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BACKGROUND. Recently, the authors identified molecular signatures and pathways
associated with nonsmall cell lung carcinoma histology and lung development.
They hypothesized that genetic classifiers of histology would provide insight into
lung tumorigenesis and would be associated with clinical outcome when evaluated
in a broader set of specimens.

METHODS. Associations between patient survival and immunostaining for 11 rep-
resentative histologic classifiers (epidermal growth factor receptor [EGFR], CDK4,
syndecan-1, singed-like, TTF-1, keratin 5, HDAC2, docking protein 1, integrin o3,
P63, and cyclin D1) were examined using a tissue microarray constructed from
nonsmall cell lung carcinoma specimens.

RESULTS. Sixty-three tumors were examined, including 43 adenocarcinomas, 11
large cell carcinomas, and 9 squamous cell carcinomas. Sixty-three percent of
tumors were clinical Stage I lesions, and 37% were Stage II-III lesions. In a
multivariate analysis that controlled for age, gender, and race, syndecan-1 expres-
sion was found to be associated with a significant reduction in the risk of death
(hazard ratio, 0.31 [95% confidence interval, 0.18-0.87]; P < 0.05). Multivariate
analysis also indicated that EGFR expression was associated with a significant
reduced risk of death.

CONCLUSIONS. The authors demonstrated that expression of either of the nonsmall
cell lung carcinoma subtype classifiers syndecan-1 and EGFR was associated with
a 30% reduction in the risk of death, with this reduction being independent of
histology and other confounders. The results of the current study suggest that loss
of expression of these histologic classifiers is associated with biologic aggressive-
ness in lung tumors and with poor outcome for patients with such tumors. If their
significance can be validated prospectively, these biomarkers may be used to guide
therapeutic planning for patients with nonsmall cell lung carcinoma. Cancer 2004;
101:1632-8. © 2004 American Cancer Society.

KEYWORDS: Syndecan-1, epidermal growth factor receptor, lung carcinoma, prog-
nosis, nonsmall cell lung carcinoma.

Lung carcinoma is the leading cause of malignancy-related mortal-
ity in the United States, with 164,440 deaths expected in 2004.!
Despite innovations in diagnostic testing, surgical techniques, and
the development of therapeutic agents, the 5-year survival rate for
patients with lung carcinoma has remained at approximately 14%
throughout the past 3 decades. Factors that contribute to this rela-
tively low survival rate include the small proportion of patients (20—
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25%) who present with resectable disease.? However,
even among patients with resected Stage I lung carci-
noma, up to 30% will die of disease within 5 years.
Data from systemic therapy trials in early-stage lung
carcinoma indicate that neoadjuvant chemotherapy
combined with radiation therapy® and adjuvant che-
motherapy? may provide a survival benefit for a small
proportion of patients. It is likely that the targeting of
individuals with the highest risk of disease-related
death will enhance the benefit of these novel thera-
peutic approaches.

In the past decade, extensive research has been
directed toward the discovery of biologic markers of
tumor aggressiveness, responses to various chemo-
therapeutic regimens, and risk of recurrence or me-
tastases.”™ Currently, no biologic markers are rou-
tinely used in the clinical management of patients
with lung carcinoma; however, several studies have
identified molecular markers that provide insight into
lung tumorigenesis and tumor progression.

Recently, we identified gene expression profiles
and molecular pathways associated with nonsmall cell
lung carcinoma (NSCLC) histology and lung develop-
ment.? Genes that are functionally related to later
stages of lung maturation were expressed by adeno-
carcinomas, whereas genes that were related to earlier
stages of lung maturation were expressed by undiffer-
entiated large cell carcinomas. Because the large cell
histologic type is associated with a poorer prognosis
compared with other NSCLC types,” we hypothesized
that gene classifiers of histology would provide insight
into lung tumorigenesis and would be associated with
clinical outcome. Using a lung tumor tissue microar-
ray (TMA), we examined the association between pa-
tient survival and expression of representative histo-
logic subtype gene classifiers.

MATERIALS AND METHODS

Study Design and Patient Population

We performed a retrospective cohort study of patients
with NSCLC to assess the association between protein
markers and survival. Clinical data were acquired from
the medical records and from treating physicians. The
primary outcome was time to death. The date of death
was obtained from physician records or from the So-
cial Security Death Index (http://ssdi.genealogy.
rootsweb.com). All procedures were approved by the
Columbia University Medical Center Institutional Re-
view Board (New York, NY).

