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Outcomes and endpoints in trials of cancer treatment: 
the past, present, and future
Michelle K Wilson, Katherine Karakasis, Amit M Oza

Cancer treatment should allow patients to live better or longer lives, and ideally, both. Trial endpoints should show 
clinically meaningful improvements in patient survival or quality of life. Alternative endpoints such as progression-free 
survival, disease-free survival, and objective response rate have been used to identify benefi t earlier, but their true validity 
as surrogate endpoints is controversial. In this Review we discuss the measurement, assessment, and benefi ts and 
limitations of trial endpoints in use for cancer treatment. Many stakeholders are aff ected, including regulatory agencies, 
industry partners, clinicians, and most importantly, patients. In an accompanying Review, refl ections from individual 
stakeholders are incorporated into a discussion of what the future holds for clinical trial endpoints and design.

Introduction
Cancer treatment aims to enable patients to live longer and 
better lives than they would without treatment.1 
Accordingly, the gold standard to assess therapeutic 
effi  cacy is a statistically signifant and clinically meaningful 
improvement in overall survival, quality of life, or decrease 
in cancer-related symptoms. The issue is who defi nes what 
is clinically meaningful, with substantial variation in 
opinions between patients, clinicians, and regulatory 
agencies.1

Overall survival is an unambiguous outcome measure. 
However, as an unequivocal marker of therapeutic 
benefi t, it is controversial. Improvement in the effi  cacy of 
cytotoxic and novel treatments, and a better understanding 
of disease biology, means that some cancers now behave 
like chronic diseases. The detection of diff erences in 
overall survival in trials can be complex with confounding 
results related to trial duration, cost, sample size, and 
treatment choices after progression.2 If cancer is regarded 
as a chronic disease, new treatments need to have 
clinically meaningful outcomes for patients, such as 
improved quality of life, symptom control, and tolerability 
of treatment.

Endpoints such as progression-free survival (PFS) and 
time to progression are used because they provide more 
rapid measures of diff erence in treatment eff ect than 
overall survival. A robust debate continues on whether 
these are meaningful outcomes in their own right, or 
purely surrogate endpoints for overall survival and 
disease control. Unlike overall survival, endpoints such as 
PFS and time to progression are less aff ected by 
subsequent treatments, palliative care, and comorbidities.2 
By contrast with death, disease progression as an endpoint 
is continuous, but is identifi ed and measured by discrete 
clinical or radiological assessments, and hence is 
dependent on the timing of these investigations. In 
routine practice, disease status is established by clinical, 
biochemical, and radiological factors; conversely, trial 
outcomes are often defi ned by radiological measures 
alone to increase objectivity.

Cancer is a multitude of diseases with diff erent natural 
histories and clinical characteristics.3,4 Therefore, trial 
design needs to accommodate the inherent properties of 

the disease and patient population to ensure meaningful 
clinical outcomes. This approach will help with the 
identifi cation of smaller homogenous subpopulations 
that benefi t from a treatment.3,5 We review present 
practices in the measurement of clinical outcomes in 
oncology trials and assess these practices in the context 
of modern clinical oncology. This Review also addresses 
the objectivity, reliability, and validity of the methods 
used to assess endpoints in clinical trials and the 
importance of integration of these techniques into the 
study design.

Endpoints in clinical trials
Views on the importance of overall survival and PFS as 
outcome measures in trials are polarised. Treatment 
eff ectiveness has been defi ned as a clinically meaningful 
benefi t to the patient with the objective of the patient 
living for longer or better, or both, than if they did not 
receive the treatment.1 This measure of effi  cacy might be 
shown by symptomatic improvement, or improvement 
in  established disease progression endpoints. The 
characteristics of the disease and treatment (prognosis, 
aggressiveness of disease, symptoms, and salvage therapy) 
need to be applied to trial design to defi ne appropriate 
endpoints. For example, in metastatic gall bladder 
cancer—with few therapeutic options and a median 
overall survival of less than 1 year, even a modest gain in 
overall survival might be clinically relevant.6 In an indolent 
disease such as ovarian granulosa-cell tumour, with a 
median overall survival of more than 15  years and a 
tendency to late relapse,7 the detection of therapeutic 
benefi t in terms of overall survival is not realistic and a 
short term, more clinically meaningful objective measure 
of benefi t might instead be improvement in symptoms or 
quality of life.

Overall survival and surrogate endpoints
Overall survival is a precise endpoint that shows patients 
alive after a fi xed duration of time (table).8,9,11 Eff ects from 
crossover, supportive care, and treatment after progression 
make measurement of overall survival increasingly 
protracted.2 To measure more modest diff erences in overall 
survival, phase 3 trials have become larger, and more 
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resource intensive; present trial designs are challenging 
this approach.

