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Abstract

Purpose This single arm, phase II study aims to evalu-
ate the role of epidermal growth factor receptor—tyrosine-
kinase inhibitor erlotinib as maintenance therapy follow-
ing concurrent chemoradiotherapy (cCRT) in unresectable
locally advanced non-small-cell lung cancer (NSCLC).
Methods Patients with unresectable stage IIIA o dry
IIIB NSCLC with no evidence of tumor progression after
receiving a standard cCRT regimen with curative intent
were included. Oral erlotinib 150 mg/day was administered
within 4-6 weeks after the end of the cCRT for a maximum
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of 6 months if no disease progression or intolerable toxicity
occurred. Primary end point was the progression-free rate
(PFR) at 6 months. Secondary end points included time to
progression (TTP) and overall survival (OS).

Results  Sixty-six patients were enrolled and received
maintenance treatment with erlotinib [average: 4.5 months
(95 % CI 4.0-5.0)]. PFR at 6 months was 63.5 % (41/66).
With a median follow-up of 22.7 months (95 % CI 13.5-
37.1), the median TTP was 9.9 months (95 % CI 6.2-12.1),
and the median OS was 24.0 months (95 % CI 17.3-48.6).
Most common adverse events (AEs) related to erlotinib
were rash (78.8 %; 16.7 % grade 3), diarrhea (28.8 %;
1.5 % grade 3), fatigue (15.2 %; 1.5 % grade 3), anorexia
(7.6 %; 1.5 % grade 3) and vomiting (4.6 %; none grade 3).
Five patients (7.6 %) were withdrawn due to AEs.
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Conclusions Erlotinib as maintenance therapy is an active
treatment after cCRT in unselected patients with stage III
NSCLC, reaching a 6-month PFR of 63.5 % and a median
OS of 24 months. The safety profile of maintenance erlo-
tinib was as expected and manageable.

Keywords Non-small-cell lung cancer - Erlotinib -
Maintenance chemotherapy - Stage III disease

Introduction

Lung cancer is the most frequent cause of cancer-related
deaths in men (951,000 cases) and the second one in
women (427,400 cases) worldwide, and its incidence and
mortality are gradually increasing [1]. Non-small-cell lung
cancer (NSCLC) accounts for nearly 85 % of all cases
of lung cancer, with over 30 % of NSCLC patients being
diagnosed at a locally advanced stage (stage III), which
may render them inoperable [2]. In the 7th edition of TNM
classification, the stage III tumors (locally advanced) were
reviewed comprising a heterogeneous group of tumors
from T1 to T4 and from NO to N3 [3] though the overall
treatment guidelines are not affected [4].

Locally advanced NSCLC that is not amenable to sur-
gical resection is treated with combined modality therapy
involving systemic chemotherapy plus radiotherapy (RT),
which is associated with improvement in overall survival
(OS) compared with RT alone [5]. Moreover, concurrent
chemoradiotherapy (cCRT) has demonstrated a greater sur-
vival benefit, albeit with a higher toxicity, when compared
with a sequential approach [6-8]. Particularly, platinum-
based cCRT is the standard treatment for patients with
unresectable stage III NSCLC, with an expected median
OS of 17 months and 5-year survival rates of <15 % [6,
8—11], but is associated with high rates of recurrence and
offers a room for improvement.

New potential therapeutic strategies, including targeting
epidermal growth factor receptor (EGFR) and other signal
transduction or angiogenesis pathways, have being added into
current standard treatment to delay cancer progression and
improve survival for advanced/metastatic stage NSCLC [12].
Particularly, erlotinib (Tarceva®; Hoffmann-La Roche Inc),
an oral EGFR tyrosine-kinase inhibitor (TKI), has demon-
strated to prolong survival as maintenance therapy in patients
with stage wet IIIB/IV NSCLC after it has been successfully
controlled by the appropriate first-line combination therapy
in two randomized phase III studies (SATURN and IFCT-
GFPC0502 studies) [13, 14]. In fact, based on the SATURN
study [13], erlotinib has been approved as maintenance treat-
ment of patients with locally advanced or metastatic NSCLC
whose disease has not progressed after four cycles of plati-
num-based first-line chemotherapy. Nevertheless, when our
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study was initiated, the experience for locally advanced (stage
II) NSCLC was limited, and although being awaited with
interest, the results from the phase III studies in advanced/
metastatic stages were not available.

