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Purpose: Both epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs) and
chemotherapy are widely applied for the treatment of advanced non-small-cell lung cancer
(NSCLC) with EGFR mutations, and the combination of EGFR-TKIs and chemotherapy has
been used for advanced NSCLC patients; however, little is known about the efficacy of the
direct comparison among them.

Patients and methods: The demographic and clinical characteristics of 92 patients harboring
advanced NSCLC with EGFR mutation were retrospectively reviewed. We evaluated the effects
of EGFR-TKIs, chemotherapy, and EGFR-TKIs plus chemotherapy on advanced NSCLC patients
with EGFR mutations, and the efficacy of combination of chemotherapy and EGFR-TKIs vs
chemotherapy or EGFR-TKISs alone in advanced NSCLC patients was evaluated.

Results: The statistical results showed that the intercalated combination of EGFR-TKIs
plus chemotherapy significantly improved progression-free survival (PFS; HR, 1.76; 95% CI
1.03-3.01; P=0.036; median, 20.5 vs 16 months) compared with EGFR-TKI monotherapy,
but no difference in overall survival (OS) was observed between these two groups (HR, 1.52;
95% CI 0.81-2.83; P=0.19; median, 36 vs 29 months). However, patients who received the
combination of chemotherapy and EGFR-TKIs had longer PFS (HR, 2.78; 95% CI 1.57-4.93;
P<0.0001; median, 20.5 vs 12 months) as well as OS (HR, 2.86; 95% CI 1.56-5.27; P=0.001;
median, 36 vs 18 months) than those who received chemotherapy alone. Toxicities were mild
among the three treatment groups. Rash and diarrhea were common adverse events (AEs) in
the EGFR-TKI group, anemia and nausea in the chemotherapy group, and anemia and diarrhea
in the combination group.

Conclusion: This study demonstrated that the combination of chemotherapy with EGFR-TKIs
as first-line treatment has a significant effect on PFS in patients with advanced NSCLC whose
tumors harbor activating EGFR mutations. The combination treatment had more toxicity, but
was clinically manageable.

Keywords: non-small-cell lung cancer, epidermal growth factor receptor-tyrosine kinase inhibi-
tor, chemotherapy, adjuvant therapy, retrospective study

Introduction
Although significant progress was made in the treatment of non-small-cell lung cancer
(NSCLC) in the past 2 decades, current standard chemotherapy options for advanced
NSCLC seem to have reached a plateau in terms of efficacy.'? Therefore, new thera-
peutic options are necessary.

Targeted therapies are actively being developed to improve efficacy in selected
patient populations. EGFR-tyrosine kinase inhibitors (EGFR-TKIs), such as erlotinib
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or gefitinib, have been found to induce marked clinical
improvement in patients with EGFR-mutated NSCLC. Many
randomized trials showed that first-line EGFR-TKIs are
superior to standard chemotherapy as first-line treatment for
patients with EGFR mutations, which has been developed
and considered as the standard treatment for patients with
EGFR mutant tumors.*”” Despite the benefits of EGFR-TKIs
in the treatment of NSCLC patients with an EGFR mutation,
the prognosis of advanced NSCLC remains poor. To achieve
better survival benefit for advanced NSCLC patients, the
addition of EGFR inhibitors to standard chemotherapy has
become the new focus and was used in clinical treatment,
but the results of many studies have been controversial. Most
previous clinical trials showed no significant improvement
of survival by combining EGFR-TKIs and chemotherapy in
unselected advanced NSCLC patients.®'? By contrast, other
clinical trials showed the superior efficacy of the combina-
tion of chemotherapy and EGFR-TKIs over chemotherapy
alone."’'® Whether the combination of EGFR-TKIs and
chemotherapy mode is superior to EGFR-TKIs alone or che-
motherapy alone in advanced NSCLC remains controversial.

Based on the abovementioned clinical trial results, we
retrospectively evaluated to verify whether the intercalated
combination of chemotherapy and EGFR-TKIs is superior
to chemotherapy alone or EGFR-TKIs alone in the treatment
of advanced NSCLC. Otherwise, all the participants in this
study had the positive EGFR mutation gene, and this can
eliminate the intergroup difference.

