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Abstract
BACKGROUND—The focal adhesion kinase (FAK) is a non-receptor tyrosine kinase linked to
tumor growth, invasion, and metastasis. FAK is overexpressed and associated with prognosis in
many cancers, but its prognostic value in smallcell lung carcinoma (SCLC) is unknown and was
the focus of this study.

METHODS—Total FAK expression was analyzed via immunohistochemistry in tissue
microarrays consisting of formalin-fixed, paraffin-embedded SCLC specimens from 85 patients.
FAK staining scores were tested for correlations with pathological characteristics and clinical
outcomes. Phospho-paxillin was also tested in 35 of the 85 specimens to evaluate whether FAK
expression was associated with downstream signaling.

RESULTS—Specific FAK expression was localized to the cytoplasm of 78/85 (92%) SCLCs.
FAK expression was scored low in 11 (13%), moderate in 17 (20%), and high in 50 (59%)
SCLCs. FAK staining scores treated as continuous variables did not correlate with SCLC disease
stage, response to therapy, recurrence/ progression-free survival, or overall survival. Moreover,
total FAK expression did not correlate with phospho-paxillin Tyr118 expression.

CONCLUSIONS—Total FAK is strongly expressed in a majority of SCLC tumors. However, the
expression evaluated via immunohistochemistry is not a prognostic factor in patients with SCLC.
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INTRODUCTION
Small-cell lung carcinoma (SCLC) represents approximately 15% of annual lung cancer
cases1 and is the most aggressive subtype in its clinical behavior, with early development of
widespread metastasis.2 Despite a good initial response to chemotherapy and/or radiation
therapy,3–5 most patients will recur and progress with a median overall survival (OS) of 24
months in limited stage disease,6,7 and 7–10 months in extensive stage disease,8 and with a
5-year OS as low as 5%.1 To date, no targeted therapy is available for SCLC. New
biomarkers and therapeutic targets are needed to improve the detection, treatment, and
prognosis of this aggressive cancer.

Focal Adhesion Kinase (FAK) is a 125 kDa non-receptor tyrosine kinase that has recently
been suggested as a potential cancer therapy target. FAK is widely expressed in various
tissues and cell types. It is localized to focal adhesions, or contact points, between actin
cytoskeleton and extracellular matrix. Once activated by integrins, G protein–coupled
receptor ligands, or growth factors, FAK is autophosphorylated at Tyr397, then binds and
activates proteins such as Src, p130CAS, paxillin, and PI3KR2.9,10 Through this signaling
pathway, FAK plays a central role in cell adhesion, migration, invasion, survival, and
anchorage-independent growth.9–12 Based on its common overexpression in cancer and
known roles in promoting cell survival and migration/invasion, FAK has been suggested to
play a role in cancer initiation and progression.12–15 Therefore, small-molecule inhibitors
targeting the FAK kinase domain (NVP-TAE226; PF-573,228; PF-562,271) have been
developed for use as potential cancer therapies.16–18 These inhibitors have been shown to
decrease FAK phosphorylation at Tyr397 and inhibit migration in various cancer cells.
Preclinical studies with PF-562,271 have shown tumor stasis or regression in mouse models
of various cancer types, including non–small-cell lung cancer (NSCLC).16 PF-562,271 is
currently being tested in phase 1 clinical trials, and preliminary results have shown that it is
well tolerated and allows cancer patients to exhibit prolonged stable disease.19 Therefore,
these inhibitors are promising anticancer targeted therapies and support a role of FAK in
carcinogenesis.

Using different methods such as immunohistochemistry (IHC), western blotting (WB),
northern blotting, and quantitative real-time polymerase chain reaction (qRT-PCR), FAK
has been shown to be overexpressed in several human cancers,13,20–25 and its expression has
been correlated to patient prognosis in many of them, including NSCLC.20,21,23,26–33 In a
study evaluating total FAK expression via IHC, WB, and qRT-PCR in NSCLC and
matching normal lung tissues, the authors found FAK overexpression in cancer and a
significant correlation between FAK overexpression and higher disease stages.20 In another
study, patients with lung adenocarcinoma had a better OS when FAK was not expressed.34

Similarly, in a study of 381 NSCLCs evaluated via IHC, WB, and qRT-PCR, FAK was
found to be overexpressed in 27% of the NSCLCs, and patients without FAK expression had
a better OS.21 However, the prognostic value of total FAK has never been reported in
SCLC.

