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During the past 2 years, the Food and Drug Administration 
(FDA) has approved no less than five new targeted agents 
for the treatment of metastatic non-small cell lung cancer 
(NSCLC). Furthermore, novel 3rd generation EGFR 
inhibitors (including CO-1686 and AZD9291) and new 
indications for checkpoint immunotherapies (nivolumab and 
pembrolizumab) are anticipated to become available in the 
near future for the treatment of patients with NSCLC. The 
development of these new therapies has spurred renewed 
interest and debate on the topic of surrogate clinical 
endpoints for clinical trials in NSCLC. While overall 
survival (OS) remains the gold-standard metric of benefit 
for clinical trials involving therapeutic agents, there are 
multiple limitations to using this as an endpoint. Foremost, 
successive lines of therapy, patient crossover, and increased 
post-progression survival can all mask or ‘dilute’ treatment 
effects (1). Given the urgent need for new cancer therapies, 
the FDA offers an accelerated approval mechanism that is 
based on surrogate endpoints reasonably likely to predict 
clinical benefit. Surrogate endpoints including objective 
response rate (ORR) and progression-free survival (PFS) 

potentially offer more feasible options to measure clinical 
benefit, allowing for shorter trial duration, smaller patient 
cohorts, and single arm design. The correlation of ORR 
and PFS endpoints with OS remains a central consideration 
in determining their validity. 

Recently, the Office of Hematology and Oncology 
Products at the FDA investigated the association of ORR 
and PFS with OS in patients with advanced NSCLC. 
Blumenthal et al. published a meta-analysis using both 
trial and patient level data from fourteen clinical trials 
submitted to the FDA from 2003 to 2013, including over 
12,000 patients (2). Importantly, the clinical trials used in 
this analysis included three smaller randomized studies 
of targeted therapies in ALK rearrangement or EGFR 
mutation positive patients. The remaining eleven trials 
were larger and incorporated mainly unselected treatment- 
naïve or refractory lung cancer patients. Using weighted 
linear regression methods, the authors compared the 
association of hazard ratios of PFS and OS with ORR odds 
ratio. Interestingly, Blumenthal and colleagues found a 
strong association between ORR and PFS (R2=0.89), but 
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no association between OS and ORR or OS and PFS using 
trial data. A responder analysis using patient-level data was 
also performed demonstrating a strong association between 
response and PFS and OS independent of treatment arm. 
Based on these data, the authors conclude that therapies 
with a significant ORR would likely have a large impact on 
PFS. Importantly, this is the first analysis demonstrating 
ORR as a strong predictor of clinical benefit in NSCLC. 

We applaud the authors and the FDA for publishing 
their experience over the past decade and addressing the 
important topic of clinical endpoints for NSCLC trials. 
While the authors discovered a strong association of ORR 
with PFS and OS in patient-level data, post-treatment 
bias with crossover and post-progression survival are 
acknowledged as likely explanations for the lack of trial-
level association between ORR and OS. Indeed, others have 
also attempted to correlate PFS and OS in phase III clinical 
trials using molecularly targeted therapies without success 
secondary to significant treatment crossover effect (3). We 
agree with this explanation, given the trial level analysis 
were performed using hazard ratios and would be potentially 
subject to post-progression bias. However, we postulate 
that a strong relationship between ORR and OS might be 
demonstrated by controlling for potential patient crossover. 
Analysis of ORR and OS in the experimental treatment arm 
alone would not depend on outcomes in the control arm of 
the study. Therefore, this analysis would eliminate potential 
bias from crossover between treatment arms in the trials, 
while also minimizing bias from post-progression survival in 

the control arm. 
A paradigm of interest as a pathway to FDA approval for 

novel therapy for uncommon biomarker defined subsets of 
cancer is single arm trials with a primary endpoint of ORR, 
and/or PFS. We performed an analysis of the association 
between ORR, PFS and OS of the experimental treatment 
arms of the trials analyzed by Blumenthal et al. in order 
to simulate a series of single arm trials and minimize 
the confounder of crossover therapy. We performed a 
weighted linear correlation of the trial level data reported 
by Blumenthal et al. using ORR with both PFS and OS as 
measured in months. The analysis was performed using 
data from the experimental arm separately from the control 
arm of the studies. Indeed, we discovered a strong linear 
correlation with ORR and PFS (R2=0.82), as well as with 
OS (R2=0.74) by including patients only in the experimental 
treatment arms (Figure 1). Furthermore, no association was 
found between ORR and OS, when the same analysis was 
performed on patients in the control/standard care arms 
(data not shown). These data suggest that when controlling 
for post-progression treatment and especially crossover 
to effective molecular therapy such as in EGFR mutated 
lung cancer, a strong correlation exists between ORR and 
OS, thus further supporting ORR as a robust surrogate 
predictor of OS and clinical benefit. 

