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Abstract

Purpose  Gefitinib is an epidermal growth factor receptor
tyrosine kinase inhibitor (EGFR-TKI) that has dramatic
effects in selective patients with non-small cell lung cancer
(NSCLC). A simple non-invasive method for predicting the
efficacy of gefitinib is preferable in clinical settings. In this
study, we evaluated prospectively whether surfactant pro-
tein-A (SP-A) and -D (SP-D) may be new conventional
predictors of the efficacy of gefitinib treatment.

Methods We measured serum SP-A and SP-D levels on
days 0 and 29 in 40 patients with advanced NSCLC treated
with 250 mg gefitinib daily. Eligibility criteria included
performance status <3, age <80 years, and stage IIIB-IV
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disease. In addition, EGFR mutations were analyzed in 24
patients.

Results Multivariate analysis showed that favorable pro-
gression-free survival (PFS) after gefitinib treatment was
associated with adenocarcinoma and high serum SP-D lev-
els before treatment. EGFR mutation analysis of 24 patients
showed that 16 patients had exon 19 deletion and/or exon
21 point mutations. EGFR mutations were significantly cor-
related with response to gefitinib and serum SP-D levels
before treatment was significantly high in patients with the
EGFR mutations. Serum SP-A levels were not associated
with PFS.

Conclusions The present study showed that measurement
of serum SP-D levels before treatment in patients with
NSCLC may be a new surrogate marker for predicting the
response to gefitinib.

Keywords Non-small cell lung cancer - Gefitinib - SP-A -
SP-D
Introduction

Gefitinib is an epidermal growth factor receptor tyrosine
kinase inhibitor (EGFR-TKI) that shows anti-tumor activity
for patients with advanced non-small cell lung cancer
(NSCLC). Several clinical patient factors, such as being
East Asian, female, and non-smoker, and having adenocar-
cinoma are closely associated with the anti-tumor activity
of gefitinib [1-3]. Recently, EGFR gene mutations were
also found to predict response and survival in patients
treated with gefitinib [4—7] and these mutations were more
frequently seen in patients with the above-described clini-
cal factors [8]. Thus, EGFR mutations in tumor cells have
become important information for predicting the efficacy of
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gefitinib treatment. High-sensitivity detection methods to
detect EGFR mutations have recently been developed
[9-12]. However, it is sometimes difficult to obtain adequate
tumor specimens to analyze EGFR mutations, because lung
adenocarcinoma often occurs in peripheral areas of the
lung.

Surfactant proteins A (SP-A) and D (SP-D) are lung-spe-
cific glycoproteins that are produced and secreted by nor-
mal alveolar type II cells and Clara cells [13, 14]. A
positive response to gefitinib is more frequently observed in
adenocarcinomas expressing thyroid transcription factor 1
(TTF-1), which is a transcription factor of surfactant pro-
teins [15]. In addition, EGF is reported to induce the pro-
duction of SP-A in fetal normal lung tissue and antisense
EGFR mRNA or an EGFR-TKI is reported to inhibit the
production of SP-A [16, 17]. In contrast, SP-D, which is
well known as a marker of activity of interstitial lung dis-
eases [18, 19], has also been reported to be produced and
secreted by lung cancers [20-22] and serum SP-D levels
are correlated with the volume of lung cancer [23]. Consid-
ering these findings, we hypothesized that these serum sur-
factant proteins are regulated through the EGF signaling
pathway in lung cancer and that gefitinib inhibits the pro-
duction of surfactant proteins as well as the proliferation of
cancer cells. The present study is designed to evaluate
whether serum levels of surfactant proteins may be new and
convenient surrogate biomarkers for predicting the efficacy
of gefitinib treatment in patients with advanced NSCLC.

Patients and methods
Patient selection and treatment

Eligibility criteria were as follows: histologically or cyto-
logically confirmed stage IIIA or IV NSCLC; age
<80 years; and Eastern Cooperative Oncology Group
(ECOQG) performance status (PS) 0 to 3. The major exclu-
sion criteria were as follows: interstitial pneumonia or pul-
monary fibrosis; active concomitant or recurrent history of
any malignancy; uncontrolled angina pectoris, myocardial
infarction less than 3 months before the enrollment, or con-
gestive heart failure; uncontrolled diabetes mellitus or
hypertension; severe infection; intestinal paralysis or
obstruction; any women with pregnancy or lactation; and
other serious medical conditions. Prior radiation therapy
and chemotherapy were to be completed at least 4 weeks
before enrollment.

