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ABSTRACT 
 

Introduction: This dissertation seeks to identify novel, potentially modifiable risk factors 

that could be used to reduce the risk of prostate cancer (PCa) progression. Aim 1 

investigates the effects of obesity and smoking on PCa progression, aim 2 studies the 

effects of specific medication use on PCa progression, and aim 3 identifies factors 

associated with faster PCa progression. 

 

Methods: Data from 140 subjects from the Watchful Waiting study followed every 3 

months for up to 5 years were used. Multiple linear regressions were used to determine 

associations with baseline PSA. PSA velocity (rate of change of PSA over time) was 

used as a surrogate marker for PCa progression. Mixed effect models were used to 

assess the effect of obesity, smoking and medication use on PSA velocity(aim1 and 2). 

For aim 3, subjects were categorized as slow, intermediate and fast progressors based 

on tertiles of PSA velocity. In addition to the above variables, age, Gleason score, 

chromogranin-A, family history, selenium and free PSA were investigated as 

determinants of faster PCa progression using multiple logistic regressions. Analyses 

were run using two models, comparing slow progressors to fast progressors (model1) 

and slow progressors to a combination of fast and intermediate progressors (model2). 

 

Results: Aspirin use was negatively associated with baseline PSA (coefficient = -0.39 

and 95% confidence interval (CI):-0.612, -0.158). Aspirin effect was statistically 

significant in never smokers (coefficient = -0.54, 95% CI: -0.916, -0.170) but not in ever 

smokers (coefficient = -0.22, 95% CI: -0.505, 0.065). Ever smoking was statistically 
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significantly associated with higher PSA velocity compared to never smoking (coefficient 

= -0.001, 95% CI: 0.0002, 0.002). In aim 3, pack-years of smoking were positively 

associated whereas aspirin use was negatively associated with high PSA velocity in both 

models. Odds Ratio and 95% CI for smoking and aspirin use for model1 and 2 

respectively; 1.03 (0.92, 1.13), 1.02 (1.00, 1.03), 0.24(0.06, 0.94) and 0.26(0.10, 0.68).  

  

Conclusions: Although more studies are needed before recommendations can be 

made, if these results are borne to be true in other studies these modifiable risk factors 

can be potentially be used in prevention of PCa progression.  
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INTRODUCTION 
 

 
a) Explanation of the problem and specific aims 

 
Prostate cancer (PCa) is a major public health concern in the United States. It is 

estimated that 80% of men who live to be 80 years old will develop this disease [1]. 

Although in most cases PCa follows an indolent course, a subset of patients develop 

locally invasive disease and metastasize to distant sites, causing considerable morbidity 

and mortality. Using currently available diagnostic tools, we are unable to reliably identify 

patients that will develop progressive or advanced PCa [2]. As a result, many patients 

diagnosed with PCa undergo unnecessary treatment along with its associated 

complications (often referred to in the literature as “over treatment”). We need to identify 

factors that explain PCa progression. Reliably identifying subjects likely to develop 

progressive disease will allow physicians to determine which patients need aggressive 

treatment as opposed to other patients who might benefit more from conservative 

management. This would reduce morbidity and financial costs associated with over 

treatment.  

 

The overall goal of this dissertation was to identify factors associated with the 

progression of prostate cancer. This research investigated the relationship of selected 

risk factors with prostate specific antigen (PSA) velocity, as a measure of PCa 

progression, using data from subjects enrolled in the Watchful Waiting Study, a Phase 2 

clinical study of selenium in 140 men with localized prostate cancer Three interrelated 

studies were developed to address the following specific aims: 

 
 



 

 

11

 

Aim 1: To investigate obesity and smoking as risk factors for prostate cancer 
progression (Manuscript 1) 
 
Hypothesis 1A: Higher body mass index (BMI) at baseline is positively associated with 
higher PSA velocity  
 
Hypothesis 1B: Higher pack-years of smoking at baseline are positively associated with 
higher PSA velocity over the time of the study. 
 
Using longitudinal analyses, I assessed if baseline BMI levels or higher pack-years of 

smoking history at baseline were associated with PCa progression as measured by PSA 

velocity. A cross-sectional analysis was also conducted to determine the association of 

BMI and pack-years of smoking at baseline with PSA levels at baseline to ascertain their 

relationship before the study began. 

 
Aim 2: To study the effect of use of aspirin, other non-steroid anti-inflammatory 
drugs (NSAIDs) and statins on prostate cancer progression (Manuscript 2) 
 
Hypothesis 2A:  A history of aspirin use at baseline is associated with lower PSA 
velocity.  
 
Hypothesis 2B: Use of other NSAID use at baseline is associated with lower PSA 
velocity. 
 
Hypothesis 2C: Reported use of statin class of medications at baseline is associated 
with lower PSA velocity. 
 
In a longitudinal analysis, I assessed if use of aspirin, or other NSAIDs or Statins at 

baseline is associated with slower PCa progression as measured by PSA velocity. A 

cross-sectional analysis was also conducted to determine the association between 

medication use at baseline and PSA levels at baseline.  

 
 
Aim 3: To develop a predictive model of patient characteristics and experiences to 
identify those men with high PSA velocity over the course of the Watchful Waiting 
Study (Manuscript 3) 
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In this exploratory aim, the association between selected baseline characteristics and 

subsequent PSA velocity was evaluated. For this analysis, men were classified based on 

their PSA velocity trajectory as slow, intermediate or fast progressors.  Differences in 

baseline variables between the slow, intermediate and fast progressors were evaluated 

to identify variables that were associated with high PSA velocity (and hence PCa 

progression). 
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b) Dissertation format 
 

This dissertation is presented as four chapters and six appendices. Chapter 1 introduces 

the dissertation topic and the specific aims and explains the format of this dissertation. 

Chapter 2 provides an overview of the prostate gland and prostate cancer, epidemiology 

and distribution of prostate cancer, risk factors associated with prostate cancer and the 

plausible molecular mechanisms through which risk factors of interest (obesity, smoking, 

medication use) can influence PCa. The next chapter (“Present Study”, chapter 3) 

contains description of preliminary analyses and study methods, data processing, data 

analysis strategies, and results. Chapter 4 (“Conclusions and Discussion”) contains 

conclusions and discussion of the findings of this dissertation as well as the future 

direction this research could lead to. All the above chapters were written by the 

candidate with input from dissertation committee members. 

 

Appendices A, B and C are manuscripts based on findings of this dissertation prepared 

for submission in peer reviewed journals. All were written by the candidate with input 

from the co-authors. All the above manuscripts represent original work of the candidate.  

The candidate contributed substantially in the following areas with advice from 

dissertation committee members and co-authors: conceptualizing aims of the 

manuscripts, conducting background literature review, data cleaning, understanding 

intricacies associated with handling and preservation of biological samples and the 

variability it can lead to in the data, conducting data analysis using appropriate statistical 

techniques and interpretation of results, both in context of the current research project 

and for broader implications in public health. Appendix D contains a copy of letters of 

approval from the Institutional Review Board for this study. Appendix E contains 



 

 

14

 

questionnaires used in the data collection. Tables and figures in addition to the ones in 

the main document and the manuscripts are included in appendix F. 
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c) Background and literature review 
 
 

a) Overview of prostate cancer  
 

i) Anatomy 
The prostate is a fibromuscular glandular organ located inferior to the bladder and 

surrounding the urethra. It is perforated by ejaculatory ducts posteriorly. According to 

McNeal, the prostate can be divided into peripheral, central, and transitional zones in 

addition to an anterior segment and a pre-prostatic sphincter zone[3]. Benign prostatic 

hyperplasia (BPH) occurs most commonly in the median or lateral lobes, whereas 

prostate cancer develops most commonly in the posterior or peripheral lobes[3].  

 

ii) Physiology 
Prostatic secretions have been associated with semen gelation, coagulation and 

liquefaction, coating and decoating of spermatozoa and conditioning of the urethral 

orifice. However, the precise biologic contribution of the prostate, per se, remains to be 

determined[4]. Human prostatic secretions contain a number of compounds such as 

zinc, citric acid, spermine, prostaglandins, cholesterol, seminin, acid phosphatase, 

prostatic acid phosphatase, and prostatic specific antigen. Secretion of prostatic fluid is 

controlled by hormones such as testosterone and adrenal androgens[5].  

 

iii) Pathology 
 In approximately 70% of cases, carcinoma of the prostate arises in the posterior part of 

the peripheral zone of the gland. On cross-section, the neoplastic tissue is gritty and 

firm, it may be extremely difficult to visualize and be more readily apparent on palpation 

(please refer to Figure 1)[6, 7]. 
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Figure 1: Adenocarcinoma of the prostate. Carcinomatous tissue is seen on the 
posterior aspect (lower left). Note the solid whiter tissue of cancer in contrast to 
the spongy appearance of the benign peripheral zone on the contralateral side [7]. 

Histologically, prostatic adenocarcinomas produce well-defined, readily demonstrable 

glandular patterns (Figure 2). The neoplastic glands are typically smaller, more crowded 

and show less branching than benign glands. They are lined by a single uniform layer of 

cuboidal epithelium and lack outer basal layer of cells typical of normal glands. The 

cytoplasm of the tumor cells ranges from pale to a distinctive amphophilic appearance. 

Nuclei are large and often contain one or more large nucleoli [7-9]. 

 

Figure 2: A (left): Photomicrograph of a small focus of adenocarcinoma of the 
prostate demonstrating small glands crowded in between larger benign glands. 
B(right): Higher magnification shows several small malignant glands with 
enlarged nuclei, prominent nucleoli, and dark cytoplasm, compared to the larger 
benign gland[7].  



 

 

17

 

In approximately 80% of cases, prostatic tissue removed for carcinoma also harbors 

presumptive precursor lesions, referred to as prostatic intraepithelial neoplasia (PIN) [10, 

11]. PIN consists of more widely separated, larger branching glands, in contrast to 

invasive cancer, which is typically characterized by small, crowded glands. PIN glands 

are surrounded by an intact basement membrane. There are several lines of evidence 

that link high-grade PIN to invasive cancer. First, both high-grade PIN and cancer 

typically predominate in the peripheral zone and are relatively uncommon in other zones. 

Prostates containing cancer have a higher frequency and a greater extent of high-grade 

PIN. High-grade PIN is also often seen in proximity to cancer, with the cancer in some 

cases appearing to bud off of the high-grade PIN. Studies have revealed that many of 

the molecular changes that are seen in invasive cancers are also present in PIN. Such 

data strongly support the notion that PIN is an intermediate lesion between normal 

glands and invasive cancer [10, 11]. 

Spread of prostate cancer occurs by direct local invasion and through the bloodstream 

and lymph. Local extension most commonly involves the seminal vesicles and the base 

of the urinary bladder, which may result in ureteral obstruction. Hematogenous spread 

occurs chiefly to the bones, particularly the axial skeleton, but some lesions spread 

widely to viscera. The bony metastases are typically osteoblastic and, in men, point 

strongly to prostatic cancer [7].  
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iv) Diagnosis  
 

1) Digital Rectal Exam 
 
A digital rectal exam (DRE) is conducted to palpate for the presence of prostate cancer. 

Any detected induration warrants further evaluation using Prostate Specific Antigen 

(PSA), Trans-Rectal Ultrasonography (TRUS) or a prostate biopsy.  In recent times, PSA 

assessment has become commonly performed even in the absence of a positive DRE 

finding, since DRE has low sensitivity (21 to 52%) [12]. DRE can only detect growths on 

the posterior part of the peripheral zone of the prostate. Although the majority (70%) [7]. 

of PCa occurs in this region; not being able to detect 30% of growths in the anterior 

zones by DRE is a major limitation of this approach. 

 

2) Prostate Specific Antigen (PSA)  
 
Serum Prostate Specific Antigen (PSA) was first described by Hara et al. as a marker for 

human semen in forensic medicine and was called ‘‘c-seminoprotein’’ [13].. Later, it was 

purified and identified as a potential prostate cancer marker by Wang [14]. Since then, 

PSA measurement has revolutionized detection of PCa. It has been used as a biomarker 

for early detection, prognosis and recurrence after local therapy [15].  

 

PSA is an androgen-regulated serine protease produced by prostate epithelial cells. It is 

a member of the tissue kallikrein family [16]. PSA is a major protein in semen, where its 

function is to cleave semenogelins in the seminal coagulum. PSA is secreted into 

prostatic ducts as an inactive 244–amino acid proenzyme (proPSA) that is activated by 

cleavage of seven N-terminal amino acids. A fraction of PSA is inactivated in the lumen 

of the prostate by proteolysis and circulates as free PSA. PSA that enters the circulation 
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without being inactivated is rapidly bound by protease inhibitors, namely alpha1-

antichymotrypsin and is called bound PSA. Cleavage of proPSA to PSA and proteolytic 

inactivation of PSA, is less efficient in PCa increasing the serum concentration proPSA 

and decreasing the serum concentration of free PSA in PCa (please refer to figure 3) 

[16].    

 

 

Figure 3: Model Prostate Specific Antigen (PSA) biosynthesis in normal and 
cancerous prostate epithelium [16]. 
 

 

In a study by Antenor et al, men with preoperative PSA levels of 2.6–4.0, 4.1–7.0, 7.1–

10.0, or >10 ng/ml experienced organ-confined disease at frequencies of 81%, 74%, 

72%, and 60% respectively (p < 0.0001) [17]. The corresponding 10-year progression-
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free survival rates were 88%, 80%, 76%, and 61%, respectively (p < 0.0001). (Antenor 

2005) In another study, approximately 11% of the cancers were high grade (Gleason 

grade >7) with PSA levels of less than 2 ng/ml,  compared to 21% of tumors detected at 

a PSA level between 2 and 4.0 ng/ml [18]. Thus, high serum PSA levels are directly 

correlated with aggressiveness of disease. In recent article by Helpap and colleagues 

the mean PSA in subjects with Gleason grade 6 or lower was 13.9 ng/ml; whereas, the 

mean PSA in subjects with Gleason 6 or greater was 46.1 ng/mll (p < 0.001) [19]. Thus, 

serum PSA values correlate well with Gleason grade. 

 

 A serum PSA ≥ 4ng/ml is regarded by most clinicians as a cut point for a 

recommendation to perform a prostate biopsy ([20]). This cut point is associated, 

however, with high sensitivity (95%) but low specificity (30%) in the diagnosis of PCa 

[21]. PCa has been shown to occur in patients with PSA levels lower than 4ng/ml. 

Among subjects having PSA levels <4ng/ml, as many as 15% of men demonstrated a 

PCa focus on prostate biopsy [22]. Conversely, some of the PCa cases being diagnosed 

by using this cut point may not progress to clinically relevant cancer. BPH, urethral 

instrumentation, sexual activity and prostatitis can elevate PSA levels in serum, further 

reducing specificity. As a result, several variations in PSA measurement have emerged 

as potential markers of diagnosis and prognosis: 

 

1. Bound and free PSA: The fraction of PSA that is bound to other molecules, such 

as alpha-1-antichymotrypsin, is known as bound or complexed PSA, whereas the 

inactived PSA that circulates unbound is known as free PSA. The proportion of 
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the bound form is usually higher and the proportion of free PSA is usually lower 

in malignancy [16, 20, 23, 24].  

2. PSA velocity: Velocity is defined as the longitudinal change in PSA over a 

defined time interval [20]. Several studies have shown PSA velocity to be 

consistently associated with aggressive or advanced PCa [12, 25-27] and it is 

routinely used in assessing prognosis in patients after treatment or when patients 

are on watchful waiting (active surveillance). Carter, et al  have proposed a 

threshold of 0.75ng/ml/yr to distinguish PCa from BPH and normal prostate in 

men with elevated PSA levels[25]. D’Amico et al 2005 note that men who have a 

PSA velocity of 2.0ng/ml/yr in the year before diagnosis had dramatically 

increased risk for death due to PCa (hazard rate (HR) = 12, 95% CI: 3.0, 

54.0)[28]. Recently, the Baltimore Longitudinal Study of Aging data showed a 

strong negative association between survival and PSA velocity detectable as 

early as 10-15 years before diagnosis[29]. 

 

Although the association between PSA velocity and aggressive disease is strong, 

studies determining the sensitivity and specificity of PSA are rare.  Coakley et al 

in 2007 used data from 69 subjects diagnosed with biopsy-proven prostate 

cancer managed by watchful waiting who underwent serial endorectal MRI and 

magnetic resonance spectroscopic imaging (MRSI) and who had 

contemporaneous serial PSA[30]. The MRI/MRSI findings were used to classify 

subjects as stable (N=51), progressive (N=17) or un-evaluable (N=1). Using a 

threshold of >0.75ng/ml/yr, they concluded the sensitivity and specificity of PSA 

velocity for diagnosing radiologically progressive disease were 0.71 and 0.39 
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respectively[30]. Although this is a small study, this is, to the best of my 

knowledge, the only study to determine the sensitivity and specificity of PSA 

velocity to assess PCa progression in men with localized cancer on active 

surveillance. Subjects on active surveillance are not representative of the total 

prostate cancer population as they have relatively lower grade disease and not 

likely to demonstrate progressive disease. This may affect sensitivity and 

specificity calculations in the above study as well as its generalization to other 

populations. 

 

3. PSA Doubling time (PSA-DT): Amount of time taken by a subject’s PSA to 

double is known as their PSA doubling time. Patients with PSA-DT < 3years are 

considered to be at increased risk of advanced or progressive disease[31].  

4. PSA density: Ratio of serum PSA with prostate volume is known as PSA density. 

Some investigators have advocated a prostate biopsy only if the PSA density is 

more than 0.1 or 0.15, while others have not found PSA density to be very 

useful[3].  

 
 

3) Grading 
 
Systematic sextant biopsy under ultrasound guidance is most commonly employed for 

primary diagnosis of prostate cancer[3, 32]. Biopsy cores are usually obtained from the 

apex, mid-section and base of each side of the prostate halfway between the lateral 

border and midline of the prostate[3, 32].  
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The Gleason grading system is the most commonly used histological grading system for 

PCa. It was developed by Dr. Donald Gleason and is based on the architectural patterns 

of cells in the prostate (Figure 4) [33, 34]. It assigns a primary grade to the pattern of 

cancer most commonly observed and a secondary grade to the next most common 

pattern. Grades for both the primary and secondary grades range from 1 to 5 (1 being 

well differentiated and 5 being undifferentiated).  A Gleason score is obtained by adding 

the primary and secondary grades. This score is also called Gleason sum or combined 

Gleason grade. Gleason scores range from 2 to 10, with scores 2-4 representing well-

differentiated tumors, 5-6 representing moderately differentiated tumors and 8-10 

representing poorly differentiated tumors [3, 4]. The majority of cases show Gleason 

score of 5 -6 (53.8%) or 7(30.5%) whereas relatively few report scores of 2-4 (6%) or 8-

10(9.7%) [4].  

 

Although different authors tend to use different cut points, tumors with Gleason scores ≤ 

7 are usually considered low grade, whereas those with Gleason scores >7 are 

considered high grade. There are no clear demarcations between various Gleason 

patterns, rather there is a gradual transition from one pattern to another. This could lead 

to differences in the interpretation and ascertainment of scores. This system has been 

shown to have inter-observer reliability of 70% [35],[36]. Refinement in biopsy 

techniques is ongoing and various strategies such as increasing the number of core 

samples taken and different sites from where the cores can be taken have been tried. 

