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Abstract

Gefitinib is an inhibitor of epidermal growth factor receptor tyrosine kinase, which has a tumour reducing effect in non-small cell
lung cancer (NSCLC). In this study, we retrospectively reviewed the clinical data from 105 patients with advanced NSCLC treated
with gefitinib at our department between May 2002 and April 2004. The overall response rate was 27.8% and the median survival
time was 9.3 months. Pretreatment characteristics suggested that those with no history of smoking or an elevated serum carcinoem-
bryonic antigen (CEA) level were more likely to be sensitive to gefitinib (P = 0.009). A multivariate analysis indicated good PS
(P <0.0001) and elevated serum CEA level (P = 0.0027) to be independent prognostic factors. These data show that the serum
CEA level can be a predictive factor for the efficacy of gefitinib treatment while it is also a prognostic factor for advanced NSCLC

patients undergoing this treatment.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The majority of patients with non-small cell lung can-
cer (NSCLC) have such advanced disease that it can not
be resected at initial treatment. Although chemotherapy
can potentially prolong survival of patients with ad-
vanced cancer, the advantages are relatively small [1].

A molecular target drug, gefitinib (Iressa, AstraZen-
eca, London, UK), has recently been developed as a
tyrosine kinase inhibitor of epidermal growth factor
receptor (EGFR), which was found to be a potential
anti-cancer agent [2]. Two large phase II studies con-
ducted in pretreated non-small lung cancer patients have
demonstrated a response rate of 18% and 11.8% with
symptomatic improvement in 40% and 43% of patients
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[3.4]. Based on these results, gefitinib has been approved
for treating patients with NSCLC upon the failure of
other chemotherapies. Although gefitinib was developed
as a specific molecular target drug for EGFR, the clini-
cal target of the drug in human tumours is not fully
understood. Both basic and clinical research has not
been able to show that the expression level of EGFR
correlates with sensitivity of NSCLC to gefitinib. Anal-
ysis of clinical data from phase II clinical trials have sug-
gested that gefitinib shows greater activity in patients of
Japanese origin, females and those who had adenocarci-
noma. Another report showed that patients with bron-
chioloalveolar carcinoma and no history of smoking
were associated with a higher sensitivity to the drug [5].

Recently, two studies from different groups have
shown that mutations in the tyrosine kinase domain of
EGFR are associated with sensitivity of NSCLC to gef-
itinib [6,7]. Small in-frame deletions and missense substi-
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tutions were detected within the adenosine triphosphate
(ATP) binding pocket of the EGFR catalytic domain
in 10-28% of NSCLC tumours. Clinical observations
demonstrated that almost all tumours sensitive to gefiti-
nib had one of these mutations, while the tumours show-
ing no response did not have them. Moreover, a recent
study showed that such downstream molecules as Akt
and STAT?3/5 played a crucial role in the anti-apoptotic
pathway of the mutant EGFR protein in tumour cells [8].
Another group found that activated Akt was associated
with higher efficacy of gefitinib when investigating clini-
cal specimens by immunohistochemical approaches [9].
In spite of these remarkable observations, the true
mechanism of the tumour response to gefitinib is still
not fully understood. In addition, the detection of muta-
tions in EGFR is still not generally established in prac-
tice. We therefore investigated the clinical data of
consecutive patients treated by gefitinib monotherapy
in our department to detect or confirm specific charac-
teristics in gefitinib sensitive patients, in order to better
understand the molecular targets of this drug. We were
particularly interested in patient serum carcinoembry-
onic antigen (CEA) levels prior to cancer treatment,
since NSCLC patients with high CEA levels often
showed good clinical response to gefitinib therapy.

