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Overall survival should be  
the primary endpoint in  
clinical trials for advanced 
non-small-cell lung cancer
P.K. Cheema bsc mbiotech md*  
and R.L. Burkes md†‡

non-small-cell lung cancer (nsclc), median survival in 
untreated patients is only 4–5 months, with a survival 
rate at 1 year of 10%2. Since the year 2000, significant 
advances have been made in the treatment options for 
advanced nsclc, including cytotoxic agents and targeted 
therapies; and in a select group of patients, current 
treatments offer median survival rates that approach 
2 years3.

Overall survival (os), defined as the time from 
randomization to death from any cause, is a direct 
measure of clinical benefit to a patient. Patients alive 
or lost to follow-up are censored4. Overall survival 
offers the greatest clinical gain, provided that quality 
of life (qol) is not compromised. As an endpoint, os 
is easily measured, unambiguous, objective, felt to be 
clinically significant, and unaffected by the timing of 
assessment. However, measuring os as an endpoint 
in clinical trials requires large patient numbers and 
increased length of follow-up, thus potentially delay-
ing the approval of new agents.

With the therapeutic options for patients with ad-
vanced nsclc increasing, there are concerns that the 
efficacy of drugs measured by os may be diluted in 
clinical trials, thereby underestimating their true clini-
cal benefit. That concern is based on the assumption 
that subsequent lines of therapy are more effective in 
the control arm than in the treatment arm, or that the 
biology of the treatment arm has changed in some way 
because of exposure to the study drug, making further 
treatments less effective—both of which are not sup-
ported by evidence5. Also, time to death unfortunately 
remains relatively short in advanced nsclc compared 
with time to death in breast and colorectal cancer, thus 
weakening the argument that os requires prolonged 
follow-up for lung cancer patients. Nonetheless, with 
the increased success of systemic treatments, there is 
a need to have efficacious drugs available to patients 
earlier, and the search for a more accessible endpoint 
and a surrogate to os is being sought.

Progression-free survival (pfs) is defined as time 
from randomization until first evidence of tumour 
progression or until death from any cause, whichever 
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An article in a recent edition of Current Oncology ex-
plored the validation of progression-free survival (pfs) 
as an endpoint in clinical trials of antineoplastic agents 
for metastatic colorectal cancer, metastatic renal cell 
carcinoma, and ovarian cancer. The support for pfs 
as a surrogate endpoint for overall survival (os) was 
elucidated. As with the aforementioned tumour types, 
advanced non-small-cell lung cancer (nsclc) has seen a 
rise in active agents since the year 2000. Those agents 
range from improved cytotoxics such as pemetrexed, 
to targeted therapies such as tyrosine kinase inhibitors 
of the epidermal growth factor receptor and agents that 
target the EML4–ALK gene mutation. More recently, 
it has also become apparent that histology plays an 
important role in the response to and outcomes of 
treatment. With the therapeutic options for patients 
with advanced nsclc increasing, concerns are being 
raised that the efficacy of drugs measured by os may 
be diluted in clinical trials, thereby underestimating 
their true clinical benefit. That possibility, together 
with the need to have efficacious drugs available to 
patients earlier, has resulted in the search for a sur-
rogate to the os endpoint in advanced nsclc. The 
present article follows up the recent article on pfs as 
a surrogate. Although advances in identifying pfs as 
a valid surrogate endpoint for os have been made in 
other tumour types, in advanced nsclc, such surro-
gacy has not been formally validated. Until it has, os 
should remain the primary endpoint of clinical trials 
in advanced nsclc.
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1.	 BACKGROUND

Lung cancer is the leading cause of cancer death among 
men and women in North America1. In advanced 
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comes first. Patients who do not die or progress and 
those lost to follow-up are censored4,6. By definition, 
pfs events occur more quickly and more frequently 
than os events. As a result, pfs data become available 
much earlier than os data, and fewer patients are re-
quired to obtain those data7,8, potentially expediting 
the approval process for new agents. Also, pfs is not 
influenced by post-protocol therapy.

