Int J Clin Exp Med 2014;7(11):3833-3842
www.ijcem.com /ISSN:1940-5901/IJCEM0001798

Review Article
Selection of chemotherapy for non-small cell lung
cancer is facilitated by new therapeutic strategies

Zhehai Wang

Tumor Hospital of Shandong Province, Jinan 250117, Shandong Province, P. R. China

Received August 9, 2014; Accepted September 15, 2014; Epub November 15, 2014; Published November 30,
2014

Abstract: Nowadays, advanced non-small cell lung cancer is still an incurable disease. Recent researches have led
to considerable progress in the treatment of non-small cell lung cancer. This article reviews the main studies on
chemotherapy on non-small cell lung cancer and discusses the new therapeutic strategies available to date. Stable
disease (SD) is necessary in chemotherapy for tumor. The proportion of population with responders or SD basi-
cally maintained similar regardless of regimens. The overall survival after chemotherapy for patients with SD was
lower than patients with responders, and higher than patients with progressive disease. Greater benefits could be
achieved in patients with effective induction chemotherapy using chemotherapeutic agents for maintenance ther-
apy, whereas the benefits were relatively small for patients with SD. It has been found that epidermal growth factor
receptor (EGFR) mutation status had certain correlation with the efficacy of chemotherapy. First-line chemotherapy
has shown advantages in effective rate and progression free survival on EGFR mutant. EGFR mutation produced sig-
nificant effects on the efficacy of postoperative adjuvant chemotherapy. Patients with EGFR mutation had a higher
effective rate than wild-type EGFR patients, and patients with responders had a greater benefit in progression free
survival from maintenance therapy. However, it is still necessary to carry out more careful and deeper studies and
analyses on traditional cytotoxic chemotherapy, to further optimize cytotoxic chemotherapy and to use molecular

targeted agents with different mechanisms.
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Introduction

Lung cancer is a worldwide leading cause of
cancer deaths. Approximately 75% of non-
small-cell lung cancers (NSCLC) are at stage
1B or IV when diagnosed. Cytotoxic chemother-
apy and molecular targeted therapy are main
therapeutic methods. Epidermal growth factor
receptor (EGFR) is a protein involved in an
important signaling pathway that regulates the
development, growth and apoptosis of tumors.
Numerous studies demonstrated that NSCLC
with EGFR mutations showed unique clinical
characteristics and course of development.
Unlike traditional cytotoxic chemotherapy, tyro-
sine kinase inhibitors (TKI) that target EGFR,
such as gefitinib and erlotinib, can significantly
prolong progression free survival (PFS) and
overall survival (0S) in patients with advanced
NSCLC, and is an essential therapy for patients
with EGFR mutations. Although remarkable
achievements were obtained in using TKI to

treat patients with EGFR mutations, traditional
cytotoxic chemotherapy is still of importance. In
traditional platin-based first-line combination
chemotherapy, the effective rate is 20-40% and
tumor control rate is 70-80%, with a short PFS
of only 3-5 months and a median overall sur-
vival of 7-12 months [1, 2]. Therefore, means to
further improve the PFS and the median overall
survival of chemotherapy is attracting more and
more attentions in recent years.

With the discoveries of new chemotherapeutic
agents of low toxicity and high efficacy and new
molecular targeted agents, maintenance che-
motherapy is becoming an important pattern
for treating advanced NSCLC. In the mean time,
the discoveries of EGFR sensitive genes and
new targeting agents such as anti-angiogenic
drugs, and more thorough clinical studies have
brought more and more new challenges for the
optimal application of cytotoxic chemotherapy.
In this article, we will perform an analysis on
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how to better understand and optimize tradi-
tional cytotoxic chemotherapy according to the
currently new therapeutic strategies for
advanced NSCLC.

Stable disease (SD) is necessary in chemo-
therapy for tumor

Despite decades of continuous studies and
updates, the change of solid tumor size from
pre-treatment to post-treatment is still the pri-
mary endpoint for efficacy evaluation in previ-
ous WHO evaluation criteria and the Response
Evaluation Criteria in Solid Tumors (RECIST)
widely used since 2000 [3, 4]. There may be
some remarkable defects in actual clinical
application using this system, among which the
difficulty to reflect the change of tumor cell
activity is a critical aspect, as this change is
always associated with clinical development of
tumor and therapeutic benefits. For example,
some lesions may be bleached or have cavity
without significant size change through chemo-
therapy or molecular targeted therapy. These
patients may always have good clinical bene-
fits, although SD is defined here according to
efficacy evaluation criteria.

Therefore, it is not exactly accurate to seek
tumor shrink overwhelmingly and to consider
that only tumor shrink can prolong survival and
demonstrate clinical benefits of systemic thera-
py. Actually, a small proportion of patients with
advanced NSCLC may have tumor shrink after
platin-based chemotherapy, but more patients
have SD or progression. In recent years, the
relationship between SD and therapeutic ben-
efits is attracting more concerns and becoming
an important parameter for clinical therapeutic
strategies.

Proportion of population with SD maintained
similarly regardless of chemotherapy regi-
mens

In a large random study on traditional platin-
based chemotherapy for 1155 naive patients
with NSCLC of stage llIB/IV conducted by the
Eastern Cooperative Oncology Group (ECOG) in
2002, the efficacy of cisplatin plus paclitaxel,
cisplatin plus gemcitabine, cisplatin plus
docetaxel and carboplatin plus paclitaxel was
compared. There was no significant difference
between the effective rates of the four regi-
mens, with an overall effective rate of 19%, a
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SD rate of 21%, a progressive disease rate of
45% and the undetectable disease rate of 15%
[B].

