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Abstract

Purpose: To evaluate the efficacy and safety of gefitinib plus simvastatin (GS) versus gefitinib alone (G)
in previously treated patients with advanced non-small cell lung cancer (NSCLC).

Experimental Design: Between May 2006 and September 2008, 106 patients (51% men, 75%
adenocarcinoma, 50% never smoker) were randomly assigned to G alone (250 mg/d, n = 54) or GS
(250 and 40 mg/d, respectively, n = 52). One cycle was 4 weeks of treatment. Therapy was continued until
disease progression or intolerable toxicity was observed. The primary endpoint was response rate (RR).
Secondary endpoints included toxicity, progression-free survival (PFS), and overall survival (OS).

Results: The RR was 38.5% (95% CI, 25.3-51.7) for GS and 31.5% (95% CI, 19.1-43.9) for G. The
median PFS was 3.3 months [M] (95% CI, 1.4-5.2M) for GS and 1.9M (95% CI, 1.0-2.8M) for G. The
median OS was 13.6M (95% CI, 7.1-20.1M) for GS and 12.0M (95% CI, 7.8-16.2M) for G. In exploratory
subgroup analysis, GS showed higher RR (40% vs. 0%, P = 0.043) and longer PFS (3.6M vs. 1.7M, P =
0.027) compared with G alone in patients with wild-type epidermal growth factor receptor (EGFR)
nonadenocarcinomas. Adverse events in both arms were generally mild and mainly consisted of skin
rashes.

Conclusions: Although no superiority of GS to G was demonstrated in this unselected NSCLC
population, GS showed higher RR and longer PFS compared with G alone in patients with wild-type
EGFR nonadenocarcinomas. Simvastatin may improve the efficacy of gefitinib in that subgroup of

gefitinib-resistant NSCLC patients. Clin Cancer Res; 17(6); 1553-60. ©2011 AACR.

Introduction

The epidermal growth factor receptor (EGFR) is a key
regulator of proliferation, differentiation, and survival of
epithelial cells and has been implicated in the oncogenesis
of epithelial cancers, including lung cancer (1). Because
50% and 80% of non-small cell lung cancer (NSCLC) cases
reportedly express the EGFR protein, it is expected that an
efficient EGFR inhibitor would be effective for the majority
of patients with NSCLC (2). However, both gefitinib and
erlotinib, orally active EGFR tyrosine kinase inhibitors
(TKIs), produce durable treatment responses in a surpris-
ingly small fraction of patients with NSCLC (3-6). DNA
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sequencing studies in primary lung tumor samples have
shown a convincing association between responses to
EGFR-TKIs and the presence of somatic mutations in the
EGFR gene (7-9). Recently, several randomized phase III
studies have demonstrated that gefitinib is superior to
conventional chemotherapy in patients with EGFR-mutant
tumors (10-12). Patients treated with gefitinib have dis-
played significantly longer progression-free survival (PFS)
and higher response rates compared with chemotherapy
among those genetically selected patients. Thus, activating
somatic mutations in the EGFR gene are regarded as the
strongest predictors of better response to gefitinib. How-
ever, the overall frequency of EGFR mutations is 5% to
20%, depending on geographic location (13). The remain-
ing majority of NSCLC patients have wild-type EGFR and
hardly benefit from gefitinib. To date, several studies have
reported efficacy data for relapsed patients with wild-type
EGFR tumors in the subgroup analysis of phase III trials. In
those patients treated with gefitinib, the response rate,
median progression-free and overall survival (OS) times
were less than 10%, around 2 and 6 months, respectively
(14-16). Although these results are similar to those
observed with docetaxel monotherapy (14), several ques-
tions remain to be answered to improve the efficacy of
gefitinib in those genetically unselected patients.
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Translational Relevance

