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Progression-free survival, 
disease-free survival and other 
composite end points in oncology: 
improved reporting is needed
Anushka Walia    1 , Jordan Tuia2 & Vinay Prasad    2

Abstract

Composite outcome measures such as progression-free survival and 
disease-free survival are increasingly used as surrogate end points in 
oncology research, frequently serving as the primary end point of pivotal 
trials that form the basis for FDA and EMA approvals. Such outcome 
measures combine two or more distinct events (for example, tumour  
(re)growth, new lesions and/or death) into a single, time-to-event end 
point. The use of a composite end point can increase the statistical 
power of a clinical trial and decrease the follow-up period required to 
demonstrate efficacy, thus lowering costs; however, these end points 
have a number of limitations. Composite outcomes are often vaguely 
defined, with definitions that vary greatly between studies, complicating 
comparisons of results across trials. Altering the makeup of events 
included in a composite outcome can alter study conclusions, including 
whether treatment effects are statistically significant. Moreover, the 
events included in a composite outcome often vary in clinical significance, 
reflect distinct biological pathways and/or are affected differently by 
treatment. Therefore, knowing the precise breakdown of the component 
events is essential to accurately interpret trial results and gauge the 
true benefit of an intervention. In oncology clinical trials, however, such 
information is rarely provided. In this Perspective, we emphasize this 
deficiency through a review of 50 studies with progression-free survival 
as an outcome published in five top oncology journals, discuss the 
advantages and challenges of using composite end points, and highlight 
the need for transparent reporting of the component events.
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death from any cause, whichever occurs first. Most commonly, progres-
sion of solid tumours is determined using the revised Response Evalu-
ation Criteria In Solid Tumors (RECIST 1.1) guidelines5, which define 
progressive disease as an increase of ≥20% in the sum of diameters of 
target lesions (maximum of five and two per organ, each >10 mm in 
longest diameter) and an absolute increase of ≥5 mm from their small-
est sum diameters recorded on study (nadir value), the appearance 
of new lesions, or an unequivocal increase in non-target disease (that 
is, an increase in overall tumour burden, and not a single non-target 
lesion, sufficient to merit discontinuation of therapy). PFS is, there-
fore, a composite of at least five different events (Fig. 1): (1) death,  
(2) new lesions, (3) 20% growth of target lesions without any shrinkage, 
(4) shrinkage of target lesions followed by 20% growth, and (5) clear 
non-target disease growth, whichever happens first.

Other composite end points frequently used in oncology clinical 
trials include EFS, DFS and RFS. EFS is typically used in trials of neoadju-
vant therapies and is defined as the time from randomization to disease 
recurrence and/or disease progression or death from any cause6. DFS 
is similarly defined as the time from treatment to disease recurrence 
or death from any cause, but is typically applied in the adjuvant setting 
after patients have received definitive, curative-intent local therapy 
(such as surgery and/or radiotherapy)7. Typically, no measurable dis-
ease (by conventional modalities) is present at the time of treatment 
initiation in trials using DFS, as opposed to neoadjuvant trials using 
EFS, in which the study treatment is initiated prior to definitive therapy. 
Similar to DFS, RFS is usually defined as the time from treatment to 
disease recurrence or death from any cause but, unlike most definitions 
of DFS, often excludes the development of second primary cancers8.

Variability in component events of composite 
outcomes
The composite outcomes used in oncology are often vaguely defined, 
with definitions varying widely both between and within studies 
(Table 1). For many composite outcomes, no standardized guidelines 
exist and adherence to specific definitions is not mandated by regula-
tory agencies. Even when consensus definitions have been developed, 
they are not always uniformly adopted in clinical trial protocols9. Creat-
ing further confusion, composite end points that have different event 
compositions are often used interchangeably (for example, DFS and 
RFS or PFS and time to tumour progression (TTP), defined as the time 
from randomization to disease progression, excluding death).

Although the RECIST 1.1 guidelines have provided a consensus, uni-
fied definition of PFS that is applicable to most solid tumour types, they 
cannot be applied to all cancers. The definition of PFS is complicated 
by the fact that disease progression can be radiological, clinical and/or  
biochemical, depending on the study and setting. Consider the case 
of PFS in clinical trials involving patients with prostate cancer (Fig. 2). 
Historically, disease progression in this setting was defined biochemi-
cally based on an increasing serum level of prostate-specific antigen 
(PSA), which has been shown to be a poor surrogate for OS10. In 1999, the  
Prostate Cancer Clinical Trials Working Group (PCWG) introduced  
the first consensus definition of disease progression in patients with 
prostate cancer; these PCWG1 criteria include either an increase  
of ≥50% in serum PSA from the nadir level with an absolute increase of 
≥5 ng/ml (or back to the baseline level, if lower), one or more new lesions 
on a bone scan or progression of nodal or parenchymal disease assessed 
radiographically or by physical examination11. In 2000, the original 
RECIST (1.0) guidelines were published12 and subsequently became the 
gold standard for assessment of radiological progression in patients 

Introduction
Progression-free survival (PFS), disease-free survival (DFS), relapse-free 
survival (RFS) and event-free survival (EFS) are among the most com-
mon end points used in oncology clinical trials and have gained popular-
ity in recent decades1. All of these outcome measures are time-to-event 
end points, meaning that they are defined as the time from randomiza-
tion or registration of the patient to an event of interest, such as death or 
disease progression2. Additionally, they are all composite end points —  
groupings of two or more distinct clinical events that are pooled into 
one aggregate outcome3. Composite end points have a long history 
in biomedical research and are also frequently used in cardiology and 
nephrology clinical trials (for example, major adverse cardiac events 
(MACE), as a composite of non-fatal stroke, non-fatal myocardial infarc-
tion, cardiovascular disease-related death and, in some cases, other 
events such as death from any cause and hospitalization, in cardiology). 
In these disciplines, reporting of not only the aggregate result, but also 
each component outcome separately is customary. Notably, this distinc-
tion of individual component events seldom occurs in oncology, with 
clinical trial reports typically providing data on only the composite end 
point as a whole. In this Perspective, we summarize the history relating 
to the adoption of composite end points in oncology and related fields, 
define composite outcomes that are used across different cancer types 
and treatment settings, describe the specific strengths and risks of 
composite end points, and explain why clinical research should rou-
tinely report composite events both in aggregate and separately. Such 
transparency would enable a better understanding of cancer biology 
and clinical trial results, and ultimately improve patient care.