In a recent study, we reported FAK copy number gain in 50% of 46 SCLC tissues analyzed
by array comparative genomic hybridization.35 We also observed FAK activation in SCLC
cell lines and showed that the inhibition of FAK phosphorylation at Tyr397 with PF-573,228
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decreased cell adhesion on laminin-332, suggesting a role of FAK in SCLC progression and
its potential as a SCLC therapy target.35

Based on our recent findings and the literature, we hypothesized that FAK expression in
SCLC correlates with disease stage, response to therapy (RTT), recurrence/progression-free
survival (R/PFS), and OS. To test our hypothesis, we assessed FAK expression via IHC in
SCLC tissues coming from 85 patients and tested FAK staining scores for correlations with
pathological and clinical outcomes. We also indirectly evaluated whether total FAK
expression correlated with its biological activity by testing the expression of phospho-
paxillin Tyr118, a downstream effector of FAK, in tissues coming from 35 of the 85 patients
tested for total FAK.

MATERIALS AND METHODS
Patients and SCLC Tissue Samples

Two tissue microarrays (TMAs) made of SCLC specimens were prepared from formalin-
fixed, paraffin-embedded (FFPE) tissue blocks in accordance with reported methods.36,37

Pathology blocks were retrieved from the archives of the Department of Pathology at
Vanderbilt University Medical Center, Nashville VA Medical Center, and St. Thomas
Hospital in Nashville, Tennessee. The tissue blocks were obtained between 1996 and 2008
from 85 patients who underwent surgery or bronchoscopy before medical treatment. SCLC
diagnosis was confirmed on hematoxylin and eosin–stained sections by an experienced lung
cancer pathologist (A.L.G.). Treatment was administered on an individual basis according to
disease stage and patient performance status as per standard of care (chemotherapy and
radiotherapy). All patients were followed with chart review until death or until data analysis
of the manuscript. Clinical data were obtained from tumor registry and hospital charts.
Patient characteristics are summarized in Table 1. The study was approved by the
institutional review board at each medical center.

Immunohistochemistry
Total FAK—After deparaffinization and rehydration, tissue sections were placed in Reveal
Retrieval Reagent (Biocare Medical, Concord, CA) and heated in a Decloaking Chamber
(Biocare Medical). Endogenous peroxidase was neutralized with 0.03% hydrogen peroxide
(Fischer Scientific, Fair Lawn, NJ). Tissues were treated with Background Sniper block
(Biocare Medical) and incubated for 60 minutes with rabbit anti-FAK antibody (sc-557)
(1:100; Santa Cruz Biotechnology, Santa Cruz, CA), specifically recognizing total FAK on
FFPE sections. The MACH3 detection system (Biocare Medical) and DAB+
(Dakocytomation, Carpinteria, CA) was used to produce visible staining.

Phospho-FAK Tyr397—After deparaffinization and rehydration, tissue sections were
placed in heated Target Retrieval Solution (Labvision, Fremont, CA). Endogenous
peroxidase was neutralized with 0.03% hydrogen peroxide followed by a casein-based
protein block (DakoCytomation). Sections were incubated with anti–phospho-FAK Tyr397

antibody (Invitrogen, Carlsbad, CA). The Dako Envision+ HRP/DAB System
(DakoCytomation) was used to produce visible staining.

Phospho-paxillin Tyr118—Sections were dried overnight and stained using a Leica Bond
Max. They were incubated with an anti-phospho-paxillin Tyr118 antibody (1:100, Abcam,
Cambridge, MA). Phospho-paxillin was visualized using the Leica Bond Polymer Refine
Detection system (Leica Microsystems, Bannockburn, IL).
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Scoring—The staining intensity of the SCLC cases represented in triplicates was evaluated
by 2 independent observers (A.L.G., S.O.) using the following scoring system: 0, no
staining; 1, weak; 2, moderate; and 3, strong. The staining intensity was then multiplied by
stained tumor cell percentage to obtain the final staining score (range, 0–300).