The impact of statins on epidermal growth factor
receptor (EGFR) function and signaling and in wvivo
activity against tumor cells has generated interest in
studying statins as a potential EGFR-targeted therapeutic
intervention. This is the first randomized phase II study
comparing the efficacy of gefitinib plus simvastatin
versus gefitinib alone in previously treated patients with
advanced non-small cell lung cancer. The results show
that in unselected patients, no significant difference in
response rate and survival was observed between the 2
arms. However, gefitinib plus simvastatin improved the
response rate and PFS compared with gefitinib alone in
the exploratory subgroup analysis of the patients with
wild-type EGFR nonadenocarcinomas. This finding sug-
gests that inhibiting the mevalonate pathway using
simvastatin may enhance the efficacy of gefitinib in this
relatively gefitinib-resistant subpopulation.

Statins inhibit 3-hydroxy-3-methylglutaryl-coenzyme A
reductase, which is the rate-limiting enzyme of the meva-
lonate pathway and is required for the synthesis of choles-
terol and isoprenoids such as farnesylpyrophosphate and
geranylgeranylpyrophosphate (17). The impact of statins
on cholesterol and isoprenoid synthesis may have antic-
ancer effects through at least 2 primary mechanisms, which
include impairment of protein prenylation and interference
with the formation of cholesterol-rich lipid microdomains
called lipid rafts within the cell membrane (18). Both of
these processes are critical for the function of EGFR and the
activity of numerous proteins important for EGFR signaling,
such as Ras (18, 19). The impact of statins on EGFR function
and signaling and in vivo activity against tumor cells has
generated interest in studying statins as a potential EGFR-
targeted therapeutic intervention. Some in vitro studies have
reported that the combination of gefitinib and lovastatin
has synergistic cytotoxicity and enhances EGFR inhibition
in squamous cell head and neck carcinoma, NSCLC, and
colon carcinoma cell lines (20-22). Interestingly, not all of
the studied cell lines possess EGFR mutations, which confer
increased sensitivity to gefitinib. We also showed in a
previous study that the combination of gefitinib and lovas-
tatin induces synergistic cytotoxicity in gefitinib-resistant
NSCLC cells (23). Lovastatin effectively downregulates Ras
protein and suppresses the phosphorylation of RAF, ERK1/
2, AKT, and EGFR in NSCLC cells, which enhances gefitinib-
induced apoptosis. These promising preclinical data led to
the present randomized phase II study.

Methods

Patients

The main eligibility criteria were histologic or cytologic
confirmation of locally advanced or metastatic (stage I1IB/
IV) NSCLC after failure of at least 1 platinum-based che-
motherapy, age >18 years, an Eastern Cooperative Oncol-

ogy Group (ECOG) performance status (PS) of less than 3,
and a life expectancy >12 weeks. Patients were required to
have measurable disease by Response Evaluation Criteria in
Solid Tumors (RECIST, ref. 24). Patients with brain metas-
tases were permitted if clinically stable without steroid
treatment. Exclusion criteria included significant hemato-
logic, hepatic, renal, or cardiac dysfunction and any pre-
vious treatment with EGFR signaling inhibitors and statins.

Study design and treatment

This randomized, open-label, phase II study of gefitinib
and simvastatin (CJ Pharmaceutical Co.) versus gefitinib
alone was conducted at a single institution (National Can-
cer Center) from May 2006 to September 2008. In both
study arms, patients received once-daily oral doses of
250 mg gefitinib alone (G) or in combination with 40
mg/d simvastatin (GS) in 28-day cycles. Study treatment
continued until disease progression (PD) or until another
termination criterion was met: unacceptable toxicity, con-
sent withdrawal, loss to follow-up, death, major protocol
violation, ornoncompliance. The protocol was approved by
an independent ethics committee/institutional review
board and was conducted in accordance with the Declara-
tion of Helsinki, Good Clinical Practice. Each patient pro-
vided written informed consent.

Assessment

The primary endpoint was tumor response rate (com-
plete response [CR| + partial response [PR] using RECIST).
Disease assessment was performed by investigators every
8 weeks until PD. Secondary endpoints included PFS, OS,
and safety. Adverse events (AEs) were assessed throughout
treatment and for 30 days after the last treatment dose and
were graded using NCI CTCAE 3.0.

