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Abstract

Purpose—~Prognostic biomarkers are needed to optimize treatment decisions in prostate cancer.
Single nucleotide polymorphisms (SNPs) participate in the individual genetic background
modulating risk and clinical outcomes for cancer. In the present study, we tested the hypothesis of
whether EGFR polymorphisms are associated with clinical outcomes in prostate cancer.

Materials and Methods—The study population consisted of 212 patients with clinically
localized prostate cancer treated with radical prostatectomy from 1997 to 1999. The resected
prostatic tissues were genotyped with allele-specific probes for nine haplotype-tagging SNPs. The
SNPs were located in intronic, exonic, and flanking regions of linkage disequilibrium in the EGFR
gene. Correlations between alleles, recurrence, and survival data were investigated using
univariate and multivariate genetic analysis models.

Results—There was a statistically significant association between the SNP rs884419 and
prostate cancer recurrence, defined in the study by at least a PSA biochemical recurrence (P <
0.001, log-rank test). The frequency of the recurrence risk-enhancing genotype A/A was 3.1%,
compared to 17.4% (A/G) and 80% (G/G) for the risk-reducing genotypes. Based on Cox
proportional hazard regression modeling, patients carrying G/G and A/G genotypes were
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associated with a reduced risk for developing prostate cancer recurrence with hazard ratios of 0.10
(95% CI, 0.02 to 0.41) and 0.13 (95% ClI, 0.04 to 0.46), respectively, compared to the A/A
genotype (P < 0.002).

Conclusions—These data suggest that a polymorphism flanking the EGFR gene is an
independent prognostic genetic biomarker that predicts biochemical recurrence of prostate cancer
after radical prostatectomy.
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INTRODUCTION

The ability to discriminate between aggressive and indolent disease in prostate cancer
remains a critical public health issue, considering only 12% of prostate cancer patients will
die of their disease.> Optimal treatment decisions are guided by nomograms that incorporate
clinical variables such as clinical stage, Gleason score, and prostate-specific antigen (PSA)
levels to calculate the risk of disease recurrence after definitive treatments. With the advent
of high-throughput genetic assays, there is rising interest in evaluating genomic biomarkers
as variables to aid risk stratification in prostate cancer.

The most common genetic variants in the human genome are single-nucleotide
polymorphisms (SNPs). Recent reports indicate associations between polymorphisms in
particular genes and clinical outcomes of overall survival, disease-free survival or objective
response rates in non-small-cell lung cancer, breast cancer, and leukemia. The majority of
studies involving SNPs and prostate cancer have focused on associations between
susceptibility loci and androgen biosynthesis and metabolism genes.2 There is rising interest
in investigating the potential utility of SNPs as prognostic biomarkers for prostate cancer
outcomes.

Epidermal growth factor receptor (EGFR) is a candidate biomarker in prostate cancer.
Approximately 39-47% of prostate cancers express EGFR,3 and increased expression has
been observed during progression to advanced, androgen-independent stages.* EGFR
expression in preclinical cancer models, including prostate tumors, appears to correlate
directly with adverse phenotypes of proliferation, angiogenesis, and migration,>7 and
inversely with tumor radiocurability.8 © The mechanisms regulating EGFR gene expression
are complex and known to be affected by polymorphic variation.10

EGFR spans a genomic area containing over 1,500 annotated SNPs. Several EGFR
polymorphisms can contribute functional variability on gene transcription or in vitro
response to drugs in cancer models.10: 11 Few studies have looked for associations between
EGFR polymorphisms and clinical presentation or prognosis in prostate cancer.12:13
Therefore, we analyzed the association of EGFR SNPs with prognostic outcomes in
clinically localized prostate cancer treated with radical prostatectomy as definitive treatment.
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PATIENTS AND METHODS

