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Maintenance therapy, commenced immediately after the completion of first-line chemotherapy, is
a promising strategy for improving treatment outcomes in patients with non-small-cell lung cancer
(NSCLC). The global phase III SequentiAl Tarceva in UnResectable NSCLC (SATURN) study evaluated the
efficacy and safety of the epidermal growth factor receptor (EGFR) tyrosine-kinase inhibitor erlotinib as
maintenance treatment in NSCLC patients without progression after first-line chemotherapy. We report
a retrospective subanalysis of Asian patients enrolled in SATURN.

Patients with advanced NSCLC with no evidence of progression after four cycles of chemotherapy were
randomized to receive erlotinib 150 mg/day or placebo, until progressive disease or limiting toxicity. The
co-primary endpoints of SATURN were progression-free survival (PFS) in all patients and in those with
positive EGFR immunohistochemistry (IHC) status. Secondary endpoints included overall survival (OS),
disease control rate, safety, quality of life (QoL) and biomarker analyses.

In total, 126 patients from East and South-East Asian centers were randomized (14% of the intent-to-
treat population): 88 from Korea, 28 from China and 10 from Malaysia; one patient was excluded from
this analysis due to Indian ethnicity. PFS was significantly prolonged in the erlotinib treatment arm, both
overall (hazard ratio [HR]: 0.57; p=0.0067) and in patients with EGFR IHC-positive disease (HR=0.50;
p=0.0057). There was a trend towards an increase in OS, which reached statistical significance in the
EGFR IHC-positive subgroup (p=0.0233). The overall response rate was significantly higher with erlotinib
compared with placebo (24% versus 5%; p=0.0025). Erlotinib was generally well tolerated and had no
negative impact on QoL in this subpopulation. The most common treatment-related adverse events were
rash, diarrhea and pruritus.

Erlotinib was effective and well tolerated in Asian patients, producing benefits consistent with those
observed in the overall SATURN population. Maintenance treatment with erlotinib appears to be a useful
option for the management of Asian patients with advanced NSCLC without progression after first-line
chemotherapy.
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1. Introduction

In patients with advanced non-small-cell lung cancer (NSCLC),
successive cycles of first-line platinum doublet chemotherapy are
typically associated with cumulative toxicity and no increase in
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benefit [1,2]. As a result, chemotherapy is usually halted after 4-6
cycles. A treatment break has traditionally been provided after
first-line chemotherapy, with second-line treatment introduced on
disease progression. However, in this scenario, a high proportion of
patients with NSCLC (30-50%) never commence second-line treat-
ment, mainly due to deterioration in clinical status and rapidly
progressing disease [3-5]. Maintenance therapy is an alternative
approach in which active therapy is started immediately after first-
line chemotherapy with no treatment break. The rationale for this
approach is that continuous treatment exposure may delay disease
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Fig. 1. SATURN study design showing Asian enrollees.

progression and improve survival. In recent years, maintenance
therapy has become an established paradigm in NSCLC manage-
ment [6-8].

Studies of maintenance therapy in NSCLC have been stimulated
by the availability of various novel agents suited to use in main-
tenance regimens. Recent studies employing immediate switching
to docetaxel [3] or pemetrexed [4] after first-line chemotherapy
for NSCLC reported benefits in terms of progression-free sur-
vival (PFS) and overall survival (OS) versus delaying second-line
treatment until disease progression, while continuation of non-
platinum components of first-line therapy has produced promising
results with agents such as bevacizumab [7,8], cetuximab [9,10],
gemcitabine [11,12] and pemetrexed [13].

The oral epidermal growth factor receptor (EGFR) tyrosine-
kinase inhibitor (TKI) erlotinib is an established option for the
second-line treatment of patients with advanced NSCLC [14,15],
producing survival benefits similar to those of approved second-
line chemotherapy agents, docetaxel and pemetrexed [16]. The
efficacy of erlotinib was established in the randomized, placebo-
controlled BR.21 trial in 731 patients with advanced NSCLC treated
with at least one previous line of chemotherapy [17]. In this study,
erlotinib significantly prolonged survival, delayed symptom pro-
gression and improved quality of life (QoL) compared with placebo,
and was effective across a range of patient subgroups [4].