Detection of EGFR mutations

Whole-blood and tissue samples were collected imme-
diately before treatment. Plasma was separated within
2 hours after the sample collection and stored at —80°C
until used. Genomic DNA was extracted from plasma and
paraffin-embedded tissues by using the QIAamp DNA mini
kit (Qiagen). We used peptide nucleic acid (PNA) clamp-
ing-based asymmetric PCR with melting curve analysis
using unlabeled probes (25). A capillary PCR machine
(Light Cycler; Roche) was used instead of plate PCR, and
the melting carve analysis for the probe peak was per-
formed in the same machine. Forward and reverse primers
were designed to amplify the commonly mutated portions
of exon fragments 19 and 21, and the amplicon sizes were
91 and 89 base pairs, respectively. Locked nucleic acids
were incorporated into the forward primer of exon 19 to
increase the annealing temperature. The forward primer for
exon 19 antisense PNAs and sense mutation probes were
designed to span the mutation sites of exons 19 and 21 of
the EGFR gene. The antisense PNA complementary to the
wild-type sequence was used to clamp PCR for wild type
but not mutant alleles. The sense mutation probes that
were complementary to mutant alleles were used to detect
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(n=52)

Figure 1. CONSORT diagram. ‘
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both wild-type and mutant alleles. The mutation probe for
exon 19 was complementary to E746-A750del type 1
(2235-2249del) and was used to detect wild-type and
E746-A750del type 2 (2236-2250del) mutant as well as
E746-A750del type 1. The mutation probe for exon 21 is
complementary to L858R (T2573G) and was used to detect
both wild-type and L858R mutant alleles.

Statistical analysis

The primary endpoint was objective tumor response rate.
This study employed a "pick up the winner" design based on
the randomized phase II clinical trial approach proposed by
Simon and colleagues, which gives a 90% chance of select-
ing the better treatment if the difference is at least 15% and
the smaller response rate is assumed to be 10% (26). To
ensure that at least 84 patients (42 per arm) enrolled,
approximately 106 patients overall were planned for.
Patients were stratified based on sex (female vs. male),
performance status (PS) by ECOG (0/1 vs. 2/3), and the
number of prior regimens (1 vs. 2 or more). Secondary
endpoints included toxicity profile, PFS, and OS. PFS was
defined as the interval between the start date of treatment
and the date of occurrence of progressive disease or death.
OS was measured from the date of study entry until the date
of death. If a patient was lost to follow-up, the patient was
censored on the date of last contact. PFS and OS were
evaluated by using the Kaplan-Meier method. All treated
patients were included in the analysis of efficacy and safety.
Although no formal statistical comparison between the 2
arms was planned, the ¥? or Fisher's exact test was per-
formed on the response rate, and the log-rank test was
applied to survival curves for exploratory purpose. Cox
proportional hazards regression models were used to esti-
mate hazard ratios (HRs). All expressed P values are 2-sided.

Results
Patient characteristics

Between May 2006 and September 2008, 106 patients
were randomly assigned and received treatment with G

alone (n = 54) or GS (n = 52). All patients were assessable
for efficacy and safety (Fig. 1). There were 82 deaths (77%)
at the time of data cutoff (July 5, 2010): 43 patients
randomly assigned to G and 39 randomly assigned to GS.

Patient characteristics and baseline demographics were
generally similar in both arms (Table 1). The median age
was 60 years (range, 20-84), and 51% of the patients were
men. Forty-nine percent of patients were never smokers,
31% were former smokers, and 20% were current smokers.
Among ever (current or former) smokers, the median pack-
year was 32 (range, 0.5-127.5). The majority of patients
(75%) had adenocarcinoma.

Safety

The safety profiles of both arms were similar (Table 2).
The most commonly observed AE was rash. Overall, the
grade 3 or 4 toxicity rates were low in both arms. There were
no treatment-related deaths.