Although pfs is a popular endpoint, it comes with 
limitations of its own, including multiple types of bias, 
an inherent degree of subjectivity, and measurement 
error. Marginal differences in pfs observed between 
study arms might be a result of differences in subjec-
tive assessments of progression and might not represent 
clinically meaningful improvement, such as improve-
ment of qol or performance status.

Despite those limitations, the use of pfs as a 
primary endpoint in clinical trials is increasing. 
Among all randomized controlled trials of systemic 
therapy in nsclc, breast cancer, and colorectal can-
cer published in five major journals from 1974 to 
2009, the proportion of trials with pfs as the primary 
endpoint increased from 0% (1975–1984) to 20% 
(2005–2009)9. In an extensive literature search for 
all phase iii clinical trials evaluating systemic therapy 
for nsclc conducted since 1980, Sacher and Leighl 
found that 15% of all trials during 2001–2010 used 
pfs as the primary endpoint; before that, none did. At 
the same time, the magnitude of the pfs and os gains 
reported in positive trials was declining10.

Health authorities are also beginning to recognize 
pfs as a valid endpoint. A review of anticancer drug 
product approvals by the U.S. Food and Drug Admin-
istration (fda) between 2005 and 2007 found that 17% 
of drug approvals for new indications (9 of 53) were 
based on trials with pfs endpoints11.

2.	 THE SEARCH FOR A SURROGATE FOR THE 
OS ENDPOINT IN nsclc

It has been proposed that, to be considered “valid,” 
a surrogate endpoint (for example, pfs) must show 
strong correlation with the clinical endpoint (for ex-
ample, os), and the treatment effect on the surrogate 
endpoint must reliably predict the treatment effect 
on the clinical endpoint12,13.

Various intermediate endpoints—response 
rates, disease progression, disease control rates, and 
time-related endpoints such as time to progression 
and pfs—have been used in nsclc clinical trials to 
predict treatment effect on os. Response rates and 
disease progression describe changes in tumour 
burden defined by the Response Evaluation Criteria 
in Solid Tumors working group14. The intended use 
of response rate in clinical trials was to perform 
phase ii screening of drugs and to aid in identifying 
signals of activity in early drug development, with 
the expectation that obtaining such responses might 
result in a clinical benefit15. In a number of phase iii 

trials in advanced nsclc, improved response rates 
for one regimen over another failed to result in 
improved survival16,17, but disease control rate re-
sulted in prolonged survival18. Furthermore, a pooled 
analysis from three Southwest Oncology Group 
trials of platinum-based chemotherapy regimens in 
nsclc reported that the disease control rate (rate of 
nonprogression) was a stronger predictor of os than 
tumour response rates were, particularly at 8 weeks19.

Mandrekar et al.20 investigated the relationship of 
disease progression with os in phase ii studies. Their 
pooled analysis, which used individual patient data 
from four first-line phase  ii trials, demonstrated that 
the progression status of a patient, when considered as 
a time-dependent covariate to account for time to dis-
ease progression, was significantly associated with os. 
In particular, pfs status at 12 weeks was superior to tu-
mour response as an endpoint for predicting subsequent 
survival in advanced nsclc. Based on those results, the 
authors concluded that pfs should be used in place of 
tumour response in phase ii trials in advanced nsclc.

The foregoing studies are hypothesis-generating, 
but if pfs is to be considered “valid” based on the 
relationship proposed earlier, a statistical analysis 
using independent patient data or publication-based 
data from multiple controlled phase iii clinical trials 
needs to determine that pfs and os are correlated in 
advanced nsclc12. With the exception of one study 
by Buyse et al.21,22 that tried to correlate pfs with os 
in the specific setting of advanced nsclc treated with 
docetaxel or vinca alkaloids in the first line, no such 
large-scale validation study exists for nsclc.