Statistical Analysis
Wilcoxon rank-sum or Kruskal-Wallis tests were used to correlate maximum staining scores
(from triplicates) with categorical outcomes, and Spearman’s rank correlation test was used
for continuous outcomes. OS was calculated from date of diagnosis to date of death, or last
date of contact for those alive at the time of analysis. R/PFS was calculated from date of
diagnosis to date of recurrence/progression or last date of contact for those that did not
recur/progress at the time of analysis. Score test was used to assess association between
maximum staining scores and survival. Descriptive statistics, including median and
interquartile ranges for continuous variables, and percentages or frequencies for categorical
variables were reported. For time to event outcomes, multivariable analyses were performed
using the Cox proportional hazard model to adjust for prespecified confounders (age, sex,
smoking history, and disease stage). To optimize the use of partial information on a subject,
missing values of pre-specified confounders were imputed using a multiple imputation
method for the Cox proportional hazard model. For the binary outcome of response to
therapy, logistic analyses were performed to determine whether FAK was an independent
predictor after adjusting for disease stage. All tests of significance were 2-sided, and
differences were considered statistically significant at P<.05. Analyses were performed
using R version 2.9.2 software.38

RESULTS
Patient Characteristics

A total of 85 patients diagnosed with SCLC were included in the study based on the
availability of archival pathology specimens. Patient characteristics are described in Table 1.
Of the 85 patients, 58 (68%) were men and 27 (32%) were women; 80 (94%) were
Caucasian and 5 (6%) were African American. One patient had never smoked, but all of the
other patients were current or ex-smokers with a median pack-year history of 60
(interquartile range, 40–80). The median age at diagnosis was 63 years (interquartile range,
54–69). Fifty-three (62%) patients were diagnosed with limited stage disease and 32 (38%)
were diagnosed with extensive stage disease. All patients received medical treatment
according to disease stage and performance status as per standard of care therapy. RTT was
assessed according to Response Evaluation Criteria in Solid Tumors guidelines and was
available for 58 patients, 27 (32%) of whom had complete response and 31 (37%) of whom
had non–complete response. Of these 85 patients, 11 (13%) were disease-free at the last date
known alive, whereas 47 (55%) suffered recurrence/progression after treatment. The
recurrence/progression information was missing for 27 patients. The recurrence/progression
dates were available for 41 of the 47 patients who recurred or progressed, revealing a
median R/PFS of 293 days (95% confidence interval, 175–499), with 12 patients (24%)
disease-free 3 years after diagnosis. The median OS was 362 days (95% confidence interval,
284–585), and 19 (22%) patients were alive 3 years after SCLC diagnosis. All but 9 (11%)
patients were dead at the time of data analysis.

FAK Is Strongly Expressed in the Majority of SCLCs
FAK was expressed in the cytoplasm of 78/85 (92%) SCLCs. The staining pattern was
homogeneous, with either all the cells staining for FAK or none at all, although the staining
intensity was clearly different between tumor samples. The FAK staining score was 0 in 7
(8%) samples, 100 (low) in 11 (13%) samples, 200 (moderate) in 17 (20%) samples, and
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300 (strong) in 50 (59%) samples. Representative images of SCLCs with absent, low,
moderate, and strong FAK staining scores are shown in Figure 1.We also attempted to stain
for phospho-FAK Tyr397 via IHC, but the staining was nonspecific; therefore, we did not
pursue analysis of these data.

Phospho-paxillin Tyr118 Is Expressed Only in a Subset of SCLC Tissues
Phospho-paxillin Tyr118 expression was evaluated in 1 of the 2 TMAs tested for total FAK
(the first one was no longer available), including samples from 35 SCLC patients. Phospho-
paxillin Tyr118 was expressed in the cytoplasm of 18/35 (51%) samples. The expression was
not homogeneous, because only a subset of cancer cells expressed it. The phospho-paxillin
Tyr118 staining score was 0 in 17 (49%) samples, ≤100 in 6 (17%) samples, 101–200 in 3
(9%) samples, and 201–300 in 9 (26%) samples. Representative images of SCLC samples
with absent, low, moderate, and strong phospho-paxillin Tyr118 staining scores are shown in
Figure 2.