Surrogate endpoints (table) have garnered interest as 
indirect measures of clinical benefi t because they can 
generally be achieved in a shorter timeframe than overall 
survival; however, they carry the risk of misleading 
conclusions due to erroneous extrapolation from the 
results.12 The defi nition of a surrogate endpoint is 
complex and controversial. According to the NIH 
Biomarkers Defi nitions Working Group, a clinical 
endpoint is a characteristic or variable that refl ects how a 
patient feels, functions, or survives, and a surrogate 
endpoint is defi ned as a biomarker intended to act as a 
clinical endpoint.13 

Controversy also exists as to whether these surrogate 
endpoints can be regarded as clinical endpoints in their 
own right, or only as surrogate endpoints. The Prentice 
criteria provide guidelines14 for the validation of surrogate 
endpoints, and serve to describe the relation between the 
intervention and endpoints of interest (both surrogate 
and clinical). A key criterion in this validation is the 
assumption that the eff ect of the intervention on the 
surrogate endpoint also results in meaningful changes 
for the clinical endpoint.14 

When designing a clinical trial, the decision to use a 
surrogate endpoint must consider both the advantages of a 
shorter trial duration (drawing conclusions sooner than it 
would be possible with established clinical endpoints) and 
the possibility of increased uncertainty from extrapolating 
how a surrogate endpoint would behave from historic trial 
data.12,15 If the uncertainty outweighs the advantages of a 
shorter trial, then it would not be useful to use a surrogate 
endpoint as this might not refl ect true clinical outcomes 
for these patients. However, if there is evidence that a 
surrogate endpoint would be of benefi t, other factors 
should still be considered, such as would the biological 
mechanisms by which the treatment aff ects the surrogate 
endpoints and the clinical endpoints be similar in the new 
and previous trials? Also, will patient management after 
the surrogate endpoint is reached be similar to previous 
trials? Finally, will serious or detrimental side-eff ects arise 
in the time of observation until the surrogate endpoint is 
reached compared with the time the clinical endpoint is 
reached?12 In practice, uncertainty remains in addressing 
these questions. For example, often little is known about 
long-term toxic eff ects with novel treatments.16 A review of 
the updated labels of targeted therapies by the US Food 
and Drug Administration (FDA) showed that 39% of 

Regulatory approval Study design Advantages Disadvantages

Overall survival Regular approval 
(clinical benefi t)

Randomised studies; masking 
not essential

Universally accepted measure of clinical 
benefi t; easily measured; precisely measured

Can include large patient numbers; can be aff ected by crossover 
therapy and sequential therapy; includes non-cancer deaths

Symptom endpoints 
(patient-reported 
outcomes)

Regular approval 
(clinical benefi t)

Randomised, masked studies Patient perspective of clinical benefi t Masking is often diffi  cult; data are often missing or incomplete; 
clinical relevance of small changes is unknown; multiple 
analyses; lack of validated instruments; often reported as mean 
or median group scores rather than individual results

Disease-free survival Accelerated approval 
(surrogate endpoint)*

Randomised studies; used in 
adjuvant setting

Masked review recommended; smaller 
sample size and shorter follow-up than 
overall survival

Not statistically validated as a surrogate endpoint for survival in 
all settings; not precisely measured; subject to bias, especially in 
open-label studies; defi nitions vary between studies

Progression-free survival 
(includes all deaths); time 
to progression (deaths 
before progression 
excluded); progression-free 
survival 2 (includes all 
deaths); or time to second 
progression (deaths before 
progression excluded)

Accelerated approval 
or regular approval 
(surrogate endpoint)*

Randomised studies; masking 
preferred in comparative 
studies; masked review 
recommended; used in 
advanced setting

Smaller sample size and shorter follow-up 
than overall survival; includes measurement 
of stable disease; not aff ected by crossover 
or subsequent treatments (progression-free 
survival 2 less aff ected than overall survival); 
generally based on objective and 
quantitative assessment

Not statistically validated as a surrogate endpoint for survival in 
most settings; not validated as measure of quality of life; not 
precisely measured; subject to assessment bias, especially in 
open-label studies; defi nitions vary between studies; frequent 
radiological or other assessments; timing of assessments in 
treatment groups needs to be balanced; aff ected by censoring 
of data

Objective response rate Accelerated approval 
or regular approval 
(surrogate endpoint)*

Single-arm or randomised 
studies; masking preferred in 
comparative studies; masked 
review recommended

Can be assessed in single-arm studies; 
assessed earlier and in smaller studies than 
overall survival; eff ect attributable to drug 
and not natural history of disease; used in 
advanced setting

Only a subset of patients benefi t; not a direct measure of clinical 
benefi t; not a comprehensive measure of drug activity; does not 
measure duration of clinical benefi t

Complete response Accelerated approval 
or regular approval 
(surrogate endpoint)*

Single arm or randomised 
studies; masking preferred in 
comparative studies; masked 
review recommended

Can be assessed in single-arm studies; 
durable complete responses can represent 
clinical benefi t; assessed earlier and in 
smaller studies than overall survival

Not a direct measure of clinical benefi t; not a comprehensive 
measure of drug activity; small subset of patients benefi t

Clinical benefi t rate Not generally used in 
regulatory approval

Single-arm or randomised 
studies; masking preferred in 
comparative studies; masked 
review recommended

Can be assessed in single-arm studies; 
assessed earlier and in smaller studies 
than overall survival; includes complete 
response, partial response, and stable 
disease for a defi ned period

Not a direct measure of clinical benefi t; not a comprehensive 
measure of drug activity; defi nition of duration of stable disease 
varies between studies; stable disease can refl ect inherent 
characteristics of tumour rather than disease activity

Adapted from Pazdur, 8 McKee and colleagues,9 and the CHMP Scientifi c Advisory Group for Oncology.10 *Adequacy as a surrogate endpoint for accelerated approval or regular approval is very dependent on other 
factors such as eff ect size, eff ect duration, and benefi ts of other available treatment.