Tissue Analysis
For each patient, tissue pathology reports were re-
viewed, and paraffin blocks were marked in areas that
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were representative of the histologic subtype of the
tumor. Lung tumor TMAs were constructed using
cores from lung carcinoma specimens that were ac-
quired at surgical resection. Each TMA consisted of 2
pairs of cylinders (diameter, 1 mm), with each pair
selected from a different area of the tumor. Thus, four
cores were available for each tumor. TMA blocks were
sectioned at a thickness of 5 um, dewaxed in xylene,
rehydrated through a graded ethanol series, and
washed into phosphate-buffered saline. Antigen re-
trieval was achieved by heat treatment for 40 minutes
in 10 mM citrate buffer, pH 6.0. Before staining, en-
dogenous peroxidase activity was quenched.

TMA sections underwent immunohistochemical
staining with 11 different commercially available an-
tibodies against proteins that were previously found to
be associated with histologic tumor subtypes.? Review
of sections was performed using uniform criteria by a
pathologist (A.C.B.) who was blinded to clinical out-
comes. Each antibody staining sample was scored as
negative (score 0); low-positive, with multifocal or dif-
fuse faint staining (score 1); or high-positive, with mul-
tifocal or diffuse strong staining (score 2). Scoring was
based on nuclear staining alone for TTF-1, P63, cyclin
D1, CDK4, and HDAC2 and on cytoplasmic and mem-
branous staining for keratin 5, integrin «3, docking
protein 1, syndecan-1, and singed-like. For epidermal
growth factor receptor (EGFR), only membranous
staining was scored. Immunostaining was analyzed
using ranked levels (0, 1, and 2) and also as being
present or absent. Because there was no significant
difference in the results obtained using either of these
two methods of analysis, the data are presented with
classification of immunostaining as being present or
absent.

Antibodies against TTF-1, syndecan-1, cyclin D1,
keratin 5, singed-like, and P63 were obtained from
DAKO (Carpinteria, CA); antibodies against integrin
a3, docking protein 1, and CDK4 were obtained from
Santa Cruz Biotechnology (Santa Cruz, CA); antibodies
against HDAC2 were obtained from Abcam (Cam-
bridge, MA); and antibodies against EGFR were ob-
tained from Zymed (San Francisco, CA). The clones
and dilutions used in the immunohistochemical anal-
ysis have been reported previously.?

Statistical Analysis

Continuous variables were reported as mean values
+ standard deviations, and frequencies with 95% con-
fidence intervals (95% ClIs) were reported for all cate-
gorical variables. Univariate analyses were performed
using Cox proportional hazards regression.'® We as-
sessed the association of protein expression status
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TABLE 1
Characteristics of Study Patients
All Adenocarcinoma  Large cell ~ Squamous cell

Characteristic (mn=63) (n=43) (m=11) (m=9)
Male gender 32 22 5 5
Age (yrs)?* 68 £ 11 67 £ 11 66 = 10 HET
“Race”/ethnicity

White 56 38 10 8

Black 4 2 1

Hispanic 3 3 0 0
Stage”

I 40 29 6 5

II 13 5 5 3

il 10 9 0

#Mean * standard deviation.
® American Joint Committee on Cancer Pathologic TNM classification system, 1997.

with the risk of death, expressed as the hazard ratio
(HR). We next constructed multivariable regression
models for each protein and included potential con-
founding variables, such as gender, age, tumor stage,
and histologic subtype, which have been linked to
survival in patients with lung carcinoma. Covariates
that changed the unadjusted HR of protein expression
by 15% were considered to be confounders and were
retained in the model. The proportional hazards as-
sumption was confirmed for protein expression using
tests based on weighted residuals.’' P values < 0.05
were considered indicative of statistical significance.
Statistical analyses were performed using STATA soft-
ware (Version 7.0; STATA Corporation, College Sta-
tion, TX).

RESULTS
The original study cohort included 78 patients. Be-
cause we wished to focus our analysis on the most
common nonsmall cell histologic subtypes, three pa-
tients with carcinoid, two patients with bronchioloal-
veolar carcinoma, one patient with small cell carci-
noma, and one patient with blastoma were excluded.
Eight additional patients were excluded either because
their TMA cores contained no malignant tissue or
because immunostaining was technically inadequate.
Therefore, the final cohort consisted of 63 patients.
Table 1 summarizes demographic and clinical data.
There were no significant differences in age, gender,
disease stage, race, or survival between the patients
who were excluded for technical reasons and the final
cohort (data not shown).

According to histologic subtype, 43 tumors (68%)
were adenocarcinomas, 11 (18%) were large cell car-
cinomas, and 9 (14%) were squamous cell carcinomas.

