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A B S T R A C T

Purpose
To conduct analyses exploring trial-level and patient-level associations between overall response
rate (ORR), progression-free survival (PFS), and overall survival (OS) in advanced non–small-cell
lung cancer (NSCLC) trials.

Methods
We identified 14 trials (N � 12,567) submitted to US Food and Drug Administration since 2003 of
treatments for advanced NSCLC. Only randomized, active-controlled trials with more than 150
patients were included. Associations between trial-level PFS hazard ratio (HR), OS HR, and ORR
odds ratio were analyzed using a weighted linear regression model. Patient-level responder
analyses comparing PFS and OS between patients with and without an objective response were
performed using pooled data from all studies.

Results
In the trial-level analysis, the association between PFS and ORR was strong (R2 � 0.89; 95% CI,
0.80 to 0.98). There was no association between OS and ORR (R2 � 0.09; 95% CI, 0 to 0.33) and
OS and PFS (R2 � 0.08; 95% CI, 0 to 0.31). In the patient-level responder analyses, patients who
achieved a response had better PFS and OS compared with nonresponders (PFS: HR, 0.40; 95%
CI, 0.38 to 0.42; OS: HR, 0.40; 95% CI, 0.38 to 0.43).

Conclusion
On a trial level, there is a strong association between ORR and PFS. An association between ORR
and OS and between PFS and OS was not established, possibly because of cross-over and longer
survival after progression in the targeted therapy and first-line trials. The patient-level analysis
showed that responders have a better PFS and OS compared with nonresponders. A therapy in
advanced NSCLC with a large magnitude of effect on ORR may have a large PFS effect.

J Clin Oncol 33:1008-1014. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Lung cancer is the leading cause of cancer death in
men and women in the United States.1 Most pa-
tients are diagnosed at advanced stages and have a
poor prognosis. New therapies are needed to cure
patients, prolong survival, substantially delay pro-
gression, or improve lung cancer symptoms.

Over the last decade, there has been a paradigm
shift in the classification and treatment of lung can-
cer. Traditionally, lung cancer had been classified
based on histology. With the evolution of technolo-
gies to sequence the cancer genome and an
improved understanding of the functional conse-
quences of genetic aberrations, lung cancer is in-

creasingly subclassified by underlying oncogenic
driver mutation subset.2-4

In recent years, targeted therapies have been
developed to inhibit aberrant oncogenic path-
ways. There are now several epidermal growth
factor receptor (EGFR) and anaplastic lymphoma
kinase (ALK) inhibitors approved that demonstrate
a large magnitude of durable overall response rate
(ORR) in patients with non–small-cell lung cancer
(NSCLC) who harbor certain EGFR mutations and
ALK rearrangements.5-8

In the last decade, US Food and Drug Admin-
istration (FDA) approved several products for the
treatment of advanced NSCLC.9 Regular approval
can be granted based on an improvement in patient
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symptoms, function, or overall survival (OS), or on a large, clinically
meaningful improvement in progression-free survival (PFS).10 Accel-
erated approval can be granted based on improvement in a surrogate
end point reasonably likely to predict clinical benefit, such as ORR of
large magnitude and long duration.11 The relationship between ORR
and PFS or ORR and OS in advanced NSCLC has not been established,
and validation of ORR as a surrogate for PFS or OS can be accom-
plished by a meta-analysis. Therefore, we conducted an analysis of
trials submitted to the FDA between 2003 and 2013, including three
trials testing targeted therapies in molecularly enriched populations
where high ORRs were observed in early clinical development.

METHODS

Selection Criteria

We searched for trials evaluating treatments for advanced NSCLC sub-
mitted to the FDA as initial or supplemental New Drug or Biologics License
Applications between 2003 and 2013. Studies include at least 150 patients with
advanced NSCLC and have a randomized, multicenter, and active-controlled
design (either head to head or add on).

Outcome Measures

OS was defined as the time from random assignment to death. For
patients alive at the data cutoff date, OS was censored at the last follow-up date.
PFS was defined as the time from random assignment to progression or death.
Patients alive who had not experienced progression as of the analysis cutoff
date were censored at the last disease assessment. In a majority of trials, PFS was
determined by RECIST. Of 11 studies, three used RECIST version 1.1, whereas
the remainder used RECIST version 1.0. WHO criteria were used to determine
PFS in three trials. ORR was defined as the proportion of patients who achieve
a complete or partial response per RECIST or WHO criteria. Patients with
unevaluable or unknown response status were considered nonresponders. All
analyses used the intent-to-treat population, defined as all patients who were
randomly assigned.