Patients received gefitinib at a dose of 250 mg/day.
Treatment continued until disease progression or intolera-
ble toxicities became apparent or the patient refused further
treatment. All patients gave written informed consent. This
study protocol was approved by the ethics committee of
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Nagasaki University School of Medicine and each institu-
tion, and performed in accordance with the Declaration of
Helsinki (1995, revised in Edinburgh 2000).

Measurement of SP-A and SP-D levels

Serum SP-A and SP-D levels were measured immediately
before and 4 weeks after the start of treatment (days 0 and
29). The serum samples were stored at —80°C until assay-
ing. Levels were measured using a commercially avail-
able enzyme-linked immunosorbent assay kit (Yamasa
Co., Choshi, Japan) according to the manufacturer’s pro-
tocol. Clinical cut-off levels for serum SP-A (43.8 ng/ml)
and SP-D (110 ng/ml) in interstitial lung disease were
used for categorizing the groups in the survival curves
[24].

Evaluation of tumor response and toxicities

The response to gefitinib treatment was evaluated accord-
ing to the Response Evaluation Criteria in Solid Tumors
(RECIST) [25]. Briefly, complete response was defined as
the disappearance of all known disease. Partial response
(PR) was defined as a 30% reduction from baseline in the
sum of the longest diameters of the target lesions and a lack
of disease progression in non-target lesions. Progressive
disease (PD) was defined as the development of any new
lesions or an increase of 20% in the sum of the longest
diameters of the target lesions. Patients with stable disease
(SD) did not meet the criteria for PR or PD. We evaluated
the best response in each patient within 6 weeks from the
start of treatment. Toxicities were assessed according to the
United States National Cancer Institute Common Toxicity
Criteria (NCI-CTC, version 2) [26].

Genetic analyses of EGFR

After additional approval for EGFR mutation analysis by
the Committee for Ethical Issues in conjunction with the
institutional review board at each institution, written
informed consent was obtained from each patient. Genomic
DNA was extracted from the paraffin-embedded specimens
using DEXPAT™ reagent (Takara Bio, Inc., Shiga, Japan)
from frozen tissue samples that were retrieved from trans-
bronchial biopsies or surgically resected, bronchial lavages,
and pleural effusions using QuickGene DNA tissue kit S
(Fujifilm, Tokyo, Japan) according to the manufacturer’s
protocol. Subsequently, the deletion in exon 19 and point
mutation of L858R in exon 21 in EGFR were retrospec-
tively analyzed, using the mutant-enriched polymerase
chain reaction (PCR) to increase the sensitivity of these
mutations [11, 27]. The deletion region in exon 19 was
amplified by PCR with a GeneAmp PCR System 9700
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thermal cycler (Applied Biosystems, Foster City, CA, USA)
using 20 ng of genomic DNA in a 25-pl reaction mixture
containing 1x GoTaq Green master mix (Promega,
Madison, WI, USA) and 15 pmol each of forward primer:
5'-ATCCCAGAAGGTGAGAAAGATAAAATTC-3' and
reverse primer: 5'-CCTGAGGTTCAGAGCCATGGA-3'".
The amplification protocol consisted of initial denaturation
at 94°C for 5 min, followed by 35 cycles of denaturation at
94°C for 30 s, annealing for 30 s at 60°C, and extension at
72°C for 30 s, and final extension at 72°C for 5 min. The
138-bp PCR products were digested with Msel (New
England BioLabs, Inc., Beverly, MA, USA). After the
digest was amplified under similar conditions (the number
of cycles was changed from 35 to 15), the second PCR
products were separated by 6% polyacrylamide gel electro-
phoresis (PAGE) (Nacalai Tesque, Kyoto, Japan) and visu-
alized with an ultraviolet transilluminator (Alpha Innotech
Co., San Leandro, CA, USA) after ethidium bromide (Nac-
alai Tesque, Kyoto, Japan) staining. Separately, the point
mutation region in exon 21 was amplified by PCR using
15 pmol each of forward primer: 5'-CAGCCAGGAAC
GTACTGGTGA-3' and reverse primer: 5'-TCCTGGTGT
CAGGAAAATGCT-3". The other contents of the PCR
mixture and the amplification protocol were the same as
described above. The 130-bp PCR products were digested
with Mscl (New England BioLabs, Inc.). After the digest
was amplified under similar conditions (forward primer
changed to 5'-CGCAGCATGTCAAGATCACAGAT-3"),
the second PCR products were digested with Asul (Fermen-
tas International, Inc., Ontario, Canada). The digests were
then subjected to separation by 8% PAGE and visualized
by ethidium bromide staining.