2. Patients and methods

Between May 2002 and April 2004, 105 patients with
advanced NSCLC were treated at the Department of
Thoracic Oncology at the National Kyushu Cancer
Center, Japan. All patients had unresectable lesions
and 90% of patients received one or more regimens of
chemotherapy before receiving gefitinib treatment. Gen-
erally, gefitinib was administered orally at a dose of
250 mg/day until disease progression, the appearance
of unacceptable toxicity or patients’ withdrawal from
the treatment. The pretreatment variables analysed
were: age, gender, clinical stage, ECOG performance
status (PS), cell type, smoking history, number of prior
chemotherapy regimens and CEA serum concentration.
Histological analysis of tumours were based on WHO
classification for cell types [10]. The clinical stage of
these patients was determined based on the TNM classi-
fication of the Union Internationale Contre le Cancer
(UICC) [11]. For TNM staging, all patients underwent
a computed tomography (CT) scan of the thorax and
the upper part of abdomen, a bone scintigram, and a
brain CT or magnetic resonance imaging (MRI). Serum
CEA was measured by an enzyme immunoassay (SRL,
Fukuoka, Japan) within six weeks before starting the
gefitinib treatment. According to the manufacturer, the
normal range of serum CEA level is below 5.0 ng/ml.
The clinical responses to the drug were defined accord-
ing to the response evaluation criteria of WHO for pa-

tients with measurable disease [12]. For patients whose
tumour burden could not be quantified using these crite-
ria, two physicians assessed each patient. Written in-
formed consent was obtained from each patient before
treatment start.

Statistical significance for the various clinicopatho-
logical factors among compared categories was evalu-
ated using the y* test, Fisher’s exact probability test or
the Mann—Whitney test. Overall survival was defined
as the period from the starting date of the gefitinib treat-
ment to the date of death. Patients alive at data cutoff
were censored at the last date the patient was known
to be alive, and the terminal event was death due to
any cause. A survival analysis for each categorical vari-
able regarding overall survival was estimated according
to the Kaplan—Meier method. The statistical significance
of the differences between the survival curves was evalu-
ated by the log-rank test. A univariate analysis of several
prognostic factors was carried out using the Cox pro-
portional hazards model. In multivariate survival analy-
sis, all variables investigated were further analysed in a
stepwise manner. Statistical difference was considered
to be significant if the P value was below 0.05.

3. Results
3.1. Clinical characteristics of patients treated by gefitinib

The clinical characteristics of the 105 patients are
summarised in Table 1. Ninety-one percent of patients
had stage IV diseases, 83.8% had adenocarcinoma and
90% had received one or more regimens of prior chemo-
therapy (mainly platina-based). The serum CEA level
was positive (CEA > 5 ng/ml) for 62.9% of the patients.
A complete response (CR) and partial response (PR)
were observed in 2 and 26 patients, respectively, and
overall response rate was 27.8%. We compared the clin-
ical characteristics of responders (CR + PR) with those
with stable disease (SD) and progressive disease (PD)
by the Mann—-Whitney test (Table 2). Patients with no
history of smoking and those with an elevated serum
CEA level were more likely to be sensitive to gefitinib
(P =0.009). Thirty-five percent of the patients with cle-
vated CEA levels experienced objective regressions com-
pared to 16% of those with normal CEA levels. All
responders with elevated CEA achieved a reduction in
the serum CEA levels and 6 of 22 (27%) showed a reduc-
tion which reached normal levels.

3.2. Survival

The overall follow-up time ranged from 5.6 to 28.7
months with a median follow-up of 18.4 months. The
one- and two-year overall survival rates were 44% and
23%, respectively, and the median survival time was
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Table 1
Clinicopathological characteristics of the 105 patients treated by
gefitinib

Category n %
Age
Median (range) 61.9 (37-86)
Gender
Male 61 58.1
Female 44 41.9
Clinical stage
IIIA 2 1.9
I1IB 7 6.7
v 96 91.4
Performance status
0 31 29.5
1 51 48.6
2 18 17.1
34 5 4.8
Histologic type
Adenocarcinoma 88 83.8
Squamous 6 5.7
Large 3 2.9
Adenosquamous 3 2.9
Undefined 5 4.8
Smoking history
None 62 59.0
Current + former 43 41.0
Serum CEA level
<5 ng/ml 39 37.1
>5ng/ml 66 62.9
No. of prior chemotherapy regimens
0 11 10.5
1 38 36.2
2 26 24.8
3 or more 30 28.6
Response to gefitinib
Complete response 2 1.9
Partial response 26 24.8
Stable disease 36 34.2
Progressive disease 36 343
Not evaluable 5 4.8