Table: Endpoints for approval of cancer therapies
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serious adverse drug reactions and 39% of potentially fatal 
adverse drug reactions were not described in randomised 
trials and 49% of serious adverse drug reactions and 58% 
of potentially fatal adverse drug reactions were not 
described on initial  drug labels.16

Surrogate endpoints such as PFS (fi gure 1) are used to 
implicitly assess overall survival, but the relation between 
surrogate endpoints as a measure of clinical benefi t such 
as control or palliation of symptoms in patients needs to 
be considered.18,19 PFS is the most commonly used 
surrogate endpoint, defi ned as time from randomisation 
to tumour progression or death, whereas time to 
progression is defi ned as the time from randomisation to 
the time of disease progression and does not include 
death.20 The exact timing of the progression is established 
by a discrete clinical or radiological assessment and also 
depends on the growth rate of a cancer. Other surrogate 
endpoints include disease-free survival or relapse-free 
survival in trials of adjuvant therapy, objective response 
rate, and time to progression.8 New targeted drug 
therapies allow an intrapatient time to progression ratio 
that can be used to compare response to new interventions 
with responses to previous treatments. These measures 
are subject to measurement error, and assessment and 
attrition bias.17,18,20

PFS is an imperfect outcome measure but is central to 
the design of clinical trials. For some types of cancer, 
improvement in PFS might not show a true benefi t to the 
patient, because surrogacy of PFS for overall survival has 
been shown infrequently and might depend on the context. 
A clinical benefi t in terms of PFS might not translate into 
a clinical benefi t in overall survival for several reasons. 
First, subsequent treatments probably dilute initial 
benefi t.21 Second, a change in tumour burden with defi ned 
disease progression might be insuffi  cient to aff ect the time 
to death in some cancers.18 Third, prolonged exposure to 
targeted therapies might lead to the evolution of tumours 
with a diff erent phenotype, thus, off setting any initial 
advantage from the treatment shown initially as PFS.18

Overall survival is comprised of PFS and survival after 
progression.21 Potential interventions available at disease 
progression include crossover into a diff erent group of 
the trial, treatment with an alternative drug, continuation 
with the same drug (if it is of symptomatic benefi t), or no 
further treatment.21 The heterogeneity of these options 
makes it diffi  cult to assess the eff ect (if any) of the initial 
intervention on overall survival, due to confounding 
factors from each subsequent intervention.21 Analyses 
and statistical models to assess the concordance between 
PFS and overall survival show that when median survival 
after progression is short (ie, <12 months), PFS seems a 
reasonable alternative endpoint to overall survival.21 A 
strong correlation has been shown between PFS and 
overall survival in advanced colorectal and extensive-stage 
small-cell lung cancers.22–25 By contrast, in diseases such 
as metastatic breast cancer or recurrent ovarian cancers 
with a long period of survival after progression, a 

divergent relation exists between PFS and overall survival 
because of the number of eff ective therapeutic options 
available after progression.21,25 However, evidence to the 
contrary exists with clear survival benefi t shown with the 
use of trastuzumab either alone26 or in combination with 
pertuzumab27 in HER2-positive metastatic breast cancer. 

PFS is not aff ected by treatment crossover and 
subsequent treatments and therefore potentially allows a 
direct assessment of the eff ect of the intervention on 
disease control. Access to all potential therapeutic options 
that allow patients to live longer or better (or both) is 
desirable from a societal point of view. However, if the 
drug is investigated in a small and select population of 
patients and shows the same survival advantage for 
patients as in a large clinical trial, this strategy might then 
be more appropriate and potentially cost eff ective.

Good supportive care might also aff ect survival 
outcomes. Findings of a phase 3 study showed that the 
early introduction of palliative care for patients with 
metastatic non-small-cell lung cancer improved their 
quality of life and overall survival (8·9 months vs 
11·6 months; p=0·02) even when age, performance status, 
and sex were taken into account (hazard ratio [HR] 1·7; 
p=0·01).28 Although restricted to lung cancer, this study 
showed another variable that might aff ect patient survival 
after progression beyond the studied treatment period.