Differences in the number of cores (range 6-14) as well as the location from where they 

are taken (apex, peripheral zone, transitional zone) could lead to variability in the 
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detection rates. Ten-twelve core biopsy weighted towards the lateral aspects and apex 

seems to provide optimal results [37]. 
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Figure 4: Schematic showing the Gleason grading system as envisioned by Dr. 
Gleason [33]. 
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4) Staging of Prostate Cancer  
 
Two systems are in common use for the staging of prostate cancer. The Jewett system 

(stages A through D, Table 1) was described in 1975 and has since been modified [14]. 

In 1997, the American Joint Committee on Cancer (AJCC) and the International Union 

Against Cancer adopted a revised Tumor, Nodes, Metastasis (TNM) system that 

employs the same broad T stage categories as the Jewett system but includes 

subcategories of T stage, such as a stage to describe patients diagnosed through PSA 

screening. This revised TNM system is clinically useful and more precisely stratifies 

newly diagnosed patients. In 2002, the AJCC further revised the TNM classification 

system (Table 2) [15].   
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Table 1: Tumor, node, metastasis definitions for the American Joint Committee on 
Cancer (AJCC) staging system 
Primary tumor (T)  

• TX: Primary tumor cannot be assessed  
• T0: No evidence of primary tumor  
• T1: Clinically inapparent tumor not palpable nor visible by imaging  

o T1a: Tumor incidental histologic finding in 5% or less of tissue resected  
o T1b: Tumor incidental histologic finding in more than 5% of tissue 

resected  
o T1c: Tumor identified by needle biopsy (e.g., because of elevated PSA)  

• T2: Tumor confined within prostate*  
o T2a: Tumor involves 50% or less of one lobe 
o T2b: Tumor involves more than 50% of one lobe but not both lobes 
o T2c: Tumor involves both lobes  

• T3: Tumor extends through the prostate capsule** 
o T3a: Extracapsular extension (unilateral or bilateral)  
o T3b: Tumor invades seminal vesicle(s)  

• T4: Tumor is fixed or invades adjacent structures other than seminal vesicles: 
bladder neck, external sphincter, rectum, levator muscles, and/or pelvic wall  

Regional lymph nodes (N)  
• Regional lymph nodes are the nodes of the true pelvis, which essentially are the 

pelvic nodes below the bifurcation of the common iliac arteries. They include: 
pelvic, hypogastric, obturator, iliac, and sacral. Involvement of distant lymph 
nodes is classified as M1a. 

o NX: Regional lymph nodes were not assessed 
o N0: No regional lymph node metastasis  
o N1: Metastasis in regional lymph node(s) 

Distant metastasis (M)$  
• MX: Distant metastasis cannot be assessed (not evaluated by any modality) 
• M0: No distant metastasis  
• M1: Distant metastasis  

o M1a: Nonregional lymph node(s)  
o M1b: Bone(s)  
o M1c: Other site(s) with or without bone disease 

Histopathologic grade (G)  
• GX: Grade cannot be assessed  
• G1: Well differentiated (slight anaplasia) (Gleason score of 2–4) 
• G2: Moderately differentiated (moderate anaplasia) (Gleason score of 5–6) 
• G3-4: Poorly differentiated or undifferentiated (marked anaplasia) (Gleason score 

of 7–10) 
* Tumor that is found in one or both lobes by needle biopsy but is not palpable or 
reliably visible by imaging is classified as T1c. 
** Note: Invasion into the prostatic apex or into (but not beyond) the prostatic capsule 
is classified as T2 not T3. 
$Note: When more than one site of metastasis is present, the most advanced 
category (pM1c) is used. 
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Table 2: Staging Systems for Prostate Cancer 
American Joint Committee on Cancer 
(AJCC) staging system 

Jewett staging system 

Stage I  
• T1a, N0, M0, G1  

Stage II  
• T1a, N0, M0, G2–4  
• T1b, N0, M0, any G  
• T1c, N0, M0, any G  
• T1, N0, M0, any G  
• T2, N0, M0, any G  

Stage III  
• T3, N0, M0, any G  

Stage IV  
• T4, N0, M0, any G  
• Any T, N1, M0, any G  
• Any T, any N, M1, any G  

 

Stage A  
Stage A is clinically undetectable tumor 
confined to the prostate gland and is an 
incidental finding at prostatic surgery.  

• Substage A1: well differentiated with 
focal involvement and usually left 
untreated  

• Substage A2: moderately or poorly 
differentiated or involves multiple 
foci in the gland  

Stage B  
Stage B is tumor confined to the prostate 
gland.  

• Substage B0: nonpalpable and PSA 
detected  

• Substage B1: single nodule in one 
lobe of the prostate 

• Substage B2: more extensive 
involvement of one lobe or 
involvement of both lobes 

Stage C  
Stage C is tumor clinically localized to the 
periprostatic area but extending through the 
prostatic capsule; seminal vesicles may be 
involved.  

• Substage C1: clinical extracapsular 
extension  

• Substage C2: extracapsular tumor 
producing bladder outlet or ureteral 
obstruction 

Stage D  
Stage D is metastatic disease.  

• Substage D0: clinically localized 
disease (prostate only) but 
persistently elevated enzymatic 
serum acid phosphatase titers  

• Substage D1: regional lymph nodes 
only  

• Substage D2: distant lymph nodes 
and metastases to bone or visceral 
organs 

• Substage D3: D2 prostate cancer 
patients who relapsed after 
adequate endocrine therapy 
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5) Imaging 
 

If visible on trans-rectal ulta-sonography (TRUS), PCa appears as a hypoechoic lesion in 

the peripheral zone of the prostate. Almost all prostate biopsies are carried out under 

TRUS guidance. TRUS is rarely used alone for primary diagnosis. Magnetic Resonance 

Imaging (MRI), Computer Tomography (CT) and radionucleotide bone scans are other 

modalities used while working up a patient with PCa. They are more useful for staging 

and assessing metastasis than they are for primary diagnosis [3]. 

 

v) Clinical symptoms and course of disease  
 
Most patients with early stage PCa are asymptomatic [38]. The presence of symptoms 

often suggests locally advanced or metastatic disease. Common symptoms include, 

difficulty in passing urine, difficulty in starting or stopping urine flow, increased 

frequency, weak urine flow, dysuria, burning micturition, impotence, hematuria or 

hematospermia.  Urinary obstruction can result from local growth of the tumor into the 

urethra or bladder neck. Metastatic disease to the bones can cause bone pain. 

Metastatic spread to the vertebral column may be associated with symptoms of cord 

compression (paresthesias and weakness of the lower extremities and urinary or fecal 

incontinence) [3] [39-42] . 

 

Patients with stage T1a cancer do not show evidence of progressive disease when 

followed for 10 or more years. Five per cent to 25% of patients, however, do develop 

local or distant spread. This is more likely in younger patients (less than 60 years), who 

have a longer life expectancy. Stage T1b lesions are more ominous. Approximately 30% 

to 50% can be expected to progress over a period of five years, with a mortality of 20% if 
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left untreated [7]. Approximately 25 percent men already have metastatic disease at the 

time of diagnosis[43] and a further 17-23% are at risk of metastasis following the 

diagnosis of organ confined disease. [44, 45] 

 

vi) Treatment of prostate cancer 
 
Several modalities are available for treating PCa. Decisions regarding choice of 

treatment are based on grade and stage of the tumor, life expectancy of the subject, the 

ability of the modality to ensure disease free survival, associated morbidities, and patient 

and physician preference. Major modalities to treat prostate cancer are as follows. They 

can be broadly divided into surveillance and active treatment.[46]  

 

1. Surveillance: Several terms have been used to describe noncurative therapy 

including ‘watchful waiting’, ‘conservative therapy’, ‘active surveillance’ and 

‘delayed therapy’. Traditionally, they all mean not administering active treatment 

but closely monitoring patients for evidence of disease progression or metastasis 

usually by physical examination, periodic PSA estimation and bone scan. If 

evidence of disease progression or metastasis is noted (fast rising PSA, 

evidence of local invasion or bone metastasis), the patient could then opt for one 

of the active treatment modalities listed below or continue to refuse treatment if 

he wishes. The justification for this approach is that no study has ever 

demonstrated a better survival for those treatments which were often associated 

with severely compromised quality of life as compared to active surveillance.[44] 

This approach is usually used for patients with early stage disease, patients who 

have additional co-morbidities that make them not be good candidates for 
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surgery or radiation, and also patients who refuse treatment. Although ‘active 

surveillance’ or ‘watchful waiting’ prevents the subject from being exposed to side 

effects of other treatments and lowering their quality of life, the disadvantage is 

that disease progression continues with disease specific mortality rising each 

year. Disease specific mortalities as high as 66, 75 and 80 percent have been 

reported at 5, 10 and 15years respectively[47-49].  

. 
2. Active Treatment: Modalities that are considered to be active treatment are: 

Surgery (Radical, retro-pubic or perineal prostatectomy), radiation (external 

beam radiation, or brachytherapy, cryotherapy) and hormone therapy (using anti-

androgen drugs such as flutamide or bicalutamide) [50].  

 

Each of these treatment modalities is associated with serious morbidities. 

Radical prostatectomy is associated with injury to nerves leading to urinary 

incontinence (47% of men reporting this symptom) and erectile dysfunction (89% 

reporting) [40]. External-beam radiation therapy can result in urinary strictures 

(17% event reporting) and radiation proctitis [41]. Major disadvantages of 

hormone therapy include, gynaecomastia (76%) [42], osteoporotic fractures and 

others side effects such as psychological effects, including loss of libido, and 

impotence [50]. Modalities such as cryotherapy are relatively new and their long-

term effects are unknown, although impotence and urinary leakage have been 

reported [46].  

 

 

 



 

 

32

 

 

vii) Summary 
 
PSA is an important marker used to diagnose PCa and to track its progression. PSA is 

highly sensitive but not very specific. Various modalities are available to treat PCa, but 

each of them is associated with significant morbidities. PCa is a heterogenous disease 

with variable disease trajectory. In some patients, PCa can show little or no progression 

for years, while in others it may progress rapidly to cause widespread metastasis and 

death. Furthermore, using currently available diagnostic modalities, we cannot reliably 

predict which patients will progress to advanced cancer. As a result, significant numbers 

of subjects diagnosed with PCa are subjected to unnecessary treatment along with its 

morbidities. Due to this, it is essential to study the epidemiology of PCa and to identify 

novel targets not only for prevention of new cases but, more importantly, to prevent 

progression of disease.  
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b) Epidemiology of prostate cancer 
 
i) Incidence and mortality of prostate cancer worldwide  
 
There exists considerable international variation in the incidence of clinically detected 

prostate cancer. Prostate cancer is the most commonly diagnosed cancer among men in 

developed countries, with an estimated 513,000 cases of PCa diagnosed in 2002. The 

picture is much different in developing countries. PCa is the sixth most commonly 

diagnosed cancer in men in developing countries, with the estimated number of new 

cases to be 165,000 for 2002.[51] American men and African-American men in 

particular, have the highest incidence of prostate cancer in the world [51-53]. Incidence 

rates are considerably lower in Africa. In Zimbabwe and Uganda, the average annual 

incidence is 28 per 100,000  [53]  compared with 248.5 per 100,000 for African-

Americans reported by the National Cancer Institute’s Surveillance, Epidemiology, and 

End Results (SEER) Program) in 2005 [54]. The lowest incidence rates are in Asia and 

North Africa [53].  

 

Although fewer men are being diagnosed with PCa in developing countries, twice as 

many men die of PCa in developing countries than in the developed countries.  The 

estimated incident cases and deaths in developed countries were 513,000 and 130,000 

respectively, for a cause specific mortality rate of 25%. Those same numbers for 

developing countries were 165,000 and 91,000 respectively, for a cause specific 

mortality rate of 55% [51]. Variation in the incidence and mortality rates between 

populations may reflect the differential use of detection methods, such as PSA screening 

which could lead to earlier detection and treatment of cases in developed nations, 

differences in underlying risk, or in the biologic behavior of resultant tumors [1]. 
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ii) Incidence and mortality of prostate cancer in United States  
 

The American Cancer Society (ACS) estimates there were 218,890 new cases of 

prostate cancer among US men in 2007. This makes prostate cancer the number one 

cause of newly diagnosed cancer (29% of all cancers) in US men [55]. Racial variation in 

PCa incidence in the US is pronounced. The incidence rates for African-Americans were 

1.3 times that of white Americans, twice that of Japanese-Americans and four times that 

of Chinese-Americans [32]. The overall lifetime risk of being diagnosed with invasive Pca 

is 1 in 6 for American men [56]. 

 

The ACS also estimates there were 289,550 deaths from all cancers among US men in 

2007. Of these, 27,050 deaths were due to prostate cancer, making it the second most 

common cause of cancer death (9%) [55].  Prostate cancer mortality is also substantially 

higher for African-American men compared to other ethnic groups. Mortality rates for 

African-American men are twice that of white men and higher still than rates for men 

from other ethnic groups [32]. Together, the above numbers mean that approximately 

one adult male in the US is either diagnosed with or dies from prostate cancer every 15 

minutes [1].  

 

iii) Effect of PSA on the incidence and mortality of prostate cancer 
 

Incidence rates of prostate cancer have changed substantially over the last 20 years, 

rapidly increasing from 1988-1992, declining sharply from 1992-1995 and increasing 

modestly since 1995 [37]. The trends largely reflect increased prostate cancer screening 
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using PSA, since the mortality trends do not match the pattern of incidence trends. 

(Figure 5) Increased use of PSA as a screening tool has led to “stage migration” in the 

disease profile of PCa with fewer advanced cases and increased rates of early disease. 

Tumors being diagnosed by PSA alone are characteristically small in size, low grade, 

expressing low levels of PSA, and have a high chance of being cured following localized 

therapy [15]. 

 
Figure 5: Changes in age adjusted incidence and mortality rates of prostate 
cancer for US men in the pre-PSA and PSA eras[37] 
 

Figure 5 depicts incidence and mortality trends for prostate cancer for US men in the pre 

and post PSA eras. Although the incidence rates have shown a sharp spike mortality 

rates have stayed relatively same. The gap between incidence and mortality trends 

suggests that we are diagnosing more PCa cases that may not progress to become 

clinically significant. Various authors have termed this as “over diagnosis”. Studies have 
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estimated the percentage of over diagnosis to range from 30-56% [15, 57]. A significant 

proportion of patients so diagnosed will undergo treatment for PCa, treatment that may 

not necessarily be needed in their case, subjecting them to a wide variety of morbidities 

such as incontinence, impotence, and radiation proctitis and cystitis depending on the 

modality of treatment chosen [50]. 

 

iv) Summary 
 

There is considerable variation in the incidence and mortality rates of PCa worldwide 

and within the US. Black men, especially African-American men have the highest 

incidence rates in the world while Asian men have the lowest. Rates are highest in the 

western hemispheres. Although the incidence and mortality numbers are higher in 

developed countries as compared to developing countries, PCa mortality rates are 

highest in developing countries. Increased use of PSA in the screening for PCa has led 

to identification of many cases of PCa that may not progress to clinically significant 

cancer. These patients, therefore, can be subjected to needless treatment and major 

lifelong morbidities associated with the treatment. Hence, a current need in the field of 

PCa is to identify risk factors associated with aggressive disease in order to help 

physicians identify those patients who need aggressive treatment as opposed to those 

patients who might benefit by a more conservative approach. If the risk factors 

associated with aggressive disease are also modifiable, major strides may be possible in 

reducing disease progression and the comorbidities associated with PCa treatment by 

targeting behavior change and/or pharmaceutical interventions. This in turn could lead to 

reducing over treatment. 
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c) Risk factors for prostate cancer 
 
The current literature for the association between the risk factors of obesity, smoking 

and medication use and PCa incidence and progression are reviewed in this section. 

Studies have been selected based on type of study design, sample size, duration of 

follow-up and importance of their findings.  

 

Prospective cohort studies are ideally suited to study causality between risk factors and 

diseases, since cohorts are defined based on risk factors before the cohort members 

have developed the disease of interest. However, these studies are expensive, as well 

as difficult to design and implement. They often need large sample sizes and long follow 

up times to appropriately measure the association of interest. Therefore, very few large 

scale, long term cohorts studying PCa progression exist. Case-control studies are more 

efficient in terms of time and resources, especially for a rare outcome such as cancer 

progression, but they can only inform us about whether an association exits between risk 

factors and disease, and no conclusion can be made if the association detected is 

causal.  

 

Randomized controlled studies are the ideal study design to study the effect of an 

intervention like medication use on PCa progression. Due to the prevalent use of aspirin, 

other non-steroidal anti-inflammatory drugs (NSAIDs) and statins by the general US 

population, finding a population appropriate to study these interventions is difficult. 

Aspirin and statins are proven life saving drugs for cardiovascular disease[58, 59]. 

Therefore, designing a new study which can randomize a man to receive a placebo is 

unethical. Hence, studying the effect of these drugs as a secondary analysis within the 
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setting of a completed randomized controlled study is an acceptable study design, as 

would be a case-control study or any other epidemiological study. The discussion below 

summarizes the literature of obesity, smoking and medication use as risk factors 

associated with PCa incidence and progression. 

 
i) Overview 
 
Table 3 shows the strength of association between prominent risk factors and PCa. This 

table is based on a meta-analysis presented by Platz et al that summarized the 

epidemiological literature through 2000 and has since been updated by the author of this 

dissertation [32]. Although many potential risk factors for PCa has been studied, only 

age, African-American race and family history of PCa are considered to be definitive risk 

factors for PCa [55]. Prostate cancer rates rise with age especially after age 50. Autopsy 

studies show rates of 15-30% after age 50 and 60-80% after age 80 [60]. Prostate 

cancer occurs 60% more often in African-American men as compared to White 

American men of the same age [56]. Family history has also shown to be a consistent 

risk factor for prostate cancer with relative risks in the range of 1.6-3.5 reported in 

literature and summarized by Platz, et al [32]. 
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Table 3: Potential risk factors and their association with prostate cancer (adapted 
from [32]) 
Potential risk factor Strength and direction of association 
Older age Substantial increase 
African-American race Substantial increase 
Family history Substantial increase 
Taller height Moderate increased for advanced/fatal 
Higher BMI/obesity  Inconclusive 
Higher birthweight Null to weak increase 
Higher physical activity Null to weak decrease 
Vasectomy Null to weak increase 
Diabetes mellitus Moderate decrease 
Cigarette smoking Moderate increase for advanced/fatal 
Low to moderate alcohol consumption Null 
Higher dietary fat Null to moderate increase 
Higher dairy product/calcium intake Moderate to substantial increase 
Higher retinol (Vit A) intake  Inconclusive 
Higher beta-carotene intake Null to weak decrease 
Higher lycopene or tomato product intake   Moderate decrease 
Higher tocopherol intake Null to moderate decrease 
Higher selenium intake Moderate to substantial decrease 
Aspirin intake Moderate to substantial decrease 
Other NSAID intake Moderate decrease 
Statin intake Moderate decrease 
Higher Chromogranin A Moderate decrease 
Higher Free PSA Weak increase 
Note: Relative scale for strength of association: Null 1.0; weak 1.1-1.5, 0.7-0.9; 
moderate 1.6-2.0, 0.5-0.6; substantial >2.0, <0.5. (adapted from ref [32]) 
  
Other variables that have been shown suggestions of association with increased risk 

are: Height, birth weight, history of a vasectomy, consumption of dietary fat, dairy 

products, calcium intake, and free PSA levels.[16, 32]  Whereas physical activity, 

diabetes,[61] beta-carotene,[62] lycopene,[63] tocopherol,[64] selenium,[65] aspirin, 

other NSAIDs,[29, 66] and statins[67, 68] have indicated decreased risk of PCa. The 

association of obesity with PCa risk is inconclusive[69, 70], whereas alcohol intake[71] 

and retinol[62] may not be associated with PCa.  The relationship of obesity, smoking 

and medications such as aspirin, other NSAIDs and statins with PCa progression is the 

focus of this dissertation. A more detailed discussion of the prior research for these 

factors is shown below.  
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ii) Obesity and prostate cancer 
 

There have been several large studies that have reported obesity as a risk factor for 

prostate cancer incidence, although other studies have reported a null association or 

even a protective effect. Table 4 summarizes some of the studies that have addressed 

the association between obesity and PCa. Body mass index (BMI) is used as the 

measure of obesity in most studies. BMI is calculated as weight in kilograms divided by 

height in meters squared (kg/m2).  While BMI is easy to calculate and use because only 

height and weight measurements are needed, BMI has limitations. For example, body 

composition, such as whether someone has a high lean body mass or is simply large 

framed, is not factored into BMI calculations. Therefore, alternative measures of obesity, 

including waist-to-hip ratio (WHR), percent body fat, skinfold thickness, crude weight, 

and lean body mass, have been used in various studies. Importantly, prior studies using 

BMI and more ‘‘precise’’ measurements of adiposity (ie, Waist Hip Ratio (WHR)) report 

nearly identical associations for both measurements and often specifically report only 

BMI results [69]. 