Overview of composite end points
Composite end points are widely used in clinical research as outcomes 
delineating the time to first occurrence of any one of the multiple com-
ponent events in each patient included in the study cohort. There-
fore, by increasing the number of events captured in a single outcome, 
composite end points can increase the statistical power of a study, 
thus reducing the sample size, follow-up time and financial outlay 
required to demonstrate a clinical effect. Despite these advantages, 
the use of composite end points is controversial owing to inconsistent 
definitions, heterogeneity of component events, differing levels of 
clinical importance among the various components, and potentially 
misleading interpretations.

Composite end points are used in almost all fields of biomedicine. 
In cardiology, MACE is the most recognized composite outcome. In 
oncology, composite end points such as PFS and DFS are frequently used 
as surrogates for ‘true’, clinically meaningful end points including over-
all survival (OS) and/or health-related quality of life (HRQOL). The use  
of such composite end points is increasing in correlation with the 
number of anticancer agents approved. In an analysis of randomized 
controlled trials (RCTs) focused on breast cancer, colorectal cancer and 
non-small-cell lung cancer (NSCLC), 125 (42%) of 298 RCTs published in 
seven major journals between 2010 and 2020 used PFS as a primary end 
point, compared with 25 (18%) of 137 published between 2005 and 2009, 
and none of 167 published between 1995 and 2004 (ref. 1). Accordingly, 
the use of OS as a primary end point decreased over time, from 49% in 
1995–2004, to 36% in 2005–2009, and to 29% in 2010–2020. In another 
study, 67% of oncology drug approvals granted by the FDA between 
2008 and 2012 were found to be based on a surrogate end point, 47% 
of which were based on PFS or DFS (31% overall)4.

PFS is the most frequently used composite end point in oncology 
and is defined as the time from randomization to disease progression or 
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with solid tumours. However, RECIST 1.0 did not fully capture progres-
sion of prostate cancer, as these criteria excluded certain important 
aspects that are characteristic of this disease, such as PSA levels and 
bone lesions. In 2008, the PCWG proposed updated guidelines for 
response assessment of prostate cancer (PCWG2) that altered the 
thresholds for PSA progression to ≥25% and ≥2 ng/ml above the nadir 
and bone progression to two or more new lesions on bone scan, and 
also incorporated modified RECIST definitions of soft-tissue disease 
progression13. Whereas the PCWG1 criteria and RECIST focus on bio-
chemical and/or radiological disease progression, the PCWG2 criteria 
also include symptomatic progression events (for example, worsening 
pain or HRQOL)13. Notably, however, no standardized definition of 
symptomatic progression was proposed. In 2016, the PCWG3 response 
assessment guidelines were published with further updated disease 
progression criteria, emphasizing the need to report various sites  
of progression independently and distinguish the appearance of new 
lesions from the growth of existing lesions14. Not all of these definitions 
have been fully accepted by clinical trialists; some studies in patients 
with prostate cancer use bespoke criteria or modified versions of the 
RECIST or PCWG2/3 criteria15–18. Other composite end points such as 
radiological PFS (rPFS) (radiographic progression or death) or PSA PFS 
(biochemical progression or death) are also widely used and are often 
defined using the relevant PCWG2 criteria for disease progression19,20.

The heterogeneity of composite end point definitions makes 
interpreting trial results extremely challenging. Moreover, altering 
the component events included in a composite outcome can lead to 

drastically different conclusions. For example, one single-arm study of 
enzalutamide in patients with metastatic castration-resistant prostate 
cancer (mCRPC) demonstrated a median PSA PFS of 16 weeks but a 
median rPFS of 37.7 weeks — a more than twofold difference21. Other 
studies have produced similar results22,23, suggesting that radiological 
and biochemical disease progression in patients with prostate cancer 
are distinct events with potentially different clinical and prognostic 
implications. Consequently, a composite outcome encompassing 
radiological, clinical and biochemical progression might be of very 
different value compared with a composite of radiological and clinical 
progression, or an end point capturing radiological or biochemical 
progression alone. Thus, comparing results from trials using differ-
ent measures of PFS, which are likely to vary considerably in terms of 
surrogacy for OS, might lead to incorrect inferences about the relative 
clinical benefits of the treatments evaluated, which could potentially 
translate into suboptimal treatment decisions.