Trial endpoints can be prone to error and bias because 
they are contingent on consistent timing of tumour 
assessment in both control and intervention groups. 
Additionally, exclusion of patients from the analyses who 
were lost to follow-up or who started a new treatment can 
perpetuate bias.29 An imbalance in the censoring between 
treatment groups and control groups will aff ect the 
outcome. For example, results of the BOLERO-2 study30 
showed that 24% of patients in the treatment group 
compared with 6% in the control group discontinued 
treatment; therefore, determination of the true effi  cacy in 

Progression-free survival

Time to first subsequent therapy

Time to second progression

Time to second subsequent therapy

Overall survival

Intermediate
clinical endpoints

Maintenance therapy

Response to second
subsequent treatment

Response to third
subsequent treatment

Second-line therapy Third-line therapy

Figure 1: Clinical endpoints used in cancer trials
Adapted from Matulonis and colleagues17 with permission from the American Cancer Society.
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terms of primary outcome (PFS) was diffi  cult. Most 
statistical models assume the expected survival for 
censored patients is the same as that of patients who were 
not censored.29

Maintenance therapy in patients with no active disease 
or disease-related symptoms can make it a challenge to 
defi ne and detect clinical benefi t. In ovarian cancer, the use 
of PARP inhibitors shows the diffi  culty of designing trials 
with appropriate endpoints to show (or exclude) improved 
outcomes. Trials of PARP inhibitors have shown clinically 
convincing effi  cacy of monotherapy, particularly in women 
with germ-line BRCA mutations.31–33 Durable benefi t has 
been seen when these drugs were given continuously in 
the maintenance setting.31,32 However, these patients are 
known to generally have disease that responds well to 
chemotherapy, and might have as many as ten diff erent 
lines of treatment  in a median 5–7 years. The design of a 
trial to show overall survival benefi t in this scenario can be 
a challenge.31

So what is the optimum endpoint for trials of treatments 
that include the following characteristics: rely on chronic 
maintenance therapy; might have modest side-eff ects and 
impair quality of life in the long term, but to a lesser extent 
than short-term chemotherapy; and for which survival 
benefi t to patients is hard to show because of eff ective (and 
alternative) therapies after progression? PARP inhibitors 
seem to have clinically meaningful benefi t, but defi ning 
and measuring this benefi t objectively remains diffi  cult. 
Delayed disease progression might decrease a patient’s 
emotional distress but needs to be balanced against drug 
toxicity and patient preference. This situation emphasises 
the diffi  culty of showing what treatment allows a patient to 
live with an overall better quality of life and symptom 
control. Overall survival might not be the best endpoint in 
the setting of maintenance therapy, which shows the 
importance of linking the question to the choice of trial 
endpoints.

Other endpoints
Time to disease progression or treatment
Times to second or third progression have been used as 
alternative endpoints for overall survival in several trials 
(fi gure 1), and are recognised by the European Medicines 
Agency10 as a viable endpoint for registered clinical drug 
trials. Time to second progression is defi ned as time from 
randomisation to the second objective disease progression 
(or death from any cause), and time to third progression is 
defi ned as time from randomisation to the third objective 
disease progression (or death from any cause). The 
preservation of clinical benefi t to the patient after 
progression provides additional confi dence that the 
observed benefi t is maintained and does not negatively 
aff ect subsequent response to treatment. Time to second 
subsequent treatment or death, which is not reliant on 
radiological assessment, is also under investigation as a 
surrogate endpoint.17,31 Time to second subsequent 
treatment or death might mirror clinical practice more 

closely than time to second progression (with the 
assumption that subsequent treatment is started because 
of disease progression and not drug toxicity), and might be 
easier to measure. Nonetheless, bias because of patient 
heterogeneity and treatment decisions after disease 
progression might confound the results, but theoretically 
to a lesser extent than overall survival as a primary outcome 
measure.

Disease-free survival and event-free survival
In the setting of adjuvant therapy, in which cure is the aim, 
disease-free survival and event-free survival have been 
approved as surrogate endpoints in registered trials of 
oncology drugs.9 The time needed to show an overall 
survival benefi t is often impractical; therefore, disease-free 
survival and event-free survival are acceptable as surrogate 
endpoints and are clinically relevant. Both endpoints show 
the duration for which patients are disease free and are 
widely accepted as correlating with a better quality of life if 
not longer life.

Objective response rate
A surrogate endpoint often used for accelerated approval 
is the objective response rate.8,9 Accelerated approval by 
regulatory bodies allows rapid access to drugs on the 
basis that the drug tested is better than current available 
therapy and that confi rmatory trials to further investigate 
the potential actual benefi t will be done.34  In practice the 
duration of the response might be more clinically 
relevant than the extent of tumour reduction, particularly 
in the era of biological agents. Because many new drugs 
might be cytostatic rather than cytotoxic and result in 
stable disease, the objective response rate in patients 
might be low but a clear PFS and overall survival benefi t 
can still be shown. Sorafenib in renal-cell cancer was 
associated with a less than 11% objective response rate, 
but a clear survival benefi t.35,36 Similarly in hepatocellular 
cancer, only 2% of patients treated with sorafenib had an 
objective response; however, a signifi cant improvement 
was noted in median overall survival (10·7 months for 
sorafenib vs 7·9 months for placebo) and time to tumour 
progression (5·5 months vs 2·8 months).37 In 
chemotherapy refractory non-small-cell lung cancer, 
erlotonib resulted in an objective response rate of only 
8·9%, but a signifi cant improvement in overall survival 
(6·7 months for erlotonib vs 4·7 months for placebo).38