  

The inaccuracy described between BMI and other body composition measurements is 

most commonly encountered in large, very muscular individuals with little body fat. 

These individuals often have an elevated BMI, which could falsely be interpreted as 

overweight. However, these types of individuals constitute a small part of most 

populations, especially an elderly male population such as typically included in studies of 

PCa.  Therefore, although BMI is occasionally falsely elevated in some individuals, it 
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remains a reasonably accurate measure of obesity in most populations and is the most 

commonly cited measurement in the literature [69].  
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Table 4: Summary of prior studies regarding association of obesity measures with incident and advanced prostate 
cancer or death due to prostate cancer 

Study Study Design, 
Sample Size and 

Follow-up 

Association with incidence or 
localized disease* 

RR or OR (95% CI) 

Association with progression, high 
grade, advanced disease or 

mortality* RR or OR (95% CI) 
Vierod 1997 [72] 
 

Cohort, 25,708,  
Avg 12yrs 

RR: 2.2(1.1, 4.7) 
(BMI ≥ 27) 
p-value for trend = 0.02 

 

Giovannucci 1997 [73] 
(Health Professionals Study) 

Cohort, 47,784, 
10yrs 

RR: 0.52 (0.33, 0.83) 
(BMI ≥ 30 & +Fam Hx) 

 

Anderrson 1997 [74] 
(Swedish Construction 
Workers Cohort) 

Cohort, 135,000, 
Avg 18yrs 

RR: 1.13(0.99, 1.29) 
(BMI ≥ 26) 

RR: 1.40(1.09,1.81) 
(BMI ≥ 27) 

Nilsen 1999 [75] 
(Nord-Trondelag Health 
Survey) 

Cohort, 22,248, 
12yrs 

RR: 1.00(0.80, 1.3) 
(BMI ≥ 28) 

 

Schurrman 2000 [76] 
(Netherlands Cohort Study) 

Cohort, 58,279, 
6.3yrs 

RR: 0.96(0.86, 1.06) 
Trend for weight loss: p=0.070 

RR: 1.01(0.90, 1.13) 
 
 

Engeland 2003 [77] Cohort, 950,000,  
Avg 21yrs 

RR: 1.09(1.04, 1.15) 
(BMI ≥ 27) 

 

Kristal 2006 [22] 
(Prostate Cancer Prevention 
Study) 

Cohort, 3341, 6yrs BMI is inversely associated with 
PSA, p for trend = 0.001 

BMI is not associated with PSA 
velocity, p for trend = 0.84 

Rodriguez 2007 [78] 
(CPS II Nutrition Cohort) 

Cohort, 69,991, 
21yrs 

RR: 0.84(0.66, 1.06) 
(Non-metastatic low grade cancer) 

RR: 1.22(0.96, 1.55) 
(Non-metastatic high grade 
cancer) 
RR: 1.54(1.06, 2.23) 
(Metastatic or fatal cancer) 
RR: 0.58(0.42, 0.79) 
(subjects loosing <11lbs) 

Wright 2007 [79] 
(NIH-AARP Diet and Health 

Cohort, 287,760, 
5-6years 

RR:0.67(0.50,0.89) 
(BMI ≥ 40) 

RR: 2.12(1.08, 4.15) 
(BMI ≥ 35) 
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Study)   Trend for weight gain: 
p= 0.009 

Giovannucci 2007 [80] 
(Health Professionals Study) 

Cohort, 47,750,  
16yrs  

RR: 1.13(0.91, 1.41) 
(BMI ≥ 30) 
 

RR: 1.80(1.10, 2.93) 
(BMI ≥ 30) 
 

Porter 2005 [81] 
(Puget Sound Cancer 
Registry, SEER) 

Case control, 1,456  OR: 0.77(0.56, 1.06) 
(BMI ≥ 29) 
p for trend = 0.04 

 

Bradbury 2005 [82] 
(General Practice Research 
Database) 

Case control, 
3,200 

OR: 0.78 (0.56, 1.09) 
(BMI ≥ 30)  

 

Baillargeon 2006 [83] 
(San Antonio Center for 
Biomarker of Risk of Prostate 
Cancer, SABOR)  

Case-control, 250 OR: 0.72 (0.36, 1.47) 
(BMI ≥ 30) 

OR: 1.07(0.32, 3.66) 
(BMI ≥ 30) 

Gong 2006 [84] 
(Prostate Cancer Prevention 
Study) 

Nested Case 
Control, 10,258 

OR: 0.82(0.69, 0.98) 
(BMI ≥ 30) 
 

RR: 1.29(1.01, 1.67) 
(BMI ≥ 30) 
 

* RR=relative risk, OR=odds ratio, 95% CI=95% confidence interval
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iii) Obesity and risk of incident prostate cancer 
 

In a prospective cohort study of 135,000 Swedish construction workers were followed for 

an average for 18 years[74]. In this study, BMI was categorized into four categories 

(<22, 22-24, 24-26 and >26). As compared to the lowest category, BMI was associated 

with higher risk of developing a PCa at each level but this association was not 

statistically significant for any category of BMI. The Relative Risk (RR) and 95% 

confidence interval (CI) for the highest category as compared with the lowest was 

1.13(0.99, 1.29) and the trend for increase in PCa risk with BMI was not statistically 

significant (p=0.10).[74] In another large cohort of 25,708 Norwegian men followed for 

an average of 12 years, 72 cases of prostate cancer were noted during the study.  

Subjects with the highest BMI (BMI≥27.6) had higher PCa incidence rates compared to 

the lowest category (BMI≤22.5) (RR = 2.2, 95% CI: 1.1, 4.7). There was also a 

statistically significant trend toward increased PCa with increase in the category of BMI 

(p=0.02). Notably, however, the sample size was small for some BMI categories (range 

9-28 participants).[72] A second large Norwegian cohort reported on the experience of 

950,000 men aged 20–74 years who were followed for an average of 21 years.  The 

increased risk of prostate cancer for obese men (BMI≥30) compared to normal weight 

men was 9% higher (RR= 1.09, 95% CI: 1.04, 1.15) than for the total population..[77]  

Categorization of BMI in the scandanavian studies were not based on standard World 

Health Organization or National Cancer Institute criteria and reasons for using these cut 

points were not always presented. The difference in cutpoints could lead to 

misclassification of BMI categories which could lower the power to detect differences. 

This in turn could result into non-significance of results despite trends.    
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In the Netherlands Cohort Study, consisting of 58,279 men aged 55-69 years, 681 cases 

were identified after 6.3 years of follow-up. Age-adjusted and multivariate case-cohort 

analyses found that BMI was not associated with prostate cancer risk (comparing the 

highest (BMI>28) with lowest (BMI < 22), the RR=1:00, 95% CI= 0.92, 1.07). However, a 

statistically significant trend for increased PCa risk with increase in BMI category 

(p=0.02) was reported.[76]  Using data from 22,248 men in the Nord-Trondelag Health 

Survey, Nilsen et al (1999) reported no association between PCa risk and BMI for any 

category of BMI (BMI< 23, 23.1-24.7, 24.8-26.2, 26.3-28.2, >28.3) [75]. In this study, the 

average follow up time was 12 years during which 642 subjects were diagnosed with 

PCa (RR (BMI > 28.3 versus lowest category) = 1.00, 95% CI: 0.08, 1.3). The trend for 

increased risk of PCa by increase in BMI category was not statistically significant 

(p=0.77).[75] Rodriguez et al (2007) assessed the association between BMI and incident 

PCa by disease stage and grade at diagnosis using data from 69,991 men in the Cancer 

Prevention Study II Nutrition Cohort (CPS II) [78]. In this study, 5,252 incident prostate 

cancer cases were diagnosed during the course of the 21 years of the study. Cox 

proportional hazards models were used to estimate rate ratios. BMI was inversely 

associated with risk of non-metastatic low-grade prostate cancer (Hazard or Rate Ratio 

= 0.84, 95% CI: 0.66, 1.06).[78] 

 

Case-control studies have also been used to investigate the relationship between 

obesity and PCa, Gong et al (2006) investigated the associations of obesity with low-

grade (Gleason < 7) and high grade (Gleason ≥ 7) prostate cancer risk using data from 

10,258 participants in the Prostate Cancer Prevention Study (PCPT), of whom 1,936 had 
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biopsy confirmed prostate cancers [84]. Compared with men with BMI < 25, obese men 

(BMI ≥30) had an 18% decreased odds (Odds ratio (OR) = 0.82, 95% CI, 0.69, 0.98) of 

low-grade prostate cancer (Gleason <7).[84] In a nested case-control study carried out 

by Baillargeon et al (2006), 125 age-matched controls were compared to 125 incident 

cases of PCa [83]. Subjects were sampled from participants in the San Antonio Center 

for Biomarkers of Risk of Prostate Cancer (SABOR) cohort study. BMI was not 

associated with incident prostate cancer (OR = 0.75, 95% CI: 0.38, 1.48) (p for trend = 

0.27).[83]  

 

iv) Obesity and risk of advanced prostate cancer 
 
In contrast to the association between obesity and risk of advanced disease, data for 

association between obesity and PCa progression, high grade disease, advanced 

disease, or mortality are more consistent, with the majority of the studies reporting 

obesity as a risk factor.  Andersson et al (1997) concluded that the excess risk of death 

from prostate cancer was statistically significant for each of the higher BMI categories 

compared to the reference category with the highest BMI category showing a RR = 1.40 

(95% CI:1.09, 1.81). They also notee a statistically significant trend for increase in PCa 

mortality with increased BMI category (p = 0.04). [74]. Rodriguez et al concluded in the 

CPS II study that BMI was positively associated with risk of non-metastatic high-grade 

prostate cancer (RR = 1.22; 95% CI: 0.96, 1.55) and with metastatic or fatal prostate 

cancer (RR = 1.54; 95% CI: 1.06, 2.23).[78]  Similar conclusions were noted from the 

PCPT and Health Professionals study. Gong et al concluded that obese men (BMI ≥30) 

had 29% (OR = 1.29; 95% CI: 1.01, 1.67) increased odds of high-grade prostate cancer 

(Gleason ≥7)[84], whereas Giovannucci et al concluded that BMI >30 was associated 
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with fatal disease (RR = 1.80, 95% CI: 1.10, 2.93).[80] However, Baillargeon et al using 

data from the SABOR study did not find a statistically significant association between a 

BMI ≥30 and high grade disease (OR = 1.17; 95% CI: 0.39, 3.52), nor did they show a 

significant trend for association between increase in BMI with higher grade disease (p = 

0.62).[83]  

 

v) Change in body weight and prostate cancer risk 
 

A few studies have evaluated the relationships between change in body weight or BMI 

and PCa risk. Studies have also shown change in the risk of PCa due to change in BMI. 

Rodriguez et al showed that men in the CPS II study who lost >11 pounds between 1982 

and 1992 were at a decreased risk of non-metastatic high-grade prostate cancer (RR, 

0.58; 95% CI: 0.42, 0.79) [78]. Recent data from 287,760 men (50 years to 71 years) 

enrolled in the National Institutes of Health-AARP Diet and Health Study, observed that 

adult weight gain from age 18 years to enrollment in the study was positively associated 

with fatal prostate cancer (p for trend =0.009), but not with incident disease [79]. 

Average duration of time between the time subjects were 18 years old and enrollment in 

the study was 43 years [79]. 

 

vi) Obesity, diabetes and prostate cancer 
 

Obesity and diabetes are commonly occurring co-morbid conditions. In order to 

understand the role of obesity in the pathogenesis of PCa, it will be useful to review the 

potential role of diabetes in this relationship.  
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Diabetes has been consistently linked to a reduced risk of prostate cancer in several 

prospective and case-control studies, although the magnitude of the association is 

modest. In a 2004 meta-analysis of 14 studies, the pooled relative risk between diabetes 

and prostate cancer was 0.91 (95% CI: 0.86, 0.96).[85] Since the 2004 report, six 

additional studies have been published showing a reduced risk of prostate cancer 

associated with diabetes [61, 86-90]. 

 

Men with diabetes initially have higher concentrations of insulin as the result of insulin 

resistance but subsequently become insulin-deficient as a result of damaged pancreatic 

beta-cells. The lower prostate cancer risk associated with long-term diabetes has been 

attributed, in part, to this lower serum concentrations of insulin and testosterone among 

men with diabetes [91]. Indeed, in a large follow-up study of 5000 prostate cancer cases, 

risk of prostate cancer was slightly increased during the first three years after diagnosis 

of diabetes (RR=1.23; 95% CI: 0.92,1.65) but was significantly reduced among men with 

diabetes four years of more(RR=0.63; 95% CI: 0.56, 0.71) [92]. Further supporting this 

result is the finding from the US Physicians Study of 1000 cases of prostate cancer that 

men with long-term diabetes tended to have a lower risk of prostate cancer, in particular, 

the more aggressive form of prostate tumors [93]. 

 

Although the mechanisms underlying the link between diabetes and reduced prostate 

cancer risk are unclear, lower concentrations of insulin, testosterone, and insulin-like 

growth factor-I(IGF-I), as well as higher concentrations of estrogens, have been 

implicated. It is well established that obese men have lower concentrations of serum 

testosterone and sex hormone–binding globulin and higher concentrations of estrogen, 
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which may be associated with lower risk of prostate cancer [94]. In addition, insulin 

down-regulates IGF-binding protein I, thus increasing free IGF-1. Higher concentrations 

of IGF-1 are associated with an increased risk of prostate cancer [94]; thus, lower 

concentrations of insulin among men with long-term diabetes are associated with lower 

concentrations of free IGF-1 and reduced risk of prostate cancer. [61]  

 

vii) Conclusion 
 

As can be seen from the discussion above there is high degree of variability in the 

literature studying the association between obesity and PCa. The trend, however, seems 

to be that obesity has only a weak association with the risk of PCa, but is a more 

consistent risk factor for advanced disease or disease progression. Some of this 

variability can be attributed to different populations on which these various studies were 

conducted as well as the variability between studies in the cut points used for 

categorizing BMI. Not all studies have used the standard WHO criteria for categorizing 

BMI nor did they always did give reasons for using different categorization schemes. 

This variation can lead to misclassification of level of obesity which could lower the 

power of the study to detect statistically significant differences. Additional sources of 

variability can stem from non-standard measurement of the outcome, variability in follow-

up times over which exposure assessments are made as well variation in adjustment of 

the models for severity of disease (Gleason score) or biopsy technique (type, site and 

number of biopsy cores).  

 

Obesity is widespread in the developed world and is also increasing rapidly in the 

developing world [95]. Since the literature regarding the association between obesity and 
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PCa is inconclusive, it is essential to further investigate the role of obesity in PCa. Since 

level of obesity is modifiable, if an association is determined between obesity and PCa, 

risk of PCa and/or PCa progression can be also be potentially modified.  

  

iii) Smoking and prostate cancer 
 

Smoking has consistently been shown to be a risk factor for a number of cancerous and 

non-cancerous conditions, but its role in PCa incidence or progression is unclear. Unlike 

obesity, where BMI is the predominant measure used to define obesity, there are a 

number of different ways in which smoking has been quantified in the research literature. 

Pack-years of smoking, calculated by multiplying packs of cigarettes smoked per day by 

the years for which they were smoked, is one measure of smoking that is easy to 

calculate and interpret. Additionally, it can be used as a continuous variable which would 

increase the power of the analyses as compared to analyses using only a categorical 

variable for the measure of smoking history. That said, smokers can also be categorized 

as current or former or never smokers or as currently smoking versus non-smokers. 

Such classifications make the analyses, interpretation and dissemination of results 

simpler but are not as statistically powerful as using a continuous variable for quantifying 

smoking exposure. Table 5 summarizes the literature for the association between 

smoking and prostate cancer.  
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Table 5: Summary of literature regarding association of smoking history with incident and advanced prostate cancer 
or death due to prostate cancer 
Study Study design, 

sample size and  years of 
follow up 

Association with incidence or 
localized prostate cancer* 

RR or OR (95% CI) 

Association with high grade, 
prostate cancer progression, 

advanced disease of 
mortality* 

RR or OR (95% CI) 
Adami 1999 [96] 
(Swedish construction 
worker’s cohort) 

Prospective cohort study, 
n=135,006, 
20years 

RR (Current smokers) = 1.11 
(1.01, 1.23) 
Trend for increase in duration 
of smoking (p = 0.05) 
Trend for number of 
cigarettes smoked (p = 0.04) 

RR (Current smokers) = 1.26 
(1.06, 1.50) 
Trend for increased duration 
of smoking (p=0.03) 

Cerhan 1997 [97] 
(Iowa 65+ rural health study) 

Prospective cohort study, 
n=1050, 
12 years 

RR (Current smokers > 1 
pack/day) = 2.7 (1.20, 6.00) 
Trend for increase in pack-
years of smoking (p=0.007) 

 

Hiatt 1994 [98] 
(Kaiser Permenante Medical 
Care Program) 

Prospective cohort study, 
n=43,432, 6years 

RR (Current smokers 
>1pack/day) =1.9(1.20, 3.10) 

 

Darlington 2007 [99] 
(Ontario Cancer Registry) 

Community based case 
control study, 752 cases and 
1613 age matched controls 

OR (Current smokers) = 1.2 
(0.9, 1.2) 
Trend for increase in 
smoking status (p= 0.3192) 

 

Giovannucci 1999 [100] 
(Health Professional Follow-
Up Study) 

Prospective cohort study, 
47,781 
8years 

RR (Current smokers) =1.81 
(1.05, 3.11), 
p for trend = 0.03 

RR (metastatic PCa) =1.81 
(1.05, 3.11) 
p for trend = 0.03  
RR (fatal PCa) =2.06 
(1.08,,3.90) 
P for trend = 0.02 

Plaskon 2003 [101] 
(Seattle Puget sound cancer 
registry, SEER) 

Population based case 
control study, 753 cases with 
PCa and  

OR (Current smokers) = 
1.4(1.0, 2.0), p for trend = 
0.03 

OR (>40 pack-years) = 2.0 
(1.3, 3.1) 
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703 age matched controls OR (>40 pack-years) = 1.6 
(1.1,2.2)   
Smoking cessation was 
associated in a decline in the 
risk of PCa (p for trend 0.02) 

Giovannucci 2007 [80] 
(Health Professionals Follow-
up Study) 

Prospective cohort study, 
47,750, 16yrs  

RR (Current smokers) = 0.98 
(0.89, 1.07 

RR (Current smokers) = 1.41 
(1.04, 1.91) 

* RR=relative risk, OR=odds ratio, 95% CI=95% confidence interval
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i) Smoking and incident prostate cancer risk 
 

The Swedish Construction Workers’ Cohort consisting of 135,000 subjects reported a 

weak but statistically significant increased risk among current smokers (RR = 1.11, 95% 

CI: 1.01, 1.23). There was also a marginally significant trend for an increase in risk with 

increase in duration of smoking (p for trend = 0.05).[96] A statistically significant positive 

association was noted by Cerhan et al in a cohort of subjects 65 years and older from 

two rural counties in the US [97]. This group noted that current smokers had a higher 

risk of PCa over a 11 year period compared to never smokers (RR= 2.2, 95% CI: 1.2, 

4.4). In subjects who smoked more than one pack a day, the risk was even higher (RR = 

2.7, 95% CI: 1.2, 6.0) and the trend for increased risk with increased pack-years of 

smoking was statistically significant (p value for trend = 0.007) [97]. Hiatt et al studied 

43,432 subjects who were part of the Kaiser Permanente Medical Care Program in 

California [98].They found that subjects smoking more than one pack per day 

experienced a statistically significant increase in risk (RR = 1.9, 95% CI: 1.2, 3.1).[98] 

Likewise, the Health Professional Follow-Up Study (HPS) found that current smoking 

was significantly  associated with PCa risk (RR = 1.81, 95% CI: 1.05, 3.11) [100].  