The phase Il SequentiAl Tarceva in UnResectable NSCLC (SAT-
URN; BO18192) study of erlotinib as maintenance treatment in
patients with non-progressive disease after first-line chemother-
apy evaluated the efficacy and safety of erlotinib in this setting.
The overall results of SATURN demonstrated significant improve-
ments in PFS and OS with erlotinib versus placebo. These benefits
were evident across clinical and biomarker subgroups, without
impairment of QoL [18,19]. Of note, only a small proportion of
patients in the placebo arm (21%) received an EGFR TKI following
study discontinuation. Asian patients have been reported to gain a
greater benefit from EGFR TKIs compared with non-Asian patients
[20,21], because of their increased predisposition to EGFR muta-
tions [22,23]. We report results of a retrospective subanalysis of

efficacy and safety in Asian patients enrolled in the SATURN study,
to evaluate the potential value of erlotinib maintenance therapy in
this population.

2. Patients and methods
2.1. Study design

SATURN was an international, placebo-controlled study of
erlotinib maintenance treatment after first-line chemotherapy for
NSCLC. This retrospective subanalysis evaluated the results for
patients enrolled into SATURN from East and South-East Asian
centers. Fig. 1 summarizes the study design. After completion of
four cycles of chemotherapy (run-in period), eligible patients with
no evidence of progressive disease were randomized to treatment
with erlotinib 150 mg/day or placebo. The allocated treatment was
continued until the development of progressive disease or unac-
ceptable toxicity.

The full study methodology, including eligibility criteria for
the run-in and randomization phases, has been published in
the primary manuscript [18], and is presented in abbreviated
form here. Inclusion criteria for the run-in (chemotherapy) phase
included: age >18 years; presence of histologically documented,
measurable (by Response Evaluation Criteria In Solid Tumors
[RECIST]), advanced, recurrent or metastatic NSCLC; and an avail-
able tumor sample. Criteria for entry into the randomization phase
included: completion of four cycles of standard platinum-doublet
chemotherapy without disease progression (achievement of com-
plete response [CR], partial response [PR] or stable disease [SD]);
an Eastern Cooperative Oncology Group (ECOG) Performance Sta-
tus (PS) of 0 or 1; adequate renal, hepatic and hematologic function;
and a negative pregnancy test in females of child-bearing age.
The main exclusion criteria were: previous exposure to anti-EGFR
treatment; the presence of uncontrolled, symptomatic brain metas-
tases; and history of any malignancy within the past 5 years (except
for carcinoma in situ).
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Table 1

Baseline characteristics for the Asian subpopulation and the overall population of SATURN.

n (%) unless otherwise specified

SATURN Asian subpopulation

Overall SATURN population

Erlotinib Placebo Erlotinib Placebo
(n=60) (n=65) (n=438) (n=451)

Median age, years (range) 55(33-73) 54(30-77) 60(33-83) 60(30-81)
Gender

Male 40(67) 42(65) 321(73) 338(75)

Female 20(33) 23(35) 117(27) 113(25)
Histology

Adenocarcinoma/BAC 40(67) 34(52) 205(47) 198(44)

Squamous cell carcinoma 6(10) 22(34) 166(38) 194(43)

Other 14(23) 9(14) 67(15) 59(13)
Stage

111B 11(18) 15(23) 116(26) 109(24)

v 49(82) 50(77) 322(74) 342(76)
ECOG PS

0 10(17) 18(28) 135(31) 145(32)

1 50(83) 47(72) 303(69) 306(68)
Smoking status

Current smoker 21(35) 28(43) 239(55) 254(56)

Former smoker 15(25) 12(18) 122(28) 122(27)

Never smoker 24(40) 25(38) 77(18) 75(17)
EGFR IHC status

Positive 40(67) 54(83) 308(70) 313(69)

Negative 13(22) 8(12) 62(14) 59(13)

