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Abstract

Purpose This phase II study evaluated the response rate
(RR) and safety of combination therapy with carboplatin
(CBDCA) and pemetrexed (PEM) in Japanese patients
with non-squamous non-small cell lung cancer (non-sq
NSCLC). Further, the relationship between therapy effi-
cacy/toxicity and genetic polymorphisms associated with
PEM metabolism was analyzed.

Methods Forty-one patients received CBDCA at a dose
targeting an area under the concentration—time curve of
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5 mg/mL x min and PEM of 500 mg/m? on day 1 every
3 weeks. Single-nucleotide polymorphisms of the thymi-
dylate synthase (TYMS) coding gene, the variable number
of tandem repeat (VNTR) in the 7YMS, and the methyl-
enetetrahydrofolate reductase (MTHFR) coding gene were
analyzed.

Results  The overall RR was 36.6 %. Median progression-
free survival and median survival time were 4.7 months
[95 % confidence interval (CI) 3.9-5.6 months] and
16.2 months (95 % CI 6.1-26.2 months), respectively.
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Epidermal growth factor receptor gene mutations were
detected in 6 patients (14.6 %). The VNTR in the TYMS
significantly correlated with anemia (p = 0.047) and
thrombocytopenia (p = 0.038).

Conclusions This combination therapy was effective and
tolerable in patients with advanced non-sq NSCLC. The
VNTR in the TYMS appears to be a predictive factor for
anemia and thrombocytopenia in patients treated with this
regimen.

Keywords Non-squamous non-small cell lung cancer -
Carboplatin - Pemetrexed - Genetic polymorphisms -
Methylenetetrahydrofolate reductase (MTHFR) -
Thymidylate synthase (TS)

Introduction

The majority of patients with non-small cell lung cancer
(NSCLC) are diagnosed at inoperable stages, and platinum-
based chemotherapy remains a key strategy for the manage-
ment of patients with advanced NSCLC [1-3]. Overall sur-
vival of front-line chemotherapy using pemetrexed (PEM)
in combination with cisplatin (CDDP) was superior to that
with other platinum doublets, particularly for patients with
advanced non-squamous (non-sq) NSCLC [4-7].

PEM-based regimens have a mild toxicity profile and
can improve patients’ quality of life (QOL) [4, 6, 8, 9].
Further, carboplatin (CBDCA)-based regimens are also
widely used and are associated with relatively mild toxicity
[9-11]. However, the efficacy and safety of PEM combined
with CBDCA have not been well established in Japanese
patients with NSCLC.

Thymidylate synthetase (TS) is one of the main targets
of PEM [12], and methylenetetrahydrofolate reductase
(MTHFR) is an enzyme indispensable for folate metabo-
lism. Both enzymes are strongly associated with cell prolif-
eration and efficacy of pyrimidine-antagonist chemothera-
pies, such as the one with PEM [13, 14], and studies have
demonstrated a correlation between clinical efficacy of
various anticancer agents and the polymorphisms of these
genes [15]. Patients with homozygous mutations for the
MTHEFR coding gene (MTHFR) C677T had a significantly
increased progression-free survival (PFS) when compared
to patients with wild-type or heterozygous mutations [16].
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Similarly, TS is a critical target for various chemotherapies
[17, 18], including those used for the treatment of NSCLC.
One study reported that TS expression correlated with PEM
sensitivity in NSCLC cell lines [19]. Tanaka et al. [20] con-
ducted a large-scale study of the Japanese population show-
ing that TS expression was lower in adenocarcinoma than
in squamous cell carcinoma of the lung.

Thus, the goal of the present phase II study was to evalu-
ate the response rate (RR) and safety of CBDCA and PEM
in Japanese patients with non-sq NSCLC. Further, the rela-
tionship between therapy efficacy/toxicity and genetic pol-
ymorphisms of folate metabolism-associated enzyme cod-
ing genes, the TS coding gene (TYMS) and MTHFR, or the
variable number of tandem repeat (VNTR) in the TYMS in
peripheral blood cells was examined.

