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Abstract. Subsequent therapies confound the ability to discern 
the effect of first‑line chemotherapy on overall survival (OS). 
We investigated whether progression‑free survival (PFS), 
post‑progression survival (PPS) and tumor response were 
valid surrogate endpoints for OS following first‑line chemo-
therapy in individual patients with advanced non‑small‑cell 
lung cancer (NSCLC) harboring sensitive epidermal growth 
factor receptor gene mutations. We retrospectively analyzed 
35 patients with advanced NSCLC treated with first‑line gefi-
tinib. The associations of PFS, PPS and tumor response with 
OS were analyzed. PPS was found to be strongly correlated 
with OS, unlike PFS and tumor shrinkage. The factors signifi-
cantly associated with PPS were performance status (PS) after 
first‑line treatment, best response to second‑line treatment and 
number of regimens used after disease progression. PPS may 
be a surrogate for OS in this patient population and further 
therapy after disease progression following first‑line chemo-
therapy may significantly affect OS. However, a larger study is 
required to validate these results.

Introduction

Lung cancer is the most common cause of cancer‑related 
mortality worldwide, with non‑small‑cell lung cancer 

(NSCLC) accounting for ~85% of all lung cancer cases (1). 
Overall survival (OS) is considered the most reliable endpoint 
in cancer studies and is generally the preferred endpoint for 
survival studies (2). OS is precise, easily measured and docu-
mented by the date of death. Surrogate endpoints, such as 
tumor response and progression‑free survival (PFS), are also 
valuable in oncology clinical trials, since they can be measured 
earlier, are easier to assess compared to ‘true’ endpoints and 
the events are more frequent.

With the growing number of drugs and combination 
therapies available for the treatment of NSCLC, the effect 
of first‑line chemotherapy on OS may be confounded by 
subsequent therapies (3). Indeed, in a recent randomized trial 
on NSCLC patients, an improvement in PFS did not neces-
sarily result in improved OS (4). A number of compounds are 
currently available for second‑ and third‑line chemotherapy 
for diseases such as breast, ovarian and colorectal cancer (5‑7), 
as well as advanced NSCLC. Although PFS following first‑line 
chemotherapy is not a validated surrogate endpoint for OS, 
post‑progression survival (PPS) has been shown to be strongly 
associated with OS after first‑line chemotherapy for advanced 
NSCLC (8,9). PPS has also become strongly associated with 
OS over the last decade (2002‑2012), in which molecularly 
targeted agents, such as gefitinib and erlotinib, have been used 
to treat advanced NSCLC (8,9). PPS is calculated as follows: 
OS=PFS+PPS (2).

The effect on survival of therapies administered after 
disease progression is of interest at the individual patient level. 
Past analysis of individual‑level data suggested that PPS was 
a surrogate for OS in patients with advanced non‑squamous 
NSCLC with unknown oncogenic driver mutations and, 
therefore, limited options for subsequent chemotherapy (10). 
However, it is unknown whether this applies to advanced 
NSCLC patients with epidermal growth factor receptor gene 
(EGFR) mutations sensitive to targeted therapy. Therefore, 
examination of individual‑level data to determine whether PFS, 
PPS and tumor response are valid surrogate endpoints for OS 
after first‑line therapy in these patients may be of clinical value.
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Previous clinical trials have identified gefitinib, an EGFR 
tyrosine kinase inhibitor (EGFR‑TKI), as a first‑line treatment 
option for patients with NSCLC with sensitive EGFR muta-
tions (11‑13). Although several patients achieve initial clinical 
remission or disease control with first‑line chemotherapy, the 
majority experience subsequent disease progression and death. 
We examined first‑line gefitinib chemotherapy, as it is the stan-
dard first‑line chemotherapy for advanced NSCLC with EGFR 
mutations. Patients with NSCLC harboring an EGFR mutation 
who were treated with gefitinib, platinum and pemetrexed or 
docetaxel exhibited a median survival of ~3 years (14). For 
advanced NSCLC patients with sensitive EGFR mutations, the 
OS time is longer and there are additional options for subse-
quent chemotherapy.