Patients and methods

Patients’ characteristics

We retrospectively reviewed the records of 92 patients with
EGFR mutation-positive NSCLC in Tangdu Hospital (Xi’an,
China) from January 2010 to December 2014. Criteria for use
of patients’ data included the provision of signed informed
consent for EGFR mutation analysis, a diagnosis of stage I1Ib
or IV or recurrent NSCLC with a proven EGFR mutation.
The study was approved by the review board of the Fourth
Military Medical University. Written informed consent was
obtained from each patient prior to testing. Other inclusion
criteria were having adequate hematological function, liver
or renal function, and weight loss <5% over the previous
3 months. Patients were excluded when they had previ-
ous chemotherapy, biologic therapy, immunologic therapy,
thoracic irradiation, or incomplete resection of the tumor
(patients who had undergo sleeve or wedge resection of the
lung tumor were not included in this study). Patients with a
history of cardiac disease, prior malignancy, active infection,

and coexisting serious unstabilized disease also were ineli-
gible. Tumor histology was classified by the criteria of the
third WHO/International Association for the Study of Lung
Cancer (IASLC). Tumor stages were determined using ver-
sion 7 of the IASLC. The histological subtypes of all patients
were reassessed by at least two pathologists.

Treatment

Patients with advanced NSCLC harboring EGFR mutations
were assigned to three treatment groups. The EGFR-TKI
group consisted of 31 patients treated with EGFR-TKIs as a
single agent (22 patients received erlotinib 150 mg per day
and nine patients received gefitinib 250 mg per day). The
chemotherapy group consisted of 29 patients who received
chemotherapy as a single agent (docetaxel 75 mg/m? plus
cisplatin 75 mg/m? every 21 days for four cycles). The
combination group consisted of 32 patients who received
chemotherapy (docetaxel 75 mg/m? plus cisplatin 75 mg/
m? day 1, every 21 days for four cycles) with intercalated
EGFR-TKIs (24 patients received erlotinib 150 mg per day
and eight patients received gefitinib 250 mg per day). Patients
continued to receive EGFR-TKIs or chemotherapy until
progression or unacceptable toxicity or death.

EGFR mutation analysis

EGFR mutation testing was performed using an ampli-
fied refractory mutation system (ARMS), following the
protocol of the AmoyDx EGFR Gene Mutation Detection
Kit (Amoy Diagnostics, Xiamen, China), which covers
29 EGFR mutation hotspots from exons 18-21. The assay
was carried out according to the manufacturer’s instruc-
tions using the MX3005P (Stratagene, La Jolla, CA, USA)
real-time PCR system. The results were analyzed according
to the criteria defined by the manufacturer’s instructions.
Positive results were defined as Ct (sample) — Ct (control)
< Ct (cutoff).

Assessments

Follow-up information was collected every 2 months dur-
ing the first 6 months after treatment, then every 3 months
between 6 and 36 months, and thereafter every 6 months until
death. Follow-up examinations involved patients who had
a history of cardiac diseases and who underwent, physical
examination, hematology, postoperative computed tomogra-
phy (CT) of the chest, biochemistry, a chest radiograph, upper
abdomen, and adverse events (AEs). All AEs were recorded
and graded according to the Common Terminology Criteria
for Adverse Events, version 3.0.
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Statistical analyses

The aim of this study was to assess the efficacy of EGFR-
TKI, chemotherapy, and their combination in patients
with advanced NSCLC with EGFR mutations. The char-
acteristics of patients were analyzed with the ANOVA
test among the three groups. Overall survival (OS) and
progression-free survival (PFS) were defined as the time
from assignment to time of death from any cause and
time of documented local or distant recurrence of the
initial cancer, respectively. The probability of PFS or OS
was estimated using the Kaplan—Meier method, and the
survival curves were compared using the log-rank test.
HRs and 95% CIs were estimated by Cox regression. All
hypothesis tests were two-sided. All statistical analyses
were performed using SPSS 18.0.