Statistical Analysis

Trial-level analysis. The association between treatment effects on ORR,
PFS, and OS was evaluated using weighted linear regression models. Weighted
linear regression analyses were performed on a logarithmic scale, with weights
equal to sample size of each randomized comparison. We calculated the
coefficient of determination (R2) and the associated 95% CIs from the
weighted linear regression model to measure the association between ORR,

PFS, and OS by treatment effect. Treatment effects on PFS and OS were
presented as hazard ratios (HRs) estimated from Cox proportional hazards
regression models, and treatment effects on ORR were presented as odds ratios
(ORs) estimated from logistic regression models. An HR (experimental v
control) of less than 1 denotes a favorable result for PFS and OS in the
experimental group, and an OR (control v experimental) of less than 1 denotes
a favorable result for ORR in the experimental group.

Patient-level responder analysis. A responder analysis was performed to
compare PFS and OS between responders and nonresponders, irrespective of
treatment assignment using the pooled data set. We estimated HRs of PFS and
OS from Cox proportional hazards models stratified by study and obtained
Kaplan-Meier estimates of PFS and OS by response status. In addition, we
conducted multivariable analyses using Cox regression models including base-
line factors (age, race, smoking status, histology, performance status, and
number of prior lines of therapy) and response status. Patients with missing
factors were excluded from multivariable analyses.

In addition, the analysis method of Burzkowski was used to estimate
patient-level associations between PFS, OS, and ORR by �, which represents
the (constant) ratio of odds for surviving beyond any time t in responders
versus nonresponders.12 A � with a lower 95% CI greater than 1 indicates that
a patient-level association may exist. As supportive analyses, we also per-
formed landmark analyses at different time points (2.5, 3, 4, and 5 months) to
account for possible length bias in the responder analysis.

RESULTS

We identified 14 trials (N � 12,567) submitted between 2003 and
2013 in support of initial or supplemental New Drug or Biologics
License Applications for treatments of advanced NSCLC (Table 1).
Due to a three-arm trial with two comparisons and a shared control,
there were 15 randomized comparisons included in the trial-level
analysis (Fig 1). Three of the 14 trials tested targeted therapies in
molecularly enriched populations (EGFR mutation positive, n � 2;
ALK rearranged, n � 1). Eight trials were head-to-head comparisons
against an active control, whereas seven were add-on comparisons to a
standard-of-care backbone. Of the 15 randomized comparisons, the
primary end point was PFS in nine, OS in five, and ORR in one.

In the three molecularly enriched targeted therapy studies, the
ORR, median PFS, and median OS were high. In the targeted therapy
studies, ORR ranged from 56% to 65%, median PFS from 8 to 11
months, and median OS from 20 to 28 months. In addition, the effect
sizes for ORR and PFS for the three targeted studies relative to control

Patients enrolled in 14 randomized
trials (one with 3 arms)

(N = 12,567)

Included in the individual-level
responder analysis

(n = 12,567)

Included in the trial-level analysis
(15 randomized comparisons)

(n = 12,567)

In 3 molecularly
enriched targeted

trials
(n = 866)

In 11 nonmolecularly
enriched trials 

(12 comparisons)
(n = 11,701)

In 8 head-to-head
trials

(n = 6,920)

In 6 add-on trials 
(7 comparisons)

(n = 5,647)

Fig 1. Study flow chart.
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were large, with 79% to 90% relative improvements in ORR and 42%
to 66% relative improvements in PFS. In the nontargeted therapy
studies, the ORR ranged from 7% to 37%, median PFS from 2 to 7
months, and median OS from 7 to 14 months. The effect sizes versus
control tended to be smaller in the non–molecularly enriched studies,
ranging from 0% to 64% relative improvements in ORR and 0% to
34% relative improvements in PFS.

The key baseline patient demographics and disease characteris-
tics are listed in Table 2. The median age was 60 years, younger than
the average age at diagnosis of advanced NSCLC in the United States.
Only 2% of the patients in these studies were black.