Study Population and Clinical Data

The study subjects were 212 predominantly Caucasian prostate cancer patients who
underwent radical prostatectomy as primary treatment at VVanderbilt University Hospital
between 1997 and 1999. The institutional review board at VVanderbilt University School of
Medicine approved the study. All patients had adenocarcinoma confirmed histologically.
Clinical data from patient follow-up at VVanderbilt Hospital were retrospectively collected
using electronic medical records. The mean follow-up for overall survival and assessment of
prostate cancer progression were 8.3 + 2.4 y and 4.4 + 3.9 y, respectively. The endpoints
analyzed were freedom from recurrence (FFR) and overall survival (OS). Recurrence
following prostatectomy was classified as biochemical, local, or distant, and the most
advanced recurrence type documented was assigned to each patient. Biochemical recurrence
was defined as a prostate-specific antigen (PSA) detection of > 0.1 ng/ml in at least two
consecutive tests. Salvage treatment modality following recurrence varied among patients
and included observation (32%), radiation therapy (21%), hormonal therapy (16%),
combined hormonal/radiation therapy (14%), combined hormonal/radiation/chemotherapy
(7%), combined hormonal/chemotherapy (4.5%), and unknown salvage treatment.

Genotyping of EGFR Polymorphisms in Prostate Cancer Samples

Processing of prostatectomy specimens and genomic DNA extraction from deparaffinized
specimens were performed as described previously.1* Purified genomic DNA was
genotyped for the following haplotype-tagging SNPs in the EGFR gene: rs3735064,
rs7780270, rs11543848, rs11976696, rs9642391, rs845560, rs845562, rs7808697, and
rs884419. SNP selection was influenced by their possible association with increased cancer
risk, based on differential allele representation in a large-scale, population-based, case-
control study involving breast cancer patients and healthy controls.2® Allelic discrimination
of these EGFR polymorphisms was performed using Tagman® SNP genotyping assays
(Applied Biosystems, assay IDs: C_335819 10 [rs3735064], C_2678606_10 [rs7780270],
C_16170352_20 [rs11543848], C_321872_10 [rs11976696], C_2678667_10 [rs9642391],
C_7610424_10 [rs845560], C_7610434_10 [rs845562], and C_8304143 10 [rs884419]),
and the following reagents for rs7808697: Forward primer, 5’-CTC CAT CCA TGT TCT
TGC AAA GTA C-3’; Reverse primer, 5’-GAC AGA CTG GAT AAA GAA AAT TGT
GGT ACA-3’; and the allele-specific probes 5°-VIC-CTT TTG TGG CTA CCT AGT G-3’
and 5’-FAM- TTG TGG CTG CCT AGT G-3’. The final volume for each reaction was 5 pl,
consisting of 2.5 pl TagMan Universal PCR Master Mix (Applied Biosystems), 900 nM of
each primer, 200 nM of each TagMan probe, and 10 ng genomic DNA. The PCR profile
consisted of an initial denaturation step at 95°C for 10 min and 50 cycles with 95°C for 15
sec and 60°C for 1 min. The fluorescence level was measured with the ABI PRISM 7900HT
sequence detector (ABI). Genotypes were determined by ABI SDS software. Quality control
samples were included in genotyping assays. Concordance for blinded samples was 100%
for most SNPs, with the exception of rs11543848 (75%) and rs9642391 (67%).
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Statistical Analysis

The primary analysis focused on detecting associations between nine htSNPs in the EGFR
gene and FFR/QOS. In the univariate analysis, SNPs associated with survival outcomes were
selected based on a log-rank or exact log-rank test examining one SNP at a time. In order to
control the inflation of false positive rate for the multiple comparisons, we used false
discovery rate (FDR) < 0.116 as cutoff points to detect significant associations for any of the
nine htSNPs. For the multivariable analysis, the Cox proportional hazards model was used to
determine whether the SNP associated with survival could serve as an independent
predictor, adjusting for important prognostic factors such as surgical margin, Gleason grade
and pre-prostatectomy PSA. OS was calculated from the day of surgery to the day of death
or last follow-up. We calculated FFR from the day of surgery to the day of recurrence or last
follow-up. Data were censored for live (or recurrence-free) patients as of their last follow-up
visits. Kaplan-Meier survival curves were calculated for the subgroups of potential risk
factors and were compared using the log rank test. Descriptive statistics, including mean and
standard deviation for continuous variables, as well as percentages and frequencies for
categorical variables were calculated (Table 1). All P values are based on two-sided tests
and differences were considered statistically significant when p-value < 0.05, except in the
selection of SNPs associated with survival outcome. Analyses were performed using SAS
system version 9.1 and R version 2.1.1.