Results

Patients’ characteristics

From January 2010 to December 2014, 336 patients with
advanced stage were tested for EGFR mutation. Of these
patients, 165 had EGFR mutation. After screening, 73
patients were excluded. The remaining 92 patients with
advanced stage harboring EGFR mutation were enrolled
into the study (Figure 1). A summary of patient baseline
characteristics was well balanced across the treatment groups
(Table 1). According to patients’ characteristics, 57 (62%) of
the patients were female, and the median age was 55 (range,

37-77) years in the EGFR-TKI group, 53 (range, 36—76)
years in the chemotherapy group, and 57 (range, 36-79)
years in the EGFR-TKI with chemotherapy group. Sixty-nine
(75%) of the patients were non-smokers. The most common
histology type was adenocarcinoma (91%). Most patients
had a performance status of 0 or 1 (76%).

The intercalated combination of
chemotherapy and EGFR TKiIs versus

chemotherapy alone

A clinical benefit analysis was performed in 61 patients in
the combination group and the chemotherapy group. As
compared with the chemotherapy group, patients of the com-
bination group had longer PFS (HR, 2.78; 95% CI 1.57-4.93;
P<0.0001; median, 20.5 vs 12 months), and there was a
significant difference in OS (HR, 2.86; 95% CI 1.56-5.27;
P=0.001; median, 36 vs 18 months) (Figure 2A and B).

The intercalated combination of
chemotherapy and EGFR TKiIs versus
EGFR TKI monotherapy

Sixty-three patients were included in the clinical benefit
analysis, which compared the combination group with the
EGFR-TKI group. There was a significant difference in PFS
in the combination group when compared with the EGFR-
TKI group (HR, 1.76;95% CI 1.03-3.01; P=0.036; median,
20.5 vs 16 months), but no difference in OS was observed

mutation

448 NSCLC patients
tested for EGFR

267 had no EGFR

mutation or non-
adenocarcinoma

mutation

180 had EGFR

88 excluded

12 lost to follow-up

50 received no treatment
26 had other treatments

92 eligible for the

Figure | Scheme for screening and analysis of patients.
Abbreviations: NSCLC, non-small-cell lung cancer; TKI, tyrosine kinase inhibitor.

study
31 received 29 received 32 received
EGFR-TKI alone chemotherapy alone chemotherapy with
EGFR-TKI
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Table | Basic clinical characteristics of patients
Characteristics EGFR-TKI Chemotherapy Chemotherapy-
group group EGFR-TKI group
Age (years)
Median 55 (37-77) 53 (36-76) 57 (36-79)
Gender
Female 18 20 19
Male 13 9 13
Smoking status
Non-smoker 18 24 27
Smoker? 13 5 5
ECOG score
0-I 24 18 28
2-3 7 I 4
Stage of disease
i 4 4 5
v 27 25 27
Histological subtype
Adenocarcinoma 30 24 30
Non-adenocarcinoma | 5 2
Mutation types
Exon 19 18 I 20
Exon 21 12 I 10
Others | 7 2

Note: *A person who smoked more than 100 cigarettes in his/her past history was defined as an ever smoker.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; TKI, tyrosine kinase inhibitor.
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Figure 2 Kaplan—Meier survival curves for progression-free survival (A) and overall survival (B).

Abbreviation: TKI, tyrosine kinase inhibitor.

between these two groups (HR, 1.52; 95% CI 0.81-2.83;
P=0.19; median, 36 vs 29 months) (Figure 3A and B).

We used Cox multivariate regression analysis to deter-
mine factors influencing survival. The results showed that the
combination group treatment was an independent prognostic
factor (Table 2). In addition, EGFR mutations were divided
into exon 19 deletions, exon 21 mutations, and other muta-
tions. We also found no significant difference in PFS (P=0.06)
or OS (P=0.20) for mutations on different exons.

Comeparison of EGFR TKI exposure time
We divided EGFR TKI exposure time into three periods
(Table 3). In the EGFR-TKI group, the median PFS in

the three groups was 13, 15, and 18 months, respectively.
Although patients who received adjuvant EGFR-TKIs for
more than 18 months had longer PFS than those who did not,
no significant difference in median PFS (P=0.15) was noted in
the EGFR-TKI group. In the combination group, the median
PFS in the three groups was 17, 22.5, and 24 months, respec-
tively. No statistical significance in median PFS (P=0.54) was
noted among these three groups.