Indeed, a treatment might ultimately be deemed effective or not 
effective depending on whether clinical, biochemical and/or radio-
logical definitions of progression are included as components of the 
primary end point. For example, the placebo-controlled phase III ACIS 
trial testing the addition of apalutamide to abiraterone and prednisone 
in patients with mCRPC demonstrated no statistically significant dif-
ference in time to PSA progression between the experimental and 
control arms (median 13.8 months versus 12.0 months; HR 0.87, 95% 
CI 0.74–1.02; P = 0.076) despite a significant improvement in the pri-
mary end point of rPFS (22.6 months versus 16.6 months; HR 0.69, 95%  

Patient death (from any
cause)

New lesion(s) on scan

Sum diameter of target 
lesion(s) increases by 20%

Initial decrease in tumour 
burden, followed by an 
increase of 20% from the 
smallest sum diameter of 
target lesion(s)

Unequivocal increase in 
non-target lesions, and 
not a single non-target 
lesion, su�icient to merit 
discontinuation of therapy

Baseline tumour
(target lesion
>10 mm in diameter)

Non-target lesions
(<10 mm in diameter)

20% increase
in diameter

Partial
response

20% increase
in diameter

Fig. 1 | Components of PFS according to RECIST definitions for disease 
progression. The Response Evaluation Criteria In Solid Tumors version 1.1 
(RECIST 1.1)5 defines disease progression as either a 20% increase and 5 mm 
absolute increase in the smallest sum of the longest diameters of target lesions 
(maximum of five and two per organ, each >10 mm in longest diameter) 
recorded on study, the appearance of new lesions, or an unequivocal increase 

in non-target lesions. Therefore, progression-free survival (PFS) is a composite 
outcome comprising at least five different component events: (1) death, (2) new 
lesions, (3) 20% growth of target lesions without any shrinkage, (4) shrinkage of 
target lesions followed by 20% growth, and (5) a clear increase in the burden 
of non-target lesions, whichever happens first.
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CI 0.58–0.83; P < 0.0001)24. Furthermore, a post hoc analysis involv-
ing patients with mCRPC receiving abiraterone and prednisone in 
the phase III COU-AA-302 trial demonstrated that the inclusion of 
unequivocal clinical progression events (defined as treatment dis-
continuation owing to a worsening of clinical status) in addition to 
radiographic progression and death as a component of PFS lowered 
estimates of treatment benefit compared with rPFS alone (median 
clinicoradiographic PFS of 13.3 months versus median rPFS of  
16.5 months)25. The choice of composite events to include in the pri-
mary end point of a trial is, therefore, crucial and can influence conclu-
sions about the therapeutic efficacy and clinical benefit, ultimately 
affecting treatment decisions.

Heterogeneity of PFS definitions can also complicate integra-
tion of results from different studies in meta-analyses, especially  
if treatment effects vary by component event. Some researchers have 
suggested that meta-analyses of trials using composite end points 
should be performed by individual components rather than by com-
posite outcome26,27. Nevertheless, trials with varying definitions of PFS 
are often combined in meta-analyses. For example, in a meta-analysis 
of RCTs evaluating docetaxel-based chemotherapy with or without 
anti-angiogenic agents for the treatment of mCRPC, the five RCTs 

included in the PFS analysis used different definitions of progression28. 
One trial defined PFS using the PCWG1 criteria modified to require 
two or more new bone lesions for bone scan progression29. A second 
trial defined disease progression based on soft-tissue disease accord-
ing to RECIST, new lesions on bone scans, or increasing pain and/or 
analgesia, but excluded PSA progression alone30. Another trial defined 
progression as four or more new bone lesions, increased pain, new 
or progressive soft-tissue disease according to modified RECIST, or 
skeletal-related events such as pathological fracture or vertebral 
compression18. Yet another study did not use PFS, but rather TTP, and 
did not specify criteria for disease progression31. In the final study, 
PFS was based on radiographic or clinical disease progression but no 
further detail was provided32.

Variation in radiographic response criteria
Deviations from the RECIST definitions are also frequent in PFS end 
points of studies focused on other tumour types beyond prostate can-
cer. For example, both the Response Evaluation Criteria In Lymphoma 
(RECIL)33 and the Lugano criteria34 are commonly used for response 
assessment in patients with lymphoma, and these two systems have 
shown discordance for the classification of progressive disease — in one 

Table 1 | Selected examples of composite end points and their definitions used in oncology clinical trials

End point Trial Cancer type Outcomes included in composite

PFS KEYNOTE-024  
(ref. 99)

NSCLC Disease progression per RECIST 1.1 (≥20% increase in smallest sum of longest diameters of target lesions 
and an absolute increase of ≥5 mm, one or more new lesions, or unequivocal increase in non-target lesions 
sufficient to warrant discontinuation of therapy)5 by blinded independent central review, or death from any 
cause

PFS CALGB 9182  
(ref. 100)

Castration-resistant 
prostate cancer

Two or more new lesions on bone scan, increase of serum PSA >100% above pretreatment baseline level, 
worsening performance status ≥1, or death from any cause

rPFS PREVAIL101 Metastatic prostate 
cancer

Disease progression per RECIST 1.1 for soft-tissue disease and PCWG2 for bone disease (two or more new 
lesions on bone scan)13 by blinded independent central review, or death from any cause within 168 days of 
treatment discontinuation

PFS SWOG S0777  
(ref. 102)

Multiple myeloma Increase of ≥25% from baseline in serum M component, urine M component, the difference between 
involved and uninvolved serum free light chain levels, or bone marrow plasma cell percentage; definitive 
development of or increasing size of bone lesions or soft-tissue plasmacytomas; development of 
hypercalcaemia solely due to myeloma; or death from any cause

DFS KEYNOTE-091  
(ref. 103)

NSCLC Disease recurrence per RECIST 1.1 by investigator review, appearance of second primary malignancy, or 
death from any cause

DFS PETACC-3  
(ref. 104)

Colon cancer Local, regional or distant relapse, second primary malignancy (colon or other), or death from any cause

iDFS ExteNET105 HER2+ breast cancer Invasive ipsilateral tumour recurrence, invasive contralateral breast cancer, local or regional invasive 
recurrence, distant recurrence, or death from any cause

EFS RATIFY106 Acute myeloid 
leukaemia

Disease relapse; failure to achieve complete remission, with complete remission defined as <5% blasts 
in bone marrow or extramedullary leukaemia, an absolute neutrophil count >1,000/µl, a platelet count 
>100,000/µl or an absence of blasts in peripheral blood; or death from any cause

EFS CheckMate 816  
(ref. 107)