Patients and methods
Eligibility criteria

Eligibility criteria were as follows: cytologically or histo-
logically confirmed diagnosis of non-sq NSCLC; patients
without prior systemic chemotherapy, including ones with
postoperative recurrence; stage IIIB or IV disease accord-
ing to the 7th edition of TNM criteria; no indications for
curative chemoradiotherapy; age between 20 and 74 years;
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status 0—1; measurable disease (Response Evalua-
tion Criteria in Solid Tumors, ver. 1.0); and normal organ
function (as defined by absolute white blood cell count
>4.0 x 10°L or neutrophil count >2.0 x 10%/L; hemo-
globin >9.0 g/dL; platelets >100 x 10%L; alanine ami-
notransferase [ALT] and aspartate aminotransferase [AST]
<100 IU/L [ALT and AST <150 IU/L was acceptable if
liver metastasis was present]; serum creatinine <1.2 mg/
dL; calculated creatinine clearance using Cockcroft-Gault
formula >60 ml/min; arterial partial pressure of oxygen
[PaO,] >60 Torr or arterial hemoglobin oxygen satura-
tion by pulse oximetry [SpO,] >90 % at ambient air); and
projected life expectancy >12 weeks. The main exclu-
sion criteria were as follows: active infection; temperature
>38 °C; severe complications, such as heart failure, renal
failure, liver dysfunction, uncontrolled diabetes mellitus,
and hypertension; a concomitant malignancy within the
last 5 years; central nervous system metastases with symp-
toms; uncontrolled pleural effusion or ascites; interstitial
pneumonia or pulmonary fibrosis on chest X-ray; history of
severe hypersensitivity to drug components; required con-
current treatment with systemic steroid; and pregnancy. The
protocol was approved by each institutional review board.
The study was performed in accordance with the ethics
principles of the Declaration of Helsinki. Written informed
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consent was obtained from all patients. This study was reg-
istered with the University Hospital Medical Information
Network (UMIN) [UMIN000002846].

Treatment

PEM at a dose of 500 mg/m” on day 1 and CBDCA at a
dose calculated to produce an area under the concentra-
tion—time curve (AUC) of 5.0 mg/mL x min on day 1 were
administered intravenously every 3 weeks. The treatment
was discontinued in the case of any of the following: dis-
ease progression; unacceptable toxicity; patient refusal;
death during treatment; and investigator’s decision. All
patients received oral folic acid (500 wg) daily and a vita-
min B12 injection (1,000 pg) every 9 weeks, beginning
one or more weeks before the first dose and continuing
until three weeks after the last dose of study treatment. Any
treatment was permitted after protocol discontinuation.
Dose adjustment and cycle delay of 21 days or less were
permitted to allow for resolution of toxic effects.

Assessment of toxicity and response

Toxicities or adverse events were graded according to
the Common Terminology Criteria for Adverse Events
(CTCAE), version 3.0. Tumor responses were assessed
using chest X-ray, computed tomography, or magnetic
resonance imaging (when clinically indicated), before and
during treatment. Assessments were repeated at least every
month unless progression was detected. Responses were
recorded as complete response (CR), partial response (PR),
stable disease (SD), or progressive disease (PD) in accord-
ance with Response Evaluation Criteria in Solid Tumors
(RECIST) guidelines version 1.0. Disease control rate
(DCR) was defined as the sum of the objective response
(CR or PR) rate and the rate of SD. Clinical response data
were all confirmed by central review.

Endpoints and statistical analysis

The primary endpoint was overall RR. Secondary end-
points were safety, PFS, and overall survival (OS). Dura-
tion of tumor response was defined as the time between the
date of the first objective assessment of CR or PR and the
date when PD or death was recorded from any cause. PFS
was defined as the time between the date of registration and
the date of PD or death from any cause. OS was defined
as the time between the date of registration and the date of
death from any cause. The Kaplan—Meier method was used
to estimate PFS and OS.

On the assumption that threshold RR and expected
RR would, respectively, be 20 and 40 %, a sample size
of 36 patients was required by the Simon’s and Fleming’s

designs with a one-sided « error of 0.05 and a B error of
0.20. A total of 40 patients were planned to enroll consider-
ing later exclusion of patients. All analyses were based on
the intent-to-treat population.