Statistical analysis

The primary endpoint of the present study was progression-
free survival (PFS), which was defined as the time from the
date of beginning the treatment to the date of disease pro-
gression or death, or the last follow-up. Secondary end-
points were overall survival (OS) and tumor response. The
survival curves were plotted by the Kaplan—Meier method
and their difference was determined by the log-rank test.
The PFS was expressed as median survival time, one-year
survival rate, and 95% confidence interval (95% CI). The
prognostic values to survival were analyzed by univariate
or stepwise multivariate Cox regression analysis. A two-
tailed P < 0.05 was considered statistically significant. All
analyses were performed using the SPSS statistical soft-
ware package (version 11.0 for Macintosh; SPSS, Inc., Chi-
cago, IL, USA).

The SP-D levels were expressed as the median, 25th per-
centile, and 75th percentile values. The difference in SP-D
levels was determined by the Mann—Whitney U test for

comparisons between two groups and by the Steel-Dwass
test for comparisons among more than two groups.

Results
Anti-tumor activity and toxicities

From February 2003 to March 2006, 40 patients with
advanced NSCLC were enrolled in the present study. The
patient characteristics at baseline are listed in Table 1. Of
these 40 patients, 45.0% were women, 35.0% had never
smoked, and 87.5% had adenocarcinoma. Following gefiti-
nib treatment, no patients showed CR, 8 patients (20.0%)
showed PR, 18 patients (45%) showed SD, and 14 patients
(35.0%) showed PD. The median PFS was 87 days (95%
CI 44-130 days) and one-year PFS was 17.5% (95% CI
5.7-29.3%) (Fig. 1a).

No severe toxicities were observed and no treatment-
related death occurred in the present study. Three patients
(7.9%) experienced grade 3 interstitial pneumonitis. In
these patients, pneumonitis occurred after day 29 and SP-A
and SP-D levels were not increased on day 29 compared to
day 0. Of these three patients, one had a grade 3 skin erup-

Table 1 Baseline characteristics of patients with non-small cell lung
cancer treated with gefitinib

No. of patients %
(n=40)

Sex

Male 22 55.0

Female 18 45.0
Age, median years (range) 69 (47-84)

<70 21 52.5

>70 19 47.5
Stage

111B 9 22.5

v 31 71.5
ECOG performance status

0-1 28 70

2-3 12 30
Histology

Adenocarcinoma 35 87.5

Non-adenocarcinoma 5 12.5
Prior chemotherapy

0-1 17 42.5

>2 23 57.5
Smoking history

Never-smoker 24 60.0

Current- or ex-smoker 16 40.0
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Fig. 2 a Relationship between serum surfactant protein D levels
before treatment and response to gefitinib in 40 patients. b Relationship
between the change in surfactant protein D during 28 days of treatment
with gefitinib and response in 38 patients; two patients died on days 24

tion, one had grade 3 liver dysfunction, and one had grade 3
ileus. Skin eruptions less than grade 2 were observed in 12
patients. Diarrhea less than grade 2 was observed in 6
patients. There were no relationships between toxicities and
surfactant proteins levels (data not shown).

Response and serum surfactant protein levels

We evaluated the relationship between the response to gefi-
tinib and serum SP-A and SP-D levels before treatment.
The patients with PR had higher serum SP-D levels before
treatment compared to those with PD (median value,
94.9 ng/ml vs. 53.4 ng/ml; P < 0.05) and the patients with
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and 29 from disease progression and these patients were excluded from
the analysis. The bottom and top edges of the box are the first and third
quartiles. The center horizontal line is the median value. *Steel-Dwass
test for multiple comparisons was used in the analysis

SD showed no significant difference in serum SP-D levels
before treatment compared to those with PR (Fig. 2a). In
contrast, serum SP-A levels were not related with response
(data not shown).

Next, we evaluated the change in serum SP-D levels
between immediately before and 28 days after gefitinib
treatment in 38 patients (Fig. 2b). Two patients died on
days 24 and 29 from disease progression, so these patients
were excluded from analysis. The decrease in serum SP-D
levels was more frequently seen in the patients with PR and
SD compared to those with PD (median values, —25.4 and
4.2% vs. 29.5%; P < 0.05, each). There was no significant
difference in change in SP-D levels between the patients
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with PR and those with SD. In contrast, the change in
serum SP-A levels was not related with response (data not
shown).