There were no significant changes in the effec-
tive rate and SD rate in cytotoxic chemotherapy
used according to pathological type. In 2012,
Paz-Ares and colleagues reported the outcome
of first-line chemotherapy by pemetrexed and
cisplatin in 939 patients with advanced non-
squamous type NSCLC, in which the effective
rate was 30%, the SD rate was 44.0% and the
progressive disease rate was 23.1% [6].

Vascular endothelial growth factor (VEGF)
enhances tumor angiogenesis and plays a criti-
cal role in the development of tumor. It has
been confirmed that the combination of chemo-
therapy with Bevacizumab, a humanized anti-
VEGF monoclonal antibody, could improve pro-
gression-free survival (PFS) in nonsquamous
type NSCLC. In a random clinical trial of 1043
first-treated patients with advanced nonsqua-
mous type NSCLC [7], the effective rate was
significantly increased from 20.1% to 34.1%,
after being treated by Bevacizumab (7.5 mg/
kg) combined with cisplatin and gemcitabine (P
< 0.0001). However, analysis by traditional effi-
cacy evaluation criteria still indicated that cyto-
toxic chemotherapy-based regimen was effec-
tive for only a small proportion of patients.

In summary, despite development of over 10
years, the proportion of population with
responders or SD basically maintained similarly
regardless of regimens selected according to
pathohistological type or combined with mono-
clonal antibodies. Studies on stable patients
should be further intensified while actively
seeking for efficacy.

The overall survival after chemotherapy for
patients with SD was lower than patients with
responders, and higher than patients with
progressive disease

Although there are currently few deep studies
on the characteristics of tumor cytology in
patients with SD, a few retrospective studies
have shown that stability obtained in first-line
chemotherapy was beneficial for survival. In
phase lll clinical studies comparing the effects
of pemetrexed and docetaxel in patients with
previous chemotherapy failures for advanced
NSCLC, pemetrexed had a median survival time
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of 8.3 months, which was similar to the median
survival time of 7.9 months for docetaxel. The
1-year survival rate was 29.7% [8].

Multivariable analysis showed that the efficacy
of second-line therapy was significantly affect-
ed by gender, stage at diagnosis, performance
status and efficacy of first-line therapy [9]. The
OS of second-line therapy using pemetrexed
and docetaxel for patients who received effec-
tive first-line therapy was up to 15.8 months
calculated from the start of second-line thera-
py, while the OS was 10.5 months for patients
with SD and 4.6 months for patients with pro-
gressive disease (P < 0.001) [9].

Lara Jr and colleagues [10] analyzed the corre-
lation between the efficacy and survival in three
platin-based random clinical studies (S9509,
S9806 and S0003) conducted by the
Southwest Oncology Group (SWOG) on 984
patients with advanced NSCLC. The median
overall survival in the studies S9509, S9806
and SO003 was 8.6 months, 8.9 months and
9.2 months, respectively.

Analysis of patients’ status at Week 8 after reg-
istration showed an effective rate of 12%, a SD
rate of 50% and a progressive disease rate of
37% [10]. The median overall survival for
patients with responders, SD and progressive
disease was 14.7 months, 12.0 months and
6.4 months, respectively [10]. The median
overall survival for patients with responders
was significantly superior to that for patients
with SD (P = 0.03), whereas the median overall
survival for patients with SD was significantly
superior to that for patients with progressive
disease (P < 0.0001) [10]. The survival curve
for patients with SD was closer to that for
patients with responders.

Patients with SD have smaller benefits than
patients with effective induction chemothera-
py using chemotherapeutic agents for mainte-
nance therapy

Maintenance therapy is a new therapeutic
strategy in which non-platin single agents are
used to continue treatment or drugs are
changed for the maintenance in patients with
controlled tumor after 4-6 cycles of first-line
chemotherapy with double platins. The aim of
maintenance therapy is to achieve prolonged
progression free survival and OS by increasing
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the exposure of effective treatments to the
maximal extent and maximizing the efficacy of
anti-tumor agents. It is normally used for
patients with controlled tumor, or patients with
responders and SD in first-line chemotherapy.
Recent results from maintenance therapy stud-
ies indicated that the clinical course had cer-
tain effects on the benefits of maintenance
therapy strategy on patients with responders
and SD in first-line chemotherapy.

PFS of patients with responders and SD in
first-line chemotherapy

Few studies have investigated the difference in
PFS between patients with responders and SD
in first-line chemotherapy during the observa-
tion periods. The study PARAMOUNT conducted
by Paz-Ares [6] in 2002 showed some implica-
tions for this aspect. PARAMOUNT is a double-
blind, phase lll, and randomly controlled study,
in which the effects of pemetrexed and placebo
were compared in maintenance therapy after 4
cycles of first-line chemotherapy with peme-
trexed and cisplatin were applied on 1022
patients with advanced NSCLC, including 939
patients who entered induction chemotherapy
stage. The results indicated that the PFS for the
pemetrexed maintenance therapy group was
4.1 months for patients with effective induction
chemotherapy or SD, with hazard ratios (HR) of
0.48 (95% Cl 0.34-0.67) and 0.74 (0.53-1.04),
indicating that pemetrexed had greater bene-
fits for patients with effective induction chemo-
therapy. The PFS for the placebo group was 2.6
months and 3.0 months for patients with effec-
tive induction chemotherapy or SD, respective-
ly, indicating a relatively low rate of tumor pro-
gression despite a relatively low response to
first-line chemotherapy in patients with effec-
tive induction chemotherapy.

Efficacy of maintenance chemotherapy for
patients with SD in induction chemotherapy

It is always expected to shrink tumor as much
as possible and to seek maximal effective rate
through systemic therapy. However, results
from maintenance therapy studies indicated
that the effective rate was basically compara-
ble to second-line therapy for NSCLC, although
change of drugs could achieve a slightly higher
effective rate than continuous maintenance
therapy with the same agent. Therefore, it is
not appropriate to consider the improvement of
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effective rate in induction chemotherapy for
patients with SD to be an important study
parameter.