NSCLC Any progression of disease (per RECIST 1.1 by blinded independent central radiological review) precluding 
surgery, progression or recurrence of disease after surgery, progression of disease in the absence of surgery, 
or death from any cause

RFS ZUMA-3  
(ref. 108)

B cell-precursor 
acute lymphoblastic 
leukaemia

>5% blasts in bone marrow, circulating leukaemia present, CNS disease grade 2 or 3, progressive disease 
(defined as an increase of ≥50% from the nadir of the sum diameters of at least two lymph nodes or one if 
only a single node is involved, an increase of ≥50% in the longest diameter of any single previously identified 
node >1 cm in its short axis, or an increase of ≥50% in the size of splenic, hepatic or any other non-nodal 
lesion), or death from any cause

RFS KEYNOTE-716 
(ref. 109)

Melanoma Disease recurrence as assessed by investigator (via physical examination with biopsy confirmation, or 
radiographically), or death from any cause

CNS, central nervous system; DFS, disease-free survival; EFS, event-free survival; iDFS, invasive disease-free survival; NSCLC, non-small-cell lung cancer; PCWG2, Prostate Cancer Working 
Group 2; PFS, progression-free survival; PSA, prostate-specific antigen; RECIST 1.1, Response Evaluation Criteria In Solid Tumors version 1.1; RFS, relapse-free or recurrence-free survival; rPFS, 
radiological progression-free survival.
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study, 85.7% of patients with progressive metabolic disease according 
to the Lugano criteria had a partial or minimal response by RECIL35. The 
Lugano criteria rely primarily on [18F]fluorodeoxyglucose (FDG) uptake 
on PET–CT, assessed using Deauville scores, for the evaluation of up 
to six target lesions, although bidimensional perpendicular diameter 
measurements on CT can be used for non-FDG-avid tumours36. The 
RECIL definitions of response also incorporate Deauville scores but 
rely on unidimensional measurements of the diameters of up to three 
lesions, and CT measurements alone are used to define progressive 
disease33. Other radiographic response evaluation systems used for 
PFS assessment in patients with particular tumour types include the 
Response Assessment in Neuro-Oncology (RANO) criteria for central 
nervous system (CNS) tumours37, the Choi criteria for gastrointestinal 
stromal tumours38 and the modified RECIST (mRECIST) for hepatocellu-
lar carcinoma39. The RANO group have also proposed response criteria 
specifically for brain metastases (RANO-BM)40, as opposed to primary 
CNS tumours, adding further complexity to PFS assessments when 
separate systems are used for CNS and non-CNS disease. Moreover, 
multiple radiographic response guidelines, including irRC41, irRECIST42 
and iRECIST43, have been developed with the specific aim of better 
accounting for the atypical patterns of tumour response that can occur 
with immunotherapies, such as pseudoprogression (an initial increase 
in tumour size or the appearance of new lesions, owing to increased 
immune cell infiltration into tumours, followed by a decrease in tumour 

burden). The most widely adopted immunotherapy response criteria, 
iRECIST, are similar to RECIST 1.1 but require confirmation of progres-
sive disease with follow-up imaging; the levels of discordance between 
iRECIST and RECIST 1.1 vary depending on the study44,45.

Even within RECIST, the choice of imaging tool — CT or MRI — can 
complicate PFS measurements; MRI, the less preferred choice, has 
higher sensitivity for certain lesions but is also prone to artefacts46. 
Researchers should be aware of the variation between and within com-
posite end point definitions given that the criteria used might affect 
the correlation of PFS as a surrogate for OS, raising questions about the 
true benefit of treatment. In addition, variation in definitions can limit 
cross-trial comparisons even when other factors, including inclusion 
and exclusion criteria, are well matched.

Heterogeneity in EFS and DFS end points
Other composite end points such as EFS and DFS are even more 
hetero geneously defined than PFS owing to lack of consensus defini-
tions. In studies focused on leukaemias, for example, EFS has been 
defined in at least 12 different ways in RCTs47. The component events 
included in these definitions vary widely, ranging from only disease 
recurrence and death48 to induction failure, disease relapse, second-
ary malignancy and death49. Some trials also consider discontinua-
tion of therapy owing to toxicity as an EFS event50. Studies also vary in 
whether loss of haematological or cytogenetic response is included 
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Fig. 2 | Definitions of PFS in patients with prostate cancer according to 
standard response criteria. The composite end point of progression-free 
survival (PFS) consists of death from any cause as well as cancer progression, 
which in the setting of prostate cancer has been defined variably according 
to heterogeneous response criteria. The PCWG1 consensus response criteria 
proposed by the Prostate Cancer Working Group (PCWG) in 1999 defined 
progression of prostate cancer either biochemically as an increase of ≥50% in 
serum prostate-specific antigen (PSA) from the nadir level with an absolute 
increase of ≥5 ng/ml (or back to the baseline level, if lower), radiologically as 
one or more new lesions on a bone scan or progression of soft-tissue disease 
on imaging, with evidence from physical examination also applicable for the 
latter11. In 2000, the original Response Evaluation Criteria In Solid Tumors 

(RECIST 1.0) were published and defined disease progression based only on 
radiological assessment of soft-tissue lesions as an increase of 20% in the smallest 
sum of longest diameters of target lesions, the appearance of new lesions, or an 
unequivocal increase in non-target lesions12. Subsequently, the PCWG2 (ref. 13) 
and PCWG3 (ref. 14) were proposed to incorporate the RECIST definitions for 
radiological progression of soft-tissue lesions as well as to revise the criteria 
for progression based on bone scans to require two or more new lesions, and also 
included new clinical criteria for capturing symptomatic progression based, for 
example, on worsening pain or health-related quality of life (HRQOL). In addition, 
the definition of biochemical progression was altered to an increase in serum  
PSA of ≥25% and ≥2 ng/ml above the nadir.
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in EFS definitions51,52. In studies that use failure to achieve a complete 
response (CR) as a measure of induction failure in the EFS analysis, 
the timing of CR assessment is also important. Yin et al.53 evaluated 
EFS as an end point using data from five Cancer and Leukaemia Group 
B (CALGB) trials involving patients with previously untreated acute 
myeloid leukaemia and three different definitions of induction fail-
ure: failure to achieve a CR by 60 days after patient randomization or 
registration, by the end of all courses of induction therapy, and by the 
end of all protocol-defined treatment. They found that median EFS 
estimates for individual trials varied by 14% to 115% depending on the 
definition of induction failure applied to the data53. Therefore, evalu-
ating therapeutic efficacy based on single-arm trials using EFS results 
alone might result in incorrect conclusions.

