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Abstract
Background: This study was conducted to evaluate the efficacy and safety of
paclitaxel-carboplatin combined with intercalated gefitinib in patients with
advanced, untreated, nonsquamous non-small cell lung cancer.
Methods: A total of 29 patients were enrolled in the study. All patients were
Chinese, with a histology type of adenocarcinoma, without a smoking history, and as
a result of the limited tissue sample, an epidermal growth factor receptor (EGFR)
mutation test could not be performed. All patients received chemotherapy of
paclitaxel-carboplatin every 21 days for four cycles, and gefitinib (250 mg/day) was
administered on days eight to 17 of the chemotherapy cycle. If the patient responded
to chemotherapy, maintenance therapy of 250mg of gefitinib could be administered
daily.
Results: All of the 29 patients received at least one cycle of chemotherapy and
gefitinib, and 25 patients received four cycles of therapy. Eighteen patients selected
maintenance therapy with gefitinib. The objective response rate was 74.1% (95%
confidence interval, 53.7% to 88.9%). No complete response was achieved. The
median progression-free survival was 16 months, however, the median overall sur-
vival was not available by the conclusion of the study. The major adverse event was
hematologic toxicity.
Conclusions: The regimen of paclitaxel-carboplatin combined with intercalated
gefitinib showed a high response rate and a favorable safety profile. Gefitinib main-
tenance therapy was proven to be beneficial. This study proposes a good pattern of
chemotherapy combined with EGFR tyrosine kinase inhibitors.

Introduction

Small-molecule epidermal growth factor receptor (EGFR)
tyrosine kinase inhibitors (TKIs), such as gefitinib and
erlotinib, are important target drugs for the treatment of
advanced non-small cell lung cancer (NSCLC). The EGFR
gene mutation status determines the efficacy of these drugs,
which has been confirmed by the results of the IPASS,1

NEJGSG002,2 and WJTOG 34053 studies. Gefitinib has been
approved as the first line treatment for NSCLC patients with
sensitive EGFR gene mutation status. However, in clinical
practice, because of limited tissue samples or technique,

EGFR gene mutation can only be detected in a portion of
patients. Chemotherapy remains the standard first-line treat-
ment for patients whose EGFR gene mutation status is
unknown.

Earlier clinical studies indicate that patients with some
clinical characteristics (oriental, female, non-smokers and
adenocarcinoma histology) are more likely to benefit from
EGFR-TKIs.4–6 Further molecular biology studies7–9 indicate
that these clinical features are generally consistent with
patients with EGFR gene mutations. The IPASS study showed
the response rate of the gefitinib monotherapy was 43.0%
in this population, similar to the efficacy of the standard
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first-line chemotherapy. Therefore, if the EGFR gene muta-
tion test is not possible, a rational substitute may be to select
appropriate patients by their clinical characteristics. These
patients also have the right and the opportunity to receive
EGFR-TKI treatment.

Chemotherapy combined with TKIs represents a tempting
option because patients may benefit from both treatments.
Additive or synergistic activities of EGFR-TKIs and several
chemotherapeutic drugs have been seen in preclinical
models.10–12 Selecting patients sensitive to EGFR-TKIs and
using EGFR-TKIs between chemotherapy cycles may be a rea-
sonable strategy. In fact, a phase II and a phase III study,13,14

which used erlotinib between gemcitabine-cisplatin cycles,
showed improved survival.

In this prospective study, we evaluated the efficacy and
safety of intercalated gefitinib with paclitaxel-carboplatin in
advanced untreated NSCLC patients. These patients were
selected by clinical characters (oriental, non-smokers, and
non-squamous cell carcinoma), as their EGFR gene mutation
status was unknown as a result of the limited tissue samples.