Genetic analyses

Analyses of genetic variants were performed with the
investigator blinded to patient characteristics and clini-
cal outcome. Five milliliters of peripheral blood was taken
from each patient who had enrolled in this study and who
had consented to the genetic analysis. DNA was extracted
from each blood sample for analysis of the MTHFR single-
nucleotide polymorphisms (SNPs), C677T and A1298C.
Then, each extracted DNA was used to determine the TS
genotypes of the VNTR in the five prime untranslated
region (5'-UTR) of TYMS, two tandem repeat (2R)/3R/4R,
and the 3R-SNP, G/C, in TYMS by polymerase chain reac-
tion (PCR) and PCR-restriction fragment length polymor-
phism (PCR-RFLP), using the forward primer, 5'-AAAAG
GCGCGCGGAAGGGGTCCT-3’, and reverse primer,
5'-TCCGAGCCGGCCACAGGCAT-3’. DNA amplifi-
cation was performed three times per sample, using the
GeneAmp® PCR System 9700 (Applied Biosystems, Life
Technologies Japan, Inc., Tokyo, Japan). PCR with the
genomic DNA template was performed in reaction mix-
tures containing 1 x PCR buffer II without MgCl,, MgCl,
solution, 200 WM of deoxyribonucleoside triphosphates,
500 nM of each primer, 0.5 units of AmpliTaq® DNA Poly-
merase, and 100 ng of genomic DNA (all of these reagents
were obtained from Applied Biosystems). The cycling
conditions were one cycle of 94 °C for 5 min, 35 cycles
of 94 °C for 40 s, 62 °C for 60 s, 72 °C for 40 s, with a
final extension at 72 °C for 5 min. Aliquots of amplified
fragments were separated on 4 % agarose gels, and the TS
VNTR genotype was determined, with 2R 116 bp, 3R 144
bp, and 4R 172 bp. Samples showing the 3R genotype were
analyzed further for G/C polymorphism by RFLP. PCR
products were digested with Haelll (TaKaRa Bio, Inc.,
Shiga, Japan) followed by electrophoresis in 4 % agarose
gel and ethidium bromide stain. The 3R fragments of 66,
37, 28, and 10 bp were classified into the 3G allele, and the
3R fragments of 94, 37, and 10 bp were classified into the
3C allele, as previously reported [21]. Analysis was per-
formed at least three times to confirm the genotype. TYMS
genotype was categorized into a high-expression genotype
(2R/3G, 3C/3G, 3G/3G, 3G/4R) and a low-expression gen-
otype (2R/2R, 2R/3C, 3C/3C), depending on the 5’-UTR
VNTR polymorphism and the C/G polymorphism within
the third VNTR.

The association between polymorphisms and RR
or chemotherapy-related toxicity was analyzed by the

x> test or Fisher’s exact test. The correlation between
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polymorphisms and PFS/OS was analyzed by the log-rank
test. For each test, patients were compared among each
genotype, such as wild type, heterozygous, and homozy-
gous. Statistical significance was established at p < 0.05.

Results
Patients characteristics

From November 2009 to November 2010, 41 patients were
enrolled (Table 1). Twenty-four patients (58.5 %) died during
the follow-up, mostly as a result of disease progression (23
of 24 patients). The median age of the enrolled patients was
63 years (range of 43-73 years), and 28 patients (68.3 %)
were male. Of the 41 patients, 27 (65.9 %) had an ECOG
performance status of 1, 36 (87.8 %) had stage IV disease,
and 39 (95.1 %) were diagnosed with adenocarcinoma.

Epidermal growth factor receptor (EGFR) gene muta-
tions were investigated in 40 of 41 patients. The mutation
was not searched for one patient because diagnostic yield
from the tissue sample for detection was not enough. The
positive mutations were detected in six patients, four of
whom had an exon 19 deletion mutation, while the other
two had an L858R mutation in exon 21.

Treatment administered

The median number of treatment cycles delivered was four
(range of 1-6 cycles), with 33 patients (80.5 %) completing
more than three cycles.

The dose of agents was reduced in three patients (7.3 %)
because of adverse events, including grade 3 general
fatigue, grade 4 hematologic toxicity, and grade 4 anaphy-
laxis. Protocol treatment was terminated in eight patients
(19.5 %) before completion of three cycles.

At the time of final analysis, 23 patients (56.2 %)
received second- or third-line treatment, following the ini-
tial therapy. Sixteen patients (39.0 %) received cytotoxic
chemotherapies as a second-line treatment and 3 of them
received EGFR tyrosine kinase inhibitors (EGFR-TKIs)
as a third-line treatment. Seven patients (17.1 %) received
EGFR-TKIs as a second-line treatment and 2 of them
received cytotoxic chemotherapies as a third-line treatment.
Among the 10 patients (24.4 %) who were treated with an
EGFR-TKI in the second- or third-line, five had an EGFR
gene mutation. One patient with EGFR gene mutation did
not receive an EGFR-TKI.