In addition, erlotinib has demonstrated to have radiosen-
sitizing effects in NSCLC cells [15, 16], which improves
local tumor control after RT combined with the EGFR-TKI
[17]. As the irradiation effects are usually maintained for
some time, the administration of maintenance erlotinib as
single agent immediately after the completion of cCRT in
locally advanced NSCLC patients would maintain the clini-
cal benefit obtained without adversely affecting patient’s
quality of life as a result of its oral administration and man-
ageable toxicity.

Based on these evidences, the Galician Lung Can-
cer Group (GGCP) conducted this open-label, non-rand-
omized, single arm, multicenter, phase II study which was
aimed to assess the efficacy and safety of erlotinib as main-
tenance therapy in stage III NSCLC patients achieving dis-
ease control after radical treatment with a cCRT combined
modality therapy with the intention to reduce recurrence
and improve OS rates.

Patients and methods
Patient eligibility

Patients with histologically confirmed unresectable stage
IIMA-IIIB (without malignant pleural effusion) NSCLC
not selected by activating EGFR mutation, who had com-
pleted a standard cCRT regimen with curative intention
within 4-6 weeks and with no evidence of tumor progres-
sion, were enrolled at selected centers belonging to Span-
ish GGCP group. Other eligibility criteria included patients
aged >18 years old, with an Eastern Cooperative Oncology
Group (ECOG) performance status (PS) <2 and adequate
bone marrow, hepatic and renal functions. Previous expo-
sure to anti-EGFR agents or concomitant treatment with
another antineoplasic agent was not allowed. Patients were
excluded if they had uncontrolled serious concomitant dis-
ease and clinically significant ophthalmologic or gastroin-
testinal abnormalities (e.g., malabsorption syndrome).

The study was performed after approval by an Independ-
ent Ethics Committee of each site and in accordance with
the Declaration of Helsinki, good clinical practices and
local ethical and legal requirements. Signed informed con-
sent was obtained from all patients before study entry.

Treatment plan and dose modifications

Eligible patients received treatment with oral erlotinib
150 mg/day within 4-6 weeks after the end of the cCRT
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and for a maximum of 6 months if no disease progression
or unacceptable toxicity occurred before.

In case of adverse events (AEs) not controlled with the
suitable support treatment, dose reductions (in decrements
of 50 mg up to a final dose of 50 mg) and interruptions (for
<2 weeks) were permitted, at the investigator’s discretion.
Once a patient’s dose was reduced, it was not subsequently
increased.

Criteria for protocol discontinuation included with-
drawal of informed consent, progressive disease, limiting
toxicity, the investigator considers that the patient is not
obtaining any benefit from the treatment or need of other
antineoplasic agents not specified in the protocol.

Efficacy and safety assessments

A complete medical history and physical examination
including PS, laboratory analysis, pulmonary function tests
and ECG and radiography of the thorax were required prior
to initiating study treatment. Baseline computed tomogra-
phy scans of the chest and abdomen were required at least
4 weeks before study entry. Medical history and physical
examination including PS, vital signs assessments and rou-
tine laboratory analysis were repeated every month until
end-of-study visit, which occurred 30 days after the end of
study treatment.

Radiological assessments of tumor response by com-
puted tomography scan were performed every 2 months
until the end-of-study visit. The same tumor assessment
technique was used throughout the study. Responses were
evaluated according to the Response Evaluation Criteria
in Solid Tumors (RECIST v1.0) [18]. After completion of
study treatment, patients with no disease progression, i.e.,
with either stable disease (SD), complete response (CR) or
partial response (PR), were followed every 3 months until
disease progression and/or death (whichever occurred first).