Bioinformatics Tools

Web-based databases used in the present study include NCBI Database of Single Nucleotide
Polymorphisms (dbSNP) [Build 128, http://www.ncbi.nlm.nih.gov/SNP] and the
International HapMap Project,1 for its allele frequency data in the CEU population (i.e.,
Utah residents with ancestry from Northern and Western Europe) and for its genome
browser and Haploview softwarel8 to measure the extent of linkage disequilibrium (LD)
between SNPs and generate an LOD score plot [http://www.hapmap.org]. The HapMap
datasource used was HapMap Data Rel 23a/Phase 1l Mar 08, on NCBI B36 Assembly,
dbSNPb126.

The software Matlspector!® was used to identify potential transcription factor binding sites
in the 3’ flanking region of EGFR containing the rs884419 SNP [http://www.genomatix.de/
cgi-bin/matinspector_prof]. Binding site sequences are presented with capital letters
denoting the core sequence (i.e., the highest conserved, consecutive positions of the
transcription factor matrix).

RESULTS

Patient Characteristics

Demographic, clinicopathologic, and outcomes information is summarized in Table 1. The
mean age of study subjects at the time of prostate cancer diagnosis and definitive treatment
with prostatectomy was 61.2 £+ 7 y. After a median follow-up time of 9.1y, 83% of the
patients were alive. The median follow-up time for prostate cancer progression was 3.4 y.
Recurrence rate was 21%, with the majority classified as biochemical and a lower incidence
for local or distant recurrence (80%, 5% and 16% of recurrences, respectively). Based on the
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risk stratification scheme suggested by the National Comprehensive Cancer Network®
guidelines, 29 which incorporates Gleason grade, PSA levels and staging parameters to
predict probability of biochemical failure after definitive local therapy, the majority of our
patient population (64%) could be classified as having an intermediate risk for biochemical
failure.

Impact of Genotype for EGFR SNPs on Recurrence and Survival Outcomes in Prostate

Cancer

To determine whether polymorphic variants in EGFR are associated with prognostic
outcomes in clinically localized prostate cancer treated with surgery, we genotyped genomic
DNA from prostatectomy specimens for nine SNPs within the EGFR gene (Table 2). For the
majority of SNPs, allelic discrimination assays were informative for at least 86% of genomic
DNA samples. The genotype frequency distribution for the SNPs in our study population
closely matched the one previously reported in the HapMap database for the CEU
population,1” adding confidence to the accuracy of our genotyping reaction.

A log-rank univariate analysis was performed to identify significant associations between
probability for FFR or OS and patient-specific factors, including the genotypes for EGFR
SNPs rs3735064, rs7780270, rs11543848, rs11976696, rs9642391, rs845560, rs845562,
rs884419 and rs7808697. Results are shown on Table 3. Known prognostic factors including
pre-prostatectomy PSA levels, Gleason score, surgical margin, and AJCC tumor category?!
were associated with statistically significant differences in probability for FFR. A
statistically significant association was also found for EGFR rs884419 genotype and
probability of prostate cancer recurrence within 3y, with the G allele having an apparent
protective effect. No statistically significant associations were found for the other SNPs
analyzed. In the present study, only Gleason score was significantly associated with
differential probability of OS. Salvage treatment following recurrence was not strongly
associated with OS (data not shown).

EGFR SNP rs88419 A/A Genotype is Risk-Enhancing for Recurrence in Prostate Cancer
Patients Treated with Prostatectomy

The Kaplan-Meier method was used to estimate the probability distribution for FFR as a
function of rs884419 genotype, and the log-rank test was used to determine the significance
of survival differences across the different genotypes. The rs884419 A/A genotype enhanced
the risk for prostate cancer recurrence within 3y following prostatectomy (Figure 1A).
Dominant and recessive Kaplan-Meier models were generated to investigate the genetic
effect pattern of the A allele. In the dominant model, we hypothesized that the genotypes
AJ/A or A/G contributed equally to the risk of recurrence; in the recessive model, we
hypothesized that only the A/A genotype contributed to the risk. As presented in Figure 1B,
the rs88419 A allele displayed a recessive effect on reducing FFR in our prostate cancer
patient population.
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EGFR rs884419 SNP Genotype Predicts FFR Independently of Tumor Grade, PSA Levels,
and Surgical Margin Status

To test whether the increased risk of recurrence in patients with rs884419 A/A genotype was
linked to an unfavorable risk profile conferred by other clinical risk factors, we performed
multivariate analysis using the Cox proportional hazards regression model. The rs884419
genotype was an independent predictor for recurrence (Table 4). This association retained
significance when other factors that predicted for FFR in the univariate analysis were
included in the model (i.e., Gleason grade, pre-prostatectomy PSA, and surgical margin).
Patients carrying G/G and A/G genotypes were associated with a reduced risk for
developing prostate cancer recurrence with hazard ratios of 0.10 (95% Cl, 0.02 to 0.41) and
0.13 (95% ClI, 0.04 to 0.46), respectively, compared to A/A genotype (P < 0.002).