Progression-free survival and serum SP-D levels

In the univariate Cox’s hazard analysis of PFS, the patients
with adenocarcinoma, those with high serum SP-D levels
before treatment, and those who had never smoked had
favorable survival (Table 2). The hazard ratio for PFS was
0.145 for adenocarcinoma (95% CI 0.048-0.439), 0.953 for
an increase by 10 ng/ml in SP-D levels before treatment
(95% CI 0.910-0.997), and 0.497 for never-smokers (95%
CI 0.257-0.965). The sex of the patient did not show a sig-
nificant difference on survival.

Progression-free survival curves were stratified by his-
tology (Fig. 1b), serum SP-D levels before treatment
(Fig. 1c), and smoking (Fig. 1d). The grouping of serum
SP-D levels was based on clinical cut-off levels for serum
SP-D (110 ng/ml) in interstitial lung disease and patients

Table 2 Univariate Cox’s regression analysis of progression-free
survival after gefitinib treatment in patients with non-small cell lung
cancer

Parameter Hazard ratio  95% CI P
Histology, adenocarcinoma  0.145 0.048-0.439  0.0006
SP-D (day 0), increased 0.953 0.910-0.997  0.0360
by 10 ng/ml
SP-A (day 0), increased 0.938 0.865-1.018  0.1239
by 10 ng/ml
Smoking, never-smoker 0.497 0.257-0.965 0.0387
Sex, female 0.678 0.350-1.313  0.2485
Age, <70 years 1.657 0.851-3.229  0.1377
Stage, I1IB 0.872 0.397-1.917 0.7341
PS, 0-1 0.709 0.348-1.444  0.3427
Previous therapy, 0-1 0.933 0.483-1.804 0.8376

SP-D surfactant protein D, SP-A surfactant protein A

were divided into three groups. Better PFS was seen in
patients with adenocarcinoma (P < 0.0001), those with high
serum SP-D levels before treatment (P = 0.0006), and those
who never smoked (P = 0.0350). In multivariate Cox’s haz-
ard analysis of PFS using the stepwise method, the patients
with adenocarcinoma and high serum SP-D levels before
treatment had a decreased risk of disease progression. The
hazard ratio for PFS was 0.102 for adenocarcinoma (95%
CI, 0.031-0.334; P =0.0002) and 0.939 for serum SP-D
levels increased by 10ng/ml (95% CI, 0.892-0.989;
P =0.0170).

On the other hand, the serum SP-A and SP-D levels were
not related with overall survival (data not shown).

Extension study of EGFR mutations

Because many investigators have reported after we began
the study that EGFR mutations are closely associated with
the anti-tumor activity of gefitinib, we performed an exten-
sion study to examine the relationship between serum SP-D
levels and EGFR mutations in 24 patients, 9 men and 15
women with a median age of 64 years (range 40-77 years).
The smoking status was 13 never-smokers and 11 current-
or ex-smokers. All of the patients had adenocarcinomas.
Following gefitinib treatment, 8 patients showed PR, 9
patients showed SD, and 7 patients showed PD.

In the extension study as well as in the original study, the
patients with PR had higher serum SP-D levels before treat-
ment compared to those with PD (Fig. 3a; median value,
83.4 ng/ml vs. 39.0 ng/ml; P <0.05). The decrease in
serum SP-D levels 28 days after treatment was more fre-
quently seen in the patients with PR and SD compared to
those with PD (Fig. 3b; median values, —31.0 and —4.4%
vs. 33.3%; P < 0.05, each).

EGFR mutations were detected in 16 out of the 24
patients (66.7%): L858R in 8 patients, exon 19 deletion in 4
patients, and both L858R and exon 19 deletion in 4 patients.
The patients with EGFR mutations were 15 women and 1
man, and 7 never-smokers and 9 current- or ex-smokers. Of
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Fig. 4 Relationship between serum surfactant protein D levels before
treatment and EGFR mutation status. EGFR mutations studied were
deletion in exon 19 and L858R. The bottom and top edges of the box
are the first and third quartiles. The center horizontal line is the median
value. *Mann—Whitney U test was used

the patients with EGFR mutations, 8 showed PR, 5 showed
SD, and 3 showed PD, whereas of those with wild-type
EGFR, none showed PR, 4 showed SD, and 4 showed PD.
EGFR mutations were significantly associated with
response to gefitinib (P = 0.0192). The serum SP-D levels
before treatment were significantly higher in those with
EGFR mutations than those with wild-type genes (Fig. 4;
median value, 76.1 ng/ml vs. 41.3 ng/ml; P =0.0101). Of
the patients with EGFR mutations, median PFS was
246 days and one-year PFS was 25.0%, whereas of those
with wild-type EGFR, median PFS was 42 days and one-
year PES was 0% (P = 0.0284). The serum SP-D level and
mutation status were not related with overall survival in the
extension study (data not shown).