Adverse events were classified by National Cancer Insti-
tute Common Toxicity Criteria for AEs (NCI-CTCAE) ver-
sion 3.0. Patients were evaluated for AEs during erlotinib
therapy and until 30 days after the last study drug dose.
AEs considered related to study medication were followed
until resolution or death.

Statistical analysis

The primary objective was to determine the progression-
free rate (PFR) at 6 months, i.e. percentage of patients
without disease progression (CR 4+ PR + SD) at 6 months
of starting treatment with erlotinib. Assuming a minimum
PFR of 30 %, we proposed an achievement of a 45 % PFR
with erlotinib at 6 months, at a level of significance of
95 % (alpha error = 0.05) and a statistical power of 80 %
(B error = 0.20). An optimal two-stage design as described

by Simon was used [19], requiring the enrollment of
46 patients in the first stage and an additional number of
patients in the second stage to achieve the minimum fore-
seen 66 evaluable patients.

Secondary end points included time to progression
(TTP) and OS, overall response rate (ORR) and safety. TTP
was measured from date of first erlotinib dose until disease
progression or death due to progression. OS was measured
from date of first erlotinib dose until death from any cause.
We used the Kaplan—Meier method to estimate TTP and
OS. All efficacy analyses were performed on an intention-
to-treat (ITT) basis. A stratified analysis was done to select
prognostic factors (age, tumor histology, ECOG PS and
smoking status) related to time to event (TTP and OS), and
log-rank was used for testing differences. A Cox propor-
tional hazard models were used to analyze the prognostic
effect of the resulting significant factors on TTP. The statis-
tical software package used was SAS® version 9.2.

Results
Patients and eligibility

From April 2006 to September 2009, 66 patients were
enrolled into the study at 9 sites in Spain (Fig. 1). The date
of data cutoff was February 20, 2012. Baseline character-
istics are summarized in Table 1; 72.7 % of tumors were
stage IITA (1 T3N1 + 16 T1-3N2) and IIIB (34 T4NO + 10
T1-3 N3 + 5 T4 N3), respectively. All patients had received
cCRT as part of initial radical treatment, which commonly
consisted in a platinum/taxane combination (86.4 %) plus
thoracic RT. Most patients (51 out of 66 patients) received

66 patients
with stage 11l NSCLC and
treated with cCRT enrolled

66 patients
treated with erlotinib 150
mg/day for 6 months as
maintenance treatment

1l

36 patients
completed treatment
defined by the protocol
(erlotinib 150 mg/day for 6
months).

30 patients
not completed the per-protocol 6
months treatment

Reasons:
e Disease progression (n=14)
e Consent withdrawal (n=6)

e AEs(n=5)
L]
L]

Death (n=2)
Protocol not compliance (n=1)

&Other (n=2) /

Fig. 1 Study flowchart
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Table 1 Patient demographics (N = 66)

Characteristics Patients (N = 66)

Gender, n (%)

Men 60 (90.9)
Race, n (%)

Caucasian 66 (100.0)
Age (years)

Median (range)
Performance Status (ECOG), n (%)

61.5 (41.0-79.0)

0 21 (31.8)
1 40 (60.6)
2 1(1.5)
Smoking status?, n (%)
Current smoker 14 (21.2)
Past smoker 45 (68.2)
Never smoker 2 3.0
Disease stage, n (%)
1A 18 (27.3)
111B 48 (72.7)
Histology, n (%)
Adenocarcinoma 15 (22.7)
Squamous cell carcinoma 42 (63.6)
Large cell carcinoma 7 (10.6)
Other 1(1.5)
Unknown 1(1.5)
Prior cCRT, n (%)
Platinum + taxane 56 (84.8)
Platinum + gemcitabine 4(6.1)
Platinum + other QT 5(7.6)
Gemcitabine—taxane 1(1.5)
Best response to previous chemotherapy, n (%)
CR 5(7.6)
PR 53 (80.3)
SD 8 (12.1)

¢CRT concurrent chemoradiotherapy; ECOG Eastern Cooperative
group; CR complete response; PR partial response; SD stable disease

! Missing data in four patients

2 Missing data in five patients

induction CT prior to cCRT, being cisplatin + docetaxel
the most frequent CT regimen used. Median prior thoracic
RT dose received was 61.2 Gy [interquartile range (IQR)
41.1-66.6 Gy]. At the starting of the study, most patients
(80.3 %) had achieved a PR as best response to initial radi-
cal treatment.

