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Abstract

Objective: Epidermal growth factor receptor tyrosine kinase inhibitors are effective as first-line

therapy for advanced non-small cell lung cancer patients harboring epidermal growth factor receptor
mutations. However, it is unknown whether second-line platinum-based chemotherapy after epider-

mal growth factor receptor tyrosine kinase inhibitor therapy could lead to better outcomes. We eval-

uated the efficacy of second-line platinum-based chemotherapy after gefitinib for advanced

non-small cell lung cancers harboring epidermal growth factor receptormutations (the NEJ002 study).

Methods: Seventy-one non-small cell lung cancers, treatedwith gefitinib as first-line therapy and then

receiving platinum-based chemotherapy as second-line therapy were evaluated in NEJ002. Patients

were evaluated for antitumor response to second-line chemotherapy by computed tomography ac-

cording to the criteria of the Response Evaluation Criteria in Solid Tumors group (version 1.0).

Results: Of the 71 patients receiving platinum-based chemotherapy after first-line gefitinib, a partial

response was documented in 25.4% (18/71), stable disease in 43.7% (31/71) and progression of

disease in 21.1% (15/71). The objective response and disease control rates were 25.4% (18/71) and

69% (49/71), respectively. There was no significant difference between first- and second-line chemo-

therapy in objective response and disease control rates for advanced non-small cell lung cancer
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harboring activating epidermal growth factor receptor mutations. In the analysis of epidermal
growth factor receptor mutation types, the objective responses of deletions in exon 19 and a point

mutation in exon 21 (L858R) were 27.3% (9/33) and 28.1% (9/32), respectively, but these differences

between objective response rates were not significant.

Conclusions: The efficacy of second-line platinum-based chemotherapy followed at progression by

gefitinib was similar to first-line platinum-based chemotherapy, and epidermal growth factor recep-
tor mutation types did not influence the efficacy of second-line platinum-based chemotherapy.

Key words: lung cancer, EGFR, mutation, gefitinib, second line

Introduction

Large randomized Phase III comparison trials have shown that epider-
mal growth factor receptor (EGFR) TKIs are effective as first-line ther-
apy for advanced non-small cell lung cancer (NSCLC) patients
harboring EGFR mutations (1–6). In one such Phase III comparison
trial, the NEJ002 study, the first-line gefitinib group had a significantly
higher objective response (73.7% vs. 30.7% in the chemotherapy
group, P < 0.001), as well as a longer median progression-free survival
(10.8 months, vs. 5.4 months, P < 0.001) (2,3). On the basis of these
results, current guidelines recommend treatment of advanced NSCLC
harboring EGFR mutations with EGFR TKI in the first-line setting
(7,8). However, platinum-based chemotherapy had been considered
the standard first-line treatment until the efficacy of first-line EGFR
TKI was revealed for such patients (9,10). Therefore, it is not firmly
established whether second-line platinum-based chemotherapy after
EGFR TKI can lead to a good antitumor response. Thus, we evaluated
the efficacy of such chemotherapy after lack of gefitinib response for
advanced NSCLC harboring EGFR mutations in the NEJ002 study.

Patients and methods

Patients

The NEJ002 study was a multicenter, randomized, Phase III trial com-
paring gefitinib with carboplatin and paclitaxel (CBDCA/PTX) as
first-line treatment for advanced NSCLC harboring sensitive EGFR
mutations. Details of the study have been published previously. Of
the 230 patients enrolled in the NEJ002 study, we retrospectively ana-
lyzed 114 patients treated with gefitinib as first-line therapy (Fig. 1).
We selected 71 (62.3%) patients who received second-line platinum-
based chemotherapy. Patients who did not receive second-line treat-
ment or received EGFR TKI, or a non-platinum-based regimen, were
excluded from the analysis. Eligibility criteria for NEJ002 included the
presence of advanced NSCLC harboring activating EGFR mutations
(excluding the resistant EGFR mutation T790M examined by the
PNA-LNA polymerase chain reaction clamp method), no history of
chemotherapy, age ≤75 years, performance status 0–1, appropriate
organ functions and written informed consent. The study was con-
ducted in accordancewith theHelsinki Declaration of theWorldMed-
ical Association. The protocol was approved by the institutional
review board of each participating institution.

Treatment with chemotherapy after first-line gefitinib

In the first-line setting, all patients in the gefitinib arm received 250 mg
of gefitinib daily according to the NEJ002 protocol. After progression,
patients received second-line chemotherapy with different regimens
depending on the decision of the physician though the protocol recom-
mended CBDCA/PTX as second-line chemotherapy. Detailed

information on second-line chemotherapy after gefitinib treatment
was assessed retrospectively for all patients.