In the study conducted by Fidias [11] in 2009,
563 stage llIB/IV NSCLC patients with SD or
responders were given docetaxel for mainte-
nance therapy after 4 weeks of chemotherapy
with gemcitabine combined with carboplatin
(GC regimen). The effective rate of mainte-
nance therapy reached 11.7%. In addition, the
effective rate was 6.8% and 11.9% in drug
change maintenance therapy by pemetrexed
and erlotinib, respectively [12, 13]. The effec-
tive rate was 12.2% and 3% in the same drug
maintenance therapy with gemcitabine and
pemetrexed, respectively [6, 14].

Previous studies on second-line therapy
showed that the effective rate of pemetrexed,
docetaxel, erlotinib and gefitinib were ranged
from 8.2% to 12.0% [15]. Maintenance therapy
is comparable with second-line therapy for
effective rate in advanced NSCLC, whereas the
former is efficacious for SD and the latter is effi-
cacious for progression. Therefore, it is not
appropriate to use effective rate to judge
whether maintenance therapy is reasonable.

The effectiveness of induction chemotherapy
is helpful for drug selection in maintenance
therapy

Recent studies indicated that maintenance
chemotherapy could achieve greater benefits
for patients with effective induction chemother-
apy than those with SD. The results demon-
strated that the PFS for the pemetrexed main-
tenance chemotherapy group was significantly
higher than that for the placebo group (6.9
months [95% Cl 6.2-7.5] and 5.6 months [5.5-
6.0] from the start of induction chemotherapy)
(HR 0.59, 95% CI 0.47-0.74; log-rank P <
0.0001). Subgroup analysis was performed for
stage, effectiveness of induction chemothera-
py, performance status, smoking, gender, age
and histological type. The results showed cer-
tain variance in the degrees of benefits,
although benefits were achieved in all the sub-
groups. The median PFS of patients with effec-
tive induction chemotherapy was 4.1 months
(95% CI 3.1-6.0) for the pemetrexed group and
2.6 months (1.6-2.9) for the placebo group (HR
0.48 [95% CI 0.34-0.67]), whereas the median
PFS of patients with SD was 4.1 months (95%
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Cl 3.0-4.6) for the pemetrexed group and 3.0
months (2.8-4.1) for the placebo group (HR
0.74 [0.53-1.04)).

Similar results were obtained in drug mainte-
nance therapy using gemcitabine. Pe’rol et al.
[16] administered 4 cycles of induction chemo-
therapy with the combination of gemcitabine
and cisplatin to 834 naive patients with
advanced NSCLC. The patients with controlled
tumor were randomly assigned in the ratio of
1:1:1 into three groups: observation group (pla-
cebo-control group), maintenance therapy
group with gemcitabine, and maintenance ther-
apy group with erlotinib. It appeared that PFS
benefit for patients with effective first-line
induction chemotherapy was greater than that
for patients with SD, with the HR of 0.47 (0.47-
0.96) and 0.67 (0.34-0.67) compared with pla-
cebo group, respectively. There was also a
trend of prolonged OS for patients with effec-
tive induction chemotherapy: the OS for the
maintenance therapy group with gemcitabine
was 15.2 months and the OS for the placebo
group was 10.8 months (HR 0.72 [95% CI, 0.51-
1.04]). No prolonged OS was observed in
patients with SD compared with patients in the
placebo group (HR 1.13 [0.79-1.62]).

In summary, current maintenance therapy stud-
ies showed that greater benefits could be
achieved in patients with effective induction
chemotherapy using chemotherapeutic agents
for maintenance therapy, whereas the benefits
were relatively small for patients with SD. This
provides a useful implication for optimizing
maintenance therapy in clinical practice.

EGFR mutation enhances the efficacy of cyto-
toxic chemotherapy

It has been demonstrated that EGFR mutation
is a potent predictive factor for the efficacy of
TKI [17]. TKI has a significantly higher effective
rate and PFS than chemotherapy for patients
with EGFR mutation, which is in contrast to
those for patients with wild-type EGFR. In addi-
tion, it was found that EGFR mutation status
had certain correlation with the efficacy of
chemotherapy.

First-line chemotherapy has advantages in ef-
fective rate and PFS on EGFR mutant

Iressa Pan-Asia Study (IPASS) is a multi-center,
random, phase lll clinical study investigating
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clinical efficacy of first-line therapy with gefi-
tinib or carboplatin plus paclitaxel for advanced
pulmonary adenocarcinoma. In this study,
1217 patients were randomly selected, among
which 437 patients received EGFR tests [17].
261 out of the 437 patients had positive EGFR
mutation (59.7%), whereas 176 patients had
wild-type EGFR (40.3%). The effective rate of
chemotherapy was 47.3% and 23.5% for
mutant and wild-type EGFR, respectively; the
PFS was 6.3 months and 5.5 months for mutant
and wild-type EGFR, respectively [17, 18].

In a retrospective analysis conducted by
Kalikakia [19], the correlation between the effi-
cacy of first-line chemotherapy and mutation
status in EGFR and K-RAS was investigated on
162 patients with advanced NSCLC, in which
96 patients received regimens with platin and
66 patients received regimens without platin.
The effective rate was 55.6% in EGFR mutant
group and 21.8% in wild-type EGFR group (P =
0.023), whereas the effective rate in regimens
with platin was 62.5% and 23.9% for mutant
EGFR group and wild-type EGFR group, respec-
tively (P = 0.021). Multivariate analysis showed
that EGFR mutation was an independent pre-
dictive factor for the efficacy of first-line therapy
(wild-type vs. mutant: HR = 4.85; 95% CI: 1.13-
20.83; P =0.034). The PFS was 4.2 months in
both of the groups with 6.1 months and 4.1
months for mutant EGFR and wild-type EGFR,
respectively. However, no statistically signifi-
cant difference was found (P = 0.81). In the
study on 105 patients with advanced NSCLC
conducted by Lin et al. [20], the effective rate
was 47.5% in the 56 patients with EGFR muta-
tion and 30.6% in the 49 patients with wild-
type EGFR. However, no statistically significant
difference was found (P = 0.162). The PFS for
mutant and wild-type EGFR was 6.6 months
and 6.1 months, respectively, without statisti-
cally significant difference.

