 

rational allocation of finite financial resources within their respective health-care systems. We are 

particularly worried that the increasing use of PFS may lower the bar for drug approval leading to 
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less effective drugs with high marginal costs which ultimately undermine the health economies and 

deprive other patients of proper and timely care.  

 

In conclusion, using PFS without due consideration to its validity as a surrogate is not justifiable. We 

urge health care professionals, regulatory authorities and other stakeholders to exercise caution 

when drawing conclusions based solely on PFS in the assessment of the clinical value of cancer drugs 

and their place in the treatment hierarchy. We should always seek out and critically appraise the 

validity of the surrogate and demand that OS and QoL data are collected and presented as soon as 

possible allowing for decisions based on PFS to be amended if necessary. 
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Figure 1. Progression-free survival is valid as a substitute for overall survival if the cancer drug being 

tested affects both PFS and OS similarly such that PFS and OS are correlated, and PFS effects predict 

OS effects on an individual level. Effects of the intervention not accounted for by PFS are indicated 

by the arrow at the bottom. The figure is modified from Atkinson et al. [8]. 

 