Figures 2 and 3 are scatterplots of the treatment effects on the
log-scale, illustrating trial-level association among the end points. As
shown in Figure 2A, treatment effects on PFS and ORR were strongly
associated (R2 �0.89; 95% CI, 0.80 to 0.98). When excluding the three
targeted therapy trials with a sample size less than 500 in the linear
model analysis, the R2 was 0.77 (95% CI, 0.58 to 0.96) between the
treatment effect on PFS and ORR. The trial-level analysis between PFS
and ORR was further analyzed by trial type (add on or head to head),
as depicted in Figure 2B. The head-to-head trials seemed to have a
stronger ORR to PFS association (R2 � 0.94; 95% CI, 0.88 to 1.00)
compared with add-on trials (R2 � 0.65; 95% CI, 0.32 to 0.98). There

was no association between treatment effects on OS and ORR (Fig
3A), with an R2 of 0.09 (95% CI, 0 to 0.33). When excluding the three
targeted therapy trials with a sample size less than 500 in the linear
model analysis, there was an improved but still weak association be-
tween OS and ORR (R2 � 0.44; 95% CI, 0.08 to 0.80). Figure 3B shows
no association between treatment effects on OS and PFS (R2 � 0.08;
95% CI, 0 to 0.31); when excluding the three targeted therapy trials,
the association was weak (R2 � 0.35; 95% CI, 0 to 0.72).

On the basis of pooled data from the 14 trials, responders (n �
2,694, 21%) were associated with better PFS (HR, 0.40; 95% CI, 0.38 to
0.42) and OS (HR, 0.40; 95% CI, 0.38 to 0.43) compared with nonre-
sponders (n � 9,873, 79%) irrespective of treatment assigned, as
shown in Figure 4. In addition, from multivariable Cox models ad-
justed by baseline factors (age, race, smoking status, histology,
performance status, and number of prior lines of therapy), associa-
tions were consistent with the findings from the unadjusted analysis.

Table 2. Key Baseline Patient Demographics and Disease Characteristics

Demographic or Disease
Characteristic Total No. of Patients� % of Patients

Age, years 12,564
Mean 60
Range 18-92

Sex 12,567
Male 64
Female 36

Race 12,567
White 76
Black 2
Asian 20
Other 2

Region 10,271
United States 20
Not United States 80

Smoking status 10,820
Never 25
Former or current 75

Histology 12,562
Squamous 21
Nonsquamous 79

Performance status† 12,492
0 32
1 63
2� 5

Tumor stage 11,534
IIIB 18
IV 77
Other 4

No. of prior lines of therapy 12,554
0 56
1 38
� 2 6

�Numbers may vary if variable is not defined or located within the data set.
†Eastern Cooperative Oncology Group or WHO performance status.
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Using the method of Burzkowski, a patient-level association be-
tween PFS, OS, and ORR was estimated by �, the (constant) ratio of
odds for surviving beyond any time t in responders versus nonre-
sponders.12 The estimated value of � was 7.11 (95% CI, 6.52 to 7.70)
for the association between PFS and ORR and was 4.66 (95% CI, 4.27
to 5.06) for the association between OS and ORR. In supportive
analyses using a landmark at different time points (2.5, 3, 4, and 5
months), the lower 95% CI limits of � for both PFS and ORR and OS
and ORR were all greater than 1, which indicates that there still is an
individual association between PFS and ORR and between OS and
ORR after accounting for possible length bias.27

DISCUSSION

Although there has been considerable progress in the molecular clas-
sification of lung cancer and in the development of targeted therapies,

many challenges remain. When studying a rare subset of patients, even
in a common malignancy such as NSCLC, it may be difficult to screen
patients and power a study for the gold standard end point of OS.28

This may be particularly challenging if a high ORR is observed early in
clinical development, where allocation of patients to a toxic and mar-
ginally effective control may violate the principle of clinical equi-
poise.29,30 In the case of a targeted therapy with a large treatment effect,
intermediate end points such as ORR and PFS may be indicated to
characterize the benefit-risk profile and establish safety and efficacy.