Studies on the correlation between EGFR muta-
tion status and first-line chemotherapy are
mainly retrospective analyses or subgroup
analyses, performed on a relatively small num-
ber of patients. Chemotherapy has shown
advantages in effective rate and PFS on EGFR
mutant, but larger, random, and prospective
clinical trials are still needed for further
investigations.
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Second-line chemotherapy was more effica-
cious for EGFR-mutant patients than for wild-
type EGFR patients

Few studies were reported on the correlation
between EGFR mutation status and second-
line chemotherapy the Iressa NSCLC Trial
Evaluating Response and Survival Versus
Taxotere (INTEREST) study [21] is a random,
phase lll clinical study aiming at comparing the
OS of the second-line therapy with gefitinib and
docetaxel for advanced NSCLC. A total number
of 1466 patients were enrolled and evenly
divided into two groups. Results showed that
the improvement in PFS, effective rate and
tumor-related symptoms was similar for all
patients. A better improvement in tolerability
and quality of life was caused by gefitinib. 297
patients received EGFR tests, among which 44
patients had positive EGFR mutation and 253
had wild-type EGFR [21]. The survival time was
6.4 months and 6.0 months for wild-type
patients in the gefitinib and docetaxel groups,
respectively, whereas EGFR-mutant patients
had a longer survival time of 14.2 months and
16.6 months, making the survival time of all the
studied patients to be 7.6 months and 8.0
months in the gefitinib and docetaxel groups,
respectively [21]. The effective rate and PFS of
gefitinib were both significantly higher than that
of docetaxel for EGFR-mutant patients. For
patients with mutant and wild-type EGFR in the
gefitinib group, the PFS was 7.0 months and 1.7
months, and the effective rate was 42.1% and
6.6%, respectively [21]. For patients with
mutant and wild-type EGFR in the chemothera-
py group, the PFS was 4.1 months and 2.6
months, and the effective rate was 21.1% and
9.8%, respectively [21]. This indicated that sec-
ond-line chemotherapy was more efficacious
for EGFR-mutant patients than for wild-type
EGFR patients.

EGFR mutation produced significant effects
on the efficacy of postoperative adjuvant
chemotherapy

Recently, some retrospective studies were car-
ried out to explore the correlation of EGFR
mutation status with postoperative survival
and efficacy of adjuvant chemotherapy in
patients with NSCLC. In 2011, Tsao [22] retro-
spectively analyzed 482 patients with NSCLC
of stage T2NO and T1-2N1, who received total
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Table 1. Treatment duration and PFS of chemotherapy and TKI in

various studies

type EGFR was only 14
months, with statistically sig-

Studies Treatment duration PFS (months) nificant  difference (P <

Chemotherapy TKI Chemotherapy TKI 0.001). In the 43 patients
OPTIMAL [24] 10.4 weeks  55.5 weeks 4.6 13.1 with EGFR mutation, the DFS
IPASS [17, 18] 3.4 months 6.4 months 6.3 9.5 was 49 months in the obser-
NEJOO2 [27] Acycles 308 days 5.4 108 Yation group and 30 months
WJTOG3405 [28,29] 64 days 165 days 6.3 9o N the chemotherapy group,

resection and postoperative adjuvant chemo-
therapy with the combination of vinorelbine and
cisplatin (NP regimen), or only observation. In
the observation group of 221 patients, the
number of EGFR mutant patients was 27, and
the number of wild-type patients was 194. The
OS and disease free survival (DFS) of EGFR
mutant patients were higher than patients with
wild-type EGFR. The death and recurrence risks
of EGFR mutant patients were reduced by 32%
and 17%, respectively (HR 0.68 [95% CI: 0.34-
1.36, P =0.28] and 0.83 [95% CI: 0.44-1.56, P
= 0.56]), indicating that patients with EGFR
mutant had a better postoperative survival
compared with wild-type EGFR patients [22]. All
patients with mutant and wild-type EGFR could
benefit from adjuvant chemotherapy, but those
with mutant EGFR had better benefits. The HR
was 0.76 (95% Cl: 0.56-1.04, p = 0.08) and
0.65 (95% CI: 0.20-2.14, p = 0.48) for wild-type
and mutant EGFR patients, respectively, but
without statistically significant difference (P =
0.50) [22]. This study was a retrospective inves-
tigation on a small number of samples, and it
was yet difficult to determine the correlation of
EGFR mutation status with postoperative sur-
vival and the efficacy of adjuvant chemothera-
py, but the results still provided knowledge nec-
essary for further investigations [22].

In 2013, Sun et al. [23] evaluated the correla-
tion of the efficacy of postoperative adjuvant
chemotherapy with EGFR expression status in
150 patients with stage IlIA-N2 NSCLC after
total resection. Paclitaxel or vinorelbine in com-
bination with carboplatin was used as the regi-
men for postoperative adjuvant chemotherapy.
43 out of 150 patients had EGFR mutation,
including 25 patients in the observation group
and 18 patients in the chemotherapy group.
There were a total number of 71 patients in
postoperative observation group, including 25
patients with mutant EGFR and 46 with wild-
type EGFR. The DFS for EGFR mutant patients
was 49 months and that for patients with wild-
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with no statistically signifi-
cant difference (P = 0.195).
However, a better DFS trend for EGFR mutant
patients was observed, compared with wild-
type EGFR patients, whose DFS was 14 months
in the observation group and 32 months in the
chemotherapy group (P < 0.001). In the obser-
vation group, the OS of EGFR mutant patients
was 59 months and that of wild-type EGFR
patients was only 17 months, with statistically
significant difference (P < 0.001). For the 43
patients with EGFR mutation, the OS was 59
months and 33 months for the observation
group and chemotherapy group, respectively (P
= 0.050); For patients with wild-type EGFR, the
0OS was 17 months and 32 months for the
observation group and chemotherapy group,
respectively (P < 0.001). The results strongly
suggested that EGFR status was closely corre-
lated with postoperative survival, producing a
significant effect on the efficacy of postopera-
tive adjuvant chemotherapy.