Despite that lack, the fda gives consideration to 
pfs as the primary endpoint in advanced nsclc for 
demonstration of efficacy for drug approval, which 
is based on the magnitude of the effect and the risk–
benefit profile of the drug. The fda does state that, 
because of the subjectivity of pfs as a surrogate end-
point, and because assessments depend on frequency, 
accuracy, reproducibility, and completeness, the 
observed magnitude of the effect must be substantial 
and robust; the degree of improvement in pfs and 
the definitions for “substantial” and “robust” are not 
stated, however4. Nevertheless, os remains the “gold 
standard” for drug approval by the fda. In its most 
recent recommendations for clinical trial endpoints in 
nsclc, the fda stated that os should be considered the 
standard clinical benefit endpoint and that it should 
be used to establish the efficacy of a treatment in 
patients with advanced and metastatic nsclc4.

3.	 PFS AS A SURROGATE FOR THE OS 
ENDPOINT IN ADVANCED nsclc

3.1	 PFS As a Surrogate for the OS Endpoint in 
First-Line Treatment of Advanced NSCLC

To be able to use pfs as a surrogate endpoint, the “sur-
rogate threshold effect,” defined as the minimum effect 
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of a treatment on pfs that would predict a statistically 
significant effect of that treatment on os, must be clari-
fied. To look at the prediction of survival benefit aris-
ing from pfs in patients with advanced nsclc, Buyse 
et al.21,22 pooled data from 2838 patients in seven 
randomized controlled trials comparing docetaxel 
with vinca alkaloids in the first-line setting. Variation 
in the definition of pfs was noted across trials; the 
trial-specific definitions of pfs were used and were not 
recalculated. The authors concluded that the surrogate 
threshold effect was a pfs hazard ratio of 0.70, indicat-
ing that a relative improvement of 30% in pfs would 
predict for an os advantage in first-line treatment of 
advanced nsclc. However, most first-line studies in 
advanced nsclc have failed to show that degree of pfs 
benefit (Table i).

The two practice-changing bevacizumab trials, 
Eastern Cooperative Oncology Group 459923,24 and 
avail25,26, may support the Buyse group’s prediction. 
In the 4599 trial, the addition of bevacizumab to 
carboplatin and paclitaxel resulted in a significantly 
prolonged pfs, with a hazard ratio of 0.66, which 
translated into a significant os benefit. However, the 
addition of bevacizumab to cisplatin and gemcitabine 
in the avail trial resulted in a statistical improvement 
in pfs, with a hazard ratio of 0.75, that did not translate 
into an os benefit. Crossover could not explain that 
result, because crossover was not allowed in avail.

Unfortunately, the relationship between pfs 
and os does not appear to be so simple. In a study 
reported by Scagliotti et al.27 comparing standard 
platinum doublet chemotherapy with platinum plus 
pemetrexed, no benefit in pfs was observed, but a 
statistically significant benefit in os was found in pa-
tients with non-squamous histology. Similarly, in the 
flex trial, which evaluated the addition of cetuximab 
to cisplatin and vinorelbine chemotherapy, no pfs 
benefit was observed, but an os benefit was found28.

Whether such correlations can be extrapolated 
to more recent trials investigating targeted therapies 
is also uncertain. First-line trials comparing oral 
tyrosine kinase inhibitors (tkis) of the epidermal 
growth factor receptor (egfr) with standard chemo-
therapy (ipass, optimal, First-signal, eurtac, wjtog 
3405, and lux-Lung 3) found statistically significant 
improvements in pfs, with dramatic hazard ratios of 
0.16–0.48, which corresponded to a 2.9- to 8.5-month 
pfs improvement in the population with an EGFR 
activating mutation (Table  i), but which had no os 
benefit (lux-Lung 3 has not yet reported os)3,29–35. 
Crossover likely explains those results: 64%–91% 
of patients in the chemotherapy arms ultimately 
received an egfr tki at the time of progression.

However, median survival of patients in the 
aforementioned studies is obviously different from 
that of historical controls. In patients with an EGFR 
activating mutation who receive an egfr tki, the 
reported median survival is 17–39 months. In con-
trast, earlier chemotherapy trials generally reported a 

median survival of less than 12 months36, suggesting 
that an egfr tki improves os if given to a patient with 
an EGFR activating mutation at some point during 
the course of their disease.