Response to treatment

All 41 patients were assessable for tumor responses.
Fifteen patients exhibited PR, 20 patients exhibited SD,

@ Springer

Table 1 Patient demographics and baseline characteristics

Parameters (N=41)
n (%)
Age, median (years) (range)
Gender
Male 28 (68.3)
Female 13 (31.7)
ECOG performance status
0 14 (34.1)
1 27 (65.9)
Disease stage
1B 5(12.2)
v 36 (87.8)
Histology
Adenocarcinoma 39 (95.1)
Large cell carcinoma 2(4.9)
EGFR gene mutation
Wild type 34 (82.9)
Exon 19 deletion 4(9.8)
Exon 21 L858R 2(4.9)
Unknown 12.4)
No. of chemotherapy cycle
1 1(24)
2 7(17.1)
3 6 (14.6)
4 11 (26.8)
5 3(7.3)
6 13 (31.7)
>3 cycles 33 (80.5)

Table 2 Treatment efficacy

Best response (N=41)
n (%)
CR 0(0.0)
PR 15 (36.6)
SD 20 (48.8)
PD 6 (14.6)

Overall response rate (RR)
Disease control rate (DCR)*

36.6 % [95 % CI122.1-53.1 %]
85.4 % [95 % CI; 70.8-94.4 %]

CI confidence interval
* DCR = {CR 4+ PR + SD}/{CR + PR + SD + PD}

and disease progressed in six cases, resulting in a RR
of 36.6 % [95 % confidence interval (CI) 22.1-53.1 %]
and a DCR of 85.4 % (95 % CI, 70.8-94.4 %) (Table 2).
The lower limit of the 95 % CI of the RR exceeded the
threshold RR of 20 %; thus, the primary endpoint was
achieved.
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Fig. 1 Kaplan—Meier curves for (a) progression-free survival (PFS) and (b) overall survival (OS)

The final survival assessment was conducted in July
2014, 4 years and 8 months after the last patient’s enroll-
ment. With a median follow-up time of 16.2 months (range
of 2.4-54.1 months), median PFS and median survival
time (MST) were 4.7 months (95 % CI 3.9-5.6 months)
and 16.2 months (95 % CI 6.1-26.2 months), respectively
(Fig. 1). The one-year survival rate was 53.6 % (95 % CI
37.4-69.3 %).

Retrospective subanalysis of PFS and OS of patients
with or without an EGFR gene mutation showed that
EGFR gene mutation status did not influence the PFS (a
median of 5.9 months for the mutation-positive group,
as compared to 4.6 months for the mutation-negative
group; p = 0.738), but patients with an EGFR gene
mutation were associated with a trend of longer OS
than those without an EGFR gene mutation (a median
of 16.2 months for the mutation-positive group, as com-
pared to 11.7 months for the mutation-negative group;
p = 0.06).

Adverse events

All 41 eligible patients were also evaluable for toxic-
ity analysis. The rates of grade 3 and 4 hematologic and
non-hematologic adverse events during the treatment were
as follows: eight patients (19.5 %) had grade >3 leuko-
penia; 12 patients (29.3 %) had grade >3 neutropenia; 14
patients (34.1 %) had grade >3 anemia; seven patients
(17.1 %) had grade >3 thrombocytopenia. Only one patient
(2.4 %) experienced grade 3 febrile neutropenia. Granu-
locyte colony stimulating factors (G-CSF) were given to
three patients (7.3 %). The most common non-hematologic
adverse event was anorexia (29/41 patients, 70.7 %); other
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Table 3 Toxicity profile
Toxicity Grade, n (N = 41) Percentage
of grade 3
1 2 3 4 or 4 (%)

Hematologic

Leukopenia 4 9 7 1 19.5
Neutropenia 3 3 29.3
Febrile neutropenia - - 1 0 24
Anemia 9 11 11 3 34.1
Thrombocytopenia 20 6 5 2 17.1
Non-hematologic

Hypoalbuminemia 3 2 0 0 0.0
Liver dysfunction 16 2 1 0 24

High LDH 5 0 0 0 0.0
Hyponatremia 10 0 1 0 2.4
Hypopotassemia 2 0 0 0.0
Infection 0 2 1 0 24
Anorexia 23 3 3 0 7.3
Nausea 15 6 2 0 4.9
Vomiting 3 4 0 0 0.0
Allergic reaction 0 1 0 1 24
Stomatitis 2 0 0 0 0.0