Patients and methods

This prospective study was an open-labeled, non-
randomized and single-arm phase II trial. All patients were
from China with advanced NSCLC and meet the following
criteria: histopathologically or cytologically confirmed
NSCLC, with the exclusion of squamous cell carcinoma; the
EGFR mutation test could not be performed because of a
limited tissue sample; no smoking history; untreated patients
with stage IIIb or IV who were not suitable for surgery or
radiotherapy, or patients with postoperative recurrence who
had never been treated by chemotherapy; age ≥18 years;
Eastern Cooperative Oncology Group (ECOG) score 0–1
points; absolute neutrophil count (ANC) ≥ 2 × 109/L; platelet
count ≥100 × 109/L; alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) ≤ 1.5 times the upper limit
of normal levels; total bilirubin (TP) ≤ 1.5 times the upper
limit of normal levels; serum creatinine level is within the
normal range; for female patients, the serum β-hCG preg-
nancy test should be negative at screening; and subjects must
sign prior informed consent documents. The exclusion crite-
ria included: a history of treatments for other malignant
tumors within one year prior to enrolment; patients who
received other drugs under study or medical devices within
one month prior to the present study; and symptomatic
patients with brain metastases.

Treatments

All patients were treated with paclitaxel-carboplatin and
gefitinib. The program was as follows: paclitaxel 175 mg/m2

on day one, carboplatin AUC = 5 on day two, and gefitinib

250 mg daily on days eight to 17 of a 21 day cycle for four
cycles. The patients who achieved complete remission (CR),
partial remission (PR), or stable disease (SD) after four cycles
could continue gefitinib maintenance therapy, depending on
their intentions. Maintenance therapy of gefitinib 250 mg/
day was discontinued when disease progression or intolerable
toxicity occurred. In cases where a grade 3/4 adverse event
occurred, two paclitaxel or carboplatin dose reductions (from
100% to 75% or from 75% to 50%) were allowed. If the
adverse events did not cease, chemotherapy and gefitinib
administration were postponed for a maximum of 14 days.

Assessments

The primary endpoint of the study was objective response
rate (ORR), and the secondary endpoint was progression-free
survival (PFS) and overall survival (OS). Tumor assessments
were performed every two cycles, and every two months
during maintenance therapy. Tumor response was deter-
mined by Response Evaluation Criteria in Solid Tumors
(RECIST1.1). PFS and OS were assessed from day one of the
first cycle to the date of patient death or the date of objective
disease progression. Death was considered a progression
event in patients who died before disease progression
occurred. Patients without documented death or objective
progression at the time of the final analysis were censored at
the date when they were last known to be alive or of their last
objective tumor assessment, respectively.

Statistical analysis

At the time of the study, the response rate of first-line chemo-
therapy regimens was about 30%.1,15–18 The IPASS study1

showed that 43% of the patients who were selected on the
basis of clinical characteristics responded to EGFR-TKIs.
According to this data, our study assumed chemotherapy of
paclitaxel-carboplatin and the gefitinib monotherapy in this
population could produce a response rate of 35% and 40.0%,
respectively. Therefore, the response rate of a combination of
chemotherapy and gefitinib should be more than 60% if
additive or synergistic effects existed. This study assumed the
two kinds of therapy were synergic, and the response rate of
60% was set as the cut-off value, assuming the unilateral sta-
tistically significant level was α = 0.05, in 80% power of the
test (1-β). Using the Simon Mini-max design of the two-stage
method, a total of 26 eligible cases were required on the basis
of the study design assumption. If more than 13 patients
responded, the desired hypothesis was considered to have
been achieved, meaning that paclitaxel-carboplatin with
intercalated gefitinib improved the efficacy, and further
expansion of the research was required.

The objective response rate and 95% confidence interval
(CI) were calculated by an approximate normal distribution
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method. The median PFS and OS were calculated, and sur-
vival curves were mapped out by the Kaplan-Meier method
using SPSS 13.5. Adverse events were summarized for all
patients who received at least one dose of the drugs.

Results

Patients

A total of 29 patients were enrolled between May 2009 and
March 2010. The last follow up date was 1 January 2012. The
median follow-up duration was 22 months. All patients were
Chinese, and their demographic data is shown in Table 1.