The inclusion of second primary cancers in DFS definitions has 
been shown to affect study conclusions. In the phase III PETACC-3 
trial involving patients with colon cancer, the primary DFS end point 
was not met at the 3-year follow-up assessment when second primary 
cancer was included as a component event (as per the definition in 
the protocol); however, a statistically significant improvement in RFS, 
which excluded second non-colon primary cancers, was observed in the 
experimental arm54,55. Tolaney et al.56 performed a simulation modelling 
study to examine the effect of including second non-breast primary 
cancers in invasive DFS (iDFS) definitions in trials of adjuvant therapy 
for breast cancer and found that inclusion of such events can result in 
false conclusions of non-inferiority, even if the occurrence rates are 
low and similar between standard-of-care and the experimental arms.

To address the variation in DFS definitions across breast cancer 
clinical trials, the STEEP criteria provided a formal definition of iDFS 
in 2007 (ref. 57). However, an analysis of phase III RCTs included in the 
aforementioned study by Tolaney et al.56 revealed that only three (27%) 

of 11 studies complied with the STEEP criteria; three trials excluded sec-
ond non-breast primary cancers from iDFS definitions, and three oth-
ers used appropriate criteria but erroneously referred to iDFS as DFS. 
Confusion between similarly defined composites is not uncommon. For 
example, another study of trials involving patients with breast cancer 
revealed that definitions of TTP often include death (13 of 16 trials with 
TTP as a primary end point, excluding five in which no definitions were 
reported), making PFS the most appropriate term58.

Effects on surrogacy analyses
The inconsistent definitions of composite outcomes complicate sur-
rogacy analyses, which are a type of meta-analysis used to evaluate 
the correlation between a surrogate end point and OS across multiple 
RCTs. Such trial-level analyses aim to determine whether treatments 
that improve a surrogate end point also improve a clinically mean-
ingful end point59. Considered the gold standard for determining the 
validity of a surrogate, surrogacy analyses should be robust, as their 
conclusions can influence future drug approval decisions. Ajani et al.60 
conducted a surrogacy analysis of DFS in trials involving patients with 
resectable oesophageal or gastro-oesophageal junction cancer. The 
authors initially defined DFS as time from randomization to either dis-
ease recurrence or death, but found that few RCTs used this definition. 
As a result, the surrogacy analysis was broadened to include alternative 
definitions of DFS and PFS that varied considerably between trials — for 
example, the starting time for DFS ranged from the day of surgery to 
1 week or up to 6 months after surgery60. On the basis of their analysis 
of 26 trials, the authors concluded that DFS — defined as time from 
tumour resection to disease recurrence or death — is a valid and useful 
surrogate for OS in the neoadjuvant, perioperative or adjuvant settings; 
however the degree to which the heterogeneity in DFS definitions as a 
possible source of bias affected this conclusion is unknown.

Lack of transparent reporting of composite events
In cardiology trials reporting MACE, common practice is to provide the 
frequency of the individual component events, such as stroke, myo-
cardial infarction, hospitalization and death, alongside the composite 
outcome. This standard is not, however, the case for PFS and other com-
posite end points of clinical trials in oncology. We analysed 50 studies 
using PFS with results published in five top oncology journals, accord-
ing to Google Scholar metrics61 (Fig. 3; Supplementary Table 1). For each 
of the journals, the ten most recently published research studies using 
PFS as an outcome measure, excluding meta-analyses, were selected. 
We found that only three studies (6%) reported the number of deaths 
versus disease progression events; only one such study distinguished 
locoregional progression from distant metastasis (Fig. 3). Addition-
ally, one study distinguished local and distant progression but did not 
provide the number of deaths prior to disease progression.

The reasons behind the difference in composite reporting stand-
ards between cardiology and oncology are unclear. One possibility is 
that composites such as PFS and DFS are efficacy outcomes. MACE, 
however, originated as a safety outcome and was first used in studies 
focused on complications of percutaneous coronary interventions62. 
Regulatory agency standards for reporting safety outcomes are high, 
and thus detailed documentation of adverse events in clinical trials 
is required. By the time MACE became widely used as an efficacy end 
point, providing numbers of each event might have been convention. 
Another possibility underlying the difference in reporting standards 
is that PFS is considered to be a collection of similar events, whereas 
MACE is considered to be a collection of dissimilar events (for example, 
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Fig. 3 | Evaluation of the reporting of PFS component events in oncology 
studies. We reviewed a sample of 50 studies using progression-free survival 
(PFS) as an outcome, encompassing the ten most recently published studies 
with results published in each of five top oncology journals publishing clinical 
research (according to Google Scholar metrics61) (Supplementary Table 1). 
We found that only three studies (6%) reported the number of deaths and 
progression events separately, and only one of these studies distinguished 
locoregional progression from distant metastasis. In addition, one study 
distinguished local and distant progression but did not report the number 
of deaths counted as PFS events.
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stroke versus myocardial infarction). Yet, primary tumour growth and 
distant metastasis are markedly different, particularly in terms of their 
clinical implications. Finally, historical accident — that is, PFS origi-
nating as an extension of TTP — might explain the different reporting 
standards. Ultimately, all these explanations are speculatory, but nota-
bly none justifies incomplete reporting. We contend that transparent 
reporting of component events must become the norm for oncology 
trials using composite end points, particularly if the composite is a 
primary end point or is used for regulatory purposes, but also when 
presented as a secondary end point.