Unknown 7(12) 3(5) 68(16) 79(18)
EGFR mutation status

Activating mutation 4(7) 8(12) 22(5) 27(6)

Other mutation (including resistance mutations) 1(2) 0(0) 7(2) 2(<1)

Wild-type 10(17) 18(28) 199(45) 189(42)

Indeterminate 6(10) 1(2) 33(8) 39(9)

Missing 39(65) 38(58) 177(40) 194(43)
Response to first-line therapy

CR 0(0) 0(0) 1(<1) 1(<1)

PR 25(42) 29(45) 183(42) 209(47)

SD 34(57) 34(52) 252(58) 235(52)

BAC, basal adenocarcinoma.

SATURN employed the co-primary endpoints of PFS in all
patients (the intent-to-treat [ITT] population) and PFS in the EGFR
immunohistochemistry (IHC)-positive subgroup (i.e., patients
whose tumors had a high level of EGFR protein expression as
assessed by IHC). Secondary endpoints consisted of PFS in the
[HC-negative subgroup, OS in all patients and in the EGFR IHC-
positive subgroup, best response, time-to-progression, safety and
QoL. Extensive biomarker analyses were also conducted.

The study was conducted in accordance with the Declaration of
Helsinki and Good Clinical Practice guidelines and the protocol was
approved by local ethics committees at each enrollment center. All
patients enrolled in the study gave informed consent for participa-
tion and also for provision of tumor samples. The study is registered
with ClinicalTrials.gov, study number NCT00556712.

2.2. Procedures and assessments

Data on baseline characteristics were collected at the time of
randomization, after completion of initial chemotherapy. In terms
of study demographics, Asian ethnic origin included patients from
East and South-East Asia and the Indian subcontinent. Smoking
status of patients was categorized as follows: patients with a
smoking history of <100 cigarettes in their lifetime were desig-
nated never smokers; those who had smoked >100 cigarettes, but
had not smoked within the last year were classified as former
smokers; and the remaining patients were classified as current
smokers.

Tumor assessments were done by computed tomography (CT)
scan, spiral CT scan, or magnetic resonance imaging at initial
screening, after completion of chemotherapy (study baseline), then
at6-week intervals until week 48, and subsequently every 12 weeks

until disease progression was confirmed. Tumor response was clas-
sified by use of RECIST 1.0. QoL was assessed using the Functional
Assessment of Cancer Therapy-Lung (FACT-L) questionnaire at 6-
week intervals until week 48 and every 12 weeks thereafter.

Collection of tumor tissue for biomarker assessment was
mandatory during screening. EGFR IHC status was determined
using the Dako EGFR pharmDx kit, and tumors were considered
EGFR IHC-positive if 10% or more of tumor cells showed membra-
nous staining of any intensity. Unfortunately the number of EGFR
mutation-positive Asian patients in this subanalysis was insuf-
ficient to allow investigation of PFS and OS in relation to EGFR
mutation status. This reflects difficulties in obtaining sufficient
quantities of tumor tissue to allow the large number of biomarker
tests specified in the SATURN protocol to be carried out. Full details
of the methodology of the molecular analyses are included in a
separate report of the biomarker results from the study [19].

Adverse events (AEs) and serious AEs were classified according
to the National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI-CTCAE), version 3.0. In patients with AEs, dose
reductions in 50 mg steps and interruptions for up to 2 weeks were
permitted. On disease progression, the choice of further treatment
was at the investigator’s discretion. Unblinding was permitted only
if the investigator judged that an EGFR TKI was the only possible
second-line treatment option. The trial sponsor remained blinded
to this information.

2.3. Statistical analysis

The evaluation of PFS included objective progression and clin-
ical progression. Basic comparison of the two treatment groups
was done using a two-sided, log-rank test, without adjustment for
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Table 2

Comparison of survival outcomes in the Asian subpopulation and the overall population of SATURN.