In this study, we aimed to determine the associations 
of PFS, PPS and tumor response with OS in patients with 
advanced NSCLC harboring sensitive EGFR mutations. We 
also assessed the prognostic value of baseline and tumor char-
acteristics for PPS.

Patients and methods

Patients. This study included 46  patients with advanced 
NSCLC harboring sensitive EGFR mutations who were 
treated with first‑line gefitinib between January, 2006 and 
June, 2012. The eligibility criteria were histologically or cyto-
logically proven NSCLC, unresectable stage IIIB/IV disease, 
a tumor with a drug‑sensitive EGFR mutation (exon 18 G719X, 
exon 19 deletion, or exon 21 L858R) and continuous gefitinib 
treatment. Tumor response was not evaluated in 1 patient and 
PFS data were censored in 10 patients. To ensure patient back-
ground uniformity, these 11 patients were excluded from the 
analysis. Therefore, 35 patients were retrospectively analyzed 
(Fig. 1). Genomic DNA was extracted from tumor samples and 
EGFR mutations in exons 18‑21 were analyzed as previously 
described (15,16).

The study protocol was approved by the Institutional 
Review Board of the National Hospital Organization 
Nishigunma Hospital.

Response to treatment. The patients received first‑line gefitinib 
(250 mg per os, once daily), which continued until disease 
progression, development of intolerable toxicity, or withdrawal 
of consent. All the patients were EGFR‑TKI naïve.

The best overall response and maximum tumor shrinkage 
were recorded as tumor responses. Radiographic tumor 
responses were evaluated according to the Response Evaluation 
Criteria in Solid Tumors, version 1.1 (17) as follows: complete 
response (CR), disappearance of all target lesions; partial 
response (PR), decrease in the sum of the target lesion diam-
eters by ≥30% compared to baseline diameters; progressive 
disease (PD), increase of ≥20% in the sum of the target lesion 
diameters compared to the smallest sum during the study; 
and stable disease (SD), insufficient shrinkage or expansion 
to qualify as PR or PD. PFS was calculated from the start of 
treatment until PD or death from any cause. OS was recorded 
from the first day of treatment until death or was censored on 
the date of the last follow‑up. PPS was recorded as the time 
from tumor progression until death or was censored on the 
date of the last follow‑up.

Statistical analyses. To determine whether PFS, PPS and tumor 
shrinkage were correlated with OS, we used Spearman's rank 
correlation analysis and linear regression analysis. To identify 
the prognostic factors for PPS, we applied the proportional 
hazards model with a stepwise regression procedure. Hazard 
ratios (HRs) and 95% confidence intervals (95% CIs) were 
estimated. As the HR is defined for a 1‑unit difference, certain 
factors were converted to an appropriate scale. PPS values 
were compared using the log‑rank test. P≤0.05 was considered 
to indicate statistically significant differences. The two‑tailed 
significance level was set at 0.05. All the statistical analyses 
were performed using JMP software for Windows, version 9.0 
(SAS Institute, Cary, NC, USA).

Results

Patient characteristics and treatment efficacy. Of the 
35 patients included in the analysis, 25 succumbed to their 
disease; the median follow‑up was 21.0  months (range, 

Figure 1. Flow chart showing patient selection. The patients received 
epidermal growth factor receptor‑tyrosine kinase inhibitor first‑line che-
motherapy between January, 2006 and June, 2012. PFS, progression‑free 
survival.

Table I. Baseline patient characteristics.

	 Patient no.
Characteristics	 (n=35)

Gender
  Male/female	 11/24
Age at treatment, years
  Median (range)	 67 (45‑88)
Performance status
  0/1/≥2	 15/17/3
Histology
  Adenocarcinoma/others	 35/0
Stage
  IIIB/IV	 3/32
Mutation status
  Exon 19 del/exon 21 L858R/others	 20/15/0
Administration period, years
  <1/≥1	 20/15
Number of regimens after progression
  0/1/2/3/4/5/≥6	 11/6/6/3/5/1/3
  Median (range)	 2 (0‑10)
Sum of target lesion diameters, mm
  Median (range)	 25 (10‑85)
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6.0‑56.0  months). The patients' median age was 67  years 
(range, 45‑88 years). The patient characteristics are summa-
rized in Table I. Target lesions were not evaluated in 1 patient.