Safety

The patients who received at least one dose of treatment
were included in the safety analysis. Most AEs were clini-
cally manageable. The most commonly reported AEs of
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Figure 3 Kaplan—Meier survival curves for progression-free survival (A) and overall survival (B).

Abbreviation: TKI, tyrosine kinase inhibitor.

Table 2 Cox proportional hazard model for PFS and OS

Variables PFS oS
HR (95% CI) P-value HR (95% CI) P-value

Age (years) 1.252 (0.816-1.920) 0.304 1.147 (0.704-1.868) 0.583
Sex 1.112 (0.717-1.724) 0.634 1.187 (0.717-1.965) 0.506
Smoking history 0.616 (0.375-1.010) 0.055 0.667 (0.393-1.134) 0.135
Stage of disease 0.423 (0.210-0.853) 0.016 0.487 (0..210-1.130) 0.094
Histological subtype 0.509 (0.220-1.175) 0.114 0.477 (0.191-1.191) 0.113
ECOG score 0.576 (0.352-0.943) 0.028 0.692 (0.398-1.203) 0.192
EGFR-TKIs plus chemotherapy/chemotherapy 2.785 (1.574-4.931) 0.000 2.862 (1.556-5.267) 0.001
EGFR-TKIs plus chemotherapy/EGFR-TKIs 1.767 (1.038-3.008) 0.036 1.516 (0.812-2.829) 0.192

Abbreviations: ECOG, Eastern Cooperative Oncology Group; OS, overall survival; PFS, progression-free survival; TKI, tyrosine kinase inhibitor.

Table 3 Comparisons of EGFR-TKI exposure time

Months EGFR-TKI, n (%) Chemotherapy +
EGFR-TKI, n (%)

18 16 (51.61) 16 (50)

12<t<I8 9 (29.03) 7 (21.87)

6<t<I2 6 (19.35) 9 (28.13)

Abbreviation: TKI, tyrosine kinase inhibitor.

any grade were anemia, rash, neutropenia, nausea, appetite,
and diarrhea (Table 4). Rash (25.8%) and diarrhea (32.2%)
were more common AEs in the EGFR-TKI group, while
anemia (37.9%) and nausea (41.4%) were more common in
the chemotherapy group and diarrhea (34.3%) and anemia
(37.5%) were more common in the combination group. Most
reported AEs were grade 1/2; however, grade 3/4 AEs were
6.5% in the EGFR-TKI group, 17.2% in the chemotherapy
group, and 15.6% in the combination group. There was no
treatment-related death in the three groups.

Discussion
Over the last decade, major progress has been made in
systemic therapies to improve the length of good-quality

survival in patients with advanced NSCLC. Chemotherapy
has been the standard treatment for NSCLC. Furthermore,
TKI therapy has brought major progress in the treatment of
patients selected with a molecular marker for their oncogene
addiction. Single agent of EGFR-TKISs, either erlotinib or
gefitinib, has been demonstrated to be superior to chemo-
therapy and recommended by NCCN guideline for first-line
treatment for EGFR mutation-positive patients.”'*!¢!7 In
recent years, the success of immunotherapy has highlighted
the potential of immune-based therapeutic approaches for
NSCLC.'®! Moreover, the inhibition of the EGFR, such
as cetuximab, is a new strategy in the treatment of various
solid tumors.

