Overall survival in non-small cell lung cancer—what is clinically
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Abstract: The development of molecularly targeted therapies [tyrosine kinase inhibitors (TKIs) and
monoclonal antibodies] has significantly improved outcomes for patients with advanced or metastatic non-
small cell lung cancer (NSCLC) resulting in improved progression-free survival (PFS), overall survival
(OS) and quality of life (QoL). In addition, targeting the immune axis (CTLA-4, PD-1/PD-L1) has also
shown promising results. Major goals of almost all clinical trials based on histology and molecular markers
for NSCLC patients are improvements of OS and QoL. However, in the majority of these trials only
small incremental improvements in OS were seen. Food and Drug Administration (FDA) and other health
authorities have recommended to consider OS to be the standard clinical benefit endpoint that should be
used to establish the efficacy of a treatment for NSCLC patients, however, the question remains what is
clinically meaningful and how can this outcome be measured. According to suggestions of the American
Society of Clinical Oncology (ASCO) Cancer Research Committee a relative improvement in median OS of
at least 20% (3—4 months) is regarded to define a clinically meaningful improvement in outcome of NSCLC
patients. However, this should not diminish PFS as a valid endpoint since a PFS improvement can also result
in a meaningful palliation (e.g., painful bone metastases). Other factors (e.g., QoL) may also be involved
to measure and to define the clinical importance of a given trial result. Using the “Quality-adjusted Time
Without Symptoms of Toxicity” (Q-TWiST) analysis method it has been demonstrated that a clinically
important and meaningful difference for Q-TWiST is 10-15% of OS in a study. Trials that are designed
with less ambitious goals, however, may still be of benefit to individual NSCLC patients if the trial endpoints
are met. Since there is no single factor which will make a trial clinically meaningful, these recommendations,
however, are not intended to set standards for regulatory approval or insurance coverage but rather to

encourage patients and investigators to demand more from clinical trials.
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Non-small cell lung cancer (NSCLC; 80-85% of all lung
cancers) continues to be one of the major causes of cancer-
related deaths around the world (1). The development
of molecularly targeted therapies (small molecules and
monoclonal antibodies) has, however, significantly
improved outcomes in the metastatic setting for NSCLC
patients harbouring activated oncogenes such as EGFR
and translocated ALK. By targeting the main pathways
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of NSCLC signal transduction, these drugs dramatically
improved progression-free survival (PFS) and quality of life
(QoL) in this highly selected subgroup of NSCLC patients
sparing them from toxic chemotherapy approaches.
However, for the vast majority of patients platinum-based
chemotherapy remains the only potential treatment and
has led to significantly improved survival outcomes with
a “plateau” of about 10-11 months median survival (2).
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Subsequently, significant advances have been made with
the introduction of pemetrexed, especially against the non-
squamous cell subtype. The addition of this agent led to a
further improvement in survival to 12-13 months (3) and
up to 14 months with the introduction of maintenance
therapy (4). Nonetheless, even with these therapies, the
majority of patients with NSCLC do not attain prolonged
disease control (5).

More recently, targeted therapies administered to
patients selected by reliable and biologically relevant
biomarkers (e.g., EGFR mutations, ALK rearrangement,
PD-L1 expression) have produced substantial improvements
in outcomes that have rapidly transformed patient care for
several types of NSCLC (6). By improving the ability to
identify the molecular drivers of cancer, it is anticipated
that highly effective, molecularly targeted regimens will
continue to be developed for usage in patients who can be
identified prospectively as likely to benefit from treatment.
In addition, newer treatment modalities such as immune
therapies are emerging as highly effective therapies that are
providing improvements in NSCLC patients outcomes far
beyond what was achieved in the past (7). However, this
concept implies that trial sponsors and investigators develop
comprehensive bio-specimen banks for each trial with
informed consent from patients that will allow investigators
to ask scientific questions before and after trials are
completed to facilitate biomarker discovery and validation.

Frankly, the goals of any new cancer treatment are to
allow the patient to live longer and to live better. Therefore,
clinical trials in NSCLC have two important endpoints:
overall survival (OS) and the QoL of that survival. All other
endpoints should be considered intermediate, becoming
surrogates to those important two endpoints only if
formally validated. Uncertainty remains about whether
an improvement in PFS represents a clinical benefit in
patients with NSCLC in the same way that prolongation
of survival or an improvement in symptoms and QoL does.
Furthermore, to date the relationship between PFS and OS
has not been established in advanced NSCLC and remains
to be controversial (8).