The objective response rate includes the proportion of 
patients who have a partial and complete response and 
although any eff ect is directly attributable to the eff ect of 
the drug, the correlation between the response and 
clinical benefi t can be unclear and subject to 
measurement error. Several biological agents have 
shown signifi cant and rapid tumour response and 
objective response rates when matched to an appropriate 
biomarker, emphasising the importance of recognition 
of specifi c drug targets. For example, crizotinib gained 
FDA approval for use in patients with non-small-cell 
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lung cancer and the ALK fusion gene, based on results 
from two single-arm phase 2 studies39,40 (255 patients) 
that showed objective response rates of 50%39 and 61%.40 
By contrast, when gefi tinib was studied in  an unselected 
group of 1692 patients with advanced non-small-cell lung 
cancer, no signifi cant benefi t in overall survival was 
shown and drug development was reviewed.41 EGFR 
mutation status (the biomarker of interest) was 
assessable in 215 patients in this study.42 Only 26 (12%) of 
these patients had the biomarker of interest and on 
subsequent analysis a diff erential response rate was 
evident in patients with the biomarker (37·5% in those 
with an EGFR mutation vs 2·6% in those without).42

 The importance of objective response rate as a 
surrogate endpoint in trials of cancer treatments is 
acknowledged by the FDA and used in breakthrough 
trials and for accelerated approval of drugs. Results of a 
study43 of FDA drug approvals between 1990 and 2002, 
showed that 26 of 57 regular approvals were based on 
tumour response, with nine of these supported by 
improvement of tumour-related symptoms. Another 
study44 showed similar fi ndings. A high response rate in a 
patient population who have received previous treatments 
has been shown to be a reliable and robust criterion for 
drug approval.45 Tsimberidou and colleagues45 reported 
that one of 31 drugs approved on the basis of a single-arm 
study was withdrawn. Caution needs to be exercised as 
patients in a single-arm study might have fewer 
comorbidities, or have had better supportive care than in 
previous trials, which might inaccurately show the 
magnitude of any benefi t.45 Objective response rate in 
phase 2 trials has been associated with success in phase 3 
trials.46 A review of 89 trials of targeted therapies in six 
cancer types showed that objective response rate 
correlated with high non-progression rates and was 
predictive of eventual drug approval (p=0·005).46 In 
metastatic breast cancer, achievement of an objective 
response in patients treated with chemotherapy predicted 
patient survival (p<0·0001),47 with a similar relation noted 
in patients with advanced colorectal cancer.48 Whether 
this association exists across cancer types and disease 
stages is as yet unknown. 

Stable disease
Stable disease is not generally used as a criterion of 
response but is a guide for continuation of treatment.49,50 
A review of trials that contained a group of patients who 
did not receive any active treatment showed that disease 
stabilisation is reported in 25% (range 0–67%) of 
patients with metastatic solid tumours treated with 
placebo or best supportive care.51 Many tumours that 
grow at their standard rate satisfy the defi nition of short-
term stable disease. If disease stability is incorporated 
into trial design, it should only be done so if it is 
clinically meaningful or prolonged (eg, at least 
6 months) and values should be interpreted with caution 
in slow-growing tumours.51

Quality of life
Health-related quality of life is defi ned as the eff ect of 
the illness on an individual’s physical, psychological, 
social, and somatic functioning and general wellbeing.52 
Symptom control refers to alleviation of one or more 
symptoms and is complementary to health-related 
quality of life but should not be confused with it.53 The 
FDA recognises symptomatic improvement as a direct 
clinical benefi t to patients and an important 
consideration in drug approval.8 Advances have been 
made with the classic measures of the European 
Organization for the Research and Treatment of Cancer 
(EORTC) Quality of life Questionnaire-Core 30 
(QLQ-C30) and the Functional Assessment of Cancer 
Therapy, which now include more tumour, treatment 
and symptom-specifi c scores.54–56 The assessment of 
health-related quality of life is a critical component of 
trials, at least as a secondary outcome, as a substantial 
proportion of systemic treatment is only given to achieve 
palliation of symptoms.

The importance of showing an improvement in quality 
of life is great, particularly if incremental gains in overall 
survival are small.53 A study57 of triplet therapy with 
5-fl uorouracil, oxaliplatin, and irinotecan compared with 
gemcitabine alone in pancreatic cancer showed the 
importance of health-related quality of life as an endpoint. 
Concerns about the survival benefi t of triplet therapy 
balanced against the incidence of grade 3 or 4 drug 
toxicities were successfully addressed when it was shown 
that health-related quality of life was improved with triplet 
therapy.58,59

The interpretation of health-related quality of life 
remains a challenge as the assessment is by defi nition 
subjective and diffi  cult to generalise between patient 
populations. Meaningful benefi t to individual patients 
might be masked by the overall assessment of the 
group.54 The ability of a patient to complete 
questionnaires might be biased depending on the 
timing of the assessments and when they take place in 
the trajectory of their illness (fi gure 2).54 Changes in 
health-related quality of life might not be related to a 
patient’s ongoing treatment, but rather to symptoms of 
disease progression or even the consequence of 
previous therapies. A study of patients with non-small-
cell lung cancer showed greater health-related quality of 
life impairments with subsequent drug treatments 
(fi gure 2).60 A patient given bad news is also more likely 
to interpret a questionnaire very diff erently from 
someone who has been told they are responding to 
therapy. Also, the drug toxicity and benefi t deemed 
acceptable to a 30-year-old patient might be very diff erent 
to that for an 80-year-old patient.