Discussion

In the present study, we demonstrated that serum SP-D lev-
els may predict the response to gefitinib treatment. The
patients who showed high serum SP-D levels before treat-
ment achieved better responses and PFS times. In addition,
high serum SP-D levels were closely associated with EGFR
mutations.

Surfactant protein-D (SP-D) is the specific glycoprotein
produced and secreted by normal alveolar type II cells and
Clara cells, and it is responsible for the production of pul-
monary surfactant protein [13, 14]. Most SP-D can be both
broken down by pulmonary macrophages and reabsorbed
into the lamellar structures of type II cells as the pulmonary
surfactant protein, while the remainder of it is transferred
into the circulating blood; serum SP-D is well known as a
marker of activity of interstitial lung diseases [18, 19].
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The concentration of SP-D in pleural effusion from
patients with pulmonary adenocarcinoma has been reported
to be extremely high and cancer cells isolated from the
same patients expressed mRNA for SP-D [20]. Betz et al.
[21] stated that reverse transcriptase-polymerase chain
reaction analysis (RT-PCR) of surfactant proteins includ-
ing SP-D was useful for detecting lymph node micrometas-
tasis of pulmonary adenocarcinoma. Moreover, murine
pulmonary tumor cells expressed SP-D mRNA and SP-D
could be detected by immunostaining [22]. Thus, SP-D is
produced and secreted not only by alveolar type II cells and
Clara cells, but also by lung cancer cells. Ohyanagi et al.
[28] reported that serum SP-D decreased in patients with
response to gefitinib treatment; they consider that SP-D
may be produced by NSCLC. In the present study, as the
tumor size decreased during gefitinib treatment, serum SP-
D level was reduced. A significant relationship between
decreasing tumor size and serum SP-D levels also sug-
gested that lung tumor cells might produce SP-D.

The efficacy of gefitinib was observed to be significantly
more frequent in patients with high serum SP-D levels
before the treatment and that serum SP-D levels before
treatment in the patients with EGFR mutations were signifi-
cantly higher than that in patients without mutations. Many
reports have been published during the present study
revealing that the sensitivity to gefitinib treatment is closely
related to EGFR gene mutations [4—7]. About 90% of the
EGFR mutations are either the in-frame deletion in exon 19
or mutational L858R in exon 21 [29]. EGFR mutations are
now considered to be the most important predictive factor
of the efficacy of gefitinib treatment. Most adenocarcino-
mas with the EGFR mutations were categorized as terminal
respiratory unit (TRU)-type adenocarcinomas, which
Yatabe et al. [15] have noted previously. In addition, they
reported that the majority of adenocarcinomas with TRU
morphology showed TTF-1 positive staining and TTF-1 is
a transcription factor that regulates surfactant proteins.
Considering these findings, we supposed that SP-D might
be produced by TRU-type lung cancer cells. This hypothe-
sis might be supported by the fact that serum SP-D levels
before treatment were higher in the patients with EGFR
mutations.

Several studies have evaluated the relationship between
surfactant proteins and the EGFR signaling pathway and/or
gefitinib. In these reports, epidermal growth factor might
induce the production of SP-A in normal fetal lung tissue
through ligand binding to the EGFR and antisense EGFR
mRNA or an EGFR tyrosine kinase inhibitor was reported
to inhibit the production of SP-A [16, 17]. We previously
reported that gefitinib suppresses MUCS5AC protein synthe-
sis through the epidermal growth factor signaling pathway
[30]. MUCSAC is a glycoprotein that is secreted into air-
ways similarly to surfactant proteins and is derived from
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goblet cells. It is one of the principal gel-forming mucins
shown to be induced by the epidermal growth factor family
[31]. Considering the possibility of the EGF system regu-
lating the production of those surfactant proteins and muc-
ins, SP-D synthesis may be regulated through the EGFR
signaling pathway and gefitinib could inhibit the production
of SP-D. Further studies are needed to investigate the rela-
tionship between them.