As a primary endpoint, PFS may be acceptable in phase II
trials to identify active new agents or in scenarios in which
cross-over occurs and OS seen in the study population is
dramatically different from that in historical controls [as was
seen in the first-line EGF tyrosine kinase inhibitor (TKI)
trials]. Other groups (9) have suggested that before PFS
can be used as a surrogate for the OS endpoint in advanced
NSCLGC, it must be validated as a surrogate endpoint,
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and the scenarios in which the correlation applies must be
determined. Until such surrogacy has been established,
OS should remain the primary endpoint of clinical trials in
advanced NSCLC (10).

Clinical trials in NSCLC have typically investigated
agents or regimens in patients selected for study based
primarily on histology, molecular biology (e.g., EGFR,
ALK, ¢-MET, PD-1/PD-L1) and clinical characteristics. In
the majority of cases this approach has resulted in only small
incremental improvements in OS (7able 1) that probably
reflect the impact of agents with modest efficacy in a subset
of the study population that appears not to be readily
identifiable. Although this work has certainly improved the
lives of many patients with NSCLC, appears to be slow,
costly, and empiric.

OS, defined as the time from randomization to death
from any cause, is a direct measure of clinical benefit
to a NSCLC patient. Patients alive or lost to follow-up
are censored (19). OS offers the greatest clinical benefit,
provided that QoL is not compromised. OS as an endpoint
is easily measured, unambiguous, objective, and is regarded
to be clinically relevant and unaffected by the timing
of assessment. However, measuring OS in clinical trials
requires large patient numbers and increased length of
follow-up, thus potentially delaying the approval of new
agents. Since the therapeutic options for patients with
advanced or metastatic NSCLC are increasing, concerns
that the efficacy of drugs measured by OS may be diluted
in clinical trials are increasing, thereby underestimating
their true clinical benefit. These concerns are 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
supported by evidence (8). Furthermore, time to death
remains relatively short in advanced or metastatic 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 warranted.

Food and Drug Administration (FDA) in a non-binding
recommendation consider OS to be the standard clinical
benefit endpoint that should be used to establish efficacy of
a treatment in patients with locally advanced or metastatic
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Table 1 Overall survival (OS) of advanced or metastatic NSCLC patients following treatment with TKIs or monoclonal antibodies

Drug Approval Design AOS (months) Reference

Cetuximab (Erbitux®) None Cisplatin plus vinorelbine vs. cisplatin, vinorelbine 1.2 (HR =0.87) Pirker et al. (11)
plus cetuximab (n=568)

Necitumumab FDA, EMA Cisplatin plus gemcitabine vs. cisplatin, gemcitabine 1.6 (HR =0.84) Thatcher et al. (12)

(Portrazza®)
Bevacizumab (Avastin®)

plus necitumumab (n=1,093)*
FDA, EMA Carboplatin plus paclitaxel vs. carboplatin, paclitaxel 2.0 (HR =0.79)
plus bevacizumab (n=878)**

Sandler et al. (13)

Ramucirumab (Cyramza® FDA, EMA Docetaxel vs. docetaxel plus ramucirumab (n=1,253) 1.4 (HR =0.86) Garon et al. (14)
Nivolumab (Opdivo®) FDA, EMA Docetaxel vs. nivolumab (n=272)* 3.2 (HR =0.59) Brahmer et al. (15)
Nivolumab (Opdivo®) FDA, EMA Docetaxel vs. nivolumab (n=582) 2.8 (HR =0.73) Borghaei et al. (16)
Nintedanib (Vargatef®) FDA, EMA Docetaxel vs. docetaxel plus nintedanib (n=1,314)* 2.3 (HR =0.83) Reck et al. (17)

Afatinib (Giotrif® in EU,

FDA, EMA Cisplatin plus pemetrexed vs. cisplatin, pemetrexed

12.2(HR=0.54)  Yang et al. (18)

13.0 (HR =0.64) Yang et al. (18)

Gilotrif® in US) plus afatinib (n=345, LUX-Lung-3)***
Afatinib (Giotrif® in EU, FDA, EMA Cisplatin plus gemcitabine vs. cisplatin/gemcitabine
Gilotrif® in US) plus afatinib (n=364, LUX-Lung-6)***

*, Squamous histology only; **, adenocarcinoma only; ***, meta-analysis for del19 patients. NSCLC, non-small cell lung cancer;
TKI, tyrosine kinase inhibitor; HR, hazard ratio; FDA, Food and Drug Administration; EMA, European Medical Agency.