The assessment of health-related quality of life requires 
the same rigour as does the assessment of objective 
response rate and survival endpoints. A review53 of 
112 randomised controlled trials showed that the methods 
for assessing health-related quality of life diff ered 
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subtantially between studies. Although health-related 
quality of life is a property of the individual patient, only 
25% of these studies reported individual patient scores.53 
Reporting of changes in group means or medians can 
mask individual therapeutic benefi t. Only 21% of studies 
defi ned what constituted a response to palliative treatment, 
13% reported on the duration of the response, and only 
4% confi rmed that a response to palliative treatment had 
occurred by reassessing the patient at a later date.53 At 
present few published examples exist to show that a 
formal assessment of health-related quality of life or 
symptom control have been primarily used for drug 
funding decisions but these factors must be a priority 
component in trials of palliative treatment and are 
recognised as important by regulatory agencies.

There is a paucity of medical literature examining the 
relation between PFS and individual patient-reported 
outcomes, despite this being an essential aim of care. An 

exploratory analysis19 of treatment with best supportive 
care with or without panitumumab in patients with 
metastatic colorectal cancer showed a signifi cant 
association between health-related quality of life, disease 
symptoms, and PFS. The authors of this study postulated 
that clinical benefi t was due to the halting of tumour 
growth with 10% of patients achieving a partial response 
and a further 27% with stable disease.19 Similar eff ects 
have been shown with sorafenib in renal cancer,34 and 
gemcitabine and capecitabine in biliary tract cancers.61

Technological implications
Accurate determination of clinical outcomes is dependent 
on the robustness of the methods used in their 
measurement. Clinical, biochemical, and radiological 
assessments of patients are used in day-to-day practice but 
traditionally in trials, responses in solid cancers, are based 
only on radiological measures in an attempt to ensure 
objectivity. Additionally, masked independent central and 
objective review of radiological fi ndings is increasingly 
needed if the primary outcome is dependent on imaging 
criteria.62 However, even this criterion can be associated 
with evaluation bias.63

Biochemical markers of disease progression have limited 
use in the determination of clinical outcomes and are 
rarely used independently of other assessments. The 
Gynecologic Cancer InterGroup has developed guidelines 
for monitoring of CA-125 concentrations (a tumour marker 
that might be elevated in some cancers) in the treatment of 
ovarian cancer but generally these are secondary outcomes 
and not used to defi ne disease progression.64,65 In prostate 
cancer, prostate specifi c antigen (PSA) is used as a marker 
of disease progression or response, often in conjunction 
with quality-of-life measures, because many patients have 
no quantifi able disease by radiological criteria.66,67

RECIST 
In 1979 WHO established the fi rst internationally 
recognised criteria for the radiological assessment of the 
response of solid malignancies to therapy that required 
2D imaging and summation of tumour burden.68,69 The 
objective Response Evaluation Criteria In Solid Tumours 
(RECIST) were established in 2000 (version 1.0)68,70 and 
updated in 2009 (version 1.1).20 By contrast with WHO 
criteria, RECIST used 1D radiological assessment and 
defi ned a partial response as a 30% reduction in the sum 
of maximum diameters of a specifi ed number of 
measurable lesions.20 These criteria were designed to 
provide an objective, uniform, and reliable method to 
show changes in tumour burden in trials between 
international institutions.20,68,70

Variability in the measurement of response remains 
problematic. A study71 in non-small-cell lung cancer 
showed intra-observer misclassifi cation of unchanged 
lesions as progressive disease in 9·5% of lesions and 
inter-observer misclassifi cation of unchanged lesions as 
progressive disease in 29·8% of lesions. The challenge is 

Figure 2: Functioning and global quality of life (A) and symptoms (B) in patients 
with non-small-cell lung cancer and diff erent chemotherapy lines
Patient functioning varies during disease course with generally decreased 
functioning with subsequent therapeutic lines.60 Disease and treatment 
symptoms tend to increase with subsequent treatments. Reproduced from 
Wintner and colleagues,60 by permission of Nature Publishing Group.   
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to show a correlation between the clinical status of the 
patient and the changes defi ned according to RECIST as 
progressive disease or partial response.18 A change of 
19% versus 21% in tumour size according to RECIST is 
unlikely to result in a change in symptoms, yet this is the 
defi ning criterion for tumour progression.18 Furthermore, 
a patient with tumour regression of 29% might have a 
diff erent outcome compared with a patient who has 
tumour growth of 19% but both would be labelled as 
stable disease according to RECIST. In practice it seems 
that patients with tumour regression are more likely to 
show symptomatic benefi t than those without tumour 
regression. The use of tumour response as a continuous 
variable has been hypothesised to be more informative 
than specifi c cutoff s and to correlate better with patient 
survival.72 However, studies have shown no improvement 
in the usefulness of assessing tumour response with this 
method to predict outcome when compared with RECIST 
measures.73,74