New topics are emerging in the postoperative
adjuvant chemotherapy for NSCLC with the
development of molecular markers, as well as
the use of EGFR on the treatment and progno-
sis of NSCLC. However, larger, random, and pro-
spective clinical studies are still needed to fur-
ther understand how to use adjuvant chemo-
therapy more reasonably according to EGFR
mutation status.

Effect of EGFR mutation status on mainte-
nance therapy strategy

For patients with EGFR sensitive mutation, mul-
tiple random studies confirmed that the PFS in
first-line use of TKI is significantly superior to
chemotherapy although no significant differ-
ence was observed for the 0S [17, 18, 24-29].
Notably, the administration time of TKI was sig-
nificantly longer than that of chemotherapy in
these first-line therapies targeting EGFR mutant
NSCLC (Table 1). It has been confirmed that
prolonged administration of cytotoxic chemo-
therapy with the same drug for maintenance
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could definitely enhance PFS, even in advanced
NSCLC with unknown EGFR mutation status.

IFCT-GFPC 0502 [16] study is a phase lll clinical
study aiming at observing the value of gem-
citabine or erlotinib for maintenance therapy
for patients with advanced NSCLC after 4
cycles of induction chemotherapy with gem-
citabine and cisplatin until progressive disease
or intolerable toxicity. Maintenance therapy
with gemcitabine resulted in longer PFS than
the observation group (3.8 months and 1.9
months, respectively) (P < 0.001). In PARAM-
OUNT (6) study, after 4 cycles of chemotherapy
with pemetrexed and cisplatin, patients with
stage IlIB/IV non-squamous-type NSCLC and
controlled disease continued the administra-
tion of pemetrexed for maintenance or placebo
for observation. This study was divided into two
stages, the first stage was nonrandom induc-
tion chemotherapy and the second stage was
the induction of patients with controlled dis-
ease into pemetrexed or placebo maintenance
treatment in the ratio of 2:1. Results showed
that pemetrexed significantly prolonged PFS
compared with placebo (6.9 months and 5.6
months from the start of induction, respective-
ly, with statistically significant difference (P <
0.0001); HR 0.59 [5% CI 0.47-0.74]). The PFS
for maintenance chemotherapy was 4.1 months
and 2.8 months, respectively (P < 0.0001) (HR
0.62 (95% Cl 0.49-0.79)). The emerging anti-
angiogenesis targeted agents and profound
clinical studies provide more clinical options for
further improving PFS in patients with first-line
therapy, as well as new thoughts for strategies
to further utilize first-line therapy.

Bevacizumab is a valued monoclonal agent
that targets VEGF and significantly improves
the effective rate and PFS for patients with
NSCLC in combination with chemotherapy.
Eastern Cooperative Oncology Group (ECOG)
[30] randomly administered the combination of
first-line paclitaxel and carboplatin or the com-
bination of paclitaxel and bevacizumab to 878
patients with stage IlIB/IV NSCLC. Results
showed that the effective rate of simple chemo-
therapy was increased from 15% to 35% after
the addition of bevacizumab (P < 0.001), the
PFS was increased from 4.5 months to 6.2
months (P < 0.001), and MST was increased
from 10.3 months to 12.3 months (P = 0.003).
Bevacizumab also showed a good application
perspective in maintenance therapy studies.
AVAPERL [31] is a phase lll, open-label, ran-
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dom, multi-center study to investigate the ben-
efits of bevacizumab in combination with peme-
trexed or alone for maintenance therapy after
first-line induction chemotherapy. 253 out of
376 patients with stage llIB/IV non-squamous
NSCLC had controlled tumor after 4 cycles of
chemotherapy with pemetrexed and cisplatin,
and then received 1:1 bevacizumab monother-
apy 7.5 mg/kg once every 3 weeks or bevaci-
zumab 7.5 mg/kg in combination with peme-
trexed 500 mg/m? for maintenance therapy,
until tumor progression or intolerable toxicity.
Results showed that the PFS was 6.6 months
and 10.2 months from the start of induction,
and the progression risk was reduced by 50%
(P < 0.001).

It has been demonstrated that first-line applica-
tion of TKI is more advantageous than cytotoxic
chemotherapy for patients with EGFR sensitive
mutation, and it has become an essential con-
sensus that TKIl is preferred for these patients,
but the following aspects should still be noted
in prolonging PFS of first-line therapy in patients
with EGFR mutation: i) maintenance therapy
should not be used in comparing first-line TKI
and chemotherapy for patients with EGFR
mutation; ii) maintenance chemotherapy could
prolong PFS, while the EGFR status in patients
with maintenance chemotherapy was currently
unknown; iii) it was shown in most studies that
patients with EGFR mutation had a higher
effective rate than wild-type EGFR patients,
and patients with responders had a greater
benefit in PFS from maintenance therapy; iv)
the PFS reached 10.2 months in maintenance
therapy with pemetrexed in combination with
bevacizumab, which was almost two-fold of
that in chemotherapy and was comparable to
that of TKI in the comparative study of first-line
TKI and chemotherapy in patients with EGFR
mutation. Therefore, it is necessary to further
study how maintenance chemotherapy alone or
the combination of maintenance chemothera-
py and bevacizumab correlates with continuous
administration of TKI, and to further determine
PFS and OS status for first-line therapy for
patients with EGFR mutation.