Measurement of serum SP-D level is convenient com-
pared to the detection of EGFR mutations. Various kinds of
biopsy specimens have been used for detecting EGFR
mutations. Recently, high-sensitivity methods to detect
EGFR mutations have been commonly used with cytologi-
cal specimens, such as sputum, bronchial lavage fluid, and
pleural effusion [9]. However, it is sometimes difficult to
obtain adequate tumor specimens for analyzing EGFR
mutations because most lung adenocarcinomas occur in the
peripheral lung field. Recently, Kimura et al. [32] revealed
the detection of EGFR mutations with the use of a high-
sensitivity method called the Scorpion Amplification
Refractory Mutation System (SARMS) assay in free
plasma DNA from patients with metastatic NSCLC. On the
other hand, Maheswaran et al. [33] reported the analysis of
EGFR mutations by the SARMS assay targeting the circu-
lating tumor cells collected from the peripheral blood sam-
ples of patients. They concluded that this assay is more
sensitive than using free plasma DNA. However, these
analyses are not convenient methods in clinical practice and
cost-effectiveness remains unclear. Thus, we consider that
serum SP-D might be a relatively convenient surrogate
marker to predict the efficacy of gefitinib.

In conclusion, serum SP-D appears to be a surrogate pre-
dictive marker of the efficacy of gefitinib in patients with
NSCLC. Further investigations are needed to clarify the
relationship between the production of SP-D and the EGFR
signaling pathways.

Acknowledgments This study was supported by a Grant-in-Aid for
Scientific Research C (Kakenhi No. 19590901 to H.S.) from the Min-
istry of Education, Culture, Sports, Science, and Technology, Japan.

Conflict of interest statement The authors declare no conflict of
interest.

References

1. Fukuoka M, Yano S, Giaccone G, Tamura T, Nakagawa K, Douil-
lard JY, Nishiwaki Y, Vansteenkiste J, Kudoh S, Rischin D, Eek
R, Horai T, Noda K, Takata I, Smit E, Averbuch S, Macleod A,
Feyereislova A, Dong RP, Baselga J (2003) Multi-institutional
randomized phase II trial of gefitinib for previously treated
patients with advanced non-small-cell lung cancer (The IDEAL 1
Trial) [corrected]. J Clin Oncol 21:2237-2246

2. Kris MG, Natale RB, Herbst RS, Lynch TJ Jr, Prager D, Belani
CP, Schiller JH, Kelly K, Spiridonidis H, Sandler A, Albain KS,

10.

11.

12.

13.

14.

Cella D, Wolf MK, Averbuch SD, Ochs JJ, Kay AC (2003) Effi-
cacy of gefitinib, an inhibitor of the epidermal growth factor recep-
tor tyrosine kinase, in symptomatic patients with non-small cell
lung cancer: a randomized trial. JAMA 290:2149-2158

. Miller VA, Kris MG, Shah N, Patel J, Azzoli C, Gomez J, Krug

LM, Pao W, Rizvi N, Pizzo B, Tyson L, Venkatraman E, Ben-Po-
rat L, Memoli N, Zakowski M, Rusch V, Heelan RT (2004) Bron-
chioloalveolar pathologic subtype and smoking history predict
sensitivity to gefitinib in advanced non-small-cell lung cancer.
J Clin Oncol 22:1103-1109

. Paez JG, Janne PA, Lee JC, Tracy S, Greulich H, Gabriel S,

Herman P, Kaye FJ, Lindeman N, Boggon TJ, Naoki K, Sasaki H,
Fujii Y, Eck MJ, Sellers WR, Johnson BE, Meyerson M (2004)
EGFR mutations in lung cancer: correlation with clinical response
to gefitinib therapy. Science 304:1497-1500

. Lynch TJ, Bell DW, Sordella R, Gurubhagavatula S, Okimoto RA,

Brannigan BW, Harris PL, Haserlat SM, Supko JG, Haluska FG,
Louis DN, Christiani DC, Settleman J, Haber DA (2004) Activat-
ing mutations in the epidermal growth factor receptor underlying
responsiveness of non-small-cell lung cancer to gefitinib. N Engl J
Med 350:2129-2139

. Pao W, Miller V, Zakowski M, Doherty J, Politi K, Sarkaria I,

Singh B, Heelan R, Rusch V, Fulton L, Mardis E, Kupfer D, Wil-
son R, Kris M, Varmus H (2004) EGF receptor gene mutations are
common in lung cancers from “never smokers” and are associated
with sensitivity of tumors to gefitinib and erlotinib. Proc Natl Acad
Sci USA 101:13306-13311

. Mitsudomi T, Kosaka T, Endoh H, Horio Y, Hida T, Mori S,

Hatooka S, Shinoda M, Takahashi T, Yatabe Y (2005) Mutations
of the epidermal growth factor receptor gene predict prolonged
survival after gefitinib treatment in patients with non-small-cell
lung cancer with postoperative recurrence. J Clin Oncol 23:2513—
2520