Treatment exposure

All 66 patients received maintenance treatment with
erlotinib. Average duration of erlotinib treatment was
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4.5 months (95 % CI 4.0-5.0). Thirty-six patients (54.6 %)
completed maintenance erlotinib per-protocol, with 12
patients receiving the erlotinib dose with modifications
and/or delays. Causes for erlotinib temporary discontinua-
tion or dose reduction were AEs in 10 patients and dosing
errors in 2 patients.

Reasons for not completing the per-protocol 6 months
of maintenance erlotinib were as follows: disease progres-
sion (n = 14), patient’s consent withdrawal (n = 6), AEs
(n =5), death (n = 2), protocol violation (n = 1) and other
causes (n = 2).

At disease progression, 41 patients (out of 53 patients)
received additional CT (n = 35) or RT (n = 6). Pemetrexed
(n = 23), gemcitabine (n = 13), vinorelbine (n = 15) or
docetaxel (n = 9) were the CT drugs most commonly used.

Treatment responses

All 66 patients were included in the intent to treat analysis.
At 6 months after starting erlotinib treatment, there were
63.5 % of patients (41/66) without disease progression
(PFR at 6 months).

In the 66 patients, CR was observed in seven (10.6 %)
patients and PR in 12 (18.2 %) patients. Thus, an ORR of
28.8 % was achieved. A total of 34 patients (51.5 %) had
SD as their best response, while disease progression was
observed in 11 (16.7 %) patients. Two patients were not
evaluable for response due to nonexistence of response
assessment (n = 1) or protocol violation (n = 1).

TTP and OS

With a median follow-up time of 22.7 months (95 % CI
13.5-37.1), the median TTP was 9.9 months (95 % CI

Time to progression
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Fig. 2 Time to progression



Cancer Chemother Pharmacol (2014) 73:451-457

455

Overall Survival

Table 3 Most common (>5 %) treatment-related AEs and grade

+ Censored Survival 3/4 treatment-related AEs per patient according to NCI-CTC grade
1.00 .H11 (n = 66)
W
e NCI-CTCAE  Overall (n = 66)
2 075 . toxicity, n (%)
E Y Grade | Grade2 Grade3 Grade4 Total
N
E 0.50 - "‘—L,,_k_“_k Rash* 23 (34.9) 18(27.3) 11(16.7) - 52 (78.8)
E aas ™ Diarrhea 17 (25.8) 1(1.5) 1(1.5) - 19 (28.8)
g o2s) — Fatigue 6(9.1) 3@6 115 - 10 (15.2)
@ L Anorexia 2(3.1) 2@3.1) 1(L.5) - 5(7.6)
0.00 [P vt soven Hetaan Vomiting (s 2368.H - - 3(4.6)
: U 6 1'2 1'8 2'4 30 36 4'2 43 54 60 Upper.respir.a— — - 1(1.5) - 1(1.5)
Time (Months) tory infection
e Bronchial - - 1(1.5) - 1(1.5)
l [ 8 50 @ 2 2 18 9 [ 1 0 ‘ obstruction

Fig. 3 Overall survival

6.2—12.1 months; Fig. 2). The median OS was 24.0 months
(95 % CI 17.3-48.6 months; Fig. 3) for the ITT population.
The prognostic factors analyzed were age, tumor histol-
ogy, ECOG PS and smoking status (Table 2). To be cur-
rent smoker (vs. past smoker) was identified as a risk factor

for disease progression using the Cox regression analysis
[p =0.0199, HR 0.422, IC (0.204; 0.873)].