Among the 63 patients, there were 22 deaths (35%),
and the overall median survival was 3.7 years. For the
entire cohort, the 1-year survival rate was 92% (95%
CI, 82-96%), and the 3-year survival rate was 54% (95
% CI, 39-67%). Patients with Stage I disease had a
1-year survival rate of 89% (95% CI, 74-96%), and
patients with Stage II-III disease had a 1-year survival
rate of 96% (95% CI, 73-99%); the corresponding
3-year survival rates were 60% (95% CI, 41-75%) and
43% (95% CI, 20-64%), respectively. There appeared
to be an increased risk of death for patients with
higher-stage tumors (Stage II-1II vs. Stage I: HR, 1.8
[95% CI, 0.85-4.1%]; P = 0.12). There were no signif-
icant differences in survival according to histologic
subtype or gender (data not shown).

Supervised clustering of gene expression previ-
ously identified cyclin D1, docking protein 1, integrin
a3, syndecan-1, and TTF-1 as adenocarcinoma sub-
type classifiers; CDK4 and HDAC2 were identified as
classifiers for large cell carcinoma; and EGFR, keratin
5, P63, and singed-like were identified as classifiers for
squamous cell carcinoma.? Examination of immuno-
staining in a larger set of tumors indicated that protein
expression was associated with gene expression for
most histologic subtype classifiers but was less spe-
cific in the cases of HDAC2, syndecan-1, and docking
protein 1.

Univariate analysis indicated that the presence
of EGFR staining was significantly associated with a
reduced risk of death (HR, 0.33 [95% CI, 0.13-0.79];
P = 0.013) (Table 2). Other proteins, including syn-
decan-1 and CDK4, exhibited a possible association
with the risk of death. Because clinical variables
associated with outcome, such as age, gender, race
(white vs. nonwhite), tumor stage (Stage I vs. Stage
II-1II), and histology, may have confounded these
findings, multivariate analyses incorporating these
variables were performed for each protein (Table 3).
The inclusion of age, gender, and race in the mul-
tivariate model significantly altered the HR associ-
ated with syndecan-1 expression, indicating that
these variables were confounders. After the sequen-
tial inclusion of these 3 covariates in the final
model, syndecan-1 expression was associated with a
significant reduction in the risk of death (HR, 0.31
[95% CI, 0.18-0.87]; P = 0.025). Because patients
were selected on the basis of clinical disease stage
and protein markers were selected on the basis of
previously documented associations with histologic
tumor subtype, we examined the impact of includ-
ing clinical stage and histologic subtype in the
model. We determined that inclusion of these co-
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Univariate Analysis of Protein Expression by Histologic Subtype and Risk of Death

No. of tumors expressing protein

Adenocarcinoma  Large cell carcinoma  Squamous cell carcinoma

Protein (n=43) (n=11) n=9 HR (95% CI) P value
EGFR 77(33) 54 (6) 100 (9) 0 33 (0.13-0.79) 0.013
CDK4 39(17) 82(9) 330) 9 (0.87-4.3) 0.11
Syndecan-1 77(33) 54 (6) 89 (8) 0 54 (0.23-1.2) 0.14
Singed-like 60 (26) 91 (10) 100 (9) 0.67 (0.30-1.5) 0.35
TTF-1 74 (32) 45(5) 0(0) 0.70 (0.32-1.5) 0.38
Keratin 5 12 (5) 18 (2) 100 (9) 0 74 (0.28-2.0) 0.54
HDAC2 65 (28) 100 (11) 100 (9) 3 (0.47-3.4) 0.64
Docking protein 1 65 (28) 64 (7) 67 (6) 0 89 (0.38-2.1) 0.79
Integrin o3 39(17) 0(0) 11 (1) 0.89 (0.37-2.1) 0.79
P63 23 (10) 18 (2) 100 (9) 0.95 (0.40-2.3) 0.91
Cyclin D1 65 (28) 36 (4) 44 (4) 0.97 (0.44-2.2) 0.95

HR: hazard ratio; 95% CL: 95% confidence interval.