Summary

With the development of molecular biology of
NSCLC in recent years, significant changes
have taken place in the therapeutic strategies
for NSCLC. The proposal of the concept that
advanced NSCLC is transformed into a chronic
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disease, as well as the arrival of the era of
molecular targeted treatment, brought about a
lot of new challenges, including the effect of
EGFR mutation status on cytotoxic chemother-
apy, and the promotion of chemotherapy by
maintaining the new pattern of therapies.
Therefore, it is necessary to carry out more
careful and deeper studies and analyses on tra-
ditional cytotoxic chemotherapy, to further opti-
mize cytotoxic chemotherapy and to use molec-
ular targeted agents with different mechanisms
based on molecular markers.

Disclosure of conflict of interest
None.

Address correspondence to: Zhehai Wang, Tumor
Hospital of Shandong Province, 440 lJiyan Road,
Jinan 250117, Shandong Province, China. Tel: +86-
(0)531-87984152; Fax: +86-(0)531-87984152;
E-mail: 13606406111@163.com

References

[1]  Scagliotti GV, Parikh P, von Pawel J, Biesma B,
Vansteenkiste J, Manegold C, Serwatowski P,
Gatzemeier U, Digumarti R, Zukin M, Lee JS,
Mellemgaard A, Park K, Patil S, Rolski J, Goksel
T, de Marinis F, Simms L, Sugarman KP and
Gandara D. Phase Ill study comparing cisplatin
plus gemcitabine with cisplatin plus peme-
trexed in chemotherapy-naive patients with
advanced-stage non-small-cell lung cancer. J
Clin Oncol 2008; 26: 3543-3551.

[2] Scagliotti G, Hanna N, Fossella F, Sugarman K,
Blatter J, Peterson P, Simms L and Shepherd
FA. The differential efficacy of pemetrexed ac-
cording to NSCLC histology: a review of two
Phase Ill studies. Oncologist 2009; 14: 253-
263.

[3]1 Miller AB, Hoogstraten B, Staquet M and Win-
kler A. Reporting results of cancer treatment.
Cancer 1981; 47: 207-214.

[4] Therasse P, Arbuck SG, Eisenhauer EA, Wan-
ders J, Kaplan RS, Rubinstein L, Verweij J, Van
Glabbeke M, van Oosterom AT, Christian MC
and Gwyther SG. New guidelines to evaluate
the response to treatment in solid tumors. Eu-
ropean Organization for Research and Treat-
ment of Cancer, National Cancer Institute of
the United States, National Cancer Institute of
Canada. J Natl Cancer Inst 2000; 92: 205-
216.

[5] Schiller JH, Harrington D, Belani CP, Langer C,
Sandler A, Krook J, Zhu J, Johnson DH; Eastern
Cooperative Oncology Group. Comparison of
four chemotherapy regimens for advanced

3840

(6]

(7]

(8]

(9]

[10]

[11]

[12]

non-small-cell lung cancer. N Engl J Med 2002;
346: 92-98.

Paz-Ares L, de Marinis F, Dediu M, Thomas M,
Pujol JL, Bidoli P, Molinier O, Sahoo TP, Laack
E, Reck M, Corral J, Melemed S, John W,
Chouaki N, Zimmermann AH, Visseren-Grul C
and Gridelli C. Maintenance therapy with
pemetrexed plus best supportive care versus
placebo plus best supportive care after induc-
tion therapy with pemetrexed plus cisplatin for
advanced non-squamous non-small-cell lung
cancer (PARAMOUNT): a double-blind, phase
3, randomised controlled trial. Lancet Oncol
2012; 13: 247-255.

Reck M, von Pawel J, Zatloukal P, Ramlau R,
Gorbounova V, Hirsh V, Leighl N, Mezger J, Ar-
cherV, Moore N and Manegold C. Phase lll trial
of cisplatin plus gemcitabine with either pla-
cebo or bevacizumab as first-line therapy for
nonsquamous non-small-cell lung cancer:
AVAIl. J Clin Oncol 2009; 27: 1227-1234.
Hanna N, Shepherd FA, Fossella FV, Pereira JR,
De Marinis F, von Pawel J, Gatzemeier U, Tsao
TC, Pless M, Muller T, Lim HL, Desch C, Szondy
K, Gervais R, Shaharyar, Manegold C, Paul S,
Paoletti P, Einhorn L and Bunn PA Jr. Random-
ized Phase Ill Trial of Pemetrexed Versus
Docetaxel in Patients With Non-Small-Cell
Lung Cancer Previously Treated With Chemo-
therapy. J Clin Oncol 2004; 22: 1589-1597.
Weiss GJ, Rosell R, Fossella F, Perry M, Stahel
R, Barata F, Nguyen B, Paul S, McAndrews P,
Hanna N, Kelly K and Bunn PA Jr. The impact of
induction chemotherapy on the outcome of
second-line therapy with pemetrexed or
docetaxel in patients with advanced non-small-
cell lung cancer. Ann Oncol 2007; 18: 453-
460.

Lara PN Jr, Redman MW, Kelly K, Edelman MJ,
Williamson SK, Crowley JJ and Gandara DR;
Southwest Oncology Group. Disease Control
Rate at 8 Weeks Predicts Clinical Benefit in Ad-
vanced Non-Small-Cell Lung Cancer: Results
From Southwest Oncology Group Randomized
Trials. J Clin Oncol 2008; 26: 463-467.