Skin rash 1 1 1 0 24
Pigmentation 2 0 0 0 0.0
Alopecia 2 0 0 0 0.0
Fatigue 7 0 0 0 0.0
Constipation 2 1 0 0 0.0

non-hematologic adverse events were rare (Table 3). No
interstitial lung disease was reported. No treatment-related
death was observed.
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Genetic polymorphisms and clinical indices

Blood samples were collected from 37 patients (90.2 %).
Gene polymorphisms of C677T and A1298C in the
MTHFR were in Hardy—Weinberg equilibrium accord-
ing to Pearson’s Chi-square test (C677T: x* = 0.182 < x2
[0.05] = 3.84; A1298C: x*> = 0.946 < x° [0.05]) (Table 4).
Patients with 3R/3R and 3R/4R of the tandem repeat in
5’-UTR of TYMS had experienced significantly more grade
3/4 anemia (p = 0.047) or grade 3/4 thrombocytopenia
(p = 0.038) than those with 2R/3R. Other variants explored
in this study did not significantly correlate with hemato-
logic toxicities (Table 5). Non-hematologic toxicities were
mild, and the relationship between those events and gene
variants was not evaluated. Gene variants did not signifi-
cantly correlate with RR, DCR (Table 5), PES, or OS (data
not shown).

Discussion

Although CDDP and CBDCA have substantially different
toxicity profiles, a meta-analysis comparing CDDP- and
CBDCA-based chemotherapy failed to establish which
regimen is associated with superior survival [5, 22-24].
CBDCA was used in this study, as non-hematologic toxicity
and strong subjective symptoms (e.g., nausea, vomiting, and
general fatigue) predominate in patients treated with CDDP,
whereas hematologic toxicity with relatively less symp-
toms is observed more commonly in patients treated with
CBDCA [20, 23, 24]. In a phase III study conducted in Nor-
way, an AUC of 5.0 mg/mL x min of CBDCA was selected
for patients in the CBDCA plus PEM arm [9] and resulted
in good clinical efficacy with a tolerable toxicity profile. We
also adopted the same dose of CBDCA in this study, and the
treatment efficacy of our CBDCA plus PEM regimen was
favorable. Further, the toxicity profile was mild and toler-
able. The PFS in this study seemed to be shorter than that in
the other studies for Japanese patients [25, 26]. A continua-
tion maintenance therapy with PEM was not adopted in our
protocol due to the fact that the maintenance strategy [27]
had not been established when our trial was launched. Com-
pared to other Japanese phase II trials (from 5-6 cycles)
[25, 26], there were fewer chemotherapy cycles in the cur-
rent study, while Norwegian study reported even fewer (a
median of 3.3 cycles) [9]. In our study, PD was the major
cause (13 patients, 52 %) of undergoing 4 or less cycles of
the chemotherapy. The dose of CBDCA may be associated
with the fewer cycle of chemotherapy, providing another
reason for the shorter PFS.

PEM targets folate-dependent reactions and acts on TS,
a key enzyme for DNA synthesis [28, 29]. Alteration of TS
activity due to polymorphisms in the cognate coding gene
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Table 4 Number of cases with MTHFR and TYMS variants

Gene Gene variants (N=41)
n (%)
MTHFR-C677T C/IC 12 (32.4)
C/T 17 (45.9)
T/T 8 (21.6)
MTHFR-A1298C A/A 26 (70.3)
A/C 9(24.3)
C/C 2(54)
TYMS-VNTR 2R/3R 7 (18.9)
3R/3R 29 (78.4)
3R/4R 12.7)
SNP of the VNTR (3R) 3G (-) 2(5.4)
3G (+) 35 (94.6)

MTHFR methylenetetrahydrofolate reductase coding gene, TYMS
thymidylate synthase coding gene, VNTR variable number of tandem
repeat, 2R 2 repeats, 3R 3 repeats, 4R 4 repeats, SNP single-nucleo-
tide polymorphism

Table 5 x? test of correlation between the treatment efficacy/toxici-
ties and SNPs of MTHFR/TS gene

Indexes MTHFR TYMS
C677T A1298C VNTR  SNP of the
VNTR (3R)
p p p p
Response rate 0.757 0.307 0.699  0.902
Hematologic toxicities
Leukopenia 0.703  0.393 0.372  0.149*
Neutropenia 0.565 0.684 0.194  0.220*
Anemia 0237  0.217 0.047  0.237*
Thrombocytopenia 0.598 0.393 0.038 0.598*