Toxicity

All 66 patients received at least one dose of study treat-
ment and were included in the safety analysis. A total of
212 AEs were reported during the study, 118 of which
were considered related to study medication. At least one
AE was reported in 66 patients. A summary of the most
common treatment-related AEs per patient is shown in
Table 3.

NCI-CTCAE National Cancer institute Common Toxicity Criteria

* Verbatim terms included under rash: rash acneiform; dermatitis;
skin eruption; facial exanthema; folliculitis; skin toxicity

Grade 3 treatment-related AEs were reported in 14
(21.2 %) patients. The most frequently observed grade
3 treatment-related AE by patient was rash (16.7 %). No
treatment-related grade 4 AEs was reported. Erlotinib-
related serious AEs were seen in 3 patients.

Five (7.6 %) patients discontinued treatment due to
AEs. The main reasons for the discontinuation were dysp-
nea (n = 2); rash (n = 1); vomiting, anorexia and diar-
rhea (n = 1); and asthenia and anorexia (n = 1) which
were considered treatment-related in two patients (vomit-
ing, anorexia and diarrhea in one patient; and rash in one
patient).

Two patients died during the study treatment due to dis-
ease progression. None died within the first 60 days of the
study. No treatment-related deaths were reported.

Table 2 Prognostic factors

Variable Time to progression (months) Overall survival (months)
related to TTP and OS (n = 66)
Median (95 % CI) Median (95 % CI)
Age
<60 5.9(3.7;10.3) p=0.1389 22.3(11.8;52.5) p=03
>60 10 (6.5; 22.6) 32.0 (17.3; NA)
Histology
squamous 6.9 (5.6; 13.1) p=0.7571 23.2(16.7;40.9) p=05
Non-squamous 10 (4.2; 21.1) 48.6 (15.6; 48.6)
ECOG
0 10 (4.9; 21.1) p = 0.6576 27.1 (13.5; 52.5) p=0.9
lor2 9.9(6.2;13.1) 22.3 (15.6; 48.6)
Past smoker
Yes 10.1 (6.4; 14.8) p =0.02* 39.9 (18.5; 52.5) p = 0.004*
* Statistically significant No 4.6(1.7,9.9) 10.4 (3.4; 32.0)

according to log-rank test
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Discussion

When our study was initiated, the standard of care for unre-
sectable stage IIIl NSCLC was the administration of 2—4 cycles
of cCRT followed by the observation of patient until disease
progression. Expected median OS was about 17 months, with
5-year survival rates of <15 % [6, 8]. Thus, this single arm,
phase II study was designed to assess if erlotinib was able to
prolong PES and OS in patients with advanced NSCLC who
has not progressed after initial treatment with a standard plati-
num-based cCRT regimen with curative intent.

Our study met its primary objective, observing that
63.5 % of patients continued progression-free 6 months
after starting erlotinib treatment. Moreover, secondary effi-
cacy results, TTP (median: 9.9 months) and OS (median:
24.0 months), were reasonable. Maintenance treatment
with erlotinib assured that systematic second-line CT was
given in almost all (77.4 %, 41 out of 53) patients who
observed progression after initial therapy. Although com-
parisons over time and studies may be problematic, sur-
vival rates seem to be in line to those observed by Rigas
et al. [20] in a randomized, placebo-controlled phase III
study (D0410 study) in patients with unresectable stage III
NSCLC following cCRT. The study preliminary results in
223 patients found a trend in benefit for maintenance erlo-
tinib versus placebo for mean TTP (13.5 vs. 10.4 months)
and OS (30.4 vs. 25.1 months), but neither difference was
statistically significant. The results from this study were not
conclusive because the study was closed very prematurely
for reasons of poor recruitment.

Noteworthy, most patients included in our study were
males (90.9 %) with squamous cell carcinoma histology
(63.1 %) which are factors not favorable for erlotinib effi-
cacy [21]. Despite these unfavorable features, the open
design of our study or good baseline characteristics of
patients (e.g., 92.3 % patients with ECOG PS 0/1) follow-
ing initial therapy might have contributed favorably to the
good results observed in our study.