There are multiple important implications based on the 
findings by Blumenthal et al. regarding the use of ORR as a 
surrogate clinical endpoint to predict survival. Firstly, given 
the shifting molecular landscape of oncology, particularly in 

Figure 1 Weighted, linear correlation between ORR and OS (A) and PFS (B) in the experimental treatment arms of phase III clinical trials 
in metastatic NSCLC. ORR, objective response rate; OS, overall survival; PFS, progression-free survival; NSCLC, non-small cell lung 
cancer.
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the arena of NSCLC, the use of OS as the primary endpoint 
for large randomized clinical trials may be prohibitive. 
Simple histologic classification of lung cancers is insufficient 
for modern patient care; multilocus genotyping of oncogenic 
drivers by next generation sequencing is now routinely 
incorporated into standard care in many clinical settings, 
resulting in small, narrowly-defined patient populations. 
For example, data published in 2014 by the Lung Cancer 
Mutation Consortium of patients with advanced lung 
adenocarcinoma found ten different actionable, oncogenic 
driver alterations in 64% of samples (4). While KRAS, 
EGFR, and ALK alterations were most common, ERBB2, 
BRAF, PIK3CA, and MET alterations among several others 
were also detected, each with frequency <5%. In order 
to conduct clinical trials of targeted therapeutic agents in 
these populations, smaller single arm clinical trials are most 
feasible, while accrual for large randomized controlled 
trials from rare patient populations may be problematic. 
Furthermore, historical control data on PFS and OS in 
these molecularly defined subgroups is either nonexistent or 
exceedingly challenging to obtain. In this context, the use of 
ORR and/or PFS as a clinical endpoint is advantageous over 
alternative clinical endpoints. Notable examples recently in 
lung cancer include both crizotinib and ceritinib which were 
granted accelerated approval by the FDA for the treatment 
of ALK rearrangement positive NSCLC based on ORR in 
single-arm, phase II and I studies, respectively (5,6). Finally, 
molecular mechanisms modulating TKI resistance in EGFR 
mutation positive lung cancer have been well described. 
These mechanism involve commonly the T790M mutation 
of EGFR, along with MET or ERBB2 amplification, 
further defining small patient populations in the refractory  
setting (7). The FDA has granted Breakthrough Designation 
within the past year to two agents, CO-1686 and AZD9291, 
demonstrating high response rates approaching 60% in 
patients harboring the T790M mutation following standard 
anti-EGFR treatment in phase I clinical trials (8,9). These 
examples demonstrate the challenges in conducting clinical 
trials with the endpoint of OS and using small patient 
populations based on molecular profiles, and highlight the 
role of ORR as an important surrogate endpoint. 

The recent use of umbrella clinical trials in lung cancer 
adds further debate regarding optimal clinical endpoints in 
the clinical trials involving novel, targeted therapeutics. For 
example, the Biomarker-integrated Approaches of Targeted 
Therapy for Lung Cancer Elimination (BATTLE)-1 trial 
utilized an adaptive randomization protocol based on 
biomarker positivity to one of four treatment arms with 

targeted agents (10). The primary endpoint of this study 
was 8-week disease control rate (comprised of response plus 
stable disease) and the trial enrolled 255 patients. Indeed, 
this trial has contributed to understanding the efficacy 
of several targeted agents in small, biomarker-defined 
populations (10,11). BATTLE-2 is currently evaluating 
agents targeting EGFR, PI3K/AKT and MEK with the same 
endpoint of 8-week disease control rate (12). Most recently, 
the Lung Master Protocol (Lung-MAP) is a multi-arm, 
biomarker driven clinical trial evaluating novel therapies in 
patients with advanced lung squamous cell carcinoma (13). 
Biomarker positive patients are randomized within separate 
cohorts to experimental therapy or standard care. With the 
exception of PDL1, initial estimates of the frequency of each 
biomarker are less than 15%. Contrary to the BATTLE 
protocols, the primary endpoint chosen for the phase II and 
III components of Lung-MAP are co-primary PFS and OS. 
Accordingly, 2,500-5,000 patients approximately will need 
to be enrolled over the five treatment cohorts (13). The key 
advantage of this structure is the ability to move directly to 
registration with the FDA by industry partners from phase 
III. However, this design is logistically complex and requires 
an immense accrual population with enrollment open at 
hundreds of clinical sites (13). 