Potential Influence of rs884419 Genotype on EGFR Genetic Regulation

The phenotypic function of rs884419 is currently unknown. As indicated in Figure 2A, its
genomic location is nearest to EGFR (1.2 Kbp distance) and significantly upstream from
LANCL2 (157 Kbp). Because the association between SNP genotype and recurrence
outcomes was only found for rs884419, we hypothesized that this SNP is not in high linkage
disequilibrium (LD) with the neighboring EGFR SNPs analyzed in the present study. As
indicated by the LD plot in Figure 2B, the LD block encompassing the studied SNPs does
not display a tight, high LD-scoring pattern, and supports an independent haplotype-tagging
function for rs884419.

A possible functional role for rs884419 is as a cis-acting genetic regulator of EGFR
expression, based on its location at the 3’ flanking region of this gene. We therefore
investigated whether the rs884419 polymorphism resides in a consensus sequence
recognized by known transcription factors, using an in silico prediction method. As shown
in Figure 2C, the Matlnspector software tool? identified a series of putative transcription
factor binding sites (TFBSs) mapping to the genomic location of rs884419 (location for the
SNP allele is in red font in the binding site sequence).

DISCUSSION

We conducted a retrospective molecular epidemiology study to identify novel markers for
risk stratification in prostate cancer. Our data indicates that the EGFR SNP rs884419 is a
genetic marker for prostate cancer recurrence risk within 3y following radical
prostatectomy, and this variant genotype remained an independent predictive factor after
adjusting for other covariates (Figure 1, Table 3—4). To our knowledge, our study is the first
to show a prognostic role for a polymorphism located in the 3’ flanking region of EGFR on
the outcome of PSA recurrence after radical prostatectomy.

Although the mechanism underlying any functional effect for rs884419 is currently
unknown, the location of this SNP in putative TFBSs for CREB, SREBF, ZNF, and KLF1
(Figure 2) suggests that there may be functional differences between rs884419 alleles in
regulating gene expression. The 3’ regulatory region of human genes is rich in regulatory
elements that can modulate gene expression over long distances.?2: 23 SNPs in the 3’
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flanking region of genes such as SERPINAL, HBD, and SLC9A3R1 have been shown to
affect the binding of transcription factors regulating their expression.23 Thus, it is possible
that the EGFR SNP rs884419 may modulate expression of the EGFR gene. We are currently
in the process of determining whether the SNP is functional and results in variation in EGFR
transcription and expression.

Current nomogram-based tools use clinical and pathologic parameters to predict either pre-
or postoperatively the probability of prostate cancer recurrence after radical prostatectomy.
Incorporating biomarker variables into the existing predictive nomograms may further
enhance the accurate discrimination of patients with high risk of prostate cancer relapse. In
addition, the use of genomic markers such as SNPs avoids the problem of heterogeneity of
prostate cancer within the same specimen that contributes to sampling error and
subsequently limits pathologic parameters accuracy. The list of biomarkers with possible
prognostic roles in for prostate cancer continues growing. In particular, there is increasing
support for SNPs having a role as genomic biomarkers for outcomes in prostate cancer.
Associations have been reported between polymorphisms in XRCC1 and recurrence risk
following radical prostatectomy,2® in IL-6 and prostate cancer progression to bone
metastases, 26 in Osteoprotegerin and risk of metastatic prostate cancer disease,2’ in SOD2,
XRCC1, and XRCC3 and development of late injury following radiation treatment,28 in
TGF/1 and adverse quality of life following radiotherapy,29 and in EGF and earlier relapse
in patients treated with androgen suppression therapy.28 How these SNPs interact with other
genetic factors and clinicopathologic variables to affect outcomes in prostate cancer is
currently unknown.