Broglio et al.37 used a mathematical model 
to correlate os and pfs, also taking survival post 
progression (spp) into consideration. When a true 
treatment benefit in pfs but no treatment effect in 
spp was observed, the probability of also observing 
a statistically significant difference in os depended 
on the length of the median spp and the magnitude 
of the observed pfs difference. The authors found 
that a p-value improvement of 0.001 in pfs resulted 
in a greater than 90% probability for a statistically 
significant improvement in os if the median spp was 
2 months, but less than 20% if the median spp was as 
high as 24 months. Thus, os appears to be the most 
reasonable primary endpoint when the median spp is 
short, but it is too high a bar when the median spp is 
greater than 12 months. The latter case may apply for 
the egfr tkis in patients with EGFR activating muta-
tions. As previously mentioned, the os in this group 
is 17–39 months, and the pfs, 9.2–13.1 months. One 
explanation may be effective second- and third-line 
treatment options in this patient population.

3.2	 PFS As a Surrogate for the OS Endpoint Beyond 
First-Line Treatment

Beyond first-line treatment in advanced nsclc, os has 
remained the primary endpoint in most of the prac-
tice-changing trials, with pfs as a secondary endpoint 
(Table ii)38–43. Clinical trials of second-line treatment 
using chemotherapy agents such as docetaxel and 
pemetrexed reported both pfs and os benefits (tax 317 
reported time to progression only)38–40. Similarly, in 
br.21, the use of erlotinib in the second- or third-line 
setting (compared with best supportive care) led to 
improvements in both pfs [hazard ratio (hr): 0.61] 
and os (hr: 0.7)18. However, more recent trials have 
failed to show such a correlation. In lux-Lung 1, a 
study of the egfr tki afatinib compared with best sup-
portive care, an impressive improvement in pfs with 
afatinib was reported (hr: 0.38). That improvement 
corresponded to a 2.2-month absolute pfs benefit, and 
yet the os, the primary endpoint of the trial, was not 
significantly different42. Crossover was not allowed 
in the trial. Furthermore, in a phase iii trial of vande-
tanib (an inhibitor of the vascular endothelial growth 
factor receptor and egfr) compared with placebo, a 
significant improvement in pfs (hr: 0.63) again was 
not associated with an os benefit. However, the actual 
difference in pfs benefit was only 0.1 months, and 
the study drug failed to show in an improvement in 
time to deterioration as a marker for qol, suggesting 
that the pfs benefit was not clinically meaningful43. 
In contrast, br.21, a study of erlotinib, the absolute 
pfs benefit was only 0.4 months (albeit statistically 
significant), but it was associated with a statistically 
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significant 2-month os benefit18. The differences in 
pfs in these various trials may have been confounded 
by heterogeneity in the definition of pfs and the tim-
ing of the assessment for disease progression.

The relationship of pfs to os therefore remains 
unclear in this setting. With limited effective sub-
sequent lines of treatment in this patient popula-
tion, and a short median os (4–11 months)38–43, the 
argument for a dilution effect on os by subsequent 
therapies and longer follow-up times is weak, and a 
surrogate for os beyond first-line treatment may be 
unnecessary.

3.3	 PFS As a Surrogate for the OS Endpoint in 
Maintenance Treatment for NSCLC

Soon et al.44 reviewed 3027 patients from 13 ran-
domized conventional-chemotherapy maintenance 
clinical trials excluding pemetrexed. Compared with 
the control arm, extended treatment with single-agent 
chemotherapy or a switch to a different agent im-
proved pfs (hr: 0.75), with a modest improvement in 
os (hr: 0.92), although impairment of health-related 
qol was a tradeoff. The caveat in this study was that 
published results were used and not individual patient 
data; thus, the benefit may have been overestimated.

Fidias et al.45 evaluated docetaxel given imme-
diately after platinum-based chemotherapy against 
delayed docetaxel upon progression. The significant 
pfs that was observed did not translate into an os ben-
efit (os being the primary endpoint of the trial), nor 
was qol improved. More recent practice-changing 
clinical trials supporting maintenance systemic 
treatments after a platinum doublet have used pfs as 
the primary endpoint (Table iii)46–49. Pemetrexed has 
been studied in the jmen and paramount trials, and 
erlotinib in the saturn trial, as maintenance after 
platinum doublet, and both a pfs and an os benefit 
have been reported, suggesting a correlation46–49.