The success  o f  immune checkpoint  agents  in 
oncology over the past five years also highlights multiple 
complexities in using clinical endpoints, such as OS, with 
immunotherapies. Most recently, nivolumab (anti-PD1 
monoclonal antibody) was approved by the FDA for the 
treatment of refractory lung squamous cell carcinoma after 
demonstrating superior OS compared to docetaxel in a phase 
III trial (Checkmate 017) and safety in a single arm phase II 
trial (Checkmate 063) (14). Likewise, pembrolizumab has 
been granted Breakthrough Therapy Designation by the 
FDA after demonstrating safety and promising efficacy in 
an expanded phase I clinical trial (Keynote-001) (15). While 
response rates have ranged from approximately 15-45%  
depending on PDL1 expression, there is accumulating 
evidence demonstrating prolonged duration of response 
in many patients. Therefore, while impact on OS or PFS 
maybe modest in large clinical trials, a subset of patients 
can have dramatic and durable clinical benefit. Further 
complicating the issue, novel patterns of immunologic 
response are well described, including pseudo-progression, 
durable stable disease, and late response (16). These clinical 
observations have necessitated the development of immune 
related Response Evaluation Criteria in Solid Tumors 
(irRECIST) criteria to account for variable tumor regression 
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patterns (17). Finally, delayed separation of survival curves 
is commonly encountered in immunotherapy trials and 
can lead to underestimate of survival benefit if measured  
prematurely (16). Early assessment of PFS and OS may 
therefore be suboptimal for analyzing benefit in novel 
immunotherapy trials. Further data is required to assess the 
correlation of response with prolonged response duration to 
survival in both biomarker-selected and unselected patient 
populations treated with immune checkpoint therapies. 

While prior analyses leveraging response as a predictor of 
survival in NSCLC are limited, multiple publications have 
explored the correlation of PFS or disease free survival (DFS) 
with OS. In 2013, the Surrogate Lung Project Collaborative 
Group published a re-analysis of six meta-analyses, including 
60 randomized trials and 15,000 patients (18). The analysis 
included trials employing both single and combined 
modality therapy in the adjuvant setting and for patients with 
locally advanced lung tumors. The authors reported a strong 
correlation between DFS and OS in the adjuvant setting, 
irrespective of whether radiotherapy was used in conjunction 
with chemotherapy. Additionally, PFS strongly correlated 
with OS in patients with locally advanced disease using both 
patient- and trial-level data. Notably, the trials included in 
this analysis involved only cytotoxic chemotherapy agents, 
and the authors caution against extrapolating to targeted 
therapies in different diseases settings. In contrast, in 
treatment naïve patients with advanced lung cancer, Laporte 
et al. performed a meta-analysis of five randomized clinical 
trials using cytotoxic chemotherapy agents and found only 
a modest association of PFS and OS (19). Finally, many 
investigators have advocated for the use of major pathologic 
response in the neoadjuvant setting of resectable lung cancer, 
given a reported strong association of pathologic complete 
response with OS (20). Together, these studies highlight the 
importance of disease and treatment setting with surrogate 
clinical endpoints, and the need for validation.

Surrogate clinical endpoints predicting survival in 
oncology trials are highly context dependent, and contingent 
on disease, stage, patient population, and therapy. A 
fundamental problem of surrogate endpoint validation stems 
from the reliance on retrospective analysis of completed 
clinical trials. Extrapolation of surrogate endpoints 
to alternate disease settings or novel therapies with 
different mechanisms of action, mechanisms of acquired 
resistance, and toxicity profiles is problematic and can limit 
incorporation into subsequent clinical trials. Nonetheless, 
the utilization of clinical endpoints including ORR, response 
duration, and PFS remains an attractive solution to the 

challenges of prolonged, large randomized controlled trials 
and post-progression bias associated with OS. The findings 
reported by Blumenthal et al. represent an important step 
in validating a relationship between ORR and PFS in 
trials treating patients with metastatic cancer using both 
cytotoxic and targeted agents. Additionally, by controlling 
for potential crossover in our analysis, a relationship is 
also suggested between ORR and OS. In the current era 
of clinical trials for uncommon biomarker defined patient 
populations, surrogate endpoints of clinical efficacy are 
increasingly needed. Likewise, the rapid rise of checkpoint 
immunotherapies poses unique challenges in measuring 
clinical benefit for lung cancer patients. The continued 
validation of surrogate endpoints for use in trials of NSCLC 
patients must remain a priority. 
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