Even if a subgroup analysis by smoking status, sex,
squamous histology or age might have been of interest,
our study was not powered enough to draft any conclusion
from these subgroup analysis. Actually, in the analysis of
the prognostic factors, only a statistically significant differ-
ence was noted for former smokers.

A subgroup analysis by EGFR mutation status might have
been done in view of the larger survival benefit for patients
with EGFR mutation-positive tumors observed in other stud-
ies such as the SATURN trial [13]. However, since that bio-
marker analysis was not mandatory when our study was ini-
tiated, EGFR mutation status was not analyzed.

Nowadays, the use of the word “maintenance” or “con-
solidation” therapy is a matter of debate, as it is the choice
and the duration of the maintenance agent [22]. To date,
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the results from studies in the localized stages of NSCLC
patients have been unsatisfactory [23-26]. A median OS of
26 months and a 3-year survival rate of 37 % were achieved
with cCRT followed by consolidation with docetaxel, inop-
erable stage III NSCLC patients in a phase II study by
Gandara et al. [24] (SWOG 9504). However, a subsequent
randomized phase III study of consolidation with docetaxel
(HOG LUN 01-24/US0O-023) [25] failed to demonstrate
an improvement in survival over the control arm (observa-
tion). A recent randomized phase III study with paclitaxel
as additional maintenance therapy versus observation after
cCRT found similar results, with survival results favoring
the standard arm (26.9 months) [23]. Similarly, a phase
IIT study of maintenance treatment with gefitinib (SWOG
S0023) in inoperable stage III NSCLC patients failed to
demonstrate an improvement in survival over placebo
(with a median survival of 23 compared with 35 months
(HR 0.63, 95 % CI 0.44-0.91; p = .013) [26]. Finally, no
survival advantage has been observed for consolidation
chemotherapy with vinorelbine plus cisplatin and best sup-
portive care (BSC) over BSC alone after definitive therapy
with cCRT in a phase III study in locally advanced NSCLC
patients recently presented at the 2012 ASCO meeting [27].

In our study, a mean OS of 24 months and the observed
high rate of progression-free patients at 6 months substan-
tiate the efficacy of erlotinib as maintenance treatment
in patients with locally advanced NSCLC, being a useful
hypothesis generator for further larger well-controlled stud-
ies. Noteworthy, treatment duration in our study is limited to
6 months, whereas treatment duration is around 2 years in
the other studies in inoperable stage III NSCLC patients [20,
24-26]. Future studies might consider the prolongation of
the maintenance treatment with erlotinib beyond 6 months.

Side effects of erlotinib treatment were generally less
severe than with conventional cytotoxic CT such as intra-
venous CT. The most common AEs were rash (78.8 %) and
diarrhea (28.8 %), which were within the rates reported
in other studies with erlotinib in monotherapy (prescrib-
ing information for Tarceva). Grade 3 treatment-related
rash and diarrhea occurred in 16.7 and 1.5 % of patients,
respectively. However, rash and diarrhea resulted in study
discontinuation in one patient (1.5 %) each. The incidence
of skin rashes in patients treated with EGFR inhibitors var-
ies from 50 to 100 %, depending on the agent and cancer
type, and the median onset tends to be within 1-2 weeks
of the start of therapy [28]. Some researchers have shown
that erlotinib-induced skin rashes may be linked to a sur-
vival advantage [29]. The advantage of erlotinib is that the
toxicity generally decreases over time and is not cumula-
tive, which may overcome the undesirable cumulative tox-
icity caused by cytotoxic agents administered in first-line
setting. In addition, erlotinib has a more convenient oral
administration for patients.
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In conclusion, single agent erlotinib as maintenance ther-

apy is an active treatment after cCRT in patients with stage
III NSCLC, reaching a PFR of 63.5 % at 6 months and a
promising median OS of 24 months. The safety profile of
maintenance erlotinib was as expected and manageable.
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