Of the 35 patients, 2, 20, 12 and 1 exhibited CR, PR, SD 
and PD, respectively. The response rate was 62.8% and the 
disease control rate was 97.1%. After disease progression 
following first‑line chemotherapy, 11 of the 35 patients did 
not receive additional chemotherapy, whereas the remaining 
24 did. Among the 35 patients, the median number of follow‑up 
therapeutic regimens was 2 (range, 0‑10 regimens). The chemo-
therapeutic regimens employed after disease progression are 

listed in Table II. Platinum combination chemotherapy was 
the most common second‑line treatment and docetaxel was the 
most common treatment following second‑line chemotherapy. 
The median PFS and OS were 11.0 and 23.0 months, respec-
tively (Fig. 2).

Association between OS and PFS, PPS and tumor shrinkage. 
The associations between OS and PFS, PPS and tumor 
shrinkage are shown in Fig. 3A, B and C, respectively. Based 
on Spearman's rank correlation coefficients and linear regres-
sion, PPS was found to be strongly associated with OS (r=0.85, 
P<0.05, R2=0.86), unlike PFS (r=0.13, P=0.45, R2=0.001) and 
tumor shrinkage (r=0.08, P=0.61, R2=0.01).

Factors affecting PPS. The univariate analysis demonstrated 
that the factors associated with PPS (P<0.05) were age at the 
beginning of first‑line treatment; performance status (PS) 
at the beginning and at the end of first‑line treatment and at 
the beginning of second‑line treatment; the best response to 

Figure 3. (A) Correlation between overall survival (OS) and progression‑free 
survival (PFS). (B) Correlation between OS and post‑progression survival 
(PPS). (C) Correlation between OS and tumor shrinkage. *Spearman's rank 
correlation coefficient; **linear regression.

Table II. Chemotherapeutic regimens administered after dis-
ease progression following first-line chemotherapy.

Regimens	 Second-line	 ≥Third-line	 Total

Platinum combination	 19	 7	 26
Docetaxel	 0	 9	 9
Pemetrexed	 2	 2	 4
Erlotinib	 3	 5	 8
Gefitinib rechallenge	 0	 6	 6
S1	 0	 7	 7
Gemcitabine	 0	 4	 4
Amrubicin	 0	 2	 2
Others	 0	 5	 5
Investigational agent	 0	 0	 0

Figure 2. Kaplan‑Meier plot showing (A) progression‑free survival (PFS); 
median PFS, 11.0  months and (B)  overall survival (OS); median OS, 
23.0 months. The median follow‑up time was 21.0 months.
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second‑line treatment; and the number of regimens employed 
after disease progression following first‑line chemotherapy 
(Table III). Subsequently, the multivariate analysis revealed 
that the clinical factors affecting PPS were the PS at the end 
of the first‑line treatment, best response to second‑line treat-
ment (non‑PD vs. PD) and number of regimens employed after 
disease progression following first‑line chemotherapy (P<0.05, 
Table  IV). Log‑rank tests were used to confirm that these 
3 factors were significantly associated with PPS (log‑rank test, 
P<0.05; Fig. 4). Patients with PS 0 at the end of first‑line treat-
ment had a PPS of 21.0 months, patients with PS 1 had a PPS 

of 16.5 months, patients with PS 2 had a PPS of 2.0 months, 
patients with PS 3 had a PPS of 4.0 months and patients with 
PS 4 had an undefined PPS (log‑rank test, P=0.04; Fig. 4A). 
Furthermore, patients with non‑PD had a median PPS of 
24.0 months, whereas their PD counterparts had a median PPS 
of 7.0 months (log‑rank test, P<0.001; Fig. 4B). The PPS for 
patients who did not receive additional treatment regimens 
after disease progression following first‑line chemotherapy 
was 6.5  months; with 1  additional regimen, the PPS was 
4.5 months; and with ≥2 regimens, the PPS was 21.0 months 
(log‑rank test, P<0.001; Fig.  4C). These results remained 

Table III. Univariate Cox regression analysis of the association between baseline patient characteristics and post-progression 
survival.