. Shigematsu H, Lin L, Takahashi T, Nomura M, Suzuki M,

Wistuba II, Fong KM, Lee H, Toyooka S, Shimizu N, Fujisawa T,
Feng Z, Roth JA, Herz J, Minna JD, Gazdar AF (2005) Clinical
and biological features associated with epidermal growth factor
receptor gene mutations in lung cancers. J Natl Cancer Inst
97:339-346

. Tanaka T, Nagai Y, Miyazawa H, Koyama N, Matsuoka S, Sutani

A, Huqun, Udagawa K, Murayama Y, Nagata M, Shimizu Y,
Ikebuchi K, Kanazawa M, Kobayashi K, Hagiwara K (2007) Reli-
ability of the peptide nucleic acid-locked nucleic acid polymerase
chain reaction clamp-based test for epidermal growth factor recep-
tor mutations integrated into the clinical practice for non-small cell
lung cancers. Cancer Sci 98:246-252

Hoshi K, Takakura H, Mitani Y, Tatsumi K, Momiyama N, Ichi-
kawa Y, Togo S, Miyagi T, Kawai Y, Kogo Y, Kikuchi T, Kato C,
Arakawa T, Uno S, Cizdziel PE, Lezhava A, Ogawa N, Hayashi-
zaki Y, Shimada H (2007) Rapid detection of epidermal growth
factor receptor mutations in lung cancer by the SMart-Amplifica-
tion Process. Clin Cancer Res 13:4974-4983

Asano H, Toyooka S, Tokumo M, Ichimura K, Aoe K, Ito S, Tsuk-
uda K, Ouchida M, Aoe M, Katayama H, Hiraki A, Sugi K, Kiura
K, Date H, Shimizu N (2006) Detection of EGFR gene mutation in
lung cancer by mutant-enriched polymerase chain reaction assay.
Clin Cancer Res 12:43-48

Yatabe Y, Hida T, Horio Y, Kosaka T, Takahashi T, Mitsudomi T
(2006) A rapid, sensitive assay to detect EGFR mutation in small
biopsy specimens from lung cancer. J Mol Diagn 8:335-341
Persson A, Rust K, Chang D, Moxley M, Longmore W, Crouch E
(1988) CP4: a pneumocyte-derived collagenous surfactant-associ-
ated protein. Evidence for heterogeneity of collagenous surfactant
proteins. Biochemistry 27:8576-8584

Voorhout WF, Veenendaal T, Kuroki Y, Ogasawara Y, van Golde
LM, Geuze HJ (1992) Immunocytochemical localization of

@ Springer



338

Cancer Chemother Pharmacol (2011) 67:331-338

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

surfactant protein D (SP-D) in type II cells, Clara cells, and alveo-
lar macrophages of rat lung. J Histochem Cytochem 40:1589—
1597

Yatabe Y, Kosaka T, Takahashi T, Mitsudomi T (2005) EGFR
mutation is specific for terminal respiratory unit type adenocarci-
noma. Am J Surg Pathol 29:633-639

Klein JM, McCarthy TA, Dagle JM, Snyder JM (2000) Antisense
inhibition of epidermal growth factor receptor decreases expres-
sion of human surfactant protein A. Am J Respir Cell Mol Biol
22:676-684

Klein JM, DeWild LJ, McCarthy TA (1998) Effect of tyrosine
kinase inhibition on surfactant protein A gene expression during
human lung development. Am J Physiol 274:1.542-1.551

Kuroki Y, Takahashi H, Chiba H, Akino T (1998) Surfactant pro-
teins A and D: disease markers. Biochim Biophys Acta 1408:334—
345

Kishore U, Greenhough TJ, Waters P, Shrive AK, Ghai R, Kamran
MF, Bernal AL, Reid KB, Madan T, Chakraborty T (2006) Surfac-
tant proteins SP-A and SP-D: structure, function, and receptors.
Mol Immunol 43:1293-1315

Takahashi H, Kuroki Y, Honda Y, Shijubo N, Hirasawa M, Fuji-
shima T, Akino T, Abe S (1996) Lipid analysis and surfactant-
associated protein expression in lung adenocarcinoma cells from
pleural effusion. Respiration 63:390-396

Betz C, Papadopoulos T, Buchwald J, Dammrich J, Muller-Her-
melink HK (1995) Surfactant protein gene expression in meta-
static and micrometastatic pulmonary adenocarcinomas and other
non-small cell lung carcinomas: detection by reverse transcriptase-
polymerase chain reaction. Cancer Res 55:4283-4286