 

Similar variation in findings have been noted from case-control studies. Darlington et al, 

using cases identified through the Ontario Cancer Registry diagnosed between 1995 

and 1998 (N=752) and age-matched controls identified from telephone listings 

(N=1,613), noted an association between current smoking and PCa risk (OR = 1.2, 95% 

CI :0.9, 1.2), although it was not statistically significant.[99] Plaskon et al using data from 

the Seattle-Puget Sound Cancer Registry conducted a population based case-control 

study  with 753 PCa cases and 703 age-matched controls. They concluded that current 
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smoking was associated with PCa risk (RR and 95% CI: 1.4(1.0, 2.0).[101]  Finally, in an 

excellent review by Hickey et al of articles appearing in MEDLINE between 1966 through 

2000,  26 out of 36 case-control studies reviewed did not report any association between 

PCa risk and smoking.[102]  

 

ii) Smoking and prostate cancer mortality risk 
 

In contrast to findings regarding smoking and PCa risk, eight of the twelve prospective 

studies reviewed by Hickey et al, that used death from prostate cancer as the outcome, 

found a significantly positive association between current smoking and prostate cancer 

mortality[102] The HPS reported that men who had smoked 15 or more pack-years of 

cigarettes within the preceding ten years were at a higher risk of metastatic prostate 

cancer (RR = 1.81, 95% CI:1.05, 3.11) and the risk was even higher for fatal prostate 

cancer (RR = 2.06, 95% CI: 1.08, 3.90). This study also found a significant dose 

response relation between smoking over the prior ten years and metastatic (p=0.03) and 

fatal cancer (p=0.02) [100]. Adami et al also reported a larger effect size for mortality due 

to PCa (RR = 1.26, 95% CI:1.06, 1.50) compared to PCa incidence (RR = 1.11, 95% 

CI:1.01, 1.23) [96]. Studying 753 subjects from the Seattle-Puget Sound Cancer 

Registry, Plaskon et al demonstrated a positive association between current smokers 

and PCa risk (OR = 1.4, 95% CI:1.0, 2.0) compared to non-smokers [101]. They noted a 

statistically significant dose-response for increase in the risk mortality of PCa associated 

with increased smoking (p for trend = 0.03).  For men who smoked >40 pack-years, the 

OR for PCa risk was 1.6 (95% CI: 1.1, 2.2) and the OR for aggressive disease was even 

higher (OR = 2.0, 95% CI: 1.3, 3.1), with both findings being statistically significant. The 

authors also noted that smoking cessation was associated with a decline in the risk of 
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PCa (p for trend 0.02) with the trend beginning with those who had stopped smoking for 

at least ten years and continuing to decrease for those men who had stopped smoking 

for 30 years or more.[101] 

 

iv) Conclusion 
 

Literature regarding the role of smoking in PCa etiology or progression shows varied 

results and is inconclusive, although the general trend seems to point towards smoking 

having null to weak association with PCa risk and to be a more consistent risk factor for 

advanced PCa or mortality due to PCa. As described for obesity, some of this variability 

can be due to differences in the ways exposure and outcomes are ascertained and 

whether and how adjustments are made for disease severity during data analysis. In 

addition, most smoking information is collected through self report, leading recall bias to 

have a potential role for misclassification.  Potential effects of smoking on organs could 

also vary based on when the body was exposed to the smoke, further adding to the 

variability in results. For example, if two individuals have a reported smoking exposure of 

ten pack-years, there could be a different effect of the smoke on the prostate if this 

exposure occurred during the man’s puberty years as compared to the same exposure 

occurring when is the man was 40 or 50 years old.  

 

Smoking is widespread and has proven to be risk factor in number of malignant or non-

malignant conditions [103]. Since its association with PCa has not been clearly defined, 

it is essential to investigate as it may well play a role in the pathogenesis of PCa. If an 

association does exist, there could be potential to intervene in the PCa pathogenesis 

pathway in order to prevent PCa or its progression.  
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iv) Aspirin, other Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) and prostate 
cancer 
 

Aspirin and other NSAIDs have shown proven benefit in cardiovascular diseases.[104] 

They have also show protective association in colon[105] as well as breast cancer.[106] 

Its role in PCa is less clear. Table 6 summarizes the literature for the association 

between use of aspirin and other NSAID and prostate cancer incidence and mortality. 
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Table 6: Selected studies showing summary of literature regarding association of history of use of non-steroidal 
anti-inflammatory drugs (NSAIDs) with incident and advanced prostate cancer or death due to prostate cancer 
Study Study design, sample size 

and follow up 
Association with incidence or 
localized prostate cancer 
RR or OR (95% CI) 

Association with high grade, 
prostate cancer progression, 
advanced disease of 
mortality  
RR or OR (95% CI) 

Jacobs 2007 [66] 
(Cancer Prevention Study II 
Nutrition Cohort) 

Cohort study, 69,810 men, 21 
years 

RR = 0.81(0.70, 0.94)  

Platz 2005 [29] 
(Baltimore Longitudinal Study 
of Aging) 

Cohort study, 1,244 men. 
14years 

Aspirin: 
RR=0.76(0.54, 1.07) 
 
Other NSAIDs: 
RR=0.79(0.54, 1.16) 
 
Any NSAID use  < 70yrs: 
RR=0.54 (0.27. 1.03) 
Any NSAID use  ≥70yrs: 
RR=0.78(0.50, 1.22) 

 

Lietzman 2002 [107] 
Health Professional Follow-
up Study 

Cohort study, 51,539, 
10years 

RR = 1.05( 0.96, 1.14) RR = 0.73(0.39,1.38) 

Habel 2002 [108] 
Kaiser Permanente Medical 
Care Program 

Cohort, 90,100,14years RR = 0.76(0.60, 0.98) RR = 0.71(0.45, 1.14) 

Norrish 1998 [109] 
Auckland Prostate Study 

Population based case 
control study, 317 cases, 480 
controls 

RR = 0.85(0.61, 1.19) RR = 71(0.47, 1.08) 
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Mahmud 2004 Systematic review and meta-
analysis 

OR = 0.90(0.82, 0.99) OR = 0.70(0.52, 0.94) 

* RR=relative risk, OR=odds ratio, 95% CI=95% confidence interval 
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i) Association between aspirin or other NSAID use and incident prostate cancer 
 

In a recent study, Jacobs et al concluded that long term (≥5years) daily use of adult 

strength aspirin (≥325mg) was associated with a statistically significant lower risk of 

PCa.[66] Men who used aspirin were 0.81 times less likely to be diagnosed with PCa 

than were those men who did not report aspirin use. Data for this study came from the 

Cancer Prevention Study II Nutrition Cohort, a prospective study of cancer incidence and 

mortality of US men and women. This study also noted that long term daily use of adult 

aspirin was associated with lower risk of all cancer incidences in men and women. This 

association was statistically significant in men but not in women [66]. 

 

Using data from 1,244 male members of the Baltimore Longitudinal Study of Aging, Platz 

et al evaluated the association of aspirin and other NSAIDs with subsequent prostate 

cancer and whether use of these drugs influenced serum PSA levels.[29] The RR for 

prostate cancer comparing ever to never users was 0.76 (95% CI: 0.54, 1.07) for aspirin 

and 0.79 (95% CI: 0.54, 1.16) for use of other NSAIDs. The association for ever use of 

either aspirin or other NSAIDs was somewhat stronger in men <70 years (RR = 0.54, 

95% CI: 0.27, 1.03), than in men ≥70 years (RR= 0.78, 95% CI: 0.50, 1.22, p-value for 

interaction = 0.73). Mean PSA concentration did not differ between users and nonusers 

of either aspirin or non-aspirin NSAIDs (1.01 versus 0.98 ng/mL, p = 0.56). They 

concluded that men, especially younger men, who had ever used aspirin or non-aspirin 

NSAIDs had a modest non-statistically significant lower risk of prostate cancer.[29] 

 

Mahmud et al conducted a systematic review and meta-analysis based on observational 

studies published before January 2004 [110]. They identified 12 studies that investigated 
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the association between regular aspirin or other NSAID use and PCa incidence (five 

retrospective and seven prospective studies) and derived summary odds ratios (ORs) 

using both fixed and random effects models. Most of the individual studies reported 

inverse associations. The summary OR for the association between aspirin use and 

prostate cancer was 0.9 (95% CI: 0.82, 0.99).[110] This means that men who reported 

taking aspirin had 10% lower risk of developing PCa than men who did not report use of 

aspirin. Although most studies did not have aspirin dose or duration data, one study 

reported the largest benefits were seen among those men who used aspirin for more 

than 22 days/month,[107] and among those who consumed more than one pill per 

day.[111]. Other studies found no evidence of a dose–effect relationship [109, 112, 113]. 

The study that was best equipped to address this issue,[114] in terms of power and 

availability of detailed exposure data, reported a stronger inverse association with larger 

doses of aspirin, but only among participants who used aspirin for >4 years. This study 

also found a negative trend of prostate cancer risk with duration of use; the ORs 

decreased from about 1.0 for >4 years of use to 0.66 for men who used aspirin for >6 

years [110]. 

 

ii) Association between aspirin or other NSAID use and advanced PCa 
 

Studies investigating the association between aspirin or other NSAID use and advanced, 

high grade PCa, or PCa recurrence are far fewer. Lietzman et al, using data from the 

HPS study, observed that subjects using aspirin regularly were at reduced risk of 

advanced PCa (OR= 0.56, 95% CI:0.12, 2.71) [107]. Habel et al, using data from 90,100 

men from a multi-racial cohort of subscribers to the Kaiser Permanente Medical Care 

Group, found lower risk for PCa for localized (OR = 0.79, 95% CI:0.57, 1.07) as well as 
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regional or distal disease (OR = 0.71, 95% CI:0.45, 1.13)[108]. A population-based 

case-control study was conducted in metropolitan Auckland, New Zealand. A total of 317 

newly diagnosed prostate cancer cases (including 192 ‘‘advanced’’ cases) 

representative of all cancer cases in the study population were identified from urology 

clinic referrals and histology reports. A total of 480 age-matched controls were recruited 

following random selection from the study population using electoral rolls as the 

sampling frame. Regular use of aspirin was associated with lower risk of advanced PCa 

(OR = 0.71, 95% CI: 0.47, 1.08). Regular use of other NSAIDs was also associated with 

lower risk of PCa (OR = 0.72 & 95%: 0.35, 1.46)[109]. Mahmud et al determined the 

pooled OR for the above three studies to be 0.70 (95% CI: 0.52, 0.94) [110].  

 

Data from randomized studies for the potential association between aspirin and other 

NSAIDs in PCa are scarce. In a pilot study of 12 patients with biochemical recurrence, 

men were given 200 mg of celecoxib, (a cyclooxygenase-2 inhibiter) twice daily. 

Biochemical recurrence had been defined as (i) detectable and rising PSA levels after 

surgery (at least two values above the residual cancer detection limit of the assay), or (ii) 

at least two rising values of >1 ng/mL or at least three rising values at any level after 

RT.[115] Eight of the 12 patients had significant inhibition of their serum PSA levels after 

three months of treatment; five had a decline in their absolute PSA level, and three had 

stabilization of the level of PSA. Of the remaining four patients, three had a marked 

decrease in their PSA doubling time. The short-term responses at three months 

continued at six and 12 months. From the slope of log PSA versus time, there was a 

significant flattening of the rate of PSA rise (p = 0.001). Patients with rapid doubling 

times changed significantly towards slower doubling times or even stable or declining 
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PSA values after treatment with celecoxib (p= 0.029)[115]. This study had a small 

sample size and no control group, and these data need to be interpreted cautiously[116]. 

 

iii) Conclusion 
 

In most studies, use of aspirin and other NSAIDs seem to be protective towards PCa 

incidence, although the results may not always be statistically significant. The variation 

in results could be attributed to differences in dose and duration of drug intake and to 

variability in adjusting for other factors (for example, co-morbid conditions and 

simultaneous use of medications) during analysis. Some of the studies indicate that a 

protective effect may be demonstrated only after the medication has been taken for 

more than four or five years. Not all studies were long enough to capture data over such 

a longer duration of time. If a protective association is established, NSAIDs have the 

potential to be a major player towards preventing PCa and/or its progression. 

 

v) Statins and prostate cancer 
 

Table 7 gives a summary of the literature for the association between statins and 

prostate cancer. Statin use has been inversely associated with prostate cancer, breast 

cancer, colorectal cancer, and all cancers combined in some studies [67, 68, 117], but 

other epidemiologic studies[118] and clinical studies have not provided evidence for an 

inverse association[119].  
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Table 7: Selected studies showing summary of literature regarding association of history of use of statins with 
incident and advanced prostate cancer or death due to prostate cancer 
Study Study design, sample size 

and follow up 
Association with incidence or 
localized prostate cancer* 
RR or OR (95% CI) 

Association with high grade, 
prostate cancer progression, 
advanced disease of 
mortality* 
RR or OR (95% CI) 

Friss 2005 [117] 
Prescription Database of 
North Jutland County and the 
Danish Cancer Registry 

Cohort Study, 334,745, 
13years 

RR = 0.87(0.61, 1.23)  

Shannon 2005 [68] 
Portland Veterans Affairs 
Medical 
Center 

Case-Control study, 100 
cases, 202 controls 

OR = 0.38(0.21, 0.69)  

Platz 2006 [67] 
Health Professional Follow-
up study 

Cohort study, 34,989, 
10years 

Total: 
RR=0.96 (0.85, 1.09) 
 
Localized: 
RR=0.96 (0.83, 1.11) 

Advanced: 
RR=0.51(0.30, 0.86) 
 
Metastatic or fatal: 
RR=0.39 (0.19, 0.77) 

Jacobs 2007 [120] 
Cancer Prevention 
Study-II Nutrition Cohort 

Cohort study, 55,454, 6years RR=1.06(0.93, 1.20) RR= 0.60(0.36, 1.00) 

Flick 2007 [121] 
California Men’s Health 
Study 

Cohort study, 69,047, 
13years 

Statin use > 5years 
RR = 0.72(53, 0.99) 

Statin use > 5years 
RR = 0.57(0.23, 1.40) 

Dale 2006 [119] Meta-analysis OR = 1.02 (0.97, 1.07) OR = 1.01(0.93, 1.09) 

* RR=relative risk, OR=odds ratio, 95% CI=95% confidence interval 
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i) Association between statins and incident PCa 
 

In a Danish population-based cohort study, Friis et al studied the association between 

risk of total and site-specific cancers [117]. The study population consisted of 334,754 

men of whom 12,251 were considered statin users. Those men who reported statin use 

at baseline experienced a statistically significant 14% protective effect for prostate 

cancer (OR = 0.86, 95% CI: 0.78, 0.95) over a three year follow-up period. Adjusted for 

age, calendar period and use of NSAIDs, and cardiovascular drugs the OR  was 0.87 ( 

95% CI: 0.61, 1.23)[117]. Statin use was also protective for colorectal, prostate, female 

genital, lung and hematopoietic cancers, although these odds ratios were not statistically 

significant.  

 

Shannon et al investigated the association between PCa risk and statins in a case- 

control setting using subjects from the Portland, Oregon, Veterans Affairs Medical 

Center (100 cases and 202 frequency age-matched controls). Thirty-six percent of cases 

and 49 percent of controls had a record of any statin use. Following adjustment for other 

potential risk factors (including NSAIDs), statin use was associated with a significant 

reduction in prostate cancer risk (OR = 0.38, 95% CI: 0.21, 0.69)[68]. 

 

In contrast to the case control data and cohort data, Dale, et al concluded in a meta-

analysis of clinical study data, that statin use was not associated with decreased risk of 

PCa (OR = 1.02, 95% CI: 0.97-1.07) or of total cancer (OR = 1.01, 95% CI: 0.93-1.09). 

This analysis included 26 randomized controlled studies, which had a mean duration of 

follow-up of at least one year, enrolled a minimum of 100 patients, and reported data on 

either cancer incidence (n = 20 studies) or cancer death (n = 22 studies)[119]. 
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ii) Association between statins and PCa progression 

Results for association between statin use and advanced PCa were more consistent. 

Using data from the Health Professional Follow-up Study (HPFS), Platz et al focused on 

316 cases of advanced cancer (defined as stage III cancers with tumors classified as 

T3b or above, or stage IV cancers). They concluded that, although statin use was not 

associated with overall prostate cancer incidence in the HPFS population, statin use was 

associated with substantially reduced risk of advanced prostate cancer (RR = 0.51, 95% 

CI:0.30, 0.86), and the reduction in risk of advanced prostate cancer seemed even 

stronger for statin use of five or more years (RR=0.26, 95% CI: 0.08, 0.83)[67]. Similarly, 

Jacobs et al reported no association between statin use and overall risk of PCa 

(RR=1.06, 95% CI: 0.93, 1.20) but a 40% reduction in risk of advanced cancer (RR= 

0.60, 95% CI: 0.36, 1.00) for subjects taking statins for five or more years (marginally 

significant at p = 0.051 level)[120].  Results from a recent study by Flick et al were 

similar. This study included 69,047 men from the California Men’s Health Study (CMHS) 

cohort, which was recruited from Northern and Southern California Kaiser Permanente 

members. Of the 888 prostate cancer cases, 131 were identified as being advanced. No 

association was noted between ever used any statin or <5 years use and prostate 

cancer. Conversely, ≥5 years use was associated with a 28% lower risk for prostate 

cancer compared with nonuse (adjusted RR = 0.72, 95% CI: 0.53, 0.99). This protective 

association was strong for advanced disease, although it was not statistically significant 

(RR = 0.57, 95% CI; 0.23, 1.40)[121].  
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iii) Conclusion 
 

Similar to for the data for use of NSAIDs, use of statins generally has a protective effect 

for PCa, although the observed associated were not always statistically significant. 