To our knowledge, this is the first report of a strong associa-
tion between ORR and PFS using trial-level and patient-level data
in advanced NSCLC. Perhaps this association is not surprising
because ORR and PFS are both tumor-based assessment end
points. However, a trial-level association was difficult to discern
before the era of targeted therapy, where ORR and PFS effect sizes
in unselected NSCLC trials were modest. Other groups have per-
formed responder analyses, showing that ORR with EGFR tyrosine
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Fig 4. Kaplan-Meier estimates of (A) progression-free survival and (B)
overall survival between responders and nonresponders. Exp, experimental;
HR, hazard ratio.
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kinase inhibitors was correlated with median survival time in ad-
vanced NSCLC and that week 8 tumor size change can predict OS
and assist in early drug development decisions.31,32

The meta-analysis did not demonstrate a strong association be-
tween ORR and OS or between PFS and OS. When excluding the three
smaller targeted therapy trials, the associations between ORR and OS
and between PFS and OS were weak. The reasons for this weak asso-
ciation are unclear but could be because no relationship exists or a
result of other factors confounding OS analysis, including cross-over,
subsequent therapies, and long postprogression survival, particularly
in the smaller targeted therapy studies and front-line studies.

Using ORR as a surrogate end point in oncology drug approval
has a long history. One advantage of response, as opposed to time-to-
event end points such as PFS and OS, is that a tumor response can be
directly attributed to the therapy, because in the absence of treatment,
spontaneous tumor regression is extremely rare. In addition, the more
than 30-year experience of response criteria such as RECIST enables
comparisons with historic controls.33 Therefore, ORR can be assessed
in single-arm trials and has been used as the basis for accelerated
approval in NSCLC, as well as other malignancies including lym-
phoma, GI stromal tumors, and multiple myeloma.7,8,34-36 There are
several limitations to single-arm trials, including lack of controlled
safety data, potential known and unknown biases in patient selection,
and uncertain prognostic information of biomarker-defined subsets.

ORR may not be the optimal end point for hypothesis generation
or expedited approval pathways for cytostatic therapies and immuno-
therapies, in which alternate end points may be needed to estimate
activity and PFS or OS may be required to confirm clinical benefit.37,38

Further refinements to ORR or PFS by RECIST and novel means of
measuring response may be indicated based on the disease or the
mechanism of action of the therapy.39-42 Novel methods to assess drug
activity such as depth of response, changes in tumor volume, and time

to tumor growth warrant further investigation.43-45 In addition, incor-
poration of validated patient-reported outcome measures into future
trials may assist in better alignment of radiographic responses to
improvement in disease-related symptoms or patient function.

One limitation of this meta-analysis is that only trials that were
submitted to the FDA were included, which enabled a patient-level
analysis. However, not all of the studies included in the analysis
reached a statistically or clinically positive result and not all studies led
to a favorable regulatory action in terms of a new or expanded indica-
tion. Thus, there is a balance between so-called positive and negative
studies within the meta-analysis.

In summary, the meta-analysis of 14 trials in 12,567 patients with
advanced NSCLC submitted to the FDA between 2003 and 2013
demonstrated a strong patient-level association between response and
PFS and OS and a strong trial-level association between ORR and PFS,
but not OS. Therefore, a drug with a large magnitude of effect on ORR
in patients with advanced NSCLC may also have a large effect on PFS.
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■ ■ ■

GLOSSARY TERMS

Cox proportional hazards regression model: a statis-
tical model for regression analysis of censored survival data, ex-
amining the relationship of censored survival distribution to one
or more covariates. This model produces a baseline survival
curve, covariate coefficient estimates with their standard errors,
risk ratios, 95% CIs, and significance levels.

hazard ratios: the ratio of the hazard rate in one group (for
example, a group of treated patients) to the hazard rate in an-
other group (for example, an untreated control group of pa-
tients). The hazard rate is the probability of a specified event,

such as death or cancer recurrence, occurring during a short time inter-
val. The hazard ratio, therefore, is a measure of the relative probability
of an event occurring at any given point in time.

non–small-cell lung cancer (NSCLC): a type of lung cancer
that includes squamous cell carcinoma, adenocarcinoma, and large-cell
carcinoma.

progression-free survival: time from random assignment until
death or first documented relapse, categorized as either locoregional
(primary site or regional nodes) failure or distant metastasis or death.
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