Response and survival

The response rate was 31.5% (95% CI, 19.1-43.9%) for
G and 38.5% (95% CI, 25.3-51.7%) for GS (Table 3).
Median PFS was 1.9 months (95% CI, 1.0-2.8 months) for
G and 3.3 months (95% CI, 1.4-5.2 months) for GS
(Fig. 2A). The estimated HR was 0.891 (95% CI, 0.604-
1.315, P = 0.549). After a median follow-up of 30 months,
the median OS was 12 months (95% CI, 7.8-16.2 months)
for G and 13.6 months (95% CI, 7.1-20.1 months) for GS
(Fig. 2B). The 1-year survival rate was 50% for G and 56%
for GS; the 2-year survival rates were 30% and 28%,
respectively. The estimated HR was 0.876 (95% CI,
0.567-1.354, P = 0.491).

EGFR mutation analysis and exploratory subgroup
analyses

Among a total of 106 patients, 94 plasma DNA samples
were adequate for EGFR mutation analysis. Activating
mutations were detected in 26 of 94 (28%) cases (23 exon
19 deletions and 3 exon 21 L858R mutations, Table 1). To
validate the plasma EGFR mutation results, we tested the
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Table 1. Demographic characteristics of patients
Characteristics Gefitinib alone (n = 54) Gefitinib and simvastatin (n = 52)
N (%) N (%)
Median age, y 60 58
Range (32-84) (20-76)
Sex
Male 29 (54) 25 (48)
Female 25 (46) 27 (52)
ECOG performance status
0 16 (30) 19 (36)
1 32 (59) 30 (58)
2 6 (1) 2 @)
3 0 ) 1 )
Stage
1B 6 (11) 3 6)
\% 48 (89) 49 (94)
Prior chemotherapy
1 24 (44) 25 48)
2 30 (56) 25 (48)
3 0 0) 2 4)
Histology
Adenocarcinoma 41 (76) 39 (75)
Sqguamous 8 (15) 9 (17)
NOS? 5 9) 4 8)
Smoking status
Never smoker 27 (50) 26 (50)
Former smoker 16 (30) 16 (31)
Current smoker 11 (20) 10 (19)
Pack-year, median (range) 33 (2-60) 32.5 (0.5-127.5)
EGFR mutations (n = 94)
Negative 31 (69) 37 (76)
Positive 14 31) 12 (25)
@Non-small cell lung cancer, not otherwise specified.

2 major EGFR mutations, the exon 19 deletion and exon 21 tion status in plasma and tumor samples is summarized in
(L858R), in the paired tumor tissues. In the 15 paired Table 4. Although they were not statistically significant,
specimens of plasma and tumor tissues, 11 (73%) revealed trends toward higher frequency of EGFR mutations were
concordant results. The comparison between EGFR muta- observed in adenocarcinoma (32% [23/71] vs. 13% [3/23]

Table 2. Common adverse events

Gefitinib alone (n = 54) Gefitinib+Simvastatin (n = 52)

Grade 1 Grade 2 Grade 3 Grade 4 Grade 1 Grade 2 Grade 3 Grade 4

N (% N (% N (% N (% N (%) N (% N (%) N (%)

Rash 21 (39) 17 32) 1 2 0 (0) 14 27) 21 (40) 2 4) 0 0)
Dry skin 30 (56) 2 @) 0 0) 0 (0) 26 (50) 6 (12) 0 ) 0 0)
Stomatitis 11 (20) 1 2) 0 ) 0 (0) 21 (40) 1 2 0 ) 0 )
Anorexia 20 (37) 5 ) 0 ) 0 (0) 16 (31) 5 (7) 0 0) 0 0)
Diarrhea 18 (33) 3 (6) 0 0) 0 (0) 17 (33) 3 (8) 0 0) 0 0)
Asthenia 7 (13) 2 4) 0 ) 0 (0) 7 (13) 2 (4) 0 ) 0 0)
Nausea 5 9) 0 0) 0 0) 0 (0) 6 (12) 0 (0) 0 0) 0 0)
Clin Cancer Res; 17(6) March 15, 2011 Clinical Cancer Research