Assessment procedures

After first-line gefitinib treatment, patient target lesions were assessed
and second-line chemotherapy was then administered. Patients were
evaluated for antitumor response to second-line chemotherapy with
computed tomography scans of the head, chest and abdomen and a
bone scan at an interval at the discretion of the physician. According
to the NEJ002 protocol, treatment responses were defined as progres-
sive disease, stable disease, partial response and complete response, in
accordance with the criteria of the Response Evaluation Criteria in
Solid Tumors group (RECIST, version 1.0). The efficacy of second-line
platinum-based chemotherapy was evaluated for advanced NSCLC
patients harboring EGFR mutations. In addition, the difference in ef-
ficacy and survival were analyzed for each EGFR mutation type.

Statistical analyses

Statistical analysis was performed using the statistical software pack-
age IBM SPSS Statistics 22 (IBM, Tokyo, Japan). Proportions were
compared using the χ2 test. Kaplan–Meier survival curves were drawn
for overall survival and compared using a two-sided non-stratified log-
rank test with a significance level of 0.05. The hazard ratio and its two-
sided 95% confidence interval (CI) were calculated by Cox regression
analysis including only the treatment arm as a covariate.

Results

Patient characteristics

Patient characteristics are shown in Table 1. The median age was 63
(range 43–75), and 63.4% of patients were female. The large majority
of patients exhibited adenocarcinoma. Fifty-four patients had Stage IV
(76.1%), and 47 patients were never smoker (66.2%). Thirty-seven
(52.1%) patients had an Eastern Cooperative Oncology Group
performance status (ECOG PS) of 0, while for 34 (47.9%) PS was
1. There were no patients with ECOG PS ≥2. Thirty-three (46.5%)
patients harbored in-frame deletions in exon 19, while 32 (45.1%)
had tumors harboring amino acid replacement in exon 21, L858R.
The objective response to first-line gefitinib was 78.9% [56/71: com-
plete response (CR) = 2, partial response (PR) = 54], and disease con-
trol rate was 90.1% (64/71).

Regimens and efficacy of second-line platinum-based

chemotherapy

Of the 82 patients treated with second-line therapy, 71 received
platinum-based chemotherapy, 54 (76.1%) received CBDCA/PTX,
7 (9.9%) received carboplatin and pemetrexed (CBDCA/PEM),
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4 (5.6%) received cisplatin and pemetrexed (CDDP/PEM), 3 (4.2%)
received carboplatin and gemcitabine (CBDCA/GEM), 2 (2.8%) re-
ceived carboplatin and paclitaxel and bevacizumab (CBDCA/PTX/
BEV) and 1 (1.4%) received cisplatin and vinorelbine (CDDP/VNR)
(Table 2).

Of the 71 patients receiving platinum-based chemotherapy after
first-line gefitinib, a partial response was documented in 25.4% (18/
71), stable disease in 43.7% (31/71) and progression of disease in
21.1% (15/71). The objective response and disease control rates
were 25.4% (18/71, 95% CI, 15.3–35.5%) and 69.0% (49/71,
95% CI, 58.2–79.8%), respectively. In the NEJ002 study, the object-
ive response for first-line platinum-based chemotherapy was 30.7%
(2). There was no significant difference in objective response between
first- and second-line chemotherapy for advanced NSCLC harboring

activating EGFRmutations (25.4%, vs. 30.7%, odds ratio 1.45, 95%
CI 0.75–2.81, P = 0.345).

Overall survival with first- and second-line

platinum-based chemotherapy

The median survival time of patients receiving platinum-based chemo-
therapy after first-line gefitinib was 28.9 months. In contrast, 112
(98%) patients received gefitinib after first-line CBDCA/PTX in the
CBDCA/PTX arm of the NEJ002 study. The median survival time
of these patients was 27.6 months. We compared MST of the patients
receiving platinum-based chemotherapy included chemotherapy other
than CBDCA/PTX after first-line gefitinib (Gefitinib→ Platinum
doublet chemo) with that of patients receiving gefitinib after first-line

Figure 1. Flowchart of the patients analyzed in this study.
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CBDCA/PTX (CBDCA/PTX→Gefitinib) to evaluate the difference
from the gefitinib treatment line (Fig. 2A). Therewas no significant dif-
ference in overall survival between first- and second-line chemother-
apy (hazard ratio 0.77, 95% CI 0.52–1.14, P = 0.188). In addition,
we compared MST of the patients receiving CBDCA/PTX after first-
line gefitinib (gefitinib→CBDCA/PTX) with that of patients receiving
gefitinib after first-line CBDCA/PTX (CBDCA/PTX→ gefitinib), but
these were not significantly different (Fig. 2B) (hazard ratio 1.03,
95% CI 0.69–1.52, P = 0.888).