		  Post-progression survival
		 --------------------------------------------------------------------------------------------
Characteristics	 Hazard ratio	 95% CI	 P-value

Gender (male vs. female)	 1.53	 0.57‑3.73	 0.37
Age at the beginning of first-line treatment	 1.07	 1.02‑1.12	 <0.01
PS at the beginning of first-line treatment	 1.73	 1.05‑2.69	 0.03
Stage (IIIB vs. IV)	 2.03	 0.47‑6.06	 0.29
EGFR mutation status (exon 19 del vs. exon 21 L858R)	 0.48	 0.21‑1.08	 0.07
Sum of longest diameter of target lesions	 1.01	 0.98‑1.03	 0.24
Best response at first-line treatment
  PR vs. non-PR	 0.69	 0.30‑1.54	 0.36
  Non-PD vs. PD	 0.22	 0.04‑4.22	 0.24
PS at the end of first-line treatment	 2.01	 1.38‑2.96	 <0.01
Age at the beginning of second-line treatment	 1.06	 0.99‑1.15	 0.07
PS at the beginning of second-line treatment	 3.6	 1.20‑13.6	 0.02
Best response to second-line treatment
  PR vs. non-PR	 0.33	 0.07‑1.09	 0.07
  Non-PD vs. PD	 0.13	 0.03‑0.46	 <0.01
Number of regimens after progression beyond first-line chemotherapy	 0.57	 0.41‑0.76	 <0.01

95% CI, 95% confidence interval; PS, performance status; EGFR, epidermal growth factor receptor; PR, partial response; PD, progressive 
disease.

Table IV. Multivariate Cox regression analysis of the association between post-progression survival and age at the beginning of 
first-line treatment, PS at the end of first-line treatment, best response to second-line treatment and number of regimens employed 
after progression beyond first-line chemotherapy.

		  Post-progression survival
	 --------------------------------------------------------------------------------------------
Variables	 Hazard ratio	 95% CI	 P-value

Age at the beginning of first-line treatment	 1.03	 0.93‑1.14	 0.53
PS at the end of first-line treatment	 3.67	 1.00‑17.9	 0.04
Best response to second-line treatment (non-PD vs. PD)	 0.11	 0.01‑0.54	 <0.01
Number of regimens after progression beyond first-line chemotherapy	 0.47	 0.24‑0.75	 <0.01

PS, performance status; 95% CI, 95% confidence interval; PD, progressive disease.
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consistent following adjustment in the Cox proportional 
hazards model (Table IV).

Discussion

We investigated the associations between OS and PFS, PPS 
and tumor shrinkage at the individual patient level. PPS was 
found to be strongly associated with OS, unlike PFS and tumor 
shrinkage. Additionally, PPS was affected by the PS at the end 
of first‑line treatment, best response to second‑line treatment 
(non‑PD vs. PD) and number of regimens employed after 
disease progression following first‑line chemotherapy.

The validity of surrogate endpoints has been determined 
by previous meta‑analyses (18,19). Biostatisticians have also 
proposed measures for validating surrogate endpoints (20,21). 
Tumor response and PFS are potential surrogate endpoints for 
OS in extensive‑stage small‑cell lung cancer (22), although 
their validity in advanced NSCLC is controversial (23). Broglio 

and Berry (2) recently focused on PPS, which they defined as 
survival post‑progression (OS minus PFS), in a hypothetical 
clinical trial situation; their study hypothesized that treatment 
affected PFS, but not PPS. Recently, PPS was found to be 
strongly associated with OS after first‑line chemotherapy for 
advanced NSCLC (8,9).

Our results do not correspond to those of certain previous 
studies indicating that tumor response and PFS may be surro-
gate endpoints for OS in advanced NSCLC (24,25). In our 
patients with advanced NSCLC harboring EGFR mutations 
who received first‑line gefitinib, PFS and tumor response 
did not reflect OS. PPS was more closely associated with OS 
rather than PFS; the association between PPS and OS was 
linear (Fig. 3A and B). PPS accounted for a large part of OS, 
suggesting that chemotherapy was too weak for PFS to prolong 
OS. Therefore, in clinical trials with patients expected to have 
a short PFS after first‑line chemotherapy, such as those in our 
study, we must control for factors that affect the PPS.