Issues such as dose, duration of smoking and adjustment for other medications during 

analysis could explain some of the variability in results. Since this association is 

inconclusive, further studies are needed. 

 

vi) Summary 
 

Although a number of risk factors have been investigated for their association with PCa, 

only age, African-American race and family history have been identified as definitive risk 

factors. However, using currently available information from these factors, we are still not 

able to reliably predict which subjects will develop advanced PCa needing aggressive 

treatment. In addition, none of these risk factors are modifiable, so we cannot use them 

to intervene to reduce the risk of PCa incidence or progression. Other risk factors need 

to be studied. Obesity, smoking history and use of other medications are potential, 

modifiable risk factors that have shown promise, although the literature is inconclusive. 

All these factors seem to have null to marginal associations with PCa risk but seem to be 

more strongly associated with aggressive or advanced disease or disease progression. 

Since these are modifiable risk factors, if an association does exist between these 

factors and prostate cancer progression, we could potentially reduce the risk of PCa 

progression by modifying personal behaviors, such as through smoking cessation or 

weight control. In order to study these associations, we need to understand the 

mechanisms through which these factors can influence PCa progression.  



 

 

67

 

e) Molecular mechanisms of prostate cancer progression 
 

It is essential to understand the pathways through which risk factors, such as BMI, pack-

years of smoking and medication use, could affect PCa.  If the associations between 

these risk factors and PCa do exist, interventions can be designed to alter intermediate 

steps within these pathways in order to reduce the incidence and/or progression of PCa. 

Intermediates in these pathways can also be used as surrogate endpoints to assess the 

effectiveness of the intervention without having to wait for a disease endpoint such as 

metastasis or death, thereby reducing the resources spent on the study. 

 

i) Obesity 
 

Several hypotheses have been put forth to explain an association between obesity and 

PCa. Studies have shown obese men have lower PSA levels[69]. Adipose tissue 

functions as an endocrine organ, and one of the major reactions taking place in adipose 

tissue is conversion of testosterone to estrogen. Since PSA production is driven by 

androgens (mainly testosterone) and since obese individuals have relatively lower 

testosterone, they could also have lower PSA. The obese also have higher plasma 

volume compared to normal weight individuals. Higher plasma volume can dilute the 

amount of PSA in serum and, hence, reduce its concentration[122]. Obese individuals 

are shown to have larger prostates[69] making it not only difficult to conduct DRE but 

also increasing the probability of missing a PCa focus on biopsy. Both the above factors 

could lead to delayed diagnosis of PCa, creating a spurious protective association 

between obesity and PCa incidence. Obesity has also been shown to be associated with 

difficulty in complete removal of the tumor during surgery. If tumor tissue is left behind it 
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increases the probability of secondary growth and progression leading to poorer 

outcome[69].  

 

Apart from the above factors, obesity has also been hypothesized to be associated with 

aggressive biology which in turn could lead to poor outcome. Testosterone promotes 

normal prostate epithelium differentiation; therefore, it is possible that lower testosterone 

activity seen in obese men may affect tumor differentiation. Studies have found that, 

decreased serum testosterone levels were associated with more advanced and poorly 

differentiated PCa[69]. Adipokines, such as adiponectin and leptin, have shown 

associations with PCa risk and aggressiveness[123]. Leptin has shown to stimulate 

growth of androgen independent but not androgen sensitive prostate cancer cell lines. 

Serum levels of leptin are high among obese subjects and it has been shown to be 

positively associated with high grade disease and more advanced tumors. Adiponectin 

levels are inversely associated with degree of adipose tissue. Adiponectin has been 

shown to be inversely associated with PCa risk and disease stage due to its anti-

angiogenic actions[123, 124]. Insulin like Growth Hormone 1 (IGF-1) is a potent 

stimulator of androgen independent and sensitive prostate cancer cell lines in-vitro and 

elevated IGF-1 levels are known to be associated with increased PCa risk [69].  

 

ii) Smoking 
 

Biologic mechanisms most commonly considered to explain the effect of smoking on 

PCa involve male hormones, immune function, cadmium or genetic mutations. The 

hormonal hypothesis seems plausible since smoking has an anti-estrogen effect, and 

prostate cancer is hormone dependent. However, studies investigating the effect of 
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smoking on plasma testosterone, plasma estradiol and estrone, and the adrenal 

hormones androstenedione and dehydroepiandrosterone sulphate (DHEAS) have 

yielded inconsistent results[102]. Eleven prospective studies were identified by Hickey et 

al where hormone levels were measured before the onset of prostate cancer. Most 

studies found no significant difference in serum levels of testosterone or 

dihydrotestosterone between cases and controls, five studies produced conflicting 

results regarding androstenedione, while two studies found a positive association of 

cancer with plasma levels of "bioavailable" testosterone (adjusted for levels of sex 

hormone-binding globulin). Two other studies did not find a significant association 

between "free" testosterone and prostate cancer. A meta-analysis of ten prospective 

studies found no difference in the average serum concentration of testosterone, "free" 

testosterone and dihydrotestosterone between prostate cancer cases and controls. This 

led Hickey et al to conclude that current epidemiologic data do not support a role of 

androgens in prostate cancer[102]. 

 

Smokers have decreased natural killer cell activity[125] and impaired T lymphocyte 

suppressor cell function[126] compared to nonsmokers, while smoking cessation has 

been associated with increased natural killer cell activity and decreased white blood cell 

counts [127, 128]. It is unclear whether and how these changes in immune function play 

a role in disease onset or progression. Cadmium is an element thought to be present in 

tobacco smoke due to the use of cadmium containing phosphate fertilizers on tobacco 

plants. Laboratory studies on rats and human prostate cancer cells found some 

evidence to support a role for cadmium in prostate cancer.[129] However, epidemiologic 
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studies conducted on workers occupationally exposed to cadmium have produced 

conflicting results [130, 131] . 

 

Giovannucci et al. have speculated that mutation of the tumor suppressor gene p53 may 

be a mechanism that explains the association between smoking and fatal prostate 

cancer since several studies have associated p53 mutations with a subset of advanced 

prostate cancer [100]. Attention has also turned to the glutathione S-transferases, 

enzymes involved in the metabolism of carcinogenic compounds present in tobacco 

smoke, but results have been inconsistent[100, 102].  

 

iii) Aspirin and other NSAIDs 
 

Although the source of inflammation is unclear, evidence from epidemiologic, clinical, 

and laboratory based studies is suggestive of a role for inflammation in the etiology of 

prostate cancer [132]. Proposed sources of intra-prostatic inflammation include sexually 

transmitted infections (Chlamydia trachomatis, Neisseria gonorrhea, Trichomonous 

vaginalis, Human Papilloma Virus), urogenital infections (bacterial or idiopathic 

prostatitis), and chemical or physical intra-luminal irritants (prostatic calculi, chemical 

intra-luminal irritants and mutagens derived from the diet or environment) [132]. The 

degree to which these sources induce intra-prostatic inflammation may potentially be 

modified by endogenous factors, such as the nature of the innate and adaptive immune 

response, or exogenous factors, such as the use of aspirin or other non-steroidal anti-

inflammatory drugs (NSAIDs) [132].  
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Aspirin and other NSAIDs have been hypothesized to influence PCa primarily through 

inhibition of the cyclooxygenase (COX) 1 and 2 enzymes which catalyze the conversion 

of arachidonic acid to pro-inflammatory prostaglandins[29, 132]. Although COX-1 has 

been shown to expressed in normal prostate BPH and expressed at elevated levels in 

prostate cancer, expression of COX-2 is more controversial [29]. Inflammation is 

commonly found in or surrounding regions of focal atrophy and in diagnostic or resected 

prostate specimens. It is postulated that inflammation may serve as both an initiator and 

a promoter of carcinogenesis through its effects on DNA damage and cell killing [29]. 

 

COX-2 inhibitors also have a variety of COX-independent effects that may be relevant to 

carcinogenesis in humans, including induction of apoptosis and inhibition of the cell 

cycle[116]. Studies in mice indicate additions of COX-2 inhibitors in diet are associated 

with decreased incidence and progression of prostate adenocarcinoma. Age related 

increase in COX-2 expression has also been shown in rats[116], consistent with the fact 

that risk of PCa increases with age.   

 

iv) Statins 
 

Statins are the most commonly prescribed class of anti-hyperlipidemic drugs in the 

United States and are highly effective in lowering cholesterol and adverse cardiovascular 

outcomes [133]. They inhibit 3-Hydroxy-3-methylglutaryl CoA reductase, a key enzyme 

responsible for catalyzing the rate limiting step in the synthesis of cholesterol 

(conversion of cholesterol to mevalonate) [67]. Cholesterol is an important component of 

cell membranes and it has been postulated that reduced availability of cholesterol for 

incorporation into the cell membrane can influence membrane associated signaling that 



 72

promotes cancer cell survival, such as Akt signaling in prostate cancer cells.[134] 

Moreover, the reduced availability of isoprenoids derived from mevalonate for 

posttranslational modification of proteins such as Ras and Rho can limit their localization 

to the cell membrane and thus their growth promotion and survival activities [67]. Statins 

also have anti-inflammatory[135], pro-apoptotic, and anti-metastatic effects primarily 

through the decreased production of geranylgeranylated proteins, which are end-

products of mevalonate conversion that are essential to the G1-S transition in the cell 

cycle [136, 137]. They are also essential for regulation of bcl-2 expression and factors 

associated with vascularization[121]. Statins have also been shown to inhibit 

proliferation of prostate cancer cells in vitro[120]. 

 

v) Summary: 

A number of mechanisms have been proposed to explain the potential associations 

between obesity, smoking, aspirin and statin use and occurrence of PCa. Obesity is 

though to cause delay in the diagnosis of PCa by reducing serum PSA levels, as a result 

of pro-estrogenic hormonal milieu, or due to difficulty in palpation of the prostate during a 

DRE due to increase adipose deposition in the perineal area. Excess adipose tissue can 

also hamper complete removal of the tumor during surgery leading to increased risk of 

recurrence. Adipose tissue functions as an endocrine organ secreting many adipokines 

(such as adiponectin, leptin and other cytokines) that may contribute to aggressive tumor 

biology. Smoking is thought to influence PCa development and progression through its 

anti-estrogen effect, its ability to reduce the function of immune cells, cadmium (a 

component of cigarette smoke) exposure or through genetic 
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mutations like p53. Aspirin, other NSAIDs, and statins are thought to act primarily 

through their effect on inhibiting COX2 and HMG-CoA enzymes, although there are also 

other mechanisms through which they can exert an anti-neoplastic effect. 

 

d) Conclusion 

As we can see from the background and literature presented above that PCa is a major 

public health issue among US men. Using tools that are currently available, we are not 

able to reliably predict which patients will progress to advanced cancer and metastasis. 

It is imperative to conduct further research towards better risk prediction. One way to do 

this might be through identification of novel risk factors that could aid in risk stratification. 

If these risk factors are modifiable, risk of PCa or PCa progression can be potentially 

modified through manipulation of the risk factor. Traditional risk factors of PCa risk (age, 

African-American race and family history) or risk factors of PCa progression (Gleason 

grade, high PSA velocity) are not able to be modified. Hence identification of modifiable 

risk factors will not only add an important element to the PCa literature but also carry the 

field of PCa prevention forward. Keeping this in mind, a series of analyses were 

designed to assess if obesity, smoking history, or use of NSAID or Statin medications 

can influence PCa progression in a cohort of men with low grade disease under 

surveillance with watchful waiting. 
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PRESENT STUDY 
 

a) Methods 
 
i) Study design, study population and recruitment 
 
Data used for this analysis came from subjects enrolled in the Watchful Waiting Study 

(WW). The WW study was a randomized, double-blind, placebo-controlled, multi-center, 

phase II clinical study designed to investigate the effects of two doses of selenized yeast 

compared to placebo on the progression of prostate cancer, as measured by decrease 

in the rate of rise of PSA. Eligibility criteria for this study required subjects to have biopsy 

proven prostate cancer within 48 months prior to beginning the study, a Gleason score 

less than 8, PSA less than 50 ng/ml, no treatment for prostate cancer, no metastatic 

cancer, age less than 85 years, life expectancy of at least three years, and not taking 

more than 50µg of selenium supplementation per day from non-study related sources. 

The protocol and Informed Consent Forms were approved by the University of Arizona 

Institutional Review Board (IRB) and the IRB or equivalent committee at each respective 

clinical site. For detail methodology of this study, please refer to Stratton et al 2003[138]. 

 

Subjects were recruited from doctors’ offices from nine sites in the United States 

(Annapolis, MD; Little Rock, AK; Shreveport, LA; Chicago, IL; Columbus, OH; Palo Alto, 

CA; Tucson, AZ; Chapel Hill, NC; and Fresno, CA). Recruitment began on 8/1/98 and 

ended on 7/31/03. Subjects meeting the inclusion criteria and successfully completing a 

30 day run-in period were randomized to placebo, Se 200µg/day or Se 800 µg/day 

groups. Treatment group assignment stratification was based on low (4 or lower) vs. 

high (5–7) Gleason scores. At randomization, a six-month supply of caplets was 

dispensed to the subject. Subjects were followed quarterly for up to five years.  
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The study agent used for this study was high-selenium yeast (IND #66,698) provided by 

Cypress Systems (Fresno, CA) as placebo, 200 and 800 µg selenized yeast caplets. All 

selenium and placebo caplets were coated with titanium oxide to ensure identical 

appearance, taste and smell of the placebo and selenium caplets. In addition, placebo 

caplets and both dose levels of selenized yeast caplets were matched with regard to 

quantity and weight. The drug was stored at room temperature in a locked storage 

facility. During follow-up, returned caplets were counted and protocol adherence was 

ascertained at six-month time points. Participants taking 80% or more of the pills 

assigned were considered to be compliant. 

 

ii) Data Collection 
 

At enrollment, questionnaires seeking demographic characteristics, medical history, 

selenium toxicity information and urological symptoms were distributed and eligibility 

criteria verified. Blood was drawn to assess baseline plasma selenium, total and free 

PSA, chromagranin-A, lycopene, vitamin E and comprehensive metabolic panel (CMP) 

(alkaline phosphatase, SGPT, SGOT, creatinine, bilirubin). At the randomization visit, 

blood was collected for the above markers as well as for Complete Blood Count (CBC) & 

DNA. 

 

At each follow-up visit (every three months), blood samples were collected for serum 

selenium and PSA. Samples for chromogranin-A, lycopene, vitamin E, CBC and CMP 

were also collected at alternate follow-up visits. At each visit, 4-6 serum samples were 

frozen in 2ml cyro vials at -80oC for future use. Follow-up questionnaires were filled at 
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each follow-up visit to capture any change in information that may have occurred since 

the subjects filled the initial questionnaires. Prostate tissue samples from the subject’s 

qualifying biopsy were requested from the subject’s physician and compiled in a tissue 

library. 

 
iii) Biological Sample Processing – PSA measurements 
 
Serum PSA levels were measured using the Abbott tumor markers assay module on the 

IMX analyzer (Abbott Diagnostics, Abbott Park, IL).  In March 2005, Abbot Diagnostics 

replaced the AxSYM-PSA assay with the Total AxSYM-PSA assay, a combined assay 

for free and bound PSA standardized to the World Health Organization (WHO) 1st 

International Standard for PSA. Both assays were approved by the Food and Drug 

Administration (FDA) in the US. Abbot Laboratories carried out extensive validation to 

determine equivalency between old and new assay [139]. Regression analysis 

performed on PSA values (n = 2,350) covering a PSA range from 0.1 to 50 ng/ml yielded 

a correlation coefficient of 0.983, slope of 0.94 and y-intercept of -0.17. A variable 

adjusting for changes in the PSA assay was used in the random coefficient model to 

account for any effects this change may have on PSA velocity as preliminary analysis 

had shown this variable to be statistically significantly associated with PSA  (p<0.001). 

 

Free PSA was measured using the Tandem-MP PSA Immunoenzymetric Assay on the 

Tecan analyzer (Hybritech). Serum samples were sent to Dr. Deftos’s laboratory at 

University of California-San Diego, La Jolla, California, for estimation of chromogranin-A. 
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iv)  Definition of exposure  
 

1. Definition of Obesity 
BMI was used as the measure of obesity for all of the analyses used in this dissertation. 

BMI was calculated as weight in kilograms divided by height in meters square (kg/m2). 

Subjects were categorized as normal (BMI ≥18.5 & BMI < 25), overweight (BMI ≥25 & 

BMI< 30) and obese (BMI ≥30) according to the criteria specified by the World Health 

Organization and National Institutes of Health[70]. There were no under weight 

(BMI<18.5) men in the study population. All weights and heights were measured at 

baseline using standardized methodology. 

 

Although BMI is imprecise, it the most commonly cited measurement in the literature.[69] 

Additionally, data collections for any of the other measures of obesity were not part of 

the original data collection protocol for the Watchful Waiting study.  

 

2. Definition of Smoking 
There are a number of ways in which smoking can be measured. Smokers can be 

classified as ever smokers/never smokers/former smokers or as smokers/non-smokers 

or as current smokers/former smokers/non-smokers. Since only 9.42% of subjects 

reported themselves to be current smokers, the variable of pack-years of smoking was 

used as the measure of smoking history. Pack-years of smoking were calculated as 

number of packs of cigarette smoked per day multiplied by the number of years the 

subject had been smoking at or prior to enrollment. Pack-years were evaluated both as a 

continuous and as a categorical variable. To categorize pack-years, subjects were 

coded as zero if they were never smokers, 1 if they were in the lowest tertile for pack-
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years (range 0.15-20 pack-years), 2 if in the middle tertile (range 21.5-48 pack-years) or 

3 if they fell in the highest tertile (range 49-117.5 pack-years) of pack-years.  

 

3. Definition of Medication Use 
In the baseline questionnaire, subjects were asked to list all medications they were 

currently taking (Exact question on the questionnaire “Please list all current prescription 

medications”). The names of the medications were recorded in the database as reported 

by patients. While compiling data for this dissertation, medications classified as aspirin, 

other NSAIDs or statins were identified using the Davis’s Drug Guide (a drug index for 

nurses) [140]. Using these names and their various common spelling combinations 

subjects taking these medications in our database were identified by this author. 

Subjects were categorized as aspirin users if they reported taking any of the following 

medications: aspirin, ascriptin, Aspirin low coated, children’s aspirin, Ecotrin, enteric 

aspirin, low strength aspirin, or baby aspirin. Otherwise they were categorized as non-

users for aspirin. Subjects were considered to be using other NSAID medications if they 

reported taking any of the following: Aleve, Celebrex, Diclofenac, Indomethacin, 

Ibuprofen, Prevacid or Vioxx at enrollment. Subjects were considered to be statin users 

if they reported taking any of the following: Baycol, Lescol, Crestor, Lipitor, Pravacol, 

Vytorin, Zocor, Ortho-lipitor at enrollment.  

 

v) Description of Endpoints 
Two types of analyses were conducted during this study and the endpoint varied by the 

type of analysis. Cross-sectional models at baseline were constructed to assess 

associations between independent variables of interest (BMI, pack-years of smoking, 

medication use) at baseline with baseline serum PSA levels.  
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Although PSA velocity (rate of PSA change over time) is not without its weaknesses, 

since repeat serial biopsies were not part of the protocol, change in Gleason grade or 

PSA density could not be used to track progression over course of the study, PSA 

velocity was used as an endpoint for the longitudinal analyses. PSA velocity was 

estimated with a random coefficient model using information from repeated PSA 

measurements taken at baseline and during the quarterly follow-up of the patients during 

the study. The statistical analysis section provides a detailed explanation of the 

estimation of PSA velocity using the random coefficient model. 