Composite events vary in clinical significance and 
frequency
Even focusing on a single composite end point such as PFS, the com-
ponent outcomes of primary tumour and/or target lesion growth, the 
appearance of new lesions or metastases, and death are not equally 
clinically significant. Metastasis rather than primary tumour growth 
is the predominant determinant of a poor prognosis, with 90% of 
cancer-related deaths occurring owing to metastatic disease63. Indeed, 
the use of other composite end points such as metastasis-free survival64, 
locoregional relapse-free survival65 and distant metastasis-free 
survival66 suggest that the extent of metastatic spread is important. 
Moreover, the prognosis of patients with distant metastases is often 
poorer than of those with locoregional lymph node metastases67, and 
might vary further depending on the organ involved68.

Multiple studies have shown that the type of progressive disease 
according to RECIST criteria affects prognosis. Twelves et al.69 and 
Mori et al.70 found that patients with metastatic breast cancer who had 
disease progression attributed to an increase in the size of pre-existing 
lesions had better survival than those who had progression owing to 
the appearance of new lesions. Similar findings have been reported 
in an analysis of patients with metastatic colon cancer who had a best 
response of progressive disease (according to RECIST 1.0) in the phase 
III Nordic VI trial71. Without the development of a new lesion or progres-
sion of a non-target lesion, an increase in target lesion diameter of 
≥20% was not associated with a statistically significant OS detriment 
compared with an increase of <10%. In addition, an analysis of stratified 
PFS data from the phase III RECORD-1 trial in patients with metastatic 
renal cell carcinoma revealed that growth of a non-target lesion and/or 
the appearance of a new lesion at the first assessment after the baseline 
assessment (performed after 2–14 weeks) was predictive of OS (uni-
variate P < 0.001), whereas a change in the sum of tumour diameters 
of −30% to +10% was not72.

Distinguishing between various progression events might be 
crucial for the proper interpretation of PFS results: if an improvement 
in PFS is mostly attributable to a reduced incidence of less clinically 
significant events, the true clinical benefit to the patient will remain 
unclear. In situations of discordancy between PFS and OS — that is, PFS 
improvements that do not translate into OS benefits — understanding 
the breakdown of PFS events and comparisons across arms might be 
key to making sense of the results.

Indeed, the different clinical significance of distinct component 
events might explain why composite outcomes are often poor surro-
gates for OS. An empirical analysis of 78 surrogate outcome validation 
studies in oncology revealed that only 12% of surrogate indication pairs 
had a strong correlation with OS, and 38% had a weak correlation73. For 
example, in patients with hormone receptor-positive breast cancer, 
extended adjuvant endocrine therapy has not consistently demon-
strated OS improvements despite DFS benefits74. Within DFS, some 

events such as locoregional recurrences are more likely to be amenable 
to surgical resection (and possible cure) and thus less likely to affect 
OS than distant recurrences. An analysis of six trials of adjuvant endo-
crine therapy for breast cancer including 23,371 patients revealed that 
the proportion of contralateral breast cancer-related and non-breast 
cancer-related deaths increased with follow-up duration, while the 
proportion of distant and locoregional recurrence decreased75.  
The authors of this study concluded that improvements in DFS with 
adjuvant therapy might not translate into an OS benefit, as adjuvant 
therapy might predominantly affect the frequency of more curable 
events. Another analysis of 84 trials of adjuvant therapy for breast 
cancer showed that the proportion of randomized patients who have 
distant recurrence or other breast cancer-related events has declined 
over the past two decades76. Importantly, almost one third of 165 trials 
initially identified by the authors were excluded from their analysis 
owing to lack of information on the breakdown of DFS events76. In 
these trials, determining whether the adjuvant therapy tested would 
result in any clinically meaningful benefit to the patient is essentially 
impossible based on DFS results alone.

The results of multiple surveys indicate that the majority of 
patients are not willing to receive therapy that delays radiological 
disease progression but with additional toxicities and no concomitant 
benefits in OS or HRQOL77,78. Notably, this consideration is likely to 
be even more pertinent when the frequency of clinically significant 
composite events is substantially lower than that of less significant 
events, or if imbalances in these ratios exist between study arms, given 
that any improvement in a composite outcome is less likely to translate 
into a clinically meaningful OS or HRQOL benefit in these scenarios3.

Component events can be differentially affected 
by therapy
Solely reporting a composite outcome might also lead to assumptions 
that the treatment effects apply to each of the component events, 
which might not necessarily be true. At times, study authors might 
even encourage such misinterpretation. For example, a systematic 
review revealed that in the majority (69%) of publications reporting 
RCTs with a statistically significant improvement in a composite end 
point, the abstracts falsely implied that the treatment effect applied to 
the most important component, as determined by two independent, 
blinded observers79.

To avoid this problem, the EMA guidelines for evaluating antican-
cer therapies in patients recommend reporting “separate analyses for 
individual types of events using descriptive summary tables and, where 
appropriate, competing-risks approaches to explore treatment effect 
on the various types of events”80. In practice, however, many studies 
are not adequately powered to detect significant differences in the 
individual components of a composite outcome81.