The association found in the present study was between genetic marker rs884419 and
biochemical (PSA) progression in prostate cancer. This endpoint does not always translate
into clinically significant recurrence following curative prostatectomy. Accordingly, we did
not observe a statistically significant correlation between the rs884419 genotype and 10 yr
survival (Table 3). Of note, an expected association was found between Gleason score and
OS, since this is a parameter known to be associated with prostate cancer-specific mortality
following biochemical recurrence.39 Biochemical recurrence is a valid outcome for
assessing the efficacy of radical prostatectomy as a treatment choice in our prostate cancer
patient population. Therefore, this genetic marker could be informative for treatment
selection in early stage disease and for the identification of high-risk patients that may
benefit from adjuvant treatment modalities and/or intense follow-up.

This study has several limitations. First, the prognostic genetic marker identified in the study
population was not confirmed in an independent validation set. Also, the population size
number may have limited the power to detect existing associations between the other SNPs
studied and prostate cancer outcomes. Finally, the study population was primarily Caucasian
(98%) and therefore the results may have limited application across different races.
However, given the limited sample size, having one ethnic group possibly helped avoid
extreme bias due to population stratification. Of note, the potential for sampling error that
could affect the pathologic or staging values such as the Gleason score was minimized by
the use of prostatectomy specimens.2# Despite these limitations, the present study highlights
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a molecular marker that may enhance the currently available risk stratification schemes for
prostatectomy-treated clinically localized prostate cancer.
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Fig 1.

Kgplan-Meier estimates of freedom from recurrence (FFR) following radical prostatectomy
as treatment for localized prostate cancer. (A) FFR curves were plotted for the individual
EGFRrs884419 genotypes. (B) FFR curves were plotted to test whether allele A of EGFR
rs884419 displayed a dominant or recessive genetic effect.
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Fig 2.

rs884419 as a potential cis-acting EGFR regulator. (A) Genomic context for SNPs analyzed;
red, rs884419; yellow, all others. (B) LD plot for SNPs in/near EGFR gene. Color intensity
is proportional to LD strength between SNP pairs. (C) MatInspector-predicted TFBS in the
EGFR 3’ flanking region containing the rs884419 polymorphic variant in their binding

sequence.
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Patient Demographics

Characteristic Number
(N=212)
Race, n(%)
White 208 (98.11)
Black 4 (1.89)
Age at diagnosis, n(%), years
Mean (SD)  61.2 (7.08)
<60 86 (40.57)
60-70 104 (49.06)
>70  22(10.38)
Pre-prostatectomy PSA, n(%), ng/ml
Mean (SD) 8.4 (6.21)
<4 22(10.38)
4-10 113 (53.30)
>10  43(20.28)
Missing 34 (16.04)
Gleason score, n(%)
2-6 130 (61.32)
7 70(33.02)
8-10 12 (5.66)
Surgical margin, n(%)
Negative 133 (62.74)
Positive 78 (36.79)
Missing 1(0.47)
Extracapsular extension, n(%)
Negative 125 (58.96)
Positive 67 (31.60)
Missing 20(9.43)
Disease classification 1, n(%)
Clinically inapparent (T1) 8(3.77)
Confined within prostate (T2) 134 (63.21)
Regional (T3) 57 (26.89)
Missing 13 (6.13)
Recurrence, n(%)
No 168 (79.25)
Yes 44 (20.75)
Overall survival, n(%)
Alive 175 (82.55)
Dead 37 (17.45)

Abbreviations: PSA, prostate-specific antigen
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Based on the American Joint Committee on Cancer classification
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Table 4

Independent Factors Predictive of Recurrence in Prostate Cancer

Factor Recurrence

Hazard ratio (95%, Cl)  pygluel

EGFR rs884419 genotype

A/A 1
AlG 0.094 (0.021-0.413) 0.0018
GIG 0.130 (0.037-0.463)  0.0016
Surgical Margin
Negative 1
Positive 251(1.22-5.17)  0.0126
Gleason Grade2 1.87 (1.27-2.77)  0.0017
Pre-prostatectomy PSA2 1.04 (0.996-1.08)  0.0769

P values were derived from the Cox proportional hazards regression model, with simultaneous inclusion of all factors shown

For continuous variables, the hazard ratio is applied per increments of one unit of measurement
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