SATURN Asian population

Overall SATURN population

HR (95% CI) Log-rank HR (95% CI) Log-rank
p value p value

PFS

All patients 0.57 (0.37-0.86) 0.0067 0.71(0.62-0.82) <0.0001

EGFR IHC-positive 0.50(0.30-0.83) 0.0057 0.69 (0.58-0.82) <0.0001
0s

All patients 0.67 (0.42-1.07) 0.0931 0.81(0.70-0.95) 0.0088

EGFR IHC-positive 0.53(0.30-0.93) 0.0233 0.77 (0.64-0.93) 0.0063

further potential prognostic factors. All time-to-event endpoints
were measured from time of randomization (the completion of
chemotherapy). The trial was designed with 80% power at the two-
sided 3% significance level, assuming a 25% improvement in PFS
(hazard ratio [HR] = 0.80) for the ITT population and a 33% improve-
ment in PFS (HR=0.75) in the EGFR IHC-positive subgroup. The
alpha allocation was 3% for all patients and 2% for the EGFR IHC-
positive subgroup, a total of 5%. The trial was controlled for alpha
spend due to interim analysis by the Lan-DeMets alpha spending
function with an O’Brien-Fleming boundary.

As this is a report of a subpopulation from the SATURN study,
further subgroup analyses by clinical characteristics, biomarkers, or
response to first-line chemotherapy are not reported, as the sub-
groups would include too few patients to provide any meaningful
statistical analysis or clinical interpretation.

3. Results
3.1. Patient demographics

A total of 1949 patients received at least one dose of standard
doublet chemotherapy in the run-in phase prior to randomization,
of whom 889 patients had CR/PR or SD after four cycles and were
randomized to receive erlotinib or placebo (the overall ITT study
population). In the initial phase, 241 patients were enrolled from
the East and South-East Asian region, including 177 from Korea,
46 from China and 18 from Malaysia. Of these, 126 patients were
randomized to receive study treatment (88 patients from Korea, 28
from China and 10 from Malaysia). For the purposes of this analysis,
one patient was excluded as they were of Indian ethnicity, leav-
ing 125 patients or 14% of the global ITT population who received
either erlotinib (n=60) or placebo (n=65). The baseline character-
istics of the Asian subpopulation and the overall SATURN patient
population are compared in Table 1.

3.2. Efficacy analysis

Erlotinib maintenance therapy significantly prolonged PFS com-
pared with placebo in the overall Asian subpopulation (HR=0.57;
95% confidence interval [CI]: 0.37-0.86; p=0.0067; cut-off date
May 2008) and also in the subgroup of Asian patients with
EGFR IHC-positive status (HR=0.50; 95% CI: 0.30-0.83; p=0.0057)
(Table 2; Fig. 2). There was a non-significant trend towards
increased OS in the erlotinib treatment arm in the Asian subpop-
ulation (HR=0.67; 95% Cl: 0.42—1.07; p=0.0931; cut-off date May
2009), which reached statistical significance in Asian patients with
EGFR IHC-positive status (HR=0.53; 95% CI: 0.30-0.93; p=0.0233)
(Table 2; Fig. 2).

Time-to-progression of disease was also significantly prolonged
with erlotinib versus placebo in the Asian subpopulation (HR =0.54;
95% ClI: 0.35-0.83; p=0.0038). There were no significant differences
in the 12-week disease control rate (DCR) between the treatment
groups for the Asian subpopulation (47.5% with erlotinib versus
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Fig. 2. Kaplan-Meier curves for the Asian subpopulation of SATURN showing: PFS
in all patients (A), PFS in EGFR IHC-positive populations (B), OS in all patients (C)
and OS in EGFR IHC-positive populations (D).
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Table 3 Table 4
Summary of main safety findings for the Asian subpopulation of the SATURN study. Post-study treatments in the Asian subpopulation of the SATURN study occurring in
>10% of patients in either treatment arm (data cut-off May 2009).
n (%) Erlotinib Placebo
(n=59) (n=63) n (%) Erlotinib Placebo
Severe AEs (grade 3/4) 16(27) 7(11) (n=60) (n=65)
Serious treatment-related 4(7) 0(0) All classes? 54(90) 55(85)
AEs Antimetabolites 29(48) 32(49)
Withdrawal due to 2(3) 0(0) Taxanes 26(43) 29(45)
treatment-related AEs EGFR TKIs 22(37) 35(54)
AEs leading to dose 14(24) 3(5) Surgical and medical procedures 16(27) 18(28)
modification/interruption Antineoplastic agents 17(28) 13(20)
Treatment-related AEs occurring in >10% of patients Platinum compounds 5(8) 11(17)
Rash? 45(76) 8(13) Topoisomerase inhibitors 2(3) 9(14)
/[;rchllreltus 128;; ggg; 2 Number of patients with at least one treatment.
Dry skin 6(10) 1(2)
Diarrhea 17(30) 2(3)
Paronychia 12(20) 0(0) detect statistically significant differences between the two treat-