Docetaxel, pemetrexed, and erlotinib are all 
agents that have shown a pfs and os benefit in the 
second-line setting, and thus it is not surprising 
that, compared with best supportive care, giving 
active drug earlier delays progression as has been 
reported18,38–40. However, to be clinically meaning-
ful, exposing patients to systemic therapies earlier 
should be associated with either an os benefit or 
an improvement in qol. A large proportion of the 
patients in the control arms of these studies did not 
receive active drug. Of patients in the delayed arm 
in the Fidias trial, 37% never received docetaxel; of 
patients in the control arm of the jmen trial, 82% did 
not receive pemetrexed; and of patients in the control 
arm of saturn, 79% did not receive an egfr tki. It 
can therefore be speculated that the os benefit seen 
in the jmen and saturn trials may in large part derive 
from the difference in the patients receiving active 
drug and not from prevention of disease progression. 
In fact, in the docetaxel maintenance study, Fidias et 

al.45 reported that patients in the delayed arm who 
received docetaxel had a median os identical to that 
of patients in the immediate-docetaxel arm.

The same theory cannot be applied to the para-
mount clinical trial. Although only 4% of patients in 
the control arm received pemetrexed as a post-study 
treatment, there is no evidence to support second-
line pemetrexed after progression on cisplatin and 
pemetrexed in the first-line setting.

4.	 DISCUSSION

Unlike disease sites such as colorectal cancer, renal 
cell carcinoma, and ovarian carcinoma, for which 
pfs has been suggested to be an acceptable surrogate 
for the os endpoint in antineoplastic clinical trials50, 
in advanced nsclc, pfs and os have not been shown 
to consistently correlate. In the studies already dis-
cussed, there are examples of improvement in pfs 
without an os benefit, and an os benefit without a pfs 
benefit, suggesting that factors other than preventing 
disease progression may be important in improving 
os in advanced nsclc. In fact, a randomized con-
trolled clinical trial of early initiation of palliative 
care in patients with advanced nsclc resulted in 
significant improvements in qol and mood, which 
were coupled with a 2-month statistically significant 
os benefit, even though the study arm had less ag-
gressive treatment51. Another hypothesis is that the 
antineoplastic agents may change the biology of the 
tumour after progression, as was seen upon with-
drawal of egfr tkis before initiation of an alternative 
treatment that has been associated with accelerated 
disease progression52. Or it just may be that the 
surrogate threshold level suggested by Buyse et al. 
has not been met by the pfs, and thus no os benefit 
is seen21,22.

5.	 SUMMARY

The goals of any new cancer treatment are to allow 
the patient to live longer and to live better. Thus, 
clinical trials in nsclc have two important endpoints: 
overall survival and the quality of that survival. All 
other endpoints should be considered intermedi-
ate, becoming surrogates to those important two 
endpoints only if formally validated. Uncertainty 
remains about whether an improvement in pfs rep-
resents a clinical benefit in patients with nsclc in 
the same way that prolongation of survival or an 
improvement in symptoms and qol does. Also, the 
relationship between pfs and os has not yet been 
established in advanced nsclc. Buyse et al.21,22 is 
the only published attempt to identify a surrogate 
threshold effect of pfs to os. It may apply to cytotoxic 
agents in the first-line setting, but it cannot be gener-
alized to targeted agents or to treatment beyond the 
first line. As a primary endpoint, pfs may be accept-
able in phase ii trials to identify active new agents 
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(as suggested by Mandrekar et al.20) or in scenarios 
in which crossover occurs and the os seen in the 
study population is dramatically different from that 
in historical controls (as was seen in the first-line 
egfr tki trials).

As other groups have concluded, before pfs can be 
used as a surrogate for the os endpoint in advanced 
nsclc, it must be validated as a surrogate endpoint, 
and the scenarios in which the correlation applies 
must be determined53. Until such surrogacy has been 
established, os should remain the primary endpoint 
of clinical trials in advanced nsclc.
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