EGFR mutation types and response to second-line

platinum-based chemotherapy

EGFR mutation types and the responses to second-line platinum-
based chemotherapy were analyzed. The objective responses to dele-
tions in exon 19 (19 Del) and a point mutation in exon 21 (L858R)
were 27.3% (9/33) and 28.1% (9/32), respectively, but these objective
responses were not significantly different (odds ratio 0.96, 95% CI
0.32–2.84, P = 0.841). In addition, we analyzed median survival
time for each major mutation. The median survival times were 32.7
months for 19 Del and 30.0 months for L858R, but these were not
significantly different (hazard ratio 1.17, 95% CI 0.62–2.21, P =
0.637) (Fig. 3). In contrast, there was no case showing complete or
partial responses in uncommon mutation types [0/6: stable disease
(SD) = 2, progressive disease (PD) = 3, NE = 1]. However, there was
no significant difference in objective response between common and
uncommon EGFR mutation types (P = 0.317).

The association between response to prior gefitinib

treatment and subsequent platinum-based

chemotherapy

We investigated the association of response to second-line platinum-
based chemotherapy with first-line gefitinib (Fig. 4). We categorized
patients into two groups according to their treatment response with
first-line gefitinib as follows: CRor PR cases for first-line gefitinib ther-
apy and SD or PD cases. As a result, CR or PR cases showed a high
objective response to second-line platinum-based chemotherapy com-
pared with SD or PD cases, but the difference between the two groups
was not significant (28% vs. 14%, odds ratio 2.4, 95% CI 0.482 to
11.95, P = 0.452).

Discussion

In this randomized Phase III study comparing gefitinib with CBDCA/
PTX as first-line treatment for advanced NSCLC harboring EGFR
mutations, we found that the efficacies of first and second-line
platinum-based chemotherapy were similar. Among these, there was
no significant difference in response and overall survival between 19
Del and L858R mutations. These results suggest that the efficacy of
platinum-based chemotherapy was comparable among those with
and without prior EGFR TKI therapy, indicating that second-line
platinum-based chemotherapy is sufficiently efficacious in advanced
NSCLC patients with EGFR mutations.

Many recently published studies showed favorable outcomes and
tolerance to first-line EGFR TKI therapy in patients with the above

Table 1. Patient characteristics

Characteristics Value

No of patients 71
Age (range) 63 (43–75)
Sex
Male 26
Female 45
Histologic type
Adenocarcinoma 64
Large cell carcinoma 1
Adenosquamous cell carcinoma 1
Others 5
Clinical stage
IIIB 9
IV 54
Post-operative recurrence 8
Smoking history
Yes 24
No 47
ECOG performance status
0 37
1 34
2 0
EGFR mutation type
Exon19 del 33
Exon21 L858R 32
Others 6
First-line gefitinib response
Complete response 2
Partial response 54
Stable disease 8
Progressive disease 6
Response that could not be evaluateda 1

ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth
factor receptor.

aBecause of exacerbation of mental illness.

Table 2. Regimens and response of second-line platinum-based chemotherapy in NEJ002

Second-line platinum-based
regimen

n (%) CR PR SD PD Response that could
not be evaluated

Response rate (%)
(95% CI)

Disease control rate (%)
(95% CI)

Total 71 0 18 31 15 7 25.4 (15.3–35.5) 69 (58.2–79.8)
CBDCA/PTX 54 (76.1) 0 16 23 12 3 29.6 72.2
CBDCA/PEM 7 (9.9) 0 1 2 2 2 14.3 42.9
CDDP/PEM 4 (5.6) 0 0 3 1 0 0 75.0
CBDCA/GEM 3 (4.2) 0 1 2 0 0 33.3 100
CBDCA/PTX/BEV 2 (2.8) 0 0 1 0 1 0 50.0
CDDP/VNR 1 (1.4) 0 0 0 0 1

CBDCA/PTX, carboplatin and paclitaxel; CBDCA/PEM, carboplatin and pemetrexed; CDDP/PEM, cisplatin and pemetrexed; CBDCA/GEM, carboplatin and
gemcitabine; CBDCA/PTX/BEV, carboplatin and paclitaxel and bevacizumab; CDDP/VNR, cisplatin and vinorelbine; CR, complete response; PR, partial
response; SD, stable disease; PD, progressive disease.
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Figure 2. Kaplan-Meier curves for overall survival in the patients receiving (A) platinum-based chemotherapy and (B) CBDCA/PTX after first-line gefitinib with that of

patients receiving gefitinib after first-line CBDCA/PTX.