The recent breakthroughs with EGFR-TKIs in the
NSCLC seem to be the way forward, but patients inevitably
developed resistance to these EGFR inhibitors and present
a considerable challenge to optimal clinical advancement.
EGFR inhibition was reported to promote epithelial-mes-
enchymal transition (EMT), increase the number of cancer-
associated fibroblasts, and activate Notch expression.?
Recently, some studies showed a direct correlation between
EGFR and Notch signaling pathways in multiple types
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Table 4 Most commonly reported adverse events

Variables EGFR-TKI group Chemotherapy group EGFR-TKIs plus chemotherapy

(N=31) (N=29) group (N=32)

All grades Grade 23 All grades Grade 23 All grades Grade 23
Leukopenia 1 3.2) 0 (0) 7 (24.1) | (3.4) 5(15.6) 0(0)
Neutropenia 2 (6.5) 0 (0) 9 (3l) | (3.4) 6 (18.7) 1 (3.1)
Anemia | 3.2) 0 (0) 11 (37.9) 1 3.4) 12 (37.5) 1 (3.1)
Thrombocytopenia 0 (0) 0 (0) 6 (20.7) 0 (0) 4 (12.5) 0(0)
Rash 8 (25.8) 1 (3.2 9 (1) 0 (0) 9 (28.1) I 3.1)
Diarrhea 10 (32.2) 1 (3.2 6 (20.7) 0(0) Il (34.3) 1 3.1
Nausea 0 (0) 0 (0) 12 (41.4) 1 (3.4 10 (31.2) 0 (0)
Vomiting 4 (12.9) 0 (0) 5(17.2) 1 (3.4 4 (12.5) 0(0)
Cough 6 (19.4) 0 (0) 4(13.8) 0(0) 3(9.37) 0(0)
Fatigue 6 (19.4) 0(0) 8 (27.6) 0(0) 7 (21.8) 0(0)
Appetite 5(le.l) 0(0) 10 (34.5) 0(0) 5(15.6) 1 3.1)
Constipation 1 (3.2 0(0) 0(0) 0(0) 0(0) 0(0)

Abbreviation: TKI, tyrosine kinase inhibitor.

of cancers.?'> However, EGFR resistance mechanism is
extremely complex and need further research. So researchers
attempted to improve the efficacy by adding other adjuvant
therapies to the treatment regimen or seek new treatment
methods.

This study demonstrated that the combination group
prominently increased the survival benefit of the treatment
of advanced NSCLC with EGFR mutation. Compared with
the chemotherapy group, the combination group signifi-
cantly improved OS and PFS in advanced NSCLC patients
with EGFR mutation. The median PFS (20.5 vs 12 months)
and OS (36 vs 18 months) of the patients in the combination
group were nearly doubled than in the chemotherapy group.
Several prospective randomized trials have previously
examined the benefit of combining chemotherapy and an
EGFR TKI. In unselected patients with advanced NSCLC,
Phase III trials have found the combination of TKI and
platinum-based chemotherapy to be not better than first-line
chemotherapy alone.®'*!'* This may be caused by several
factors, one possible mechanism for the failure to signifi-
cantly benefit from small-molecule TKIs was that patients
were not screened and selected for their capability to derive
clinical efficacy from EGFR inhibitors, in addition to other
factors including type and sequence of administration of the
agents, as well as study design. In some other studies,'®*
researchers who were concerned about antagonism between
the combination of chemotherapy and EGFR inhibition
proposed that pharmacodynamic separation of chemo-
therapy and erlotinib might improve the effectiveness of the
combination. The study by Aerts et al>* was different from
this study in that combination chemotherapy planed up to

four cycles followed by erlotinib maintenance monotherapy
until disease progression. This study revealed that the com-
bination regimen significantly prolonged the median OS
compared with erlotinib alone (8.7 vs 5.5 months; P=0.02)
but not the median PFS (7.2 vs 4.9 months; P=0.10). But
there are insufficient data at present to determine the best
approach for this combinatorial strategy, and randomized
studies have not provided a clear path for development yet.
Therefore, more research studies are required to gain a clear
understanding of the reasons.