The timing of assessment must refl ect the biological 
mechanism of treatment and the anticipated time to 
response as some tumours might seemingly progress after 
the start of treatment before a response is noted. A case in 
point is prostate cancer, in which PSA concentrations 
might initially increase after treatment and a bone scan  
might falsely show disease progression.71 To account for 
this occurrence (known as fl are) on bone scans, guidelines 
recommend delaying assessment of disease and PSA 
concentrations until after the fi rst 12  weeks of therapy 
unless there are continual signs of progression.75

RECIST was established when the main therapy 
available was cytotoxic chemotherapy. Clinical experience 
has shown the limitations of these criteria to characterise 
the activity of new targeted treatments, biological 
treatments, and immunotherapy, largely because lesion 
volume on imaging might poorly show the number of 
viable tumour cells present.76–78 For example, in 
gastrointestinal stromal tumours, assessment according 
to RECIST 1.0 can underestimate the response to 
imatinib.72 A reduction in tumour density on CT of more 
than 15% (Hounsfi eld units) or a 10% decrease in tumour 
size (Choi criteria79) at 2 months was more sensitive and 
specifi c than was RECIST for assessment of response to 
treatment.79

Angiogenic drugs are often associated with cavitation 
and central necrosis of tumours making accurate 
assessment of clinical response and tumour progression 
a challenge.80 Additionally, because many targeted 
therapies are cytostatic rather than cytotoxic, tumour 
shrinkage might not happen at the start of treatment.81 

Disease stabilisation, delayed response, or transient 
swelling followed by a clinical response are often frequent 
outcomes.77 Similar results have been shown with 
immuno therapeutic agents such as ipilimumab in 
metastatic melanoma, in which tumour responses might 
occur after a period of tumour fl are or pseudo-
progression.77,82–84 As a result, modifi ed immune-

response-related criteria78 were created to optimise the 
assessment of tumour response or progression, but 
these criteria require validation and assessment as 
surrogate endpoints for overall survival.

Imaging advances 
Diff erentiation of viable tumour tissue from treatment-
induced fi brosis or necrosis on conventional CT is 
diffi  cult.68 A growing interest exists in ¹⁸F-fl uorodeoxy-
glucose (¹⁸F-FDG) PET and dynamic contrast enhanced 
MRI to distinguish active from inactive disease.

A PET scan after one to two cycles of chemotherapy has 
been shown to predict the response in lymphoma and is 
proposed to be a better marker of tumour response to 
some targeted drugs than is RECIST.85–87 For example, in 
patients with non-small-cell lung cancer the response to 
gefi tinib (but not chemotherapy) on PET was associated 
with a late anatomical response, PFS, and importantly, 
overall survival.88 ¹⁸F-FDG uptake is thought to correlate 
with the number of cancer cells and frequently decreases 
in response to treatment more quickly than a reduction 
in tumour size.76,79,89,90 Integration of PET as a frontline 
method to assess the response of tumours to therapy in 
trials remains to be validated.91 Not all diseases have high 
activity on ¹⁸F-FDG PET and early changes in glucose 
uptake in tumours are not necessarily predictive of the 
response of all targeted treatments, as has been shown 
with mTOR inhibitors.92

The specifi city and sensitivity of PET for detection of a 
change in tumour size will probably improve with new 
imaging reagents87 and might improve disease staging 
and identify potential patients suitable for specifi c 
targeted treatment. In neuro endocrine tumours, 
somatostatin receptor imaging is used for staging and to 
identify patients who might benefi t from treatment with 
radiolabelled analogues [⁹⁰Y] DOTATOC and [¹⁷⁷Lu] 
octreotate, and edotreotide.93–95

Circulating tumour cells and DNA
New indicators of disease progression continue to be 
identifi ed, and might, in future, challenge traditional 
defi nitions of a clinical response. In some cancers, 
circulating tumour cells are postulated to provide real-time 
characterisation of disease status during therapy,96 and 
have shown predictive and prognostic value among 
patients with metastatic breast, prostate, and colorectal 
cancers.97–100 In metastatic breast cancer, circulating tumour 
cell quantifi cation has been shown to be more reproducible 
and correlates better with patient survival than early 
radiological assessment (WHO criteria).101 In prostate 
cancer circulating tumour cell counts predicted overall 
survival better than did decrements in PSA concentration 
(p<0·02).98 Furthermore, circulating tumour cell counts 
can provide prognostic information, such as in colorectal 
cancer when used with imaging.102 Circulating tumour cell 
counts have the advantage of allowing the assessment of 
response early, and potentially avoiding unnecessary 
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exposure to ineff ective therapy. However, switching 
therapy in response to persistent increases of circulating 
tumour cell counts (at least in breast cancer) has not been 
shown to improve patient outcomes.103 To date circulating 
tumour cell counts have not been validated in other 
cancers in which the pattern of spread is not mainly 
haematogenous.104 In ovarian cancer a count of two 
circulating tumour cells per 7·5 mL of blood or higher was 
noted in only 14·4% of patients with relapsed disease.104