Downloaded from clincancerres.aacrjournals.org on December 5, 2011
Copyright © 2011 American Association for Cancer Research


http://clincancerres.aacrjournals.org/
http://www.aacr.org/

DOI:10.1158/1078-0432.CCR-10-2525

Gefitinib and Simvastatin in Previously Treated NSCLC

Table 3. Overall and subset analysis of response according to treatment
Response Gefitinib alone Gefitinib and P
(n = 54) simvastatin
(n = 52)
N (%) N (%)
Overall PR 17 (31.5) 20 (38.5) .666
SD 10 (18.5) 7 (13.5)
PD 27 (50.0) 25 (48)
Subset analysis RR (N) RR (N) P
Histology Adenocarcinoma 39% (16/41) 39% (15/39) .959
Nonadenocarcinoma 8% (1/13) 39% (5/13) .063
Smoking status Never-smoker 44% (12/27) 62% (16/26) 213
Ever-smoker 19% (5/27) 15% (4/26) .761
Sex Male 21% (6/29) 16% (4/25) .658
Female 44% (11/25) 59% (16/27) 271
EGFR mutations Positive 64% (9/14) 75% 9/12) .555
Negative 13% (4/31) 27% (10/37) 151
Adenocarcinoma EGFR mutation-positive 62% (8/13) 80% (8/10) .340
EGFR mutation-negative 19% (4/21) 22% (6/27) .788
Nonadenocarcinoma EGFR mutation-positive 100% (1) 50% (1/2) .667
EGFR mutation-negative 0% (0/10) 40% (4/10) .043
Abbreviations: PR, partial response; PD, progressive disease by RECIST1.0; RR, response rate; SD, stable disease.
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HR = 0.891 (95% CI: 0.604-1.315), P = 0.491 HR = 0.876 (95% CI: 0.567-1.354), P = 0.491
Figure 2. Progression-free survival (A) and overall survival (B).
www.aacrjournals.org Clin Cancer Res; 17(6) March 15, 2011 1557

Downloaded from clincancerres.aacrjournals.org on December 5, 2011
Copyright © 2011 American Association for Cancer Research


http://clincancerres.aacrjournals.org/
http://www.aacr.org/

1558

DOI:10.1158/1078-0432.CCR-10-2525

Han et al.

Table 4. Comparison of EGFR mutation status
in the paired specimens of plasma and tumor
samples (n = 15)

Tumor tissue Plasma sample

Positive Negative
Positive 2 3
Negative 1 9

for nonadenocarcinoma, P=0.107), women (36% [16/45]
vs. 20% [10/49] for men, P = 0.101), and never smokers
(33% [15/46] vs. 23% [11/48] for ever smokers, P =
0.294). Among the entire population, patients with
EGFR-mutant tumors showed significantly higher response
rates (69% [18/26] vs. 21% [14/68] for wild-type EGFR, P <
0.0001), and longer PES (HR = 0.386 [95% CI, 0.238-
0.627], P<0.0001) and OS (HR = 0.540 [95% CI, 0.316-
922], P=0.024) compared with those with wild-type EGFR
tumors.

Exploratory subgroup analyses (Table 3) suggested a
trend toward an improved response rate in the GS group
compared with the G group among patients with nonade-
nocarcinoma histology (39% vs. 8%, respectively, P =
0.063) and wild-type EGFR (27% vs. 13%, respectively,
P = 0.151). We therefore subdivided tumor histology
according to EGFR mutation status and compared the
efficacy of G versus GS. Among patients with nonadeno-
carcinomas, those with wild-type EGFR showed a higher
response rate (40% vs. 0%, respectively, P = 0.043) and

0.87

0.6+

0.47

0.29

Progression-free survival (proportion)

0.0

T T T T T
0.00 5.00 10.00 15.00 20.00

Time (months)

Non-adenocarcinoma

with EGFR wild type Median  (95%Cl)
..... Gefitinib (1= 10) 1.7M (1.6-1.8)
Gefitinib and 3.6M (1.7-5.5)

Simvastatin (n = 10)

Figure 3. Progression-free survival in nonadenocarcinoma with EGFR wild
type.

longer median PFS (3.7 months vs. 1.7 months, respec-
tively, P = 0.027; Fig. 3) when treated with GS compared
with G alone.