VNTR variable number of tandem repeat

* Fisher’s exact test

influences outcomes in patients with NSCLC [13, 30, 31].
MTHEFR is an essential enzyme for one-carbon metabolism
needed for DNA synthesis, repair, and methylation [32].
The alteration of MTHFR activity plays a role in carcino-
genesis [33, 34], which supports the notion that MTHFR
polymorphisms may affect patient outcomes [13, 15, 32].
Only an increasing repeat number of VNTR in 5/-UTR of
TYMS correlated with anemia and thrombocytopenia, sug-
gesting that this genetic marker might be useful for the
prediction of hematologic toxicity in response to PEM. In
order to avoid the severe hematologic toxicities in patients
with the 3R/3R variant, we should consider switching the
regimen, reducing the initial dose of PEM, or upwardly
adjusting the minimum number of red blood cells or plate-
lets required for starting the treatment.
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A significant correlation between the MTHFR-C677T
allele and improved clinical outcome has been found in
another study [16]. However, we were not able to show the
same result. One of the reasons appears to be race/ethnicity
in those variants. In breast cancer, race/ethnicity has been
reported to modify the association between the two SNPs
of MTHFR and breast cancer survival [35]. It is known
that PEM targets another enzyme associated with folate
metabolism other than TS, such as dihydrofolate reductase
(DHFR), which inhibits a cytotoxic effect of antifolates,
thereby reducing treatment efficacy [36]. Indeed, a previ-
ous study showed the association between PFS and either
of TS or of DHFR [37]. Collectively, a comprehensive
analysis of polymorphisms of all enzymes associated with
folate metabolism is required.

In terms of toxicity profile, the two Japanese studies of
CBDCA (AUC = 6.0 mg/mL x min) plus PEM (500 mg/
m?) followed by maintenance PEM (500 mg/mz) con-
ducted by the Kyoto Thoracic Oncology Research Group
(KTOGT0902) [25] and by Okamoto et al. [26], demon-
strated that grade 3/4 neutropenia, anemia, and thrombocy-
topenia were seen in 33, 31, and 18 % and 56, 29.4, and
41.3 %, respectively. In the former study, red blood cell
and platelet transfusions were required for 6.1 and 4.1 %,
respectively. In our study, grade 3/4 neutropenia, anemia,
and thrombocytopenia were seen, respectively, in 29.3,
34.1, and 17.1 %, whereas packed red blood cell transfu-
sions were given to three patients (7.3 %) and platelet con-
centrate given to one patient (2.4 %). Non-hematologic
toxicities were also mild, and our study achieved a good
treatment completion rate over three courses. AUC of 5 or
6 mg/mL x min of CBDCA should be adjusted for indi-
vidual patients in terms of the balance between efficacy and
toxicity. In clinical practice, we assume that CBDCA plus
PEM regimen can be selected for patients with non-squa-
mous and EGFR wild-type NSCLC as a first-line therapy,
particularly for those unfit for CDDP or with an ECOG
performance status (PS) of two as demonstrated in a previ-
ous study [38] or elderly patients with good PS who have
also a benefit of CBDCA-based platinum doublet [39, 40].

Recent phase III trials have shown favorable efficacies
of EGFR-TKI in NSCLC patients with active EGFR gene
mutation [41, 42]. There was no significant difference of
either PFS or OS according to EGFR gene mutation status
in our study, but OS of the patients with EGFR gene muta-
tion tended to be longer than those without the mutation,
presumably due to the post-treatment therapy using EGFR-
TKIs. The smaller size of patients with EGFR mutation
(6/40, 15 %) in our study was due to the fact that several
institutes were also participating in another ongoing trial,
which was recruiting NSCLC patients with EGFR gene
mutation. However, our data implicate the importance of
the use of EGFR-TKISs for treating patients with an active

EGFR gene mutation. CBDCA plus PEM regimen seems
also appropriate for those with EGFR mutant-positive
NSCLC, who failed the initial EGFR-TKI therapy.

Although the development of effective treatment strate-
gies against advanced NSCLC has progressed swiftly over
the last decade, minimization of toxicities remains impor-
tant for QOL purposes. The toxicity profile of chemo-
therapy can vary according to race, ethnicity, and genetic
makeup. Gene analyses in this study are the first to demon-
strate a possibility of correlation between genetic polymor-
phisms and hematologic toxicity in non-squamous NSCLC
patients treated with PEM. Further studies to confirm this
evidence are warranted.
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