 

vi) Preliminary analyses 
 

1) Concept 
Since aims of this dissertation were to assess the effect of obesity, smoking and 

medication use on PSA velocity (surrogate marker for PCa progression), I sought to 

determine what the relationship between these factors and PSA was at baseline 

investigating the relationship with PSA velocity. Baseline analyses in the form of linear 

regressions were conducted followed by mixed effect models for longitudinal analyses 

[141].  

 

2) Ensuring data quality 
Before data analysis began, 10% of subjects (n=14) were randomly chosen to assess 

data quality. For each of these subjects, data in the electronic database was verified with 

their charts on file. For all 14, data in the electronic database matched perfectly with their 

charts. Next, variables in the electronic database were queried to identify missing data 

and outlier values. Two subjects had missing data for smoking and one had missing data 
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for age which was subsequently entered into the database. Two subjects were coded as 

having Gleason score of “0”. This was an outlier value since a Gleason score of zero 

would indicate no cancer and all subjects enrolled in the Watchful Waiting Study were 

cancer patients. Original qualifying biopsy slides were located for one subject which 

were then read by the study pathologist (Dr. Nagle) and assigned a Gleason score of 6. 

Original slides for the other subject could not be located and his coding for Gleason 

score was changed from zero to missing.  

 

3) Transforming PSA values 
Knowledge of PSA biology and descriptive analyses had indicated the distribution of 

PSA values to be right skewed not only at baseline but also at the other study visits 

(figures 6 and 7). As a result, it was decided to transform PSA values using the standard 

log(PSA+1) transformation.[142, 143] The log transformation allowed normalization of 

the values while the “+1” stabilized the variance. Models with and without this 

transformation were run to assess model fit.  Models with transformed data fit the data 

better. Log likelihood and variance for transformed and untransformed models with 

obesity as the primary variable associated with PSA values were 245.99, 0.01 and -

3805.57, 12.67 respectively. Higher log-likelihood scores and lower variance indicate 

better model fit. Similar analyses were carried out for smoking and medication use with 

transformed models showing better model fit statistics each time.  
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Figure 6: Distribution of serum PSA values at baseline before transformation 
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Figure 7: Distribution of serum PSA values at baseline after transformation 
(ln(PSA+1) 
 

4) Variable creation 
Next, variables were created for pack-years of smoking, BMI and medication using 

formulae listed in the data analysis section. The race variable was coded as “Caucasian” 

and “Non-Caucasian” since 87% of study subjects were Caucasian. BMI was coded 

based on World Health Organization categorization of obesity and pack-years of 

smoking were categorized according to tertiles of the distribution. Variables were also 

created for date of randomization and date the subject completed the questionnaire. 

After each variable created, meticulous analyses were conducted to ensure the coding 

was appropriate. Any kinks discovered were corrected before moving on to actual 

analysis.  
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5) Longitudinal modeling  
While selecting the type of mixed effect models appropriate for aims of this study, two 

types of models were tried; random intercept models (RIM) and random coefficient 

models (RCM). The RIM allows for a random intercept for each subject while forcing the 

slope to be the same for all subjects, whereas the RCM allows for an independent 

intercept as well as slope for each model. Since the aim of these analyses was to asses 

which variables of interest affected PSA velocity (i.e, trajectory or slope of PSA over 

time), it was essential to allow a random slope for each subject. Hence RCMs were 

chosen over RIMs. Model fit characteristics also demonstrated the RCMs to better fit the 

data as compared to RIMs. Log likelihood and residual variance for the models with 

obesity included was 245.99 and 0.02 for RCM compared to 25.00 and 0.04 for RIM.  A 

similar approach was taken for smoking and medication use with RCM showing better 

model fit statistics each time. 

 

6) Comparing with SAS 
Stata10 was the primary statistical software used to analyze these data. The mixed 

model analysis package in Stata was fairly new, while SAS software (Statistical Analysis 

for Sciences) has had the mixed model analysis package for quite some time and has 

been widely accepted in the literature. Comparative models were run in Stata10 and 

SAS to ensure appropriate model specification and interpretation. Results from both 

software packages were comparable and hence Stata10 was continued as the software 

analysis package for this dissertation. 
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7) Selenium effect 
Since the primary aim of the Watchful Waiting Study was to assess if selenium 

influenced PSA velocity, it was important to determine if there was any selenium effect 

before proceeding to the secondary analyses of this dissertation. No effect of selenium 

supplementation was detected in this cohort since the PSA velocities of subjects in the 

selenium 200 and 800µg groups were not statistically significantly different as compared 

to placebo (p-values: 0.328 and 0.613 for interaction terms comparing PSA velocities 

between selenium 200 and 800µg groups and placebo). This allowed us to use data 

from the entire clinical trial for purpose of secondary analysis such as this dissertation.   

 

8) Adjusting for baseline PSA 
There were differing views regarding the need to adjust for baseline PSA value in 

longitudinal analyses. To tackle this issue, an extensive literature review was done and 

experts in the field (Dr. Eyal Shahar) were consulted. Expert opinion and literature 

indicate that adjusting for baseline (baseline PSA in this case) improves the design and 

the reliability of the outcome in a randomized setting but not in a non-randomized 

setting. This occurs because in a randomized setting, adjusting for baseline PSA 

considers the starting point of all subjects to be the same and allows us to appropriately 

determine the difference in trajectories during course of the study. In a non-randomized 

setting, assuming a causal association between the variable of interest (obesity, 

smoking or medication use), baseline PSA and PSA velocity, adjusting for baseline PSA 

will eliminate the causal path through baseline PSA and the association measured will 

not be through baseline PSA but will be forced through other variables which may be 

potential confounders (Figures 8 and 9). Due to this, models for the primary aim of 

Watchful Waiting Study (effect of selenium supplementation on PSA velocity) were 
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adjusted for baseline PSA, where as models for secondary analyses (this dissertation) 

were not. 

 

 
Figure 8: Simplified causal diagram showing the potential pathways of association 
between variables of interest, baseline PSA and PSA velocity 
 
 
 

 
Figure 9: Adjusting for baseline PSA in a non-randomized setting will eliminate the 
causal pathway through baseline PSA and hence the association measured will 
not be through baseline PSA but will be forced through other variables (blue path)  
 
 
 
9) Adjusting for change in PSA assay 
Serum PSA levels were measured using the Abbott tumor markers assay module on the 

IMX analyzer (Abbott Diagnostics, Abbott Park, IL). In March 2005, Abbot Diagnostics 

replaced the AxSYM-PSA assay with the Total AxSYM-PSA assay, a combined assay 
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for free and bound PSA standardized to the World Health Organization 1st International 

Standard for PSA. Both assays were approved by the Food and Drug Administration in 

the US. Abbot laboratories carried out extensive validation to determine equivalency 

between old and new assay. Regression analysis performed on PSA values (n = 2,350) 

covering a PSA range from 0.1 to 50 ng/ml yielded a correlation coefficient of 0.983, 

slope of 0.94 and y-intercept of -0.17. Variable accounting for change in PSA assay was 

created. This variable was statistically significantly associated with PSA (p<0.001) in 

random coefficient models hence a variable for change in PSA test was included in the 

final models to account for any effects change in PSA assay may have on PSA velocity.  

 

10) Sensitivity analysis for change in medication use status  
A subject’s baseline medication use status (users or nonusers) was considered as their 

medication use status for the entire study. However, since PSA velocity was being 

followed longitudinally, if subjects changed their medication use status during the course 

of the study, this may potentially influence their intervening PSA values. Sensitivity 

analyses were conducted to assess the most appropriate way to handle these changes 

or if to include these measures in the models. The following description outlines the 

process for aspirin. Analysis for other NSAIDs and statins were conducted in similar 

way. 

 

Analysis 1: Subjects who were not taking aspirin at baseline but subsequently started 

taking aspirin were coded as aspirin non-users and aspirin users who stopped taking 

aspirin during the course of the study but after baseline were coded as aspirin users. i.e 

the medication status use at baseline was considered as the medication use status for 

the entire study. 
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Analysis 2: Subjects who were not taking aspirin at baseline but subsequently started 

taking aspirin were coded as aspirin users. Aspirin users who stopped taking aspirin 

after the baseline visit were coded as aspirin non-users 

 

Analysis 3: Aspirin status was coded as time varying which meant that whenever the 

subject indicated he took aspirin he was coded as aspirin taker, at other times he was 

coded as an aspirin non-taker. 

 

Since there were only eight subjects that had changed their status during the course of 

the study and the amount of time they actually changed their status (aspirin takers at 

baseline stopping aspirin during the study or vice-versa) was relatively small (≤1 year), it 

seemed more appropriate to use the subject’s baseline medication use status as the 

medication use status for the duration of the study. Furthermore, the models coding 

subjects according to their baseline medications provided more stable estimates and 

showed better model fit as compared to those coding aspirin use status as a time-

varying (log likelihood ratio: 163.42 versus 156.35).  

  

 

11) Sensitivity analysis for Study Aim 3 
The purpose of Study aim 3 was to determine characteristics of fast progressors. Since 

there were three categories (slow, intermediate and fast progressors), it was essential to 

determine whether to combine the intermediate category with slow or with fast 

progressors. Descriptive statistics (t-tests for continuous, Fisher’s exact and chi-square 

tests for categorical) and preliminary modeling (log likelihood and pseudo r-square for 
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logistic regression combining the intermediate category with the fast progressor category 

compared to logistic regression models combining the intermediate category with slow 

progressors were, -60.61, 0.12 and -62.03, 0.09. These results indicate the intermediate 

category to be more similar to the fast progressors as compared to slow progressors and 

hence they were combined with the fast progressors for all subsequent analysis.  

 

12) Attrition rates 
The dropout rates in the five years of the WW study 15.7%, 11.2%, 12.4%, 9.0% and 

8.5% respectively. These rates were much higher than the 5% projected at the 

beginning of the study. Retaining this population on a clinical trial is difficult due to their 

advanced age, co-morbid conditions, disease progression and increase in anxiety due to 

the disease even in the absence of clinical or laboratory documented disease 

progression. Additionally, while this cohort was being recruited, publications in major 

journals reported higher disease specific mortality for active surveillance as compared to 

radical prostatectomy[144] which could have influenced patient decisions.  Although the 

PSA velocity of subjects dropping out was not statistically different than the ones staying 

in (p=0.366), this lowered the ability to detect statistically significant differences if any 

existed in not only the primary aim of the WW study but also the secondary aims for this 

dissertation.   

vi) Data analysis strategies 
1) Specific aims 

• Aim 1: To investigate obesity and smoking as risk factors for prostate cancer 
progression 

 
• Aim 2: To study the effect of aspirin, other NSAIDs and statins on prostate 

cancer progression 
 

• Aim 3: To describe characteristics of subjects with high PSA velocity 
 



 

 

89

 

2) Data analysis for aims 1 and 2  
For aim 1, descriptive statistics were used to compare normal weight, over weight and 

obese individuals as well as to compare subjects in the three tertiles of pack-years. T-

tests were used for tests comparing continuous variables (age, BMI, pack-years, 

baseline PSA, baseline selenium) and chi-square tests were used for the race variable 

which was a categorical variable. After evaluating the normality of PSA values, PSA 

values were transformed using ln(PSA+1) in order to normalize the distribution, 

compensate for non-linearity over time, and stabilize the variance. Transformed PSA 

values at baseline were regressed on BMI and pack-years of smoking at baseline to test 

for any association between them prior to study commencement. Independent variables 

were obesity and smoking where as the dependent variable was PSA velocity. Models 

were adjusted for the potential confounders such as race, age, and Gleason score 

based on previous literature. The same variables were also determined to be 

confounders for this study population if the difference in the association between 

independent and dependent variables differed by more than or equal to 10% in models 

adjusted and un-adjusted for potentially confounding variables.  

 

A random coefficient model (a type of mixed effect model) with patient level random 

effects was used to assess the effect of BMI or smoking on PSA velocity (i.e rate of 

change of PSA). This model accounted for correlation due to repeated measures, and 

allowed independent random intercept and random coefficient for each subject, thereby 

using maximum information provided by the subject to estimate PSA velocity. Other 

methods that could be used to estimate PSA velocity include best line fit (BLF) or first 

and last observation (FLO) methods [145]. The solid line in Figure 9 represented the 

trajectory of a subject’s log transformed PSA over time and as shown was highly 



 

 

90

 

variable. Estimation of PSA velocity by the BLF method is represented in the Figure by 

the dotted line and that of the FLO method by the dashed line. Both these methods gave 

vastly different estimations of the PSA velocity (-168.4 and 49.2ng/ml/year respectively). 

In both these methods, PSA velocity was computed by using only limited numbers of 

PSA measurements from a single patient. Because of the high degree of biologic 

variation in PSA values, the velocity estimations obtained from these methods might not 

provide a reliable description of the patient’s PSA profile. The random coefficient model 

avoided the instability associated with other methods and provided a more reliable 

estimate of PSA velocity [145].   

 

 

 

 
Figure 10: An example of a patient’s prostate-specific antigen (PSA). Solid line: 
Trajectory of log transformed PSA, FLO: first and last observations, BLF: best-line 
fit.[145] 
 
 



 

 

91

 

 

Random coefficient models are a type of mixed effect models and consist of fixed effects 

and random effects.  During model specification, fixed effects are specified as regression 

parameters in a manner similar to most other estimation commands (i.e: as a dependent 

variable followed by a set of regressors). The random-effects portion of the model is 

specified by considering the grouping structure of the data.  For the purposes of this 

study, subjects having repeated PSA measurements over time were considered to be 

random.  Subjects having PSA measurements at only one time point during the WW 

study were not included in the analysis. There were ten such subjects, meaning the final 

sample size was reduced to 130. BMI and pack-years of smoking were tested as 

continuous and as categorical variables in separate models. An interaction term between 

BMI and time on study was included to allow PSA velocity to differ for those who were 

normal or obese. Significance of the interaction term was used to determine if the PSA 

velocities of the two groups were significantly different from each other. P-value of 0.1 

was used as a significance level for interaction terms and 0.05 for main effects. Models 

were adjusted for race, age, pack-years of smoking at baseline, type of assay used to 

estimate PSA, and Gleason score based on previous literature (smoking at baseline, 

type of assay used to estimate PSA) and also according the their assessment as 

potential confounders using the 10% rule. In the final models, race, age, and Gleason 

score all were included since they changed the regression coefficients for the primary 

effect measures (i.e. obesity or smoking) more than 10%. 
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During the modeling process, one may also specify the variance-covariance structure of 

the within-equation random effects. Several covariance structures (unstructured, 

exchangeable, independent and identity) were tried while modeling these data. 

 

Similar principles were applied and separate models were used to determine the 

influence of pack-years of smoking, aspirin, other NSAIDs and statin use at baseline on 

PSA velocity.  

 

3) Data analysis for aim 3 
Slope estimates for trajectories of PSA were obtained using a random coefficient model 

adjusted for change in PSA assay and categorized into tertiles. Subjects in the lowest 

tertile were categorized as slow progressors, those in the middle tertile were categorized 

as intermediate progressors and those in the highest tertile were categorized as fast 

progressors. 

 

Analyses focused on identifying those baseline variables that were associated with high 

PSA velocity. Analyses were run using two approaches. In the first approach, slow 

progressors were compared to fast progressors (model 1) and, in the second approach, 

the slow progressors were compared to the combination of fast and intermediate 

progressors (model 2). 

 

Student’s t-tests were used to compare continuous variables (age, BMI, pack-years, 

Gleason score, chromogranin-A, free PSA and baseline selenium) among the various 

categories of progressors in model 1 and model 2, whereas Chi-square and Fisher’s 

exact tests were used to compare categorical variables (medication use, race and family 
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history) among the various categories of progressors in model 1 and model 2. Multiple 

logistic regressions were used to model the categorical outcomes of PSA velocity.  

 

According to the literature, lower levels of free PSA in serum are associated with severity 

of prostate cancer.  Since the aim of these analyses was to identify determinants of fast 

progression, we wanted to study the association of free PSA with fast progression in this 

population despite only a small number of subjects having free PSA data (41 out of 130). 

A sub-analysis was conducted to investigate the association between percent free PSA 

and high PSA slope. 

 

4) Other statistical considerations 
Longitudinal models were not adjusted for a selenium treatment effect as selenium was 

not shown to have a significant impact on PSA velocity in the primary analysis of the 

WW study (manuscript in preparation).  
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b) Results 
 
i) Description of population 
A total of 140 men participated in the WW Study. Tables 6 and 7 in appendix F provide 

descriptive statistics for the study population. Mean age of the population was 73 years 

with the range being 39 to 84 years. Approximately half (50.7%) of the subjects were 

between 65-75 years of age. Approximate 88% of the men were Caucasian. Eleven 

percent of subjects were equal to or younger than 65 years and 37.9% were older than 

75 years. The majority (49%) of men were overweight with a mean BMI of 26.9 (range 

18.5 to 44.6). Mean baseline serum selenium and Gleason score were 134.6ng/ml 

(range 94.7 to 459.5) and 5.7 (range 2 to 7) respectively. The average pack-years of 

smoking at entry to the study were 23.3 pack-years with the range between 0.15 to 

117.5 pack-years. Thirteen (9.4%) subjects identified themselves as current smokers, 74 

(53.6%) were former smokers and 51 (36.7%) identified themselves as never smokers. 

Fifty (35.7%) subjects identified themselves as being aspirin users at the time of 

enrollment in the WW study. Twenty-seven (19.3%) and 20 (14.3%) subjects identified 

themselves as taking statins and NSAIDs other than aspirin respectively. 

 

Baseline serum PSA values ranged from 0.4 to 35.93 ng/ml with a mean of 8.0 ng/ml. 

PSA values were highly skewed to the right (Figure 1, appendix F) and hence were 

transformed using ln(PSA+1) transformation (Figure 2, appendix F).   
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ii) Aim 1: Obesity and smoking as risk factors for prostate cancer progression.  
 

(Detailed results and discussion of the analysis are found in Appendix A.)   