Fidias PM, Dakhil SR, Lyss AP, Loesch DM, Wa-
terhouse DM, Bromund JL, Chen R, Hristova-
Kazmierski M, Treat J, Obasaju CK, Marciniak
M, Gill J and Schiller JH. Phase Il Study of Im-
mediate Compared With Delayed Docetaxel
After Front-Line Therapy With Gemcitabine
Plus Carboplatin in Advanced Non-Small-Cell
Lung Cancer. J Clin Oncol 2009; 27: 591-598.
Ciuleanu T, Brodowicz T, Zielinski C, Kim JH,
Krzakowski M, Laack E, Wu YL, Bover |, Begbie
S, Tzekova V, Cucevic B, Pereira JR, Yang SH,
Madhavan J, Sugarman KP, Peterson P, John
WJ, Krejcy K and Belani CP. Maintenance
pemetrexed plus best supportive care versus

Int J Clin Exp Med 2014;7(11):3833-3842



[13]

[14]

[15]

[16]

[17]

(18]

3841

Chemotherapy selection for non-small cell lung cancer

placebo plus best supportive care for non-
small-cell lung cancer: a randomised double-
blind, phase 3 study. Lancet 2009; 374: 1432-
1440.

Cappuzzo F, Ciuleanu T, Stelmakh L, Cicenas S,
Szczésna A, Juhéasz E, Esteban E, Molinier O,
Brugger W, Melezinek I, Klingelschmitt G, Klug-
hammer B, Giaccone G; SATURN investigators.
Erlotinib as maintenance treatment in ad-
vanced non-small-cell lung cancer: a multicen-
tre, randomised, placebo-controlled phase 3
study. Lancet Oncol 2010; 11: 521-529.
Brodowicz T, Krzakowski M, Zwitter M, Tzekova
V, Ramlau R, Ghilezan N, Ciuleanu T, Cucevic
B, Gyurkovits K, Ulsperger E, Jassem J, Grgic
M, Saip P, Szilasi M, Wiltschke C, Wagnerova
M, Oskina N, Soldatenkova V, Zielinski C,
Wenczl M; Central European Cooperative On-
cology Group CECOG. Cisplatin and gem-
citabine first-line chemotherapy followed by
maintenance gemcitabine or best supportive
care in advanced non-small cell lung cancer: a
phase llI trial. Lung Cancer 2006; 52: 155-
163.

Farina G, Longo F, Martelli O, Pavese |, Man-
cuso A, Moscetti L, Labianca R, Bertolini A,
Cortesi E, Farris A, Fagnani D, Locatelli MC, Val-
madre G, Ardizzoia A, Tomirotti M, Rulli E, Ga-
rassino MC and Scanni A. Rationale for Treat-
ment and Study Design of TAILOR: A
Randomized Phase Il Trial of Second-line Erlo-
tinib Versus Docetaxel in the Treatment of Pa-
tients Affected by Advanced Non-Small-Cell
Lung Cancer With the Absence of Epidermal
Growth Factor Receptor Mutations. Clin Lung
Cancer 2011; 12: 138-141.

Pérol M, Chouaid C, Pérol D, Barlési F, Gervais
R, Westeel V, Crequit J, Léna H, Vergneneégre A,
Zalcman G, Monnet |, Le Caer H, Fournel P, Fal-
chero L, Poudenx M, Vaylet F, Ségura-Ferlay C,
Devouassoux-Shisheboran M, Taron M and
Milleron B. Randomized, Phase Il Study of
Gemcitabine or Erlotinib Maintenance Therapy
Versus Observation, With Predefined Second-
Line Treatment, After Cisplatin-Gemcitabine
Induction Chemotherapy in Advanced Non-
Small-Cell Lung Cancer. J Clin Oncol 2012; 30:
3516-3524.

Mok TS, Wu YL, Thongprasert S, Yang CH, Chu
DT, Saijo N, Sunpaweravong P, Han B, Margono
B, Ichinose Y, Nishiwaki Y, Ohe Y, Yang lJ,
Chewaskulyong B, Jiang H, Duffield EL, Wat-
kins CL, Armour AA and Fukuoka M. Gefitinib or
Carboplatin-Paclitaxel in Pulmonary Adenocar-
cinoma. N Engl J Med 2009; 361: 947-957.
Fukuoka M, Wu YL, Thongprasert S, Sunpaw-
eravong P, Leong SS, Sriuranpong V, Chao TY,
Nakagawa K, Chu DT, Saijo N, Duffield EL, Ru-
kazenkov Y, Speake G, Jiang H, Armour AA, To

[20]

(21]

[22]

(23]

(24]

[25]

KF, Yang JC and Mok TS. Biomarker Analyses
and Final Overall Survival Results From a
Phase lll, Randomized, Open-Label, First-Line
Study of Gefitinib Versus Carboplatin/Paclitax-
elin Clinically Selected Patients With Advanced
Non-Small-Cell Lung Cancer in Asia (IPASS). J
Clin Oncol 2011; 29: 2866-2874.

Kalikaki A, Koutsopoulos A, Hatzidaki D, Trypa-
ki M, Kontopodis E, Stathopoulos E, Mavroudis
D, Georgoulias V and Voutsina A. Clinical out-
come of patients with non-small cell lung can-
cer receiving front-line chemotherapy accord-
ing to EGFR and K-RAS mutation status. Lung
Cancer 2010; 69: 110-115.

Lin CC, Hsu HH, Sun CT, Shih JY, Lin ZZ, Yu CJ,
Chen GG, Hsin MK, Lam KC, Leung L, Yang CH
and Mok T. Chemotherapy Response in East
Asian Non-small Cell Lung Cancer Patients
Harboring Wild-Type or Activating Mutation of
Epidermal Growth Factor Receptors. J Thorac
Oncol 2010; 5: 1424-1429.