As shown, the results presented in this study are also con-
sistent with some newer data, which reported that the combi-
nation treatment enhances the activity over a single agent. Ina
recent meta-analysis that compared TKIs plus platinum-based
doublet chemotherapy (PBDC) with PBDC alone, the results
showed that the combined regimen marginally improved the
PFS compared with PBDC alone.?® Pawel et al*’ demonstrated
that compared with tri-weekly pemetrexed alone, combina-
tion with daily 150 mg of erlotinib significantly improved
both the median PFS (3.2 vs 2.9 months; P<0.01) and OS
(11.8 vs 7.8 months; P=0.019). In FASTACT-IL" PFS was
significantly prolonged with chemotherapy plus erlotinib vs
chemotherapy plus placebo (7.6 vs 6.0 months; P<0.0001),
and median OS for patients in the chemotherapy plus
erlotinib and chemotherapy plus placebo groups was 18.3
and 15.2 months, respectively (P=0.042). A meta-analysis
demonstrated that in chemotherapy plus EGFR-TKIs there
was significant improvement in OS and PFS compared with
chemotherapy alone in advanced NSCLC patients with EGFR
mutation-positive tumor.?® These findings demonstrated
that the EGFR mutation status may serve as a biomarker to

188 submit your manuscript

Dove

Biologics: Targets and Therapy 2018:12


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Efficacy of EGFR-TKIs in NSCLC patients with EGFR mutation

identify patients who can benefit the most from the combi-
nation therapy. In other words, these data also demonstrate
that intercalated therapy is the most effective combinatorial
strategy for NSCLC patients with EGFR mutation, especially
those who have little benefit from EGFR-TKI monotherapy.

One major differentiator in this study is the three-group
design that allows the comparison of the combination not
only vs chemotherapy but also vs the EGFR-TKIs. This study
demonstrated that the intercalated EGFR TKI in combination
with chemotherapy demonstrated improvements in PFS but
not in OS compared with EGFR TKI alone. This finding is
supported by the results from some randomized trials. In a
randomized study, the median PFS was significantly longer
with gefitinib plus pemetrexed than gefitinib alone (18.0 vs
14.0 months; P<0.05), but median OS was similar between
the two groups (34.0 vs 32.0 months; P>0.05).” The system
assessment study by Yan et al** showed that compared with
EGFR-TKI monotherapy, the intercalated combination of
chemotherapy and EGFR-TKIs seemed to be superior to
EGFR-TKIs alone in terms of PES (P=0.004). Another study
suggested that East Asian patient treatment with pemetrexed
and erlotinib combination experienced a longer median PFS
compared with erlotinib or pemetrexed alone (P=0.004 vs
erlotinib; P=0.001 vs pemetrexed).>! In an open-label, ran-
domized, Phase II study, PFS was significantly longer with
pemetrexed plus gefitinib than with gefitinib alone in patients
with advanced non-squamous NSCLC with activating EGFR
mutations (15.8 vs 10.9 months; P=0.029).*2 These data indi-
cate that in selected patients EGFR-TKIs plus chemotherapy
may prolong PFS. However, study about the combination of
EGFR-TKIs with chemotherapy compared with EGFR-TKIs
alone is very few at present and remains to be confirmed.

Although there were no statistical significant differences
in PFS and OS in different EGFR TKI exposure time either in
the EGFR-TKI group or in the combination group, patients
who received EGFR-TKIs for more than 18 months were
found to have a slightly longer PFS and OS. However, study
about the comparison of the duration of EGFR TKI treatment
is required to build a database and remains to be confirmed.

Toxicities related to three groups were mild and well
tolerated. As expected, reported AEs in the combination
group were similar to those observed in the EGFR-TKI
group and the chemotherapy group, with little additive tox-
icity. The most common AEs were skin/subcutaneous and
gastrointestinal disorders. However, of those related AEs,
most could be managed and no patient withdrew as a result
of related AEs in the three groups. The serious AE rate was
low among study groups.

Conclusion

This study demonstrated that the combination of EGFR TKI
with chemotherapy treatment significantly improved OS
and PFS compared with chemotherapy alone for advanced
NSCLC patients harboring EGFR mutations and significantly
improved PFS compared with EGFR-TKI monotherapy. In
other words, these data demonstrate that intercalated therapy
is the most effective combinational strategy. However, there
were several limitations to this study. The sample size of
patients was small. Also, this was a retrospective study
based on the data of a previous clinical trial. To obtain more
convincing data, additional studies are required to evaluate
the clinical value of such intercalated combination in patients
with EGFR mutations.
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