Thus, the effects of treatment on a composite end point cannot 
be used to infer effects on the individual component events. A therapy 
that reduces the size of pre-existing tumours, for example, might not 
actually decrease the patients’ probability of developing new lesions. 
The relationships between tumour growth, metastasis and mortality 
are highly complex and not fully elucidated. Increasing evidence indi-
cates that disease progression is a less intuitive process than classic 
models have implied. Whereas distant metastasis was traditionally 
believed to result from a linear process of cancer evolution, emerging 
data suggest that metastatic disease can develop in parallel to the 
primary tumour in some cancers. For example, a study in patients 
with invasive breast cancer revealed a non-linear correlation between 
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tumour size and lymph node metastasis82. For very small tumours 
(<10 mm in diameter) or for very large tumours (>60–90 mm), rates of 
lymph node metastasis and breast cancer mortality remained relatively 
constant as tumour size increased. For instance, the rate of lymph 
node involvement was approximately equal for 70-mm tumours and 
150-mm tumours. According to this parallel model of cancer evolution, 
the primary tumour might not be the source of all metastases, and 
thus therapy directed towards the primary tumour might not affect 
metastatic disease owing to the distinct biology of lesions arising 
through parallel evolution83. Potentially heterogeneous treatment 
effects relating to these complexities of cancer progression might be 
misunderstood if complete data on the different component events 
of a composite outcome are not provided.

The heterogeneity of treatment effects is affected by the underly-
ing biology of the tumours and mechanism of action of the therapy. In 
patients with prostate cancer, serum PSA levels are prone to fluctua-
tion, which might explain why changes in PSA levels are less indicative 
of treatment efficacy than objective radiological responses19. Moreo-
ver, disease progression on imaging despite stable or declining PSA 
levels has been frequently documented84, suggesting that radiographic 
and biochemical progression reflect distinct biological processes. 
Furthermore, several clinical trials of immune-checkpoint inhibitors 
and certain other immunotherapies have demonstrated OS benefits 
without improvements in PFS85. Part of this disconnect might reflect a 
potential ability of these agents to affect the more OS-limiting compo-
nents of PFS (for example, the development of new lesions to a greater 
extent than the growth of existing lesions) owing to their complex 
mechanisms of action that are not limited to direct cytotoxicity in 
measurable tumour masses85. Interpreting treatment effects becomes 
more complicated when symptomatic progression is included in PFS 
definitions, considering that alterations in patient-reported outcomes 
such as pain scores might be more reflective of hospital-based care 
than the direct effects of an experimental therapy. Ideally, each com-
ponent of a composite outcome should be representative of the same 
causal biological pathway. The more inconsistent the treatment effects 
between distinctly different clinical events, the more challenging it is 
to accurately interpret a PFS result.

A key assumption underlying the use of a composite end point 
is that the components will be altered by treatment in a similar way. 
Occasionally, however, treatment effects on variables such as primary 
tumour growth, metastasis and mortality can paradoxically occur in 
opposite directions. For example, a highly toxic drug might decrease 
tumour spread but increase mortality. This situation occurred in the 
BELLINI trial involving patients with relapsed and/or refractory mul-
tiple myeloma, which demonstrated improved PFS but lower OS in 
the experimental arm owing to a higher rate of infections related to 
therapy86. In addition, some preclinical data suggest that shrinkage of 
a primary tumour using chemotherapy can accelerate distant spread 
in some contexts by selecting for stem-like cells that are more likely to 
initiate metastasis87. The directionality assumption is less likely to hold 
true when a greater number of events are included in the composite 
end point, as is the case for certain definitions of PFS, EFS and DFS. 
Allogeneic haematopoietic stem cell transplantation (alloHSCT) is 
a common situation in which opposite treatment effects can occur. 
Trials of treatments involving alloHSCT often use a composite end 
point comprising death, cancer relapse and graft versus host disease 
(GVHD), referred to as GVHD-free RFS (GRFS). In this context, a therapy 
that reduces the incidence of GVHD might increase the rate of cancer 
relapse (or, vice versa, a treatment that reduces relapse rates might 

result in more GVHD); thus, the directionality assumption is often vio-
lated and interpretation of the clinical significance of the GRFS result 
is difficult88,89. In such cases, GVHD and relapse rates must be analysed 
individually to accurately gauge the risk to benefit ratio of treatment.

Routinely reporting the frequencies of the different events 
included in a composite outcome can provide assurance that treat-
ment effects on individual components are in the same direction; any 
‘qualitative heterogeneity’ (that is, difference in directionality) would 
render use of the composite outcome invalid90.

Varying levels of bias among composite events
The components of a composite end point have varying levels of uncer-
tainty. Among PFS and DFS events, time to tumour growth or metastasis 
is subject to measurement bias given that the results are dependent 
on the assessment schedule, skill of the radiologist, choice of imaging 
modality and whether the investigator is blinded to treatment allocation. 
Whereas time to death is usually known precisely, time to progression is  
intermittently assessed and assigned only after progressive disease  
is detected, typically resulting in overestimation of PFS91. The amount 
of bias in a PFS measurement increases with the ratio of progression 
to death events91. Providing a full breakdown of events can therefore 
provide information on the likely extent of bias in a composite outcome.

The ratio of events varies by tumour and treatment 
type
Knowledge of the precise mixture of composite events is necessary to 
compare study populations, considering that ratios of events prob-
ably vary across different cancer and treatment types, although the 
available data are limited owing to lack of uniform reporting. For 
example, few DFS events occurring in patients with localized hor-
mone receptor-positive breast cancer would be expected to be deaths, 
whereas this might not be the case for PFS events among patients with 
advanced-stage pancreatic cancer.