Douillard JY, Shepherd FA, Hirsh V, Mok T, So-
cinski MA, Gervais R, Liao ML, Bischoff H, Reck
M, Sellers MV, Watkins CL, Speake G, Armour
AA and Kim ES. Molecular Predictors of Out-
come With Gefitinib and Docetaxel in Previ-
ously Treated Non-Small-Cell Lung Cancer:
Data From the Randomized Phase Ill INTER-
EST Trial. J Clin Oncol 2010; 28: 744-752.
Tsao MS, Sakurada A, Ding K, Aviel-Ronen S,
Ludkovski O, Liu N, Le Maitre A, Gandara D,
Johnson DH, Rigas JR, Seymour L and Shep-
herd FA. Prognostic and Predictive Value of Epi-
dermal Growth Factor Receptor Tyrosine Ki-
nase Domain Mutation Status and Gene Copy
Number for Adjuvant Chemotherapy in Non-
small Cell Lung Cancer. J Thorac Oncol 2011;
6: 139-147.

Sun HB, Ou W, Li Y, Fang Q, Qin J, Zhang L and
Wang SY. Epidermal Growth Factor Receptor
Mutation Status and Adjuvant Chemotherapy
in Resected Advanced Non-Small-Cell Lung
Cancer. Clin Lung Cancer 2013; 14: 376-382.
Zhou C, Wu YL, Chen G, Feng J, Liu XQ, Wang C,
Zhang S, Wang J, Zhou S, Ren S, Lu S, Zhang L,
Hu C, Hu C, Luo Y, Chen L, Ye M, Huang J, Zhi X,
Zhang Y, Xiu Q, Ma J, Zhang L and You C. Erlo-
tinib versus chemotherapy as fi rst-line treat-
ment for patients with advanced EGFR muta-
tion-positive non-small-cell lung cancer (OPTI-
MAL, CTONG-0802): a multicentre, open-label,
randomised, phase 3 study. Lancet Oncol
2011; 12: 735-742.

Zhou C, Wu YL, Liu X, Wang C, Chen G, Feng JF,
Zhang S, Wang J, Zhou S, Ren S, Lu S, Zhang L,
Hu CP, Luo Y, Chen L, Ye M, Huang J, Zhi X,
Zhang Y, Xiu Q. Overall survival (0S) results
from OPTIMAL (CTONGO802), a phase Il trial
of erlotinib (E) versus carboplatin plus gem-

Int J Clin Exp Med 2014;7(11):3833-3842



[26]

[27]

(28]

Chemotherapy selection for non-small cell lung cancer

citabine (GC) as first-line treatment for Chinese
patients with EGFR mutation-positive ad-
vanced non-small cell lung cancer (NSCLC). J
Clin Oncol 2012; 30: 7520.

Maemondo M, Inoue A, Kobayashi K, Suga-
wara S, Oizumi S, Isobe H, Gemma A, Harada
M, Yoshizawa H, Kinoshita |, Fujita Y, Okinaga
S, Hirano H, Yoshimori K, Harada T, Ogura T,
Ando M, Miyazawa H, Tanaka T, Saijo Y, Hagi-
wara K, Morita S, Nukiwa T; North-East Japan
Study Group. Gefitinib or Chemotherapy for
Non-Small-Cell Lung Cancer with Mutated
EGFR. N Engl J Med 2010; 362: 2380-2388.
Inoue A, Kobayashi K, Maemondo M, Suga-
wara S, Oizumi S, Isobe H, Gemma A, Harada
M, Yoshizawa H, Kinoshita I, Fujita Y, Okinaga
S, Hirano H, Yoshimori K, Harada T, Saijo Y,
Hagiwara K, Morita S, Nukiwa T, North-East Ja-
pan Study Group. Updated overall survival re-
sults from a randomized phase Il trial compar-
ing gefitinib with carboplatin-paclitaxel for
chemo-naive non-small cell lung cancer with
sensitive EGFR gene mutations (NEJOO2). Ann
Oncol 2013; 24: 54-59.

Mitsudomi T, Morita S, Yatabe Y, Negoro S,
Okamoto |, Tsurutani J, Seto T, Satouchi M,
Tada H, Hirashima T, Asami K, Katakami N,
Takada M, Yoshioka H, Shibata K, Kudoh S,
Shimizu E, Saito H, Toyooka S, Nakagawa K,
Fukuoka M; West Japan Oncology Group. Gefi-
tinib versus cisplatin plus docetaxel in patients
with non-small-cell lung cancer harbouring mu-
tations of the epidermal growth factor receptor
(WJTOG3405): an open label, randomised
phase 3 trial. Lancet Oncol 2010; 11: 121-
128.

3842

[29]

[30]

[31]

Mitsudomi T, Morita S and Yatabe Y. Updated
overall survival results of WJTOG 3405, a ran-
domized phase lll trial comparing gefitinib (G)
with cisplatin plus docetaxel (CD) as the first-
line treatment for patients with non-small cell
lung cancer harboring mutations of the epider-
mal growth factor receptor (EGFR). J Clin Oncol
2012; 30: 7521.

Sandler A, Gray R, Perry MC, Brahmer J, Schil-
ler JH, Dowlati A, Lilenbaum R and Johnson
DH. Paclitaxel-Carboplatin Alone or with Beva-
cizumab for Non-Small-Cell Lung Cancer. N
Engl J Med 2006; 355: 2542-2550.

Barlesi F, de Castro J, Dvornichenko V, Kim JH,
Pazzola A, Rittmeyer A, Vikstrom A, Mitchell L,
Wong EK, Gorbunova V. AVAPERL (M022089):
Final Efficacy Outcomes for Patients (pts) With
Advanced Non-squamous Non-small Cell Lung
Cancer (nsNSCLC) Randomised to Continua-
tion Maintenance (mtc) with Bevacizumab
(bev) or Bev + Pemetrexed (pem) After Firstline
(1L) Bev-cisplatin (cis)-pem Treatment (Tx). Eur
J Cancer 2011; 47: 16.

Int J Clin Exp Med 2014;7(11):3833-3842