Circulating tumour DNA (ctDNA) might be more 
accessible and easier to process than circulating tumour 
cell counts.105 In advanced cancer, ctDNA can constitute 
1–10% of circulating DNA106,107 and includes DNA shed by 
the primary tumour and from metastatic sites.99 ctDNA 
concentration is thought to correlate with tumour burden 
because postoperative studies have shown that 
concentrations decrease after surgery and increase as new 
lesions arise.108 Postoperative ctDNA concentration has 
shown better predictive value for recurrent disease than 
has carcinoembryonic antigen concentration in colorectal 
cancer.108 In ovarian cancer, ctDNA concentration has been 
shown to parallel CA-125 concentration and disease 
activity.107 Incorporation of circulating tumour cell counts 
and ctDNA concentration into large randomised controlled 
trials is restricted by the reproducibility of results between 
centres and the availability of the necessary technology.

Statistical considerations
Clinical trial outcomes are refl ective of the appropriateness 
of the questions that are being asked. Preplanned 
statistical analyses provide an essential method to 
determine trial outcomes. Post-hoc analyses, although 
useful to generate hypotheses, are subject to bias. Statistics 
provide a formal framework to assess the strength of 
evidence,109 but a signifi cant result is still at risk of error. 
The probability of a research claim being true is dependent 
on study power and bias, the prior probability of it being 
true, and the statistical signifi cance shown.110 With more 
investigators asking similar questions, a high probability 
exists that an incorrect result might be achieved. With an 
α error of 0·05, one of 20 studies that ask the same 
question could be positive due to chance alone, 
independent of any true clinical benefi t.5 Results therefore 
require external validation and interpretation in parallel 
with other studies.110

Pivotal to trial design are examination of what is a 
plausible diff erence in response to treatment with respect 
to a measured clinical eff ect and what is the defi nition of a 
worthwhile clinical benefi t. Some investigators suggest 
that large target benefi ts should be sought, thereby shifting 
current patient care practices.111 A key advantage to a shift 
in standard therapy is that it would allow small studies and 
the potential for accelerated drug development. However, 
this advantage has to be balanced against a small sample 
size that could increase statistical uncertainty and the 
potential to overlook the small benefi ts that have to date 
shaped clinical practice.111

In oncology trials, p values remain the mainstay to assess 
whether the result was only due to chance. In most trials 
the p value is set at 0·05 as most clinicians are willing to 
accept a 5% probability of the result being a false positive. 
The question then arises as to whether there is a scenario 
in which clinicians would be willing to accept an increased 
risk of a false positive if more signifi cant clinical benefi t 
was achievable. At present, clinicians do accept an 
increased risk if the clinical benefi ts to the patient are 
substantial, particularly in situations in which the 
alternatives are limited (eg, the quick adoption of crizotinib 
in ALK-positive lung cancer based on phase 2 data 
alone).39,40 Moreover, statistical simulations assessing two 
treatment superiority trials have shown that small sample 
sizes and high α values lead to increased long-term survival 
benefi ts compared with traditional trial designs.4 These 
factors are particularly important as cancer becomes a 
collection of rare subentities with implications for trial 
recruitment and population size.4

Despite a trial result that is signifi cant, gains in clinical 
terms can be small. The use of erlotinib in pancreatic 
cancer showed an 18% relative risk reduction (p=0·038), 
which translated into a less than 2-week improvement in 
median overall survival in patients.112 The interpretation of 
statistics in the context of clinical value is important. The 
eff ect of drugs approved by the FDA on survival over the 
past 10 years has in general been small, with a median gain 
in survival of 2·16 months and PFS of 2·15 months.113

New horizons
Appropriate endpoints in trials depend on the clinical 
context, and require careful interpretation. The conundrum 
is how to intelligently use these endpoints to improve 
patient outcomes, defi ne inter-tumour and inter-patient 
heterogeneity, and be clinically meaningful. Endpoints 
should ideally be of tangible benefi t for patients, which in 
itself might be a challenge to show.

Quality-of-life scores need meticulous assessment and 
similar criteria and guidelines as used for clinical 
response to assess benefi ts, or lack of improvement, in 
quality of life.53 The need to improve health-related 
quality of life scores and decrease drug toxicity in phase 2 
and 3 clinical trials with palliative intent is fundamental 
and should be considered an important endpoint. The 
limiting aspect to this is the reproducibility and validity 
of present measures in practice.

Modest benefi ts in select patients in trials might 
decrease when the drug is used in the general community 
and in patients with comorbidities, perhaps even 
resulting in increased toxicity.114,115 Randomised controlled 
trials are essential to detect or exclude a benefi t to 
patients from a drug, but should be followed with 
observational or postmarketing studies to defi ne the 
toxicity and eff ectiveness in the general community.114,115

The objective assessment of meaningful benefi t for a 
patient is paramount in designing trials and measured 
outcomes need to be tailored to the patient population, 
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disease, and therapeutic modality. Trials and endpoints 
have to evolve to refl ect the increased understanding of 
disease biology and predictors of response and benefi t—
how clinicians approach and bridge this divide is the next 
challenge and is explored in a companion Review.116
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