9.3 months. We analysed the effect of pretreatment ser-
um CEA level on the survival of patients treated by gef-
itinib. Table 3 shows a comparison of the pretreatment
clinicopathological characteristics between the patients
with an elevated CEA level and normal CEA Ilevel.
Although the adenocarcinoma patients tended to have
a more elevated CEA level than other cell types, there
was no significant difference between the two groups
with respect to the analysed categories. The survival
curve of the two levels of serum CEA showed that sur-
vival of patients with higher pretreatment CEA level
to be significantly better (Fig. 1). A univariate analysis
of several prognostic factors using Cox proportional
hazards model indicated that younger age, presence of
adenocarcinoma, good PS and clevated serum CEA lev-
els to be positive prognostic factors for gefitinib treat-

Table 2

Comparison of pretreatment clinicopathological characteristics among
patients with response, stable disease and progressive disease by
gefitinib treatment

Category CR+PR SD PD P value
(n=128) (n=36) (n=36)
n n n

Age
<65 17 22 16 0.17
=65 11 14 20

Gender
Male 13 19 24 0.10
Female 15 17 12

Histologic type
Adenocarcinoma 26 30 28 0.11
Non-adenocarcinoma 2 6 8

Clinical stage
111 1 2 4 0.23
v 27 34 32

Performance status
<1 24 29 26 0.18
=2 4 7 10

Smoking history
None 18 14 11 0.0092
Current + former 10 22 25

No. of prior regimens
<1 14 11 21 0.39
=2 14 25 15

Serum CEA level
<5 ng/ml 6 12 19 0.009
>5ng/ml 22 24 17

Total (%) 28 (28%) 36 (36%) 36 (36%)

ment (Table 4). A multivariate analysis using a
stepwise method also confirmed that a good PS and ele-
vated serum CEA levels to be independent prognostic
factors (Table 5).

4. Discussion

Gefitinib is a tyrosine kinase inhibitor of EGFR,
which has the potential to reduce tumour volume in
NSCLC patients. Two large phase II studies conducted
in pretreated non-small lung cancer patients have dem-
onstrated a response rate of 18% and 11% [3,4]. In the
analysis of the former trial, Japanese patients observed
higher response rate than non-Japanese patients
(27.5% vs. 10.4%, odds ratio = 3.27; P =0.0023). In a
multivariate analysis employed at 10% significance level,
a good PS, female, adenocarcinoma and a history of
receiving prior immuno/hormonal treatment were all
found to be independent predictable factors for re-
sponse. Also a retrospective study demonstrated that
patients with adenocarcinoma of the bronchioloalveolar
subtype and no history of smoking were more likely to
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Table 3
Comparison of pretreatment clinicopathological characteristics
between patients with elevated serum CEA level and those without

Category CEA CEA P value
< 5ng/ml > 5ng/ml
n n
Age
(<65, =65) 20, 19 37,29 0.78
Gender
(Male, female) 23, 16 38, 28 >0.99
Histologic type
(Adeno, non-adeno) 29, 10 59, 7 0.080
Clinical stage
(111, IV) 6, 33 3,63 0.12
Performance status
(<1, =22) 33,6 49, 17 0.32
Smoking history
(None, current + former) 14, 25 29, 37 0.54
No. of prior regimens
(<1, =2) 18, 21 31, 35 >0.99
Total (%) 39 (37.1%) 66 (62.9%)

have an objective response to gefitinib treatment (odds
ratio = 13.5 and 4.2) [5]. However, no report has so
far investigated the relationship between the serum
CEA concentration and responses to. In this study, a
similar overall response rate (26.7% of all patients trea-
ted) as that reported in the former study of Japanese pa-
tients and association of smoking history to gefitinib
sensitivity was also observed. We also demonstrate for
the first time, that patients with a serum CEA concentra-
tion of over 5ng/ml were more sensitive to gefitinib
treatment than those with a concentration of below
5 ng/ml. Moreover, those with an elevated serum CEA
level showed a significantly better prognosis for gefitinib
treatment than those with no such increased levels based

1.0
—CEA =5 ng/ml
0.8 1 —CEA <5 ng/ml
0.6 1
0.4 1
0.2 - P =0.016
0 -
T T T T T T T T T T T T T
0 5 10 15 20 25 30
months

Fig. 1. The survival curves of gefitinib treated patients with elevated
serum CEA (=5 ng/ml) and normal CEA levels (<5 ng/ml).