FAK and Phospho-paxillin Tyr118 Staining Scores Do Not Correlate With Disease Stage,
RTT, R/PFS, or OS

Samples represented in the TMAs were linked to a clinical database, allowing correlation
analyses between various pathological and clinical characteristics and FAK or phospho-
paxillin Tyr118 staining scores.

First, we treated staining scores as continuous variables in a univariable analysis. Patients’
pathological and clinical characteristics and their correlation with FAK and phospho-paxillin
Tyr118 staining scores treated as continuous variables in a univariable analysis are
summarized in Table 1. We found that FAK and phospho-paxillin Tyr118 staining scores did
not significantly correlate with sex, race, smoking status, age at time of SCLC diagnosis,
disease stage, RTT, R/PFS, or OS. Moreover, there was no statistically significant
correlation between FAK and phospho-paxillin Tyr118 expression. In a multivariable
analysis including FAK staining scores, disease stage, age, sex, and smoking status, no
significant association between FAK staining scores and RTT (Table 2), R/PFS (Table 3), or
OS (Table 4) was found, even after stratifying for disease stage (data not shown). However,
limited disease stage was an independent predictor of better RTT (P = .001), better R/PFS (P
= .0002), and better OS (P = .002). Younger age was also an independent predictor of better
R/PFS (P = .032) and better OS (P = .017).

DISCUSSION
Because FAK is known to promote cell survival and migration/invasion and is suggested to
have a role in cancer initiation and progression,9,12,13,15 we investigated whether FAK
expression in SCLCs correlated with patient prognosis.

Total FAK expression was analyzed via IHC in 2 TMAs made of SCLC specimens from 85
patients. Specific FAK expression was found in the cytoplasm (as predicted by its role as a
non-receptor cytosolic tyrosine kinase) of 92% SCLC tissues, and the staining score was
high or moderate in the majority of them. This was in accordance with the majority of
published data in other cancers. Overexpression of FAK has been described using methods
in various cancer types,13,23,25 and IHC studies have confirmed, in most cases, that FAK
was overexpressed in cancer.

In our study, FAK staining scores did not independently correlate with RTT, R/PFS, or OS,
whereas limited disease stage and younger age were independent predictors of better
outcome as described in the literature.39 Therefore, we concluded that total FAK expression
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was not a prognostic factor in SCLC, though many studies in other cancers have reported
prognostic significance.

FAK overexpression has been shown to correlate with invasion and to play a critical role in
malignant and metastatic progression of human cancers.23,40 For instance, increased FAK
expression has been associated with advanced disease stage in colon and breast cancers,41

and in metastatic prostate cancers compared with normal tissues.42 In NSCLC, a significant
correlation was found between FAK overexpression and higher disease stage.20 Moreover,
several IHC studies reported that FAK over-expression is a poor prognostic factor. In a
study of 249 lung adenocarcinomas34 and another study with 381 NSCLCs,21 FAK
overexpression was associated with poorer OS. In a study of 91 patients with esophageal
squamous cell carcinoma, FAK overexpression was observed in 53% patients and linked
with tumor invasiveness, lymph node metastasis, and higher disease stage; the survival was
significantly lower in patients with FAK overexpression.30 Similarly, in a study of 64
patients with hepatocellular carcinoma, FAK overexpression was associated with a
significantly poorer OS.29

In contrast, many other IHC studies correlating FAK expression with clinical outcomes did
not find any prognostic association.26,27,33 In 1 of these studies, an analysis of 211 head and
neck specimens revealed that FAK was overexpressed in the majority of head and neck
squamous cell carcinomas and their lymph node metastases, but there was no correlation
between FAK expression and tumor recurrence or OS.26 An analysis of 162 resected
cervical cancer tissues via IHC even showed that weak FAK expression was correlated with
pelvic lymph node metastases and recurrent disease.28 Additionally, in a study of colorectal
adenocarcinomas, FAK expression evaluated via IHC was increased in primary tumors
compared with normal epithelium, whereas the expression was decreased in liver metastases
compared with matched primary tumors,43 suggesting a role of FAK in the premetastatic
process. Reduced FAK expression was also observed via WB in highly malignant melanoma
cells growing in suspension, suggesting that FAK is required in early/intermediate stage
cancer cells and that further progression leads to a completely anchorage-independent
phenotype where FAK no longer plays a role.44–46 Therefore, all these studies have
suggested that FAK expression and its role may differ according to tissue type or tumor
progression stage.