 

Age, BMI, Gleason score, baseline PSA, baseline selenium and race were 

approximately equally distributed across categories of BMI and pack-years. Smoking 

increased with BMI category, with obese men having significantly higher pack-years of 

smoking compared to normal weight subjects (p=0.01) (table 8). This statistically 

significant positive association was also noted when descriptive statistics were carried 

out by pack-years of smoking (p=0.0006) (table 9).  
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Table 8: Selected Baseline Descriptive Characteristics by BMI Categories for Subjects in the WW Study 
  Baseline BMI Categories  
Characteristic All Men Normal Over weight Obese p-value* 
 N=140 N=45 (32.1%) N=69 (49.3%) N= (18.6%)  
Age      
 Years (mean, SD,)  72.8(6.7) 74.1(5. 5) 71.9(7.6) 72.9(5.8) 0.22 
 Age Groups (N, %)      
  Age <= 65 16(11.4) 2(4.4) 11(15.9) 3(11.54) 0.47 
  Age 65 – 75 71(50.7) 23(51.1) 34(49.2) 14(53.9) 0.47 
  Age >75 
 

53(37.9) 20(44.4) 24(34.7) 9(34.6) 0.47 

Caucasians (n, %) 123 (87.9) 38 (84.4) 64 (92.8) 21 (80.8) 0.16 
      
BMI (mean, SD) Kg/m2 
 

26.9(4.1) 23.1(1.5) 26.8(1.4) 33.4(3.4) NA 

PSA (mean, SD) ng/ml 
 

8.0(6.1) 9.37(7.5) 7.1(5.3) 8.0(5.3) 0.22 

Smoking History      
  Pack-years (mean, SD) 23.3(29.8) 17.0(24.5) 21.2 (28.4) 39.4(36.3) 0.01 
  Never smokers (N, %) 51(36.7) 18(40.9) 29(42.7) 4(15.4) 0.07 
  Former smokers (N, %) 74(53.6) 20(45.5) 34(50.0) 20(76.9) 0.07 
  Current smokers (N, %) 
 

13(9.42) 6(13.6) 5(7.35) 2(7.7) 0.07 

Gleason score (mean, SD) 
 

5.7(1.0) 5.6(1.0) 5.6 (1.0) 6.0(0.6) 0.17 

Selenium (mean, SD, ng/ml) 
 

134.5 (41.5) 142.2 (65.6) 130.4(21.7) 132.0(23.8) 0.32 

*for test of significance between BMI groups using ANOVA or Fisher’s exact test for categorical variables  
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Table 9: Selected Baseline Descriptive Statistics by Categories of Smoking for Subjects in the WW Study 
  Smoking Categories  
Characteristic All Men Non-smokers Pack-years 

tertile 1 
Pack-years 
tertile 2 

Pack-years 
tertile 3 

p=value* 

 N=140 N=54(38.6%) N=29(20.7%) N=29(20.7%) N=28(20.0%)  
Age (mean, SD)., years 
 

72.8(6.7) 72.2(7.0) 74.1(8.3) 73.6(6.4) 71.8(3.8) 0.47 

BMI (mean, SD) Kg/m2 
 

26.9(4.1) 25.9(3.0) 26.1(4.5) 26.9(3.4) 29.5(4.9) 0.0006 

PSA (mean, SD) ng/m) 
 

8.0(6.1) 7.6(5.3) 6.5(4.1) 10.0(8.4) 8.2(6.4) 0.22 

Smoking Pack-years 
(mean, SD) 
 

23.3(29.8) 0.0(0.0) 9.3(6.8) 33.0(9.5) 72.5(22.8) NA 

Gleason score (mean, SD) 
 

5.7(1.0) 5.7(0.9) 5.6(0.7) 5.6(1.2) 5.8(1.1) 0.86 

Baseline Selenium (mean, 
SD)ng/ml 
 

134.6 (41.8) 142.8(59.9) 137.3(28.1) 122.2(15.0) 129.8(21.4) 0.18 

Caucasians (n, %) 123 (87.9) 46(85.2) 25(86.2) 25(86.2) 27(96.4) 0.49 
*for test of significance between smoking groups, using ANOVA or Fisher’s exact test for categorical variables  
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BMI and pack-years of smoking were not significantly associated with PSA at baseline 

but age, Gleason score and race other than Caucasian were significantly and positively 

associated with PSA (table 10).  

 

Two separate random coefficient models were conducted using BMI as a continuous 

and BMI as a categorical variable. Table 11, shows that the interaction between BMI and 

time in study was not significant whether BMI was treated as a continuous or a 

categorical variable.  A similar approach was used for smoking, with separate models 

being run with pack-years as a continuous or as a categorical variable. The interaction 

between pack-years and time in study was statistically significant in the model using 

pack-years as a continuous variable (p=0.029). In the categorical model, interaction 

terms for the 1st and 2nd tertiles with time in study were not statistically significant but the 

interaction term between the 3rd tertile and time in study was statistically significant (p= 

0.041).  This leads us to conclude that the effect of smoking on PSA velocity changes 

according to the level of smoking and the effect seen in the continuous pack-years 

model is likely driven by subjects in the highest tertile of pack-years.  

 

 

 

 

 



 

 

99

 

Table 10: Relationship between PSA at baseline and baseline demographics characteristics of men in the WW Study 
Variable Regression coefficient 95% CI 
BMI -0.015 -0.042, 0.013 
Age 0.028 0.012, 0.045* 
Pack years of smoking 0.003 -0.001, 0.007 
Race other than Caucasian 0.371 0.018, 0.725* 
Gleason score 0.158 0.043, 0.272* 
*statistically significant at 0.05 level 
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Table 11: Relationships between PSA velocity and BMI at baseline and smoking history, adjusted for other risk 
factors 
Model Variable  Regression coefficient 90% CI 
Obesity    

BMI  -0.0004 -0.006, 0.005 
Time on Study 0.027 -0106, 0.160 

   Model 1: BMI continuous 

BMI*time on study 0.002 -0.003, 0.007 
Normal weight Ref   
Over weight 0.002 -0.068, 0.071 
Obese  -0.056 -0.191, 0.079 
Time on study 0.086 0.049, 0.123 
Normal weight*time on study Ref  
Overweight*time on study -0.014 -0.061, 0.033 

   Model 2: BMI categorical 

Obese*time on study 0.018 -0.038, 0.074 
Smoking    

Pack-years -0.0002 -0.001, 0.0006 
Time on study 0.063 0.038, 0.088 

Model 1: Pack-years continuous 

Pack-year*time on study -0.001 0.0002, 0.002* 
Never smokers  Ref  
Ever smokers tertile 1 0.038 -0.024, 0.101 
Ever smokers tertile 2 0.021 -0.041, 0.083 
Ever smokers tertile 3 -0.008 -0.073, 0.056 
Time on study 0.067 0.034, 0.099 
Never smokers  Ref   
Ever smokers tertile 1*time 
on study 

0.004 -0.053, 0.061 

Ever smokers tertile 2*time 
on study 

-0.008 -0.066, 0.050 

Model 2: Pack-years categorical 

Ever smokers tertile 3*time 
on study 

0.067 0.013, 0.122* 

Note: Models adjusted for race and age at baseline, type of assay used to estimate PSA, and Gleason score. The smoking 
models were adjusted for BMI and BMI models were adjusted for smoking. 
*Statistically significant at 0.05 level for main effects and 0.1 level for interaction terms 
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iii) Aim 2: Effect of medication use on prostate cancer progression  
(Detailed results and discussion of the analysis are found in Appendix B)  

 

Fifty (35.7%) subjects identified themselves as being aspirin users at the time of 

enrollment in the WW Study. Aspirin users had marginally significantly lower mean 

serum PSA levels than non-users (6.7ng/ml vs. 8.7ng/ml: p = 0.0680) (table 12). Mean 

pack-years of smoking were significantly higher among aspirin users compared to non-

users (34.1 pack-years vs. 18.0 pack-years: p=0.0056). Age, BMI, Gleason score and 

racial distribution did not differ significantly between aspirin users and non-user. Twenty-

seven (19.3%) and 20 (14.3%) subjects identified themselves as taking statins and 

NSAIDs other than aspirin respectively. Baseline serum PSA, age, BMI, pack-years of 

smoking, Gleason score and racial distribution did not differ significantly between users 

and non-users of statins and other NSAIDs.  

 

Baseline PSA levels were regressed on aspirin use, statin use and other NSAID use in 

three separate linear regression models (table 13). Aspirin use at baseline was 

significantly and negatively associated with PSA levels at baseline after adjusting for 

other variables in the model. In the aspirin model, age, non-Caucasian race, pack-years 

of smoking and Gleason score were statistically significantly and positively associated 

with baseline serum PSA. BMI showed a non-significant negative association with 

baseline PSA. Statins showed a non-significant positive association while other NSAIDs 

showed a non-significant negative association with baseline PSA. In models for statins 

and other NSAIDs, age, non-Caucasian race, pack-years of smoking and Gleason score 

were positively and non-significantly associated with baseline PSA where as BMI was 

negatively and non-significantly associated with baseline PSA.   
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Table 12: Selected baseline characteristics of men in the WW Study by their use of 
aspirin, other NSAIDs, and statins at the time of study entry 
Variable Users Non-users p-value 
    
Aspirin (N, %) 
 

50 (35.7%) 90 (64.3%)  

PSA (Mean, SD, ng/ml) 6.7(5.7) 8.7(6.2) 0.07 
Age (Mean, SD, years) 72.3(5.8) 73.1(7.1) 0.45 
BMI (Mean, SD, kg/m2) 27.4(3.9) 26.5(4.1) 0.20 
Smoking (Mean, SD, pack-years)  34.1(35.0) 18.0(24.8) 0.006 
Gleason score (Mean, SD) 5.7 (0.1) 5.7(0.1) 0.77 
Ever smokers (N(%)) 34(69.39) 52(59.09) 0.23 
Caucasian (N(%)) 79(87.8) 44(88.0) 1.00 
    

Statins 
 

27 (19.3%) 113 (80.7%)  

PSA (Mean, SD, ng/ml) 8.5(6.2) 7.9(6.1) 0.67 
Age (Mean, SD, years) 72.6(6.0) 72.9(6.8) 0.82 
BMI (Mean, SD, kg/m2) 27.3(4.9) 26.7(3.9) 0.56 
Smoking (Mean, SD, pack-years)  33.3(34.1) 21.5(28.4) 0.11 
Gleason score (Mean, SD) 5.8(1.0) 5.6(1.0) 0.52 
Ever smokers (N(%)) 16(61.54) 70(63.06) 0.87 
Caucasian (N(%)) 23(85.2) 100(88.5) 0.741 
    

Other NSAIDs 
 

20 (14.3%) 120 (85.7%)  

PSA (Mean, SD, ng/ml) 8.1(5.8) 8.0(6.2) 0.93 
Age (Mean, SD, years) 72.5(6.0) 73.0(6.8) 0.78 
BMI (Mean, SD, kg/m2) 27.5(4.5) 26.8(4.0) 0.52 
Smoking (Mean, SD, pack-years)  25.3(30.8) 23.5(29.7) 0.82 
Gleason score (Mean, SD) 5.75(0.6) 5.7(1.01) 0.58 
Ever smokers (N(%)) 12(63.16) 74(62.71) 0.97 
Caucasian (N(%)) 16(80) 107(89.2) 0.271 

Note: t-test was used to derive a p-value for continuous variables where as chi-square or 
Fisher’s exact test were used for categorical variables. 1 Fischer’s exact 
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Table 13: Linear regression estimates of baseline characteristics of men in the 
WW Study on log(PSA+1) by medication use at baseline 
Variable Aspirin Statins Other NSAIDs 

Medication use at 
baseline 
 

-0.39(-0.61, -0.16)* 0.04(-0.25, 0.33) -0.02(-0.36, 0.32) 

BMI 
 

-0.01(-0.04, 0.01) -0.01(-0.04, 0.01) -0.01(-0.04, 0.01) 

Age 
 

0.03(0.01, 0.04)* 0.03(0.01, 0.05)* 0.03(0.01, 0.04)* 

Pack-years of 
smoking 
 

0.004(0.0004, 0.01) 0.003(-0.001, 0.01) 0.003(-0.001, 0.01) 

Race other than 
Caucasian 
 

0.36(0.02, 0.70)* 0.37(0.01, 0.72)* 0.38(0.02, 0.74)* 

Gleason score 
 

0.17(0.06, 0.28)* 0.16(0.04, 0.27)* 0.16(.04, 0.27)* 

*Statistically significant at 0.05 level  
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Next, models were constructed to test the interaction between medication use and 

smoking at baseline to assess if medication effect varied by smoking status (table 14). 

For this purpose subjects were classified as ever or never smokers based on their 

reported smoking status at baseline. Thirty-four (69%) aspirin users and 52 (60%) non-

aspirin users identified themselves as ever smokers while the rest were classified as 

never smokers. Although the interaction between aspirin use and smoking was not 

statistically significant, among never smokers aspirin use was associated with 

statistically significantly (p=0.005) lower PSA values. Among ever smokers the 

difference between baseline serum PSA levels between aspirin users and non-users 

was not statistically significant (p= 0.129). Seventy (63%) non-statin users and 16 (62%) 

statin users identified themselves as smokers, while 74 (63%) other NSAID non-users 

and 12 (63%) other NSAID users reported themselves as smokers. The medication use 

by smoking interaction term was not significant for statins or other NSAIDs.  

 

Separate longitudinal analyses for aspirin, other NSAIDs and statins were run to assess 

if medication use at baseline affected PSA velocity (table 15). The interaction between 

aspirin use at baseline with time in study was not statistically significant in the aspirin 

model. Similar models run for statins and other NSAIDs did not show significant effect of 

these medications on PSA velocity. Stratifying each of the models by smoking status 

(ever and never smokers) did not change above results.  
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Table 14: Regression coefficient and 95% CI for effect of medication use at 
baseline on baseline PSA stratified by smoking status 
Models Main predictor variable Never smokers 

 
Ever smokers 

 
I Aspirin use at baseline -0.54(-0.92,  -0.17)* -0.22(-0.51, 0.07) 

II Statin use at baseline -0..04(-0.53, 0.45) 0.14(-0.22, 0.50) 

III Other NSAID use at baseline 0.16(-0.35, 0.67) -0.20(-0.66, 0.25) 

Note1: Separate models were run for aspirin, statins and other NSAIDs 
Note2: Above models were adjusted for age, BMI, Gleason score, and race 
Note3: Models for total population were also adjusted for pack-years of smoking 
*Statistically significant at 0.05 level 
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Table 15: Relationships between PSA velocity and BMI at baseline and smoking history, adjusted for other risk 
factors 
Model Variable  Regression coefficient 90% CI 
Obesity    

BMI  -0.0004 -0.006, 0.005 
Time on Study 0.027 -0106, 0.160 

   Model 1: BMI continuous 

BMI*time on study 0.002 -0.003, 0.007 
Normal weight Ref   
Over weight 0.002 -0.068, 0.071 
Obese  -0.056 -0.191, 0.079 
Time on study 0.086 0.049, 0.123 
Normal weight*time on study Ref  
Overweight*time on study -0.014 -0.061, 0.033 

   Model 2: BMI categorical 

Obese*time on study 0.018 -0.038, 0.074 
Smoking    

Pack-years -0.0002 -0.001, 0.0006 
Time on study 0.063 0.038, 0.088 

Model 1: Pack-years continuous 

Pack-year*time on study -0.001 0.0002, 0.002* 
Never smokers  Ref  
Ever smokers tertile 1 0.038 -0.024, 0.101 
Ever smokers tertile 2 0.021 -0.041, 0.083 
Ever smokers tertile 3 -0.008 -0.073, 0.056 
Time on study 0.067 0.034, 0.099 
Never smokers  Ref   
Ever smokers tertile 1*time 
on study 

0.004 -0.053, 0.061 

Ever smokers tertile 2*time 
on study 

-0.008 -0.066, 0.050 

Model 2: Pack-years categorical 

Ever smokers tertile 3*time 
on study 

0.067 0.013, 0.122* 
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Note: Models adjusted for race and age at baseline, type of assay used to estimate PSA, 
and Gleason score. The smoking models were adjusted for BMI and BMI models were 
adjusted for smoking. *Statistically significant at 0.05 level for main effects and 0.1 level 
for interaction terms
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iv) Aim 3: Characteristics of subjects with high PSA velocity  
 
(Detailed results and discussion of the analysis are found in Appendix C)  

 

In model 1 (comparing fast progressors with slow progressors), or model 2 (comparing 

combination of slow progressors with intermediate progressors and fast progressors), 

none of the variables were statistically significantly different between the comparison 

groups although pack-years in model 1 and free PSA in model 2 demonstrated a p-value 

of 0.05. (table 16) 

 

In the multiple logistic regression for model 1 (table 17)), smoking was associated with a 

statistical significant higher risk for having high PSA velocity (OR = 1.03, CI: 1.00, 1.05) 

where as aspirin use was associated with statistically significant protective effect for high 

PSA velocity (OR= 0.28, 95% CI: 0.08, 0.97) after adjusting for other variables in the 

model. This means, the odds of being a fast progressor increased by 1.03 for 1 pack-

year increase in smoking and the odds of being a fast progressor were 0.28 times higher 

for aspirin users as compared to non-users. In model 2, smoking was associated with a 

higher odds for being a fast progressor of PSA velocity (OR = 1.02, 95% CI: 1.00, 1.03) 

while aspirin demonstrated a statistically significant protective effect (OR = 0.21, 95% CI: 

0.08-0.59). In the sub-analysis carried out to assess the association between free PSA 

and high PSA velocity(table 18), free PSA was not significantly associated with high PSA 

velocity after adjusting for other variables in both models (Model 1: 0.89(0.76, 1.05), 

Model 2: 0.96(0.88, 1.05)). 
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Table 16: Characteristics the total study population and by tertiles of PSA velocity 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note 1: Model 1 compares slow progressors to fast progressors 
Note 2: Model 2 compares slow progressors with intermediate and fast progressors 

Variable Total Study 
Population 
(N=130) 

Slow 
progressors 
(N=44) 

Intermediate 
progressors  
(N=43) 

Fast 
progressors 
(N=43 

p-value for 
model 1 * 

p-value for 
model 2 * 

Age 73.1(6.0) 72.2(5.5) 73.4(6.8) 73.7(5.7) 0.21 0.15 
BMI 26.8(3.9) 26.7(4.0) 26.7(3.5) 27.1(4.3) 0.69 0.73 
Pack-years 24.8(30.5) 21.4(28.9) 18.6(28.2) 34.8(32.6) 0.05 0.24 
Gleason score 5.6(1.1) 5.6(1.1) 5.6(1.2) 5.7(1.0) 0.51 0.61 
Baseline 
selenium 

134.8(42.7) 131.8(23.1) 137.9(54.1) 134.8(45.8) 0.70 0.33 

Family history 16(12.3%) 8(18.18%) 6(13.95%) 2(4.67%) 0.09 0.15 
Non-Hispanic 
White 

113(86.9%) 38(86.4%) 41(95.4%) 34(79.1%) 0.41 0.89 

Aspirin use 47(36.2%) 19(43.2%) 14(32.6%) 14(32.6%) 0.31 0.11 
Statin use 26(20.0%) 9(20.5%) 9(20.9%) 8(18.6%) 0.83 0.93 
Other NSAID use 18(13.9%) 7(15.9%) 6(14.0%) 5(11.6%) 0.76 0.56 
Chromogranin-A 53.0(77.6) 42.1(30.3) 65.0(97.5) 52.7(89.7) 0.47 0.63 
Free PSA (ng/ml) 1.4(1.8) 1.5(1.0) 1.4(2.6) 1.3(0.9) 0.72 0.05 
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Table 17: Odds ratios and 95% CI from multiple logistic regression for Model1 & 2 

Note 1: Model 1 compares slow progressors to fast progressors 
Note 2: Model 2 compares slow progressors with intermediate and fast progressors 
Odds ratios (OR) adjusted for other variables in table. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable Model 1(OR (95% CI)) Model 2(OR (95% CI)) 
Age 1.02 (0.92-1.13) 1.01(0.94-1.09) 
BMI 0.98 (0.85-1.12) 0.98(0.87-1.10) 
Pack-years 1.03 (1.00-1.05) 1.02(1.00-1.03) 
Gleason score 1.25 (0.73-2.17) 0.98(0.63-1.51) 
Baseline selenium 1.00 (0.98-1.01) 0.99(0.98-1.01) 
Family history 0.29 (0.04-2.11) 0.3(0.056-1.60) 
Race other than Caucasian 2.32 (0.55-9.8) 0.97(0.26-3.6) 
Aspirin use 0.28(0.08-0.97) 0.22(0.08-0.59) 
Statin use 0.88(0.21-3.62) 1.00(0.31-3.21) 
Other NSAID use 0.28(0.05-1.5) 0.42(0.09-1.88) 
Chromogranin-A 1.00(0.99-1.01) 1.00(0.99-1.00) 
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Table 18: Odds ratios and 95% CI from multiple logistic regression from categories of PSA velocity on free PSA 
adjusted for other variables 

Variable Model 1 Model 2 
Age 1.19(0.79, 1.88) 0.98(0.82, 1.16) 
Pack-years 1.04(0.97, 1.12) 1.02(0.99, 1.05) 
Gleason score 1.09(0.24, 4.93) 1.02(0.57, 1.81) 
Aspirin use 0.003(3.10e-06, 2.25) 0.22(0.02, 2.27) 
Free PSA 0.89(0.76, 1.05) 0.96(0.88, 1.05) 
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CONCLUSIONS AND DISCUSSION 

 

In this study among men with localized prostate cancer who participated in the Watchful 

Waiting Study and were on active surveillance for their disease and supplemented with 

selenium, aspirin use was associated with significantly lower baseline serum PSA levels 

compared to non-aspirin users in the total population. The aspirin effect was statistically 

significant for non-smokers but not for smokers. Furthermore obesity, smoking history, 

use of other NSAIDs and statins are not associated with serum PSA levels at baseline. 