@ Refers only to the Medical Dictionary for Regulatory Activities (MedDRA)-
defined term of rash.

34.9% with placebo). However, erlotinib treatment produced a
significantly higher overall response rate compared with placebo
(23.7% versus 4.8%; p=0.0025).

3.3. Safety and QoL analysis

Maintenance treatment with erlotinib was well tolerated in
Asian patients enrolled in SATURN, and no unexpected safety issues
were encountered. The safety analysis includes 59 patients in the
erlotinib arm and 63 in the placebo arm; three patients were
excluded as they did not receive any study treatment. The most
common AEs in erlotinib-treated patients were skin problems,
such as rash and pruritus, and diarrhea (Table 3). Compared with
placebo, erlotinib treatment was associated with a higher incidence
of severe (grade 3/4) AEs (27% versus 11%) and serious treatment-
related AEs (7% versus 0%). Four erlotinib-treated patients had a
serious treatment-related AE: one had grade 2 interstitial lung dis-
ease (ILD); one had a grade 3 alanine aminotransferase increase
and a grade 2 aspartate aminotransferase increase; one had grade 3
diarrheaand one had grade 5 ILD. Only two Asian patients withdrew
from treatment due to treatment-related AEs.

The HR for time-to-symptomatic progression with erlotinib
versus placebo was 0.89 and the HR for time to deterioration in
Trial Outcome Index with erlotinib versus placebo was 0.93. The
time to deterioration in QoL did not differ significantly between
the erlotinib and placebo treatment groups (median 12 versus 10
months; HR=1.03; 95% Cl: 0.65—-1.64; p=0.9018), indicating that
erlotinib maintenance therapy did not negatively affect QoL com-
pared with a break from active treatment.

The most commonly used post-study treatments in the Asian
subpopulation, at the time of the OS data cut-off in May 2009,
were antimetabolites (including pemetrexed, gemcitabine and
tegafur), taxanes (including docetaxel and paclitaxel) and EGFR
TKIs (Table 4). Post-treatment EGFR TKIs were received by 54% of
patients in the placebo arm and 37% of patients in the erlotinib
arm.

4. Discussion

In the overall population of the phase Il SATURN study of
erlotinib maintenance therapy, erlotinib significantly improved
PFS and OS compared with placebo (HR=0.71 and 0.81, respec-
tively) [18]. The findings of this preplanned subanalysis show that
Asian patients also derived benefit from maintenance therapy with
erlotinib after first-line, platinum-based chemotherapy. Unfortu-
nately, the small number of patients enrolled into SATURN from
Asian centers means that this subanalysis is underpowered to

ment arms. The effect of erlotinib on OS did not reach significance;
however, for most other endpoints statistically significant differ-
ences were reached in favor of erlotinib. These included prolonged
PFS in the Asian subpopulation as a whole (50% increase in median
PFS), and in the subgroup with EGFR IHC-positive status (100%
increase), as well as an increased response rate versus placebo in
this population (24% versus 5%).

The survival benefits of erlotinib maintenance therapy in the
Asian subpopulation were consistent with those in the global
SATURN population, for both the ITT populations and the EGFR
IHC-positive Asian subgroup. Nevertheless, the HR for OS in the
Asian subpopulation (HR=0.67) was lower than that reported for
the overall SATURN ITT population (HR=0.81).