All 29 patients received at least one cycle of chemotherapy
and gefitinib. Of these, one patient withdrew his informed
consent after one cycle without providing a reason, and
another patient died of hemoptysis, which was considered
unrelated to the chemotherapy or gefitinib. Finally, a total of
27 patients received combined therapy for at least two cycles.
Of the 27 patients, 25 patients received four cycles of com-
bined therapy and 18 patients selected subsequent mainte-
nance therapy with gefitinib.

Efficacy

Of the 29 patients, 27 patients were eligible for tumor
response assessment. The objective response rate was 74.1%

(95% CI, 53.7% to 88.9%), indicating that the hypothesis of
synergistic activities was probably true. The response rates
were 48.1% after two cycles of therapy, and 74.1% after four
cycles. The disease control rate (DCR) was 88.9% (95% CI,
70.8% to 97.7%) after four cycles. During the gefitinib main-
tenance therapy period, the tumor size continued to reduce in
10/18 patients. The changes in tumor size after two and four
cycles of therapy are shown in Figures 1 and 2.

The median follow-up period was 22 (1.5–32) months for
all patients. The median PFS was 16 (1.5–32) months,
however, the median OS was not available by the conclusion
of the study. One-year PFS was 53.1% ± 9.5% and OS was
82.1% ± 7.2%, which were better results than those of past
studies, even in the EGFR mutation positive population. Two-
year PFS was 43.2% ± 10.2% and OS was 63.5% ± 9.2%. The
PFS and OS curve are shown in Figure 3.

The median duration of gefitinib maintenance therapy was
19 (2–29) months in the 18 patients. The median PFS and OS
of these patients were not available by the conclusion
of the study. One year PFS was 72.2% ± 10.6% and OS was
94.4% ± 5.4%. Two year PFS was 58.3% ± 12.5% and OS was

Table 1 Patient characteristics (n = 29)

No. %

Gender
Female 26 89.7
Male 3 10.3

Age, years
Median 52
Range 23 to 73

Cancer stage
IV 22 75.9
IIIB 5 17.2
Relapse 2 6.9

ECOG performance status
0 21 72.4
1 8 27.6

Histology
Adenocarcinoma 28 96.6
Bronchioloalveolar carcinoma 1 3.4

Prior smoking history
Never 27 93.1
Light passive smoking 2 6.9

Diagnostic method
Fiber optic bronchoscope biopsy 14 48.2
Hydrothorax cytology 4 13.8
Sputum cytology 3 10.3
Per cutem pneumocentesis 6 15.4
Relapse postoperative 2 6.9

ECOG, Eastern Cooperative Oncology Group.
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Figure 1 Tumor size (% change against the baseline after two cycles of
treatment, n = 27).
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Figure 2 Tumor size (% change against the baseline after four cycles, n =
25).
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77.8% ± 9.8%. The survival curves of the patients with
gefitinib maintenance therapy are shown in Figure 4.

Toxicity

Most of the adverse events experienced by the patients were
consistent with the known toxicities of the chemotherapy
agents. The main adverse events were hematologic. Grade
III/IV leukopenia and neutropenia accounted for 57.1% and
78.6%, respectively, but no neutropenic infection occurred.
Gefitinib maintenance therapy is a safe treatment. Gefitinib-
associated skin events were mild. Drug-related adverse events
are shown in Table 2.

Three serious adverse events (SAE) occurred during the
combination therapy period. One patient died from serious
hemoptysis after two cycles of therapy, which was considered
unrelated to the therapy.Another patient underwent a serious
hyponatremia after two cycles of therapy; the reason for this
development could not be ascertained. A third patient devel-

oped a vein thrombosis of the lower extremities and was hos-
pitalized, but finally completed four cycles of treatment. Two
(7.2%) patients dropped out of the study because of adverse
events.