Even within a single cancer type and treatment setting, the relative 
effects of a therapy on different sites of disease can vary. For example, 
extended follow-up data from the ADAURA trial of adjuvant osimer-
tinib in patients with resectable stage IB–IIIA EGFR-mutant NSCLC 
demonstrate that this agent clearly reduced the risk of DFS events 
(4-year DFS of 73% versus 38% with placebo); however, the magnitude 
of the reduction varied by site of disease recurrence92. The lymph node 
recurrence rate decreased from 17% with placebo to 5% with osimertinib, 
a reduction of >70%, whereas the rate of CNS recurrence decreased 
from 11% to 6.4%, a 42% reduction. Whether these differences occurred 
owing to chance variation or reflect a unmet need for agents with even 
greater CNS penetrance than osimertinib remains unknown; yet, such 
considerations can only be explored with transparent data reporting, 
as in this example.

As discussed, systemic therapies might have different effects on the 
various components of composite end points. Some treatments might 
primarily reduce target lesion tumour growth but not affect the rate of 
metastasis, whereas others might variably reduce the growth and/or inci-
dence of metastatic lesions in different organs, and some might affect 
all components proportionately. Ideally, therefore, relative consistency 
in the various components of a composite outcome should be ensured 
before results from multiple studies are combined in meta-analyses.

Advantages of composite end points
The primary reason for using composite end points is to increase the 
statistical power of a study. Owing to the higher number of events, 
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the use of composite outcomes can reduce the sample size, costs and 
follow-up durations of clinical trials, which can expedite drug approv-
als. In a retrospective study encompassing 107 oncology drugs with 
188 approved indications, the use of PFS as a surrogate end point in 
registration trials reduced the mean time needed to obtain the data 
supporting approval by 11 months compared with the use of OS as the 
primary end point; the authors estimated that this reduction would 
expedite the typical overall clinical development time of a drug by 
approximately 12%93. In addition, some events, such as second malig-
nancies or certain adverse events, are too rare for individual analyses 
to be feasibly conducted.

Notably, however, the effects of composite end points on statisti-
cal efficiency have a number of caveats. For example, statistical power 
can be decreased if treatment effects on different components of the 
composite outcome occur in opposite directions. Moreover, even 
if the effects are in the same direction, the sample size requirement 
can still be considerable if a high degree of overlap exists between the 
individual components of a binary composite end point and the relative 
treatment effects94. In addition, concerns have been raised that the use 
of composite outcomes might cause trialists to limit sample sizes (even 
when larger sample sizes are possible), given that decisions on sample 
size are typically based on rates of the composite outcome in similar 
trials rather than the frequencies of individual component events95. 
This approach can lower the internal and external validity of a study96 
and reduce the ability to perform component-level analysis.

Other advantages of composite end points include the assessment 
of treatment effects on outcomes beyond OS, which can be particularly 
useful when multiple aspects of a malignancy have similar clinical 
significance. Composite outcomes can also capture the net effect 
of treatment as long as the different component events correspond 
to the same response pathway. Furthermore, composite time-to-
event end points often avoid the problem of competing risks that can 
complicate survival analyses. For example, in older patients and/or 
those with multiple morbidities or indolent cancers, death due to a 
non-cancer-related cause might precede death due to disease progres-
sion; therefore, an outcome focused on disease progression alone 
might wrongly suggest clinical benefit from a treatment that raises 
the risk of non-cancer-related death.

Conclusions
The use of composite outcomes as primary end points in oncology trials 
has steadily gained popularity over the past three decades. Although 
these end points have made RCTs more efficient and have modestly 
accelerated drug approvals, they are prone to bias and misinterpre-
tation. Therapeutic effects on composite outcomes alone might not 
always faithfully guide clinical decision-making.

Composite end points such as PFS, DFS, EFS and RFS are often 
inconsistently or imprecisely defined; the particular definition used 
can greatly affect study conclusions and, in some cases, determine 
whether or not treatment effects are statistically significant. This 
inconsistency complicates the comparison of results across multiple 
trials, and heterogeneously defined composite outcomes are often 
analysed together in meta-analyses. Several groups have made efforts 
to address these issues. For example, the DATECAN initiative seeks to 
define time-to-event end points for oncology RCTs and has already 
provided international consensus recommendations for such end 
points in trials focused on pancreatic cancer97, sarcomas and gastroin-
testinal stromal tumour65, and renal cell cancer98. However, even when 
standardized definitions do exist (for example, the STEEP criteria for 

iDFS in the setting of breast cancer), they are not always adopted by 
clinical trialists. Hence, regulatory agencies must increase efforts to 
mandate adherence to standard criteria in RCTs.

For a composite end point to be valid, the component events 
should generally be of similar clinical significance, occur at compara-
ble frequencies and be similarly affected by treatment. Transparent 
reporting of component events in oncology trials is not the norm but 
is essential to ensure that these criteria are met and that use of the 
composite end point is appropriate. Without a complete breakdown of 
component events, it is impossible to know whether an improvement in 
a composite outcome is driven by the most clinically significant events, 
thus leaving the true therapeutic benefit open to question. Including 
a full breakdown of a composite outcome also helps to avoid misin-
terpretation of trial results and provides a more nuanced understand-
ing of treatment effects, which can vary greatly between component 
events. Furthermore, clear reporting of individual events is necessary 
to appropriately combine results from multiple clinical trials and 
compare patient populations.

Future work can explore three key avenues. First, in individual 
RCTs, reporting a full breakdown of composite outcomes might reveal 
imbalances in effects on different component events and thereby 
provide a clearer understanding of the effectiveness of treatments 
tested. Second, within a given cancer type, a portfolio of RCTs could be 
examined and individual outliers (that is, those with different ratios of 
component events) should be scrutinized. Third, the precise balance 
of component events can be analysed across cancer types and treat-
ment settings to elucidate differences in the severity of illness and 
specific challenges faced by patients. Ultimately, such transparency 
and knowledge could facilitate treatment decisions by clarifying the 
benefits of a given therapy and might offer additional, alternative 
benefits not yet realized.
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