Table 2 Recommended targets for clinically meaningful trials in NSCLC [modified after (20)]

. OS (base line, Primary endpoint: Secondary endpoint: Secondary endpoint:
NSCLC histology . . .
months) improvement of OS 1-year-survival improvement of PFS
Squamous 10-11 2.5-3 months (HR =0.77-0.80) 44-53% 4 months
Non-squamous 14 3.25-4 months (HR =0.76-0.80) 53-61% 3 months

NSCLC, non-small cell lung cancer; OS, overall survival; PFS, progression-free survival; HR, hazard ratio.

NSCLC (19). The question, therefore, for OS remains:
what is clinically meaningful and what are tools at hand to
measure it?

Attempting to clarify these questions the American
Society of Clinical Oncology (ASCO) Cancer Research
Committee selected primary and secondary endpoints for
potential trials that would reflect clinically meaningful
benefits to NSCLC patients (20). Although PFS is a
commonly used endpoint, the working group recommended
to use OS as the primary measure of clinically meaningful
outcome, however, it was also acknowledged that crossover
in clinical trials is increasingly common, because it offers
patients a greater chance to receive the experimental
treatment than fixed-arm trials. In addition, it should be
noted that clinical trials can be designed that demonstrate
clinically meaningful outcomes even without affecting OS,
such as trials that demonstrate non-inferiority compared
with existing therapies with significantly less toxicity.

Patient symptoms resulting from NSCLC progression
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and tolerability of treatment-related toxicities are of critical
importance when considering whether a new treatment
produces a clinically meaningful outcome for patients (20).
In general, the ASCO Committee agreed that if a therapy
is less toxic than currently prevailing treatments, a smaller
improvement in efficacy is acceptable. A highly toxic
therapy, however, should be accompanied by an expectation
of substantially greater benefit to provide a clinically
meaningful outcome to patients. To address the nuances of
balancing toxicity with efficacy as well as QoL outcomes,
ranges of hazard ratios (HRs) and improvements of PFS
and OS to describe a clinically meaningful benefit were
recommended. In this regard, it was generally agreed that
relative improvements in median OS of at least 20% are
necessary to define a clinically meaningful improvement in
outcome (20) (Table 2).

Although OS was selected as the primary endpoint by
this Committee, this does not diminish the value of PFS
and other surrogate endpoints as valid endpoints in certain
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clinical situations. This is especially true in cancer types that
often produce symptoms related to progressive disease (e.g.,
painful bone metastases) where a significant prolongation in
PFS may provide meaningful palliation and improved QoL.

The “Quality-adjusted Time Without Symptoms of
Toxicity” (Q-TWiST) analysis method is frequently applied
to evaluating outcomes in cancer clinical trials, but there is
little information on what constitutes a clinically important
difference. The overall differences between treatments for
most (56%) of the observed, published values for Q-TWiST
analyses are between 12% and 19% (21). Three quarters of
the Q-TWIiST studies had improvements in OS of 12-17%,
while differences in PFS ranged from 12% to 26%. Studies
that have evaluated the clinical importance of changes in
QoL scores suggest that changes of 5-10% are clinically
meaningful (21). Based on these findings Revicki and co-
workers (21) recommended that a clinically important
and meaningful difference for Q-TWiST is 10% of OS
in a study, and differences of 15% are clearly clinically
important. If less is known about a specific treatment and/
or disease area, a clinically meaningful benefit should be
greater than 5% but not more than 10% in planning sample
size and statistical power (21).

Of course, trials that are designed with less ambitious
goals than those described here may still be of benefit
to individual patients if trial end points are met. As
pointed out, there is no “single” factor which will make
a trial “clinically meaningful”, but in order to establish
significant advances and clinical meaningful outcomes
for advanced or metastatic NSCLC patients investigators
should bear in mind these challenges laid out here. These
recommendations, however, are not intended to set
standards for regulatory approval or insurance coverage but
rather to encourage patients and investigators to demand
more from clinical trials.
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