Table 4
Analysis of various pretreatment prognostic factors influencing
survival of patients treated with gefitinib (Cox proportional hazards
model)

Variables Hazard ratio  95% CI P value
Age

(<65 vs. =65) 1.72 1.02-2.90  0.042
Gender

(Male vs. female) 0.69 0.40-1.17 0.17
Histologic type

(Adeno vs. non-adeno) 1.88 1.01-3.51 0.046
Clinical stage

(111 ws. IV) 0.78 0.33-1.83 0.57
Performance status

(<l vs. 22) 5.41 3.07-9.62  <0.0001
Smoking history

(None vs. current + former) 1.56 0.90-2.68 0.11
No. of prior regimens

(Llvs. 22) 1.35 0.79-2.29 0.28
CEA

(<5 vs. =5ng/ml) 0.53 0.32-0.90 0.018
Table 5

Multivariate analysis of various pretreatment prognostic factors
influencing survival of patients treated with gefitinib

Variable Category Hazard ratio P value
Performance status (<1 vs. =2) 6.10 <0.0001
CEA (<5 wvs. 25ng/ml) 044 0.0027

on both univariate and the multivariate analyses. These
data were very surprising since an elevated serum CEA
level is generally considered to be a negative prognostic
factor for NSCLC [13].

CEA was first described as a specific antigen that was
present in both the fetal colon and colon adenocarci-
noma [14]. It is a member of the immunoglobulin super-
gene family, which is a cell surface adhesion protein, and
it is thought to play a role in cell-to-cell adhesion [15].
The overexpression of CEA has been found in many
other types of carcinomas and is thought to play a role
in tumourigenesis [16]. Screaton and colleagues have re-
cently discovered that CEA has a dominant effect in
blocking differentiation and it also cooperates with
Myc and Bcl-2 in cellular transformation [17]. In addi-
tion, it can also inhibit cell death induced by a loss of
anchorage to the extra cellular matrix (anoikis) [18].
Our data reported here suggests that NSCLC cells which
produce an abundant amount of CEA protein tend to be
more sensitive to the EGFR tyrosine kinase inhibitor
gefitinib, and indicates that CEA proteins may play an
important role in EGFR signaling in cancer cells. If this
is true, then the serum CEA may be an important surro-
gate marker of the gefitinib treatment. In clinical prac-
tice, in the course of treating patients with gefitinib,
we believe that a change in serum CEA levels seem to
closely represent the burden of a CEA positive tumour.
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Recently, mutations in the tyrosine kinase domain of
EGFR have been found to be strongly associated with
the sensitivity of NSCLC to gefitinib [6,7]. Mutations
were detected within an ATP binding pocket of the cat-
alytic domain, and the EGFR mutants also had an en-
hanced tyrosine kinase activity in response to the
ligand. Moreover, current studies have shown that such
down stream molecules as Akt and STAT3/5 play a cru-
cial role in the anti-apoptotic pathways of the mutant
EGFR in tumour cells [8,9]. Since CEA protein has been
demonstrated to have an anti-apoptotic effect in cancer
cells, it is possible that an anti-apoptotic signal of the
mutant EGFR may elevate the expression level of
CEA protein.

In conclusion, this study indicates that the serum
CEA level may be a useful predictive factor for the effi-
cacy of gefitinib treatment, while also being a prognostic
factor for advanced NSCLC patients undergoing this
treatment. Further basic research and clinical studies
are needed to elucidate the relationship between sensitiv-
ity to gefitinib and the CEA protein.
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