A possible explanation for this may be the small number of
patients evaluated, together with the high rate of censoring, par-
ticularly in erlotinib-treated patients, of whom approximately 50%
had not undergone an event at the time of analysis. In addition, OS
results might have been confounded by differences in second- and
third-line treatments between the SATURN Asian and ITT popula-
tions. In the Asian subpopulation, 54% of patients in the placebo
arm and 37% of patients in the erlotinib arm received EGFR TKIs
post-study, compared with 21% and 11% of patients, respectively,
in the SATURN ITT population.

This subanalysis has several limitations, and the data are inher-
ently less robust than those of the SATURN ITT population due to the
retrospective nature of the analysis. Although South-East Asia was
included as a stratification region in the randomization of patients
for SATURN, certain differences between treatment groups among
the Asian subpopulation might have been clinically significant.
Compared with patients receiving placebo, the erlotinib treatment
arm included a higher proportion of patients with an ECOG PS of 1
(83%versus 72%),and a lower proportion of patients with EGFRIHC-
positive status (67% versus 83%) (Table 1), which would predict a
poorer disease outcome from EGFR TKI treatment [21,24]. However,
the erlotinib group also included a higher number of patients with
the more treatment-responsive adenocarcinoma pathology (67%
versus 52%). In addition, 40% of erlotinib-treated patients in the
Asian subanalysis were never smokers, compared with just 18% of
patients receiving erlotinib in the SATURN ITT population, a factor
that may also increase the likelihood of response to treatment.

Patients of Asian ethnicity with NSCLC appear to be particu-
larly responsive to EGFR TKIs, a predictive association thought be
related to the higher incidence of activating EGFR mutations in
Asian compared with Western populations (approximately two-
to three-fold higher) [24-27]. Unfortunately, a further limitation of
this subanalysis was the lack of sample material, which prevented
any meaningful evaluation of efficacy outcomes by EGFR mutation
status. Previous studies have shown that tumors with EGFR muta-
tions are highly responsive to EGFR TKIs [24,28,29]. Similarly, in the
overall SATURN population, the estimated HR for PFS in the EGFR
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mutation-positive population was 0.10 for erlotinib versus placebo,
indicating a substantial benefit. The phase IIl OPTIMAL study inves-
tigated the first-line use of erlotinib in 154 Chinese patients with
EGFR mutation-positive NSCLC, and reported significant improve-
ments in PFS versus chemotherapy (HR=0.16, 95% CI: 0.10-0.26;
p<0.0001) [30], indicating that earlier use of EGFR TKI therapy is
warranted in this patient subgroup. As noted earlier, the relatively
small size of the Asian subpopulation means that any further sub-
division by EGFR mutation-positive versus wild-type status would
have limited the viability of any conclusions.

Erlotinib was generally well tolerated in Asian patients and
did not impair QoL compared with placebo, which is consistent
with the overall SATURN findings. This is an important consid-
eration in this treatment setting, since a pivotal argument for
offering treatment breaks after first-line chemotherapy is that this
approach allows patients to recover from the often-debilitating
effects of cytotoxic chemotherapy. Use of a less toxic agent
for maintenance treatment can enable patients to recover from
chemotherapy, while continuing to receive treatment able to pro-
duce clinically meaningful improvements in disease status and
survival.

The findings of this subanalysis in a highly selected subpopula-
tion demonstrate a PFS benefit of erlotinib maintenance treatment
in Asian patients with advanced NSCLC. Whether it is preferable
to use a proven agent such as erlotinib as traditional second-line
treatment or as maintenance therapy remains a matter of conjec-
ture [18]. However, due to the possibility of rapid progression after
first-line chemotherapy, the maintenance approach should at least
be considered when evaluating treatment options.

5. Conclusions

This preplanned subanalysis of the SATURN study suggests
that the clinical benefits of maintenance treatment with erlotinib
observed in the overall SATURN population are also seen in patients
of Asian ethnicity. Erlotinib maintenance treatment thus represents
a novel treatment option in Asian patients with advanced NSCLC
who have not progressed after first-line chemotherapy.
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