A previous clinical trial for advanced NSCLC demon-
strated that a long PPS was associated with a good PS, the use 
of first‑line monotherapy and a molecularly targeted agent (8). 
However, no studies have yet investigated individual patient 
data to determine factors that affect PPS in advanced NSCLC 
with EGFR mutations. We aimed to determine whether baseline 
factors were prognostic for PPS and found that the PS at the end 
of first‑line treatment, best response to second‑line treatment 
and number of regimens employed after disease progression 
were strongly associated with PPS; this was confirmed by 
using log‑rank tests. To the best of our knowledge, this study 
is the first to report individual‑level factors that affect PPS in 
patients with advanced NSCLC with targeted therapy‑sensitive 
EGFR mutations. Our findings suggest that patients with a 
good PS at the end of first‑line treatment are able to achieve SD 
after disease progression. These patients are also likely to be 
able to continue chemotherapy and achieve a prolonged PPS, 
which is associated with a prolonged OS. The large number of 
treatment regimens used after disease progression is likely the 
result of the increasing number of active compounds, such as 
docetaxel, pemetrexed, S1, gemcitabine, amrubicin and erlo-
tinib, which are currently available for second‑ and third‑line 
chemotherapy for advanced NSCLC (Table II). Furthermore, 
re‑administration of gefitinib is reported to be effective and 
is therefore a treatment option for patients with NSCLC who 
are initially responsive to gefitinib, but acquire resistance 
following subsequent chemotherapy (26).

This study had several limitations. First, the sample size 
was small. Only a small number of advanced NSCLC patients 
harboring therapy‑sensitive EGFR mutations who were treated 
with first‑line gefitinib were seen at our single institution, 
leading to this limitation. Our sample size was also limited 
by our attempt to analyze patients with similar backgrounds. 
However, our institution treats a relatively large number of such 
cases and our practices and policies are largely unified, since this 
is a single institution. Understanding the nature of the sources 
of bias in this study ensures that the results are meaningful. A 
future study that includes a larger patient cohort is required. 
Second, we were unable to thoroughly evaluate the treatments 
administered after disease progression following second‑line 
chemotherapy. However, our results are meaningful, as only 
a limited number of patients received third‑line or subsequent 

Figure 4. Kaplan‑Meier plots. (A)  Post‑progression survival (PPS) 
according to performance status (PS) at the beginning of second‑line 
treatment. PS  0:  median,  21.0  months; PS  1:  median,  16.5  months; 
PS 2: median, 2.0 months; PS 3: median, 4.0 months; PS 4: undefined. 
(B) PPS according to the best response following second‑line treatment. 
Non‑progressive disease (PD): median, 24.0 months; PD: median, 7.0 months. 
(C) PPS according to the number of regimens administered after progression. 
No regimens: median, 6.5 months; 1 regimen: median, 4.5 months; ≥2 regi-
mens: median, 21.0 months.
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chemotherapy. Third, individual physicians decided on the 
date on which responses were recorded, possibly introducing 
variance into the measurements of PFS and tumor response. 
Fourth, the patients in this study received gefitinib, and not 
erlotinib, as first‑line chemotherapy. However, this reflects the 
clinical setting, in which the majority of patients are treated 
with gefitinib.

In conclusion, using individual‑level data, we observed 
that PPS, but not PFS or tumor response, was a surrogate for 
OS in patients with advanced NSCLC with targeted ther-
apy‑sensitive EGFR mutations. Additionally, a PFS advantage 
was not associated with increased OS, whereas PPS exerted a 
more significant influence on OS. Furthermore, the PS at the 
end of first‑line treatment, best response to second‑line treat-
ment (non‑PD/PD) and number of regimens employed after 
disease progression following first‑line chemotherapy were 
identified as prognostic factors for PPS. We suggest that the 
treatment course after disease progression following first‑line 
chemotherapy significantly affects OS. We recommend that 
these results are validated to determine whether they can be 
generalized to larger populations.
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