Discussion

This is the first randomized phase II study comparing the
efficacy of GS versus G in previously treated patients with
advanced NSCLC. The results show that in unselected
patients, no significant difference in response rate and
survival was observed between the 2 arms. However, GS
improved the response rate and PFS compared with G in
the exploratory subgroup analysis of the patients with wild-
type EGFR nonadenocarcinomas. This finding suggests that
inhibiting the mevalonate pathway using simvastatin may
enhance the efficacy of gefitinib in this relatively gefitinib-
resistant subpopulation.

To date, several preclinical studies have shown that the
combination of statins with gefitinib induces a potent
synergistic cytotoxicity in a variety of tumors without EGFR
mutations (20, 21). Recently, Zhao and colleagues reported
that lovastatin inhibits ligand-induced EGFR dimerization
in squamous cell head and neck carcinoma cells, which
results in inhibition of AKT activation along with its down-
stream targets that regulate protein translation initiation.
Lovastatin induces actin cytoskeletal disorganization and
increases the expression of inactive rhoA, which also inhi-
bits EGFR dimerization and activation. Furthermore, they
retrospectively evaluated the effect of statin on the OS and
disease-specific survival (DSS) of NSCLC patients enrolled
in the NCIC Clinical Trials Group phase III clinical trial
BR21 (erlotinib vs. placebo). Although it was not statisti-
cally significant, erlotinib-treated patients with statin use
showed a trend toward improved OS and DSS compared
with patients without statin use (22). In our study, patients
with wild-type EGFR nonadenocarcinomas treated with GS
showed higher response rates and longer PFS compared
with G. Although the number of these patients was small,
these clinical observations may support the preclinical
evidence of the effective EGFR-inhibitory activity of statins
in wild-type EGFR non-adenocarcinoma tumors. More-
over, the combination treatment was generally well toler-
ated, and the AEs observed were similar to those reported
with gefitinib alone.

In our study, some inconsistency of EGFR mutation
results was found between tissue and plasma DNA. The
significance of a negative result for an EGFR mutation is
highly dependent upon samples tested as well as methods
performed. Direct DNA sequencing is a common detection
method but has well-known sensitivity limitations depend-
ing on the proportion of tumor cells present in the material
available for DNA extraction (27). The peptide nucleic acid-
locked nucleic acid (PNA-LNA) PCR clamp is capable of
detecting EGFR mutations in the presence of 100-fold
background levels of wild-type EGFR from normal cells.
Because of its high sensitivity and specificity, PNA-LNA
PCR clamp is considered suitable to detect EGFR mutations
in cytology samples (28). However, this method uses
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mutation-specific primers and therefore can miss rare
mutations (e.g., L861Q or exon 18 mutations). In addition,
the rate of detection of L858R in our study was very low
compared with the rate of E746_A750del. Similar results
were also reported previously using Scorpion Amplified
Refractory Mutation System technology detect EGFR muta-
tions in serum DNA (29). Further analyses in much larger
groups of patients will be necessary to clarify the low-
frequency L858R mutation could be due to assay-related
false-negative findings.

Although this study did not demonstrate the super-
iority of gefitinib plus simvastatin as a salvage treatment
in unselected NSCLC patients, the improved efficacy
of this combination in the patients with wild-type EGFR
nonadenocarcinomas may provide a novel, promising
therapeutic approach using gefitinib as a salvage treat-
ment in those gefitinib-resistant patients. Further
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