TABLE 3
Risk of Death According to Syndecan-1 and Epidermal Growth Factor
Receptor Protein Expression

Protein HR (95% CI) P value
Syndecan-1
Unadjusted 0.54 (0.23-1.2) 0.14
Adjusted for®:
Age 0.45 (0.19-1.06) 0.07
Age, gender 0.39 (0.16-0.96) 0.04
Age, gender, race® 0.31 (0.18-0.87) 0.025
Age, gender, race, clinical stage, histology 0.31 (0.11-0.86) 0.024
EGFR
Unadjusted 0.33 (0.13-0.79) 0.013
Adjusted for*:
Age 0.26 (0.10-0.66) 0.005
Age, clinical stageh 0.29 (0.11-0.74) 0.01
Age, clinical stage, gender, race, histology 0.28 (0.11-0.77) 0.014

HR: hazard ratio; 95% CI: 95% confidence interval; EGFR: epidermal growth factor receptor.
“Race: white versus nonwhite; clinical stage: Stage I versus Stages IT and III.
® Final multivariate model.

variates in the model did not alter the results
(Table 3).

Similarly, the association between EGFR expres-
sion and the risk of death was confounded by age and
tumor stage, with the calculated HR decreasing to 0.29
(95% CI, 0.11-0.74; P = 0.01) in the multivariate model
(Table 3). Additional adjustments for gender, race, and
histology did not change these results significantly.
None of the other proteins had significant confound-
ers. We also repeated the analysis controlling for in-
dividual stage (IA, IB, IIA, IIB, etc.) rather than using

the stage groupings (I vs. II-11I) described above. This
additional analysis did not change our findings.

DISCUSSION

Previously, we used gene expression profiling to iden-
tify genes associated with histologic subtype in
NSCLC.? In the current study, we found that patients
with tumor protein expression of syndecan-1 or EGFR
had a significant risk of death compared to patients
without protein expression; independent of histology,
tumor stage, and demographic characteristics.

Syndecan-1, also known as CD138, is the best-
characterized member of the syndecan family, which
consists of four closely related proteins. In adults,
syndecan-1 is present in most cell types, and abun-
dant expression is found on the basolateral membrane
of lung epithelial cells. The biologic effects of synde-
can-1 are mediated primarily by heparan sulphate
glycosaminoglycans, which bind extracellular matrix
proteins (collagen Types I, III, and IV; fibronectin;
tenascin; thrombospondin; and amphoterin) and
members of the fibroblast growth factor family. Syn-
decan-1 regulates cell growth and differentiation in
part by modulating the interactions of growth factors
with cellular receptors.'?

The loss of syndecan-1 expression is associated
with tumor cell growth and invasiveness. Syndecan-1-
null murine mammary gland epithelial cells lose nor-
mal epithelial morphology and become invasive, ac-
quiring anchorage-independent growth."® Ectopic
expression of syndecan-1 in tumorigenic mouse epi-
thelial cells restores normal epithelial phenotype and
growth characteristics.'* Analysis of human carci-
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noma tissues has revealed lower levels of syndecan-1
immunostaining in less differentiated, more invasive
foci.'®'” These data suggest that syndecan-1 is asso-
ciated with biologic aggressiveness in human tumors
and that increased expression is potentially associated
with improved patient outcomes.

In patients with squamous cell carcinomas of the
head and neck, increased syndecan-1 expression is
associated with improved recurrence-free and overall
survival.'® Syndecan-1 expression also is associated
with improved survival in patients with malignant
pleural mesothelioma.'® Recent studies have exam-
ined syndecan-1 expression in human lung carci-
noma. In univariate analyses, Anttonen et al. found
that increased expression of syndecan-1 was associ-
ated with improved survival in patients with resected
squamous cell lung carcinoma.?® However, synde-
can-1 expression was not identified as an independent
prognostic factor on multivariate analysis. Toyoshima
et al. examined syndecan-1 expression in 97 NSCLC
specimens and in 18 small cell lung carcinoma spec-
imens and found no significant difference in survival
according to syndecan-1 expression levels.>! Univari-
ate analysis also did not reveal any correlation be-
tween syndecan-1 expression and parameters such as
gender, age, pathologic type, and pathologic stage.

It is noteworthy that some authors have demon-
strated an association between increased serum syn-
decan-1 levels and decreased survival for patients with
nonsmall cell carcinoma as well as patients with small
cell carcinoma. However, serum syndecan-1 levels
were not found to be correlated with syndecan-1 ex-
pression levels in tissue.?” Epithelial cell-bound syn-
decan-1 can be cleaved by proteins associated with
tumor invasiveness, such as matrix metalloprotein-
ase-7, suggesting that serum syndecan-1 levels may
serve as a biomarker of tumor invasion.??

Although syndecan-1 expression is a favorable
prognostic factor in many human malignancies, to our
knowledge, the current study is the first to indicate
that increased syndecan-1 expression is associated
with improved survival in patients with lung carci-
noma, with this association persisting even after ad-
justment for multiple confounding variables. It is bi-
ologically plausible that syndecan-1 expression is
associated with increased survival due to its role in cell
adhesion, invasion, and the modulation of growth fac-
tors. Additional studies focusing on syndecan-1 ex-
pression and cleavage, as well as on the coexpression
of matrix metalloproteinases, may provide further in-
sight into the role of syndecan-1 in lung carcinogen-
esis.