Figure 3. Kaplan-Meier curves for overall survival in the patients with 19 Del

and L858R mutations.
Figure 4. Association of response to second-line platinum-based

chemotherapy with first-line gefitinib.
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mutations (2–6,11–14). On the other hand, it is not known whether
first-line platinum-based chemotherapy or such chemotherapy after
failure of first-line therapy with EGFR TKI can result in similar treat-
ment response outcomes. To our knowledge, the effect of second-line
platinum-based chemotherapy for advanced NSCLC harboring
EGFR mutations in a Phase III randomized trial has not been previ-
ously published. In Japanese randomized Phase III studies comparing
gefitinib with platinum-based chemotherapy as first-line treatment for
such cases, objective response and disease control rates were 30.7–
32.2% and 78.0–79.8%, respectively (2–4). In the present retrospect-
ive analysis, the objective response and disease control rates on
second-line platinum-based chemotherapy were 25.4% and 69.0%,
respectively. Though we did not evaluate other regimens because of
small numbers of cases, similar results were shown by analysis of car-
boplatin and paclitaxel cases only. These results were comparablewith
those reported in Phase III studies. In a similar previous study, Tseng
et al. (15) retrospectively analyzed 61 advanced chemonaïve patients
with EGFR-mutant lung adenocarcinoma and showed that prior
EGFR TKI therapy did not influence the efficacy of subsequent ther-
apy with pemetrexed plus platinum. These results indicated that first-
and second-line platinum-based chemotherapy resulted in similar
treatment responses in patients with EGFR mutations.

Previous randomized Phase III trials showed that EGFR TKIs are
extremely effective for advanced NSCLC patients harboring EGFR
mutations (1–6). In contrast, it is unknown whether differences in
EGFR mutation type result in different efficacy of platinum-based
chemotherapy. No retrospective study comparing responses of exon19,
exon 21 and other uncommon EGFR mutations has been reported
to date. In a recent study, Fang et al. reported relationships between
EGFR mutation types and survival (16). Patients with the exon 19
EGFR mutation tended to have a longer median survival time and
1-year and 2-year overall survival than those with the exon 21 EGFR
mutation (19.2 months, 90.6%, and 37.5% versus 17.8 months,
70.0%, and 30.0%, respectively), but the difference was not statistic-
ally significant. The objective response of these patients was not shown
in the retrospective analysis. Our study suggested that objective re-
sponse and disease control rate and overall survival were not different
among EGFR mutation types which may therefore not influence the
efficacy of platinum-based chemotherapy; furthermore, the difference
with the gefitinib treatment line did not influence survival.

Our study also indicated that a good response to first-line EGFR
TKI tended to favor a good response to second-line platinum-based
chemotherapy. However, there was no significant difference between
CR/PR and SD/PD cases treated with first-line EGFR TKI in NSCLC
patients with EGFR mutations. In a study by Tseng et al. (15), there
was no significant association between the efficacy of prior EGFR TKI
and subsequent therapy with pemetrexed plus platinum. Although our
results may have been influenced by the small sample size, they suggest
that neither efficacy of first-line EGFR TKI therapy nor EGFR muta-
tion type would influence the efficacy of subsequent platinum-based
chemotherapy.

The present study has several limitations. First, it was a retrospect-
ive study with selected groups of patients. For this reason, almost all
patients received CBDCA-based rather than CDDP-based regimens.
Second, since this was a retrospective study, we did not include the
evaluation of progression-free survival and confirmed response in
the protocol in the second-line setting, as we were unable to obtain
these data. In addition, responses to second-line chemotherapy were
assessed by the individual investigator in each institution. Consequent-
ly, these factors might have influenced the evaluation of efficacy in the
second-line treatment. Third, we failed to detect a significant

difference of efficacy in the treatment line and EGFR mutation
types, which may have been a result of the small sample size. There-
fore, caution should be used when comparing our results with those
of other studies.

In conclusion, we found that platinum-based chemotherapy ap-
peared to be of benefit as a second-line treatment after gefitinib failure
presented in patients with EGFR mutations. Our analysis indicated
that the efficacy of second-line chemotherapy was similar to that of
first-line chemotherapy, and EGFR mutation types did not influence
the survival and efficacy of platinum-based chemotherapy. Future pro-
spective studies with larger numbers of patients are warranted to de-
finitively elucidate any differences in efficacy between treatment lines.
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