Discordant results described in the literature may be related to differences in methodologies
and antibodies used to evaluate FAK expression. They may also reflect an absence of
correlation between total FAK expression and activity. Some authors reported that total
FAK expression correlated well with FAK phosphorylation and therefore activity.11,30,31,47

However, in cervical carcinomas and melanoma cells analyzed via WB, it was reported that
total FAK expression was not different between normal and cancer cell lines, whereas FAK
phosphorylation was increased in cancer cell lines.46 Similarly, we recently reported that
total FAK expression was similar in 5 SCLC and 3 immortalized normal bronchial epithelial
cell lines, whereas FAK phosphorylation at Tyr397 (site of FAK autophoshorylation) was
significantly increased in SCLC compared with normal cell lines, and that inhibition of FAK
phosphorylation by a small-molecule inhibitor decreased SCLC cell adhesion on
laminin-332.35 Therefore, total FAK expression is not necessarily correlated with FAK
phosphorylation and activation. Unfortunately, there is currently no specific antibody to
phosphorylation sites that would allow us to test this hypothesis in FFPE tissue sections.
Nevertheless, specific phospho-FAK Tyr397 antibodies are available for WB, and some
investigators have used them to assess the prognostic value of FAK activation in cancer.
Increased FAK phosphorylation at Tyr397 in acute myeloid leukemia cells, evaluated by
WB, was associated with decreased OS.31 In NSCLC, WB analysis of tissues coming from
41 patients showed that increased FAK phosphorylation was associated with nodal
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involvement and shorter R/PFS.22 In another study evaluating phospho-FAK expression by
WB in 16 NSCLC tissues, the authors found a significant correlation between FAK
overexpression and higher disease stages.20 In the present study, none of the SCLC tissues
represented in the TMAs were available for WB evaluation of phospho-FAK Tyr397

expression, tissue availability often being limited to biopsy material in SCLC because the
standard treatment is chemotherapy and/or radiation therapy and not surgery.

To evaluate whether total FAK expression was associated with activation of downstream
effector, we tested the expression of phospho-paxillin Tyr118 in 1 of the SCLC TMAs used
for total FAK staining. We did not find significant correlation between total FAK and
phospho-paxillin Tyr118 expression, suggesting the absence of correlation between total
FAK expression and its activity. Similarly, no correlation between phospho-paxillin Tyr118

expression and clinical outcomes was found.

In conclusion, the IHC analysis of 85 SCLCs revealed that total FAK is strongly and
frequently expressed in these tumors. However, our results demonstrate that total FAK
expression is not a prognostic biomarker in patients with SCLCand is not correlatedwith
FAKactivity.
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Figure 1.
Total FAK expression was evaluated via immunohistochemistry. Two tissue microarrays
consisting of small-cell lung carcinoma (SCLC) tissue samples from 85 patients were
incubated with an antibody against total FAK (A-17). FAK displayed a cytoplasmic
staining. The staining intensity of the SCLC cases was evaluated by 2 independent observers
(A.L.G., S.O.) using the following scoring system: 0, no staining; 1, weak; 2, moderate; and
3, strong. The staining intensity was then multiplied by stained tumor cell percentage to
obtain the final staining score (range, 0–300). Representative images are shown for SCLC
tumors with (A) absent, (B) weak, (C) moderate, and (D) strong total FAK expression.
(Original magnification,×200.)
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Figure 2.
Phospho-paxillin Tyr118 expression was evaluated via immunohistochemistry. A tissue
microarray consisting of SCLC tissue samples from 35 patients was incubated with an
antibody against phospho-paxillin Tyr118. Phospho-paxillin Tyr118 displayed a cytoplasmic
staining. The staining intensity of the SCLC cases was evaluated by 2 independent observers
(A.L.G., S.O.) using the following scoring system: 0, no staining; 1, weak; 2, moderate; and
3, strong. The staining intensity was then multiplied by stained tumor cell percentage to
obtain the final staining score (range, 0–300). Representative images are shown for SCLC
tumors with (A) absent, (B) weak, (C) moderate, and (D) strong phospho-paxillin
expression. (Original magnification, ×200.)
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Table 1