Mason RJ, Kalina M, Nielsen LD, Malkinson AM, Shannon JM
(2000) Surfactant protein C expression in urethane-induced mu-
rine pulmonary tumors. Am J Pathol 156:175-182

Zhang F, Pao W, Umphress SM, Jakowlew SB, Meyer AM,
Dwyer-Nield LD, Nielsen LD, Takeda K, Gelfand EW, Fisher JH,
Zhang L, Malkinson AM, Mason RJ (2003) Serum levels of sur-
factant protein D are increased in mice with lung tumors. Cancer
Res 63:5889-5894

Takahashi H, Fujishima T, Koba H, Murakami S, Kurokawa K,
Shibuya Y, Shiratori M, Kuroki Y, Abe S (2000) Serum surfactant
proteins A and D as prognostic factors in idiopathic pulmonary
fibrosis and their relationship to disease extent. Am J Respir Crit
Care Med 162:1109-1114

@ Springer

25.

26.

217.

28.

29.

30.

31.

32.

33.

Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS,
Rubinstein L, Verweij J, Van Glabbeke M, van Oosterom AT,
Christian MC, Gwyther SG (2000) New guidelines to evaluate the
response to treatment in solid tumors. European Organization for
Research and Treatment of Cancer, National Cancer Institute of
the United States, National Cancer Institute of Canada. J Natl Can-
cer Inst 92:205-216

Shimizu T, Saijo N (2003) Common toxicity criteria: version 2.0,
an improved reference for grading the adverse reaction of cancer
treatment. Nippon Rinsho 61:937-942

Soh J, Toyooka S, Aoe K, Asano H, Ichihara S, Katayama H,
Hiraki A, Kiura K, Aoe M, Sano Y, Sugi K, Shimizu N, Date H
(2006) Usefulness of EGFR mutation screening in pleural fluid to
predict the clinical outcome of gefitinib treated patients with lung
cancer. Int J Cancer 119:2353-2358

Ohyanagi F, Nishio M, Horiike A, Taguchi F, Sato Y, Okumura S,
Nakagawa K, Kasahara T, Horai T (2005) Serum levels of KL-6,
SP-A, and SP-D in NSCLC patients treated with gefitinib. Jpn J
Lung Cancer 45:823-828

Mitsudomi T, Yatabe Y (2007) Mutations of the epidermal growth
factor receptor gene and related genes as determinants of epider-
mal growth factor receptor tyrosine kinase inhibitors sensitivity in
lung cancer. Cancer Sci 98:1817-1824

Kitazaki T, Soda H, Doi S, Nakano H, Nakamura Y, Kohno S
(2005) Gefitinib inhibits MUC5AC synthesis in mucin-secreting
non-small cell lung cancer cells. Lung Cancer 50:19-24

Perrais M, Pigny P, Copin MC, Aubert JP, Van Seuningen I (2002)
Induction of MUC2 and MUCS5AC mucins by factors of the epi-
dermal growth factor (EGF) family is mediated by EGF receptor/
Ras/Raf/extracellular signal-regulated kinase cascade and Spl.
J Biol Chem 277:32258-32267

Kimura H, Kasahara K, Kawaishi M, Kunitoh H, Tamura T,
Holloway B, Nishio K (2006) Detection of epidermal growth
factor receptor mutations in serum as a predictor of the response to
gefitinib in patients with non-small-cell lung cancer. Clin Cancer
Res 12:3915-3921

Maheswaran S, Sequist LV, Nagrath S, Ulkus L, Brannigan B,
Collura CV, Inserra E, Diederichs S, lafrate AJ, Bell DW, Digu-
marthy S, Muzikansky A, Irimia D, Settleman J, Tompkins RG,
Lynch TJ, Toner M, Haber DA (2008) Detection of mutations in
EGFR in circulating lung-cancer cells. N Engl J Med 359:366-377



	Serum levels of surfactant protein D predict the anti-tumor activity of gefitinib in patients with advanced non-small cell lung cancer
	Abstract
	Introduction
	Patients and methods
	Patient selection and treatment
	Measurement of SP-A and SP-D levels
	Evaluation of tumor response and toxicities
	Genetic analyses of EGFR
	Statistical analysis

	Results
	Anti-tumor activity and toxicities
	Response and serum surfactant protein levels
	Progression-free survival and serum SP-D levels
	Extension study of EGFR mutations

	Discussion
	Acknowledgments
	Conflict of interest statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