We also found an association between EGFR ex-

pression and improved survival. EGFR is a transmem-
brane protein that is expressed on the surface of many
human epidermal and mesenchymal cells. Receptor
activation is associated with the initiation of multiple
signal transduction pathways, such as the signaling
cascade involving Ras/microtubule-associated protein
kinase and Src and the signal transducers and activa-
tors of transcription pathway. Increased expression of
EGFR and its signaling pathways has been detected in
a high percentage of tumors in the lung, breast, head
and neck, colon, prostate, and esophagus. In vitro
studies suggest that increased levels of EGFR in tu-
mors lead to an increase in EGFR ligand-binding sites
as well as an increase in initiation sites for signal
transduction.”*

Although laboratory and clinical studies suggest
that aberrant EGFR signaling is important in the
development and progression of various human tu-
mors, the prognostic significance of EGFR expres-
sion in NSCLC remains controversial. A recent
metaanalysis®® reviewed studies examining the rela-
tion between EGFR expression in NSCLC and pa-
tient survival. Of the 16 eligible studies, 12 found
that EGFR expression had no significant impact on
survival, 3 found that increased EGFR expression
was associated with poorer survival, and 1 found
that EGFR expression was associated with improved
survival. The heterogeneity of these results may be
attributable to differences in study design, including
differences in antibody sources, immunostaining
methods, and cutoff levels for defining positive
EGFR expression. In addition, adjustment for poten-
tial confounders was not performed in any of those
16 studies. More recently, Hirsch et al.?® reported a
significant correlation between EGFR expression
and histologic subtype in NSCLC, with the highest
expression levels being observed in squamous cell
carcinoma and the lowest expression levels being
observed in large cell carcinoma. On univariate
analysis, EGFR expression was not significantly as-
sociated with survival. However, when considered
in combination with gene amplification, reduced
EGFR expression was associated with poorer sur-
vival. It is noteworthy that EGFR expression was
more abundant in tumors with well differentiated
histology, suggesting that loss of EGFR expression
may serve as a biomarker of tumor dedifferentia-
tion. The frequently observed correlation between
dedifferentiation and tumor invasion®’ suggests a
potential mechanism underlying the association be-
tween EGFR staining and survival in the current
cohort. Recent research has indicated that somatic
EGFR mutations in lung carcinoma are associated



with an enhanced clinical response to treatment
with gefitinib (Iressa; AstraZeneca Pharmaceuticals,
Wilmington, DE), a tyrosine kinase inhibitor that
targets EGFR.?®?° This finding suggests that in se-
lected patients, EGFR activity may be directly asso-
ciated with improved patient outcome. Although
tumor EGFR activation may have been a significant
factor in the current cohort, the immunohistochem-
ical procedures that we used were unable to ascer-
tain EGFR activation status.

Other limitations of the current study included
possible selection bias in a relatively small cohort, as
the study population included only patients with op-
erable, resected tumors (excluding Stage IV carci-
noma). Differential misclassification of protein ex-
pression (i.e., erroneous classification of protein
expression in association with patient outcomes) was
unlikely, because the pathologist was blinded to all
clinical information. Misclassification of patient out-
comes also was unlikely, as we used multiple strate-
gies, including a computerized death registry search,
to follow patients. Although the finding of an associ-
ation between protein expression and patient out-
come does not clearly establish causality, the associ-
ation between developmentally regulated genes and
outcomes in patients with lung carcinoma may pro-
vide insight into lung carcinogenesis and may lead to
the development of novel therapeutic agents. Our
findings, therefore, warrant validation in biopsy sam-
ples obtained from a broader spectrum of tumors.

In conclusion, we examined the immunohisto-
chemical expression of 11 biomarkers produced by
genes that were previously identified as being signifi-
cant classifiers of lung carcinoma histology. Our ob-
jective was to determine whether any of these devel-
opmentally regulated gene products were associated
with patient survival. On multivariate analysis, we
found that positive immunohistochemical staining for
syndecan-1 and positive staining for EGFR both were
significantly associated with increased survival for pa-
tients with lung carcinoma. The identification and
validation of clinically significant biomarkers could
lead to the individualization of lung carcinoma treat-
ment approaches on the basis of clinically relevant
molecular tumor characteristics as well as clinical dis-
ease stage.
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