Patient Clinical and Pathological Characteristics and Association With Total FAK and Phospho-paxillin
Staining Scores Treated as Continuous Variables on Univariable Analysis

Characteristic Total FAK Phospho-paxillin

Overall (n = 85) P Overall (n = 35) P

Sex, no. (%) .311 .310

  Men 58 (68) 19 (54)

  Women 27 (32) 16 (46)

Race, no. (%) .550 .765

  Caucasian 80 (94) 33 (94)

  African American 5 (6) 2 (6)

Smoking status, no. (%) .956 .111

  Current smoker 36 (42) 17 (48.5)

  Ex-smoker 40 (47) 17 (48.5)

  Never smoker 1 (1) 0 (0)

  Unknown 8 (9) 1 (3)

Pack years, median (IQR) 60 (40–80) .383 50 (40–60) .342

Age at time of diagnosis

  Median, y (IQR) 63 (54–69) .84 64 (55.5–69) .512

  £60 y, no. (%) 33 (39) .949 16 (46) .903

  >60 y, no. (%) 52 (61) 19 (54)

SCLC disease stage, no. (%) .134 .794

  Limited 53 (62) 11 (31)

  Extensive 32 (38) 24 (69)

Response to therapy, no. (%) .098 .411

  Complete response 27 (32) 6 (17)

  Partial response 24 (28) 13 (37)

  Stable disease 3 (4) 1 (3)

  Progressive disease 4 (5) 2 (6)

  Unknown 27 (32) 13 (37)

Recurrence/progression after treatment, no. (%)

  No 11 (13) 4 (11)

  Yes 47 (55) 14 (40)

  Unknown 27 (32) 17 (49)

Recurrence/progression-free survivala .171 .106

  Median, d (95% CI) 293 (175–499) 215 (161–NA)

  Recurrence/progression-free at 3 y, no. (%) 12 (24) 4 (27)

Overall survival .207 .360

  Median, d (95% CI) 362 (284–585) 407 (267–858)

CI, confidence interval; FAK, focal adhesion kinase; IQR, interquartile range; NA, not applicable.

a
Recurrence/progression dates were available for 41 of the 47 patients who recurred/progressed among those tested for total FAK and for 12 of the

14 patients who recurred/progressed among those tested for phospho-paxillin Tyr118.
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Table 2

Multivariable Logistic Regression Model for Response to Therapy (n = 85)

Variable FAK Staining Scores
Treated as Continuous

Variables

P OR (95% CI)

FAK staining score .259 1.00 (1.00–1.01)

SCLC disease stage (limited vs extensive) .001 12.00 (2.92–49.37)

CI, confidence interval; FAK, focal adhesion kinase; OR, odds ratio; SCLC, small-cell lung carcinoma.
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Table 3

Multivariate Cox Proportional Regression Analysis for the Association of Total FAK Staining Scores With
Recurrence/Progression-Free Survival (n = 52)

Variable FAK Staining Scores
Treated as Continuous
Variables

P HR (95% CI)

FAK staining score .196 0.998 (0.995–1.001)

SCLC disease stage (limited vs extensive) .0002 0.219 (0.099–0.485)

Age .032 1.053 (1.004–1.105)

Sex .823 1.086 (0.526–2.241)

Smoking status (non-current vs current) .045 0.412 (0.173–0.980)

CI, confidence interval; FAK, focal adhesion kinase; HR, hazard ratio; SCLC, small-cell lung carcinoma.
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Table 4

Multivariate Cox Proportional Regression Analysis for the Association of Total FAK Staining Scores With
Overall Survival (n = 85)

Variable FAK Staining Scores
Treated as Continuous
Variables

P HR (95% CI)

FAK staining score .724 1.000 (0.997–1.002)

SCLC disease stage (limited vs extensive) .002 0.441 (0.266–0.731)

Age .017 1.036 (1.006–1.067)

Sex .253 1.350 (0.807–2.260)

Smoking status (non-current vs current) .539 0.842 (0.488–1.456)

CI, confidence interval; FAK, focal adhesion kinase; HR, hazard ratio; SCLC, small-cell lung carcinoma.
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