Discussion

The IPASS study and several other trials1–3 have demonstrated
that EGFR-mutation status is the most important predictor
in determining whether to use EGFR TKIs in first line treat-
ment of NSCLC. However, because of sample and technical
availability, it is impossible to detect EGFR gene-mutation for
all lung adenocarcinoma patients. Although several very sen-
sitive techniques can be used for detecting EGFR gene
mutation,19–21 they are not universally available in clinical
practice. Earlier trials4,7–9 found that some clinicopathologic
features could help identify patients who have a higher likeli-
hood of EGFR gene mutation. At present, for those patients
whose EGFR gene-mutation status could not be detected,
clinical characteristics (including oriental origin, no smoking
or light smoking, and non-squamous carcinoma histology)
may help to determine which patients could benefit from
EGFR-TKIs, and 40%-50% of them would respond to EGFR-
TKI treatment.1,22,23

Of course, a better solution is patients could benefit from
both conventional chemotherapy and EGFR-TKIs. The
results of earlier trials15–18 suggest that we need to find an
appropriate way of combining chemotherapy and EGFR-
TKIs. To avoid probable drug interference or antagonistic
effects because of concomitant use of EGFR-TKIs and che-
motherapy, it would be a good idea to use EGFR-TKIs
between chemotherapy cycles, or as a maintenance treatment
following chemotherapy. In this study, we used paclitaxel-
carboplatin instead of gemcitabine-cisplatin as the chemo-
therapy regimen, because it was also the standard first-line
regimen, and paclitaxel showed synergistic effects with
gefitinib in preclinical research.10–12 Therefore, we decided
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Figure 3 Progression-free survival (PFS) and overall survival (OS) curves
(n = 29).
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Figure 4 Survival curves of the patients with gefitinib maintenance
therapy (n = 18).

Table 2 Drug-related toxicities

Grade I/II Grade III/IV

Leukopenia 96.4% 57.1%
Neutropenia 92.9% 78.6%
Anemia 46.4% 0
Thrombopenia 10.7% 0
Nausea and vomiting 48.3% 3%
Neuropathy-sensory 37.9% 0
Acne-like rash 31% 0
ALT or AST 25% 3.6%
Alopecia 25% 0
Diarrhea 3.6% 0
Thrombotic 0 3.6%

ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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that paclitaxel-carboplatin was a more suitable combination
for gefitinib than gemcitabine-cisplatin. Patients received
paclitaxel-carboplatin every 21 days and gefitinib on days
eight to 17 for 10 days. There was a four to seven day interval
between cytotoxic drugs and EGFR-TKIs. This should be long
enough to avoid reducing the sensitivity of chemotherapy as a
result of EGFR-TKIs blocking tumor cell proliferation.

This new regimen showed a high response rate and DCR,
suggesting that paclitaxel-carboplatin combined with
gefitinib could enhance the response rate. According the sta-
tistical hypothesis of this study, if the response rate was more
than 60%, the combination of chemotherapy and gefitinib
had a synergistic effect. Further, the majority of patients who
received gefitinib maintenance therapy had an optimistic PFS
and OS. All adverse events were predictable from the safety
profiles of paclitaxel-carboplatin and gefitinib. There was no
significant increase in adverse events of chemotherapy com-
bining gefitinib than for chemotherapy alone. The results
confirmed that this regimen had a favorable safety profile.

This study proposed a good pattern of chemotherapy com-
bined with EGFR-TKIs. The patients with an unknown EGFR
gene status would also have the opportunity to use EGFR-
TKIs. But the sample of this study was small, and no contrast
group of chemotherapy or gefitinib alone was designed.
Further studies are needed to confirm the value of this
regimen. In addition, it also can be studied in the following
aspects. Because of the high response rate of this regimen, it
may become a promising new-adjuvant therapy regimen.
Moreover, for the patients who benefitted from disease
control by EGFR-TKIs, once the disease progresses slowly or
local progression appears, maintaining EGFR-TKIs therapy
while adding a new chemotherapy may be a sound and suc-
cessful treatment option.
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