In contrast to baseline PSA values, PSA velocity during the 5-year follow-up period for 

ever smokers, especially those in the highest tertile of pack-years of smoking, was 

statistically significantly higher relative to never smokers. Obesity, aspirin use and use of 

other NSAIDs or statin use did not influence PSA velocity in this population. Pack-years 

of smoking was positively associated and aspirin use at baseline was negatively 

associated with higher PSA velocity and hence PCa progression.  

 

Tremendous variability has been reported in the association of obesity with PCa risk and 

PCa progression. Although most studies use BMI as the measure of obesity, cut off 

points for determining the highest category of BMI differ between studies, with European 

studies tending to have lower values for determining the highest category compared to 

US studies. This difference, coupled with differences in study populations, diets, 

lifestyles, assessment of PCa (self-reported versus biopsy confirmed, or restricting the 

population by severity of disease or including all cases) and adjustment for different 

potential confounders can explain at least in part some of this variation. Overall, obesity 
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has been shown to be risk factor for advanced/aggressive PCa or PCa progression. The 

association with PCa incidence is less clear. 

  

The results from the current study show associations between PSA velocity and BMI 

consistent with results from Kristal et al (2006), which to the best of our knowledge is the 

only other study that has looked at the association between BMI and PSA at baseline 

and also between BMI and PSA velocity. Dr. Kristal and team reported an inverse 

association between baseline BMI and baseline PSA (p for trend for increase in baseline 

BMI with baseline PSA < 0.0001) but no effect of BMI on PSA velocity (p for trend for 

increase in baseline BMI with increase in PSA velocity = 0.84) among the placebo arm of 

the Prostate Cancer Prevention Study (3341 subjects)[22]. Baillargeon et al (2005) have 

studied the association between BMI and PSA using a population-based cohort of 2779 

subjects from the San Antonio Center for Biomarkers of Risk of Prostate Cancer 

(SABOR) study. They report statistically significant reduction in mean PSA with 

increasing categories of BMI (p-value for trend < 0.0005)[146]. Both these studies note a 

negative association of BMI with serum PSA at baseline and a positive association of 

BMI on advanced disease as was seen in our study.   

 

Results for the smoking analysis are consistent with the literature. As noted in the review 

by Hickey et al (2001) & Wolk (2005), the majority of studies report no association 

between smoking and PCa risk but note a more consistent association between smoking 

and increased risk for advanced or fatal PCa[102, 147]. In a recent publication, 

Giovannucci et al (2007) used a multivariable Cox regression approach on data from the 

Health Professional Follow-up Survey and noted that smoking is not associated with 
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incident PCa (OR=0.98, 95%CI: 0.89, 1.07) but is significantly associated with fatal 

disease (OR=1.41, 95% CI: 1.04, 1.91)[80]. This is analogous to findings from the 

current study where no significant associations were observed between smoking 

histories and baseline PSA, although the current study also observed a statistically 

significant association of smoking with PSA velocity (Regresion coefficient and 95% 

confidence intervals; -0.001(0.0002, 0.002). In the study by Kristal el al (2006), they 

reported no difference in baseline PSA levels between current smokers and non-

smokers, but do report statistically significant lower PSA velocity for current smokers 

compared to non-smokers (2.5 versus 3.2 percent change per year, p=0.045)[22].   

 

A major difference between the Kristal analyses and the current study was the manner in 

which smoking exposure was measured. For baseline analyses in the present study, 

pack-years of smoking were used as a continuous variable to account for a subject’s 

smoking exposure. To assess potential interaction between smoking and aspirin use, 

subjects were categorized as ever and never smokers based on the pack-years of 

smoking they reported to have smoked during their lifetime. For longitudinal analyses, 

pack-years of smoking were used as a continuous variable. In the Kristal study, subjects 

were categorized as current smokers and non-smokers based on their self-reported 

status at the time of enrollment in the PCPT study and the same smoking variable was 

used for baseline as well as for longitudinal analyses. Such an approach may not 

accurately capture the lifetime smoking behaviors.  For example, in the Kristal study, a 

subject smoking for a few months at the time of enrollment is considered to be in a 

completely different smoking category than a subject not smoking currently. The Kristal 

approach also considers a subject who has never smoked to be in the same category as 
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a subject who may have smoked for 25 years but is not smoking at the time of 

enrollment in the PCPT study. Using pack-years of smoking as a continuous variable in 

longitudinal analyses allows the effect of smoking to be evaluated not only at the time of 

enrollment in the WW study but also more accurately captures the lifetime smoking 

exposure of the subjects.  A remaining issue is that the variable of pack-years of 

smoking does not capture different smoking behaviors at different points in time. This is 

relevant if, exposure occurring at different times in the subject’s life may have differential 

impact on the disease outcome. For example, if a subject reported smoking five pack-

years, it may have differential impact on prostate cancer progression if that exposure 

occurred when he was 16 or when he was 40 years old. Using pack-years as an 

outcome variable did not allow this to be evaluated. 

 

Self-reported aspirin use showed a statistically significant protective effect at baseline 

especially for non-smokers but not during follow-up.  One possible explanation for this 

might be that any protective effect of aspirin had already occurred by baseline and 

further intake of aspirin may not have bestowed additional benefit.  Although generally all 

drugs classified a statins or NSAIDs have the same mechanism of action (HMG-COA 

reductase inhibitors or COX inhibitors, respectively) their formulations, bioavailability and 

interactions with various body systems are different.  Classification of any statin or 

NSAID into a single aggregate group may have promoted heterogeneity that attenuated 

the ability to detect significant effects.  

 

Although subjects were queried about the frequency with which they took a particular 

medication per day, they were not asked during their qualifying interview for the WW 
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study how often (eg: how many days in a week) they took that medication. Subjects who 

take a small aspirin dose regularly could have different co-morbidities compared to those 

who take NSAIDs on an as needed basis which in turn could affect their association with 

serum PSA. It would have been very interesting to investigate the presence of a dose 

effect for medication use and also for smoking but such analyses was precluded due to 

very small numbers in individual strata.  

 

The current study is the first analysis to investigate the association between medication 

use and PCa progression in a longitudinal analysis using a random coefficient model. 

This statistical model uses maximum information from the subjects to estimate PSA 

velocity and avoids the instability associated with other methods, hence providing a 

more reliable estimate of PSA velocity. Although aspirin use is not associated with PCa 

progression in this analysis, its strong protective effect in terms of baseline PSA levels is 

an intriguing result and needs further investigation using a randomized clinical trial. 

 

The negative findings for BMI and medication use on PCa progression in men with low 

risk disease could reflect an absence of any such association, but could also be 

explained by other reasons. Subjects in this study were selected to be low risk for 

progression (PSA < 50 ng/ml, age < 85 years, life expectancy ≥ 3 years, Gleason’s 

score < 8, and no evidence of metastatic cancer) as they were choosing watchful waiting 

(Active Surveillance) as the treatment approach. Median PSA doubling times for 

subjects having “good risk” PCa have been reported to be three years or above[31]. The 

median PSA doubling time for the WW Study population was 5.5 years. These 

individuals were already at very low risk of progression, so even if medication use or 
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obesity played a role in progression, it might not be readily apparent in these study 

participants. Maximum follow-up for this study was five years and median follow up time 

was 3.2 years. This may have been an insufficient length of time to detect an effect.  

 

As noted earlier, although PSA velocity is consistently associated with aggressive or 

advanced PCa, its sensitivity and specificity for determining PCa progression are not 

very high which could have contributed to not detecting statistically significant 

differences in PSA trajectories by aspirin use or BMI if any such differences existed. 

Despite its low performance characteristics, PSA velocity is the only non-invasive marker 

currently available to prospectively track PCa progression and, hence, it was used as an 

outcome variable in these analyses. 

 

For the third aim of the dissertation research, the already small sample size of the WW 

study population was reduced further by categorizing subjects into fast, intermediate and 

slow progressors. This reduction in power hampered the generalizability of these results. 

However, this exploratory analysis using a unique population and data set identified 

potential factors that may be associated with PCa progression. The eventual goal is to 

provide physicians with tools to better assess patient risk of progression in order to limit 

overtreatment and its subsequent sequalae and to develop a treatment plan that may be 

best suited for the patient. An exploratory analysis is essential since, using currently 

available diagnostic tools and markers, it is not possible to accurately predict which 

patients will develop advanced or progressive cancer. The variables included in the 

analyses have been shown to be associated with PCa progression in previous literature 

and most of them are already being collected as part of routine patient workup or can be 
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easily calculated and are thus readily available to the physician. Using two different 

approaches for analysis (model 1 comparing slow progressors with fast progressors, and 

model 2 comparing a combination of fast and intermediate progressors to slow 

progressors) allowed the data to be evaluated more completely. Model 1 compared the 

extremes and hence had higher sensitivity to detect differences if any existed, but lower 

power due to reduced numbers. Model 2 had higher power since it used the full 

population but had lower sensitivity to detect differences if any existed.  

 

Strengths of the current study include, study design, a unique dataset, use of a statistical 

method (random coefficient models) to derive PSA velocity, absence of recall bias and 

use of pack-years as an estimate of smoking.  

 

As part of the Watchful Waiting Study, data regarding obesity, smoking and medication 

use were collected from subjects at baseline and then these individuals were followed 

over time for changes in their PSA values. As a result, the exposures had been collected 

before the outcome values. We also did not have to retrospectively obtain exposure 

information from subjects, which could potentially be biased by recall if there is 

difference in the experiences of the comparison groups. The comparison groups (obese 

versus normal weight or ever smokers versus never smokers) were not determined until 

the trial had closed. As a result, all subjects were treated the same during longitudinal 

data collection reducing any information bias. Due to these reasons, using data from a 

randomized clinical trial was advantageous. 
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To the best of our knowledge, no other dataset exists that records data on subjects with 

localized PCa on active surveillance every three months for up to five years. This 

dataset allows the natural progression of non-aggressive PCa to be evaluated in the 

most efficient and ethical manner possible. Such a cohort of men may never be put 

together again, making this dataset and results unique.  

 

Due to the self reported nature of the smoking data, there is potential for under-reporting 

the exposure levels. This being a prospective analysis, it is not expected for the under-

reporting to be differential amongst the comparison groups, hence reducing the potential 

for recall bias. A significant effect of smoking on PSA velocity is demonstrated, despite 

the potential for under-reporting. If this under-reporting was not present, we might expect 

the effect magnitude to be maintained or even strengthened. Using pack-years as an 

estimate of smoking allowed a more appropriate quantification of the smoking exposure 

not only at a single point of time at enrollment in the WW study but also during their 

lifetime before enrollment.  

 

To definitively answer the question of the association between lifestyle factors, such as 

obesity and smoking, and PCa progression, long term prospective studies based on the 

subject’s exposure status (normal, overweight, obese or smokers and non-smokers) with 

large enough sample sizes to detect a statistical and clinically significant effect are 

needed. To be most informative, these studies will also need to have long follow-up 

periods (potentially more than 20 years) so that the association of the exposure can be 

measured directly with PCa recurrence, PCa metastasis or death due to PCa and not 

with a surrogate marker of progression (PSA velocity). To complete the ideal scenario, 
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serum could be collected every three months in addition to a yearly prostate biopsy 

during follow up to track changes in serum biomarkers and to accurately document 

progression. Such studies are theoretically possible to design but are very difficult to 

implement considering not only the resources needed but also the ethical issues 

associated with long term exposure to effects of obesity and smoking.  

 

Randomized double blind placebo controlled clinical studies would be the ideal study 

design to definitively answer the question regarding association between medication use 

and PCa progression. Since drugs such as aspirin and statins are so commonly used for 

major life threatening conditions in the elderly population, finding a population suitable 

for studying the effect of these drugs on PCa progression and designation of the 

reference drug would be difficult. Subjecting patients to the chance of taking a placebo 

would be unethical, and a medication producing similar effects in other body systems 

except in the prostate but through a different pathway and at the same time having 

acceptable side effects would need to be identified. Finding such a drug may be difficult 

at best. These studies would also need long follow-up times as explained in the section 

above to derive the true estimate of association between the exposure and outcome.  

 

Since such studies are not practically feasible, a next step in the process is to determine 

the association between more specific markers of exposures (for example serum 

adiponectin and leptin for obesity) and PSA velocity. A future analysis for the WW Study 

is to investigate the association between smoking, p53 mutation and PSA velocity in 

order to better understand the pathway through which smoking could influence PCa 

progression. This unique population provides an opportunity to measure trajectory and 
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performance of potential new markers for PCa progression against the performance of 

already existing measures of advanced PCa or PCa progression, such as Gleason score 

and PSA velocity. Successful recruitment and completion of the WW Study gives us 

confidence that a similar study could be conducted in this population if a promising 

intervention can be identified. A similar cohort may never be put together but if it is and 

this study design is applied to investigate other agents, it would be wise to include in the 

protocol an end of study biopsy which will allow a better and more complete 

characterization of  PCa progression. 

 

Prostate cancer is a complex disease that continues to baffle scientists and clinicians. 

Even after decades of laboratory, epidemiologic and clinical research, we cannot 

definitively stratify patients into high or low risk categories, and we do not have effective 

strategies for early detection or effective interventions to reduce the risk of incidence or 

progression.  Some of this complexity may come from PCa not being one disease as it is 

currently envisioned, but rather a complex of different diseases that have the same 

manifestation, similar to what has been observed for breast cancer.  If this is true, 

treating it as a single disease will lead to mixing of the effect resulting in high variability 

in its association with risk factors. We need to better characterize not only the tumor but 

also the processes of tumor initiation and progression and their association with various 

risk factors to ascertain if subtypes exist. Epidemiology can play a pivotal role in studying 

relationships between various risk factors and PCa initiation, promotion and progression. 

Epidemiology can be instrumental in identifying subtypes of prostate cancer if they do 

exist and also to identify subpopulations that may be more or less susceptible to the 

various disease subtypes based on differential distribution of risk factors in these 
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populations (e.g: race, family history, frequency and distribution of various single 

nucleotide polymorphisms).   

 

Results from the current analysis of the WW Study yield intriguing data about the role of 

smoking in PCa progression despite the relatively low PSA velocity in the total 

population. Although more studies are needed to verify study findings, results from 

smoking analysis provide one more reason for smoking to be discouraged, especially in 

men at higher risk for their disease. Results from this unique population and dataset will 

be helpful for appropriately planning and powering future studies in this population and 

can serve as preliminary data for larger studies designed to test these hypotheses.   
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ABSTRACT 
 
Background: 

Obesity and smoking are more consistently associated with progression of Prostate 

Cancer (PCa) than with the incidence of PCa. However, it remains unclear if inclusion of 

obesity and/or smoking history in the work up of patients would be clinically useful in 

identifying men with higher risk of PCa progression. Using data from the Watchful 

Waiting Study (WW), a phase 2 study of Selenium in men on active surveillance for PCa, 

we evaluated obesity and smoking as risk factors for PCa progression. 

 

Methods: 

Body Mass Index (BMI) and pack-years of smoking were used as measures of obesity 

and smoking. Data were from 140 subjects participating in the WW study over a mean of 

3.2 years. Prostate Specific Antigen (PSA) values were transformed using ln(PSA+1) 

PSA velocity was used as a surrogate marker for PCa progression. Multiple linear 

regression and random coefficient models were used to model the associations of 

obesity and smoking with PSA at baseline and with PSA velocity.  

 

Results: 

After adjusting for other variables, neither BMI nor pack-years of smoking were 

associated with baseline PSA (p=0.32 & p=0.15 respectively). In the longitudinal 

analysis, pack-years of smoking were associated with significantly higher PSA velocity 

(coefficient and 95% confidence intervals: 0.09(0.03, 0.14)) where as BMI was not.  
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Conclusions: 

Although the effect sizes were small, in subjects on active surveillance for PCa, smoking 

may be a risk factor for PCa progression. Further studies with larger sample sizes and 

study designs specific to above exposures are needed before recommendations can be 

made to reduce weight or reduce/quit smoking. 
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Introduction: 

Prostate cancer (PCa) is the most common cancer (29% of all cancers) and second 

most common cause of cancer related deaths (9% of all cancer deaths) among men in 

the United States (US).[55] Lifetime risk of PCa in the U.S. has been estimated to be 

8%.[1] Incidence of PCa is higher for men who are older than 65 years, are African-

American or have a familial predisposition.[55] Although the majority of PCa presents as 

indolent disease, PCa can progress to cause considerable morbidity and mortality. Of 

the total number of men first diagnosed with PCa, as many as 25% are diagnosed with 

metastatic disease.[43] Using diagnostic tools and markers currently available, 

physicians are unable to reliably and accurately stratify patients into those who will have 

progressive cancer and those who will not.[1] Age, family history and race (African 

American) are the only consistent risk factors for PCa used clinically in spite of 

substantial efforts being made to identify modifiable lifestyle risks, such as obesity and 

smoking, suitable for risk reduction and for tailoring treatment.    

 

There have been several large studies that have reported obesity as a risk factor for 

PCa,[51, 74, 77] though others have reported no association[72, 75]  or even a 

protective effect.[76, 78, 84, 148] The association between obesity and risk of PCa 

progression, high grade or advanced disease, including death, has been more 

consistent.[51, 79, 80, 84, 148] Overall, obesity appears to have protective or null effects 

on PCa incidence but may be a risk factor in the development of more aggressive PCa 

and death due to PCa. As additional evidence supporting a role for obesity in PCa 

pathogenesis, others have reported protective effects for weight loss[76, 78] and 

increased risk for adult weight gain.[79]  
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Several hypotheses have been put forth to explain an association between obesity and 

PCa. Obese individuals have lower PSA levels [69] and elevated conversion of 

testosterone to estrogen.[69, 149] The obese also have higher plasma volume as 

compared to normal weight individuals potentially diluting the amount of PSA in plasma 

and reducing its concentration in plasma.[122] Obese individuals have been shown to 

have larger prostates[69], increasing the probability of missing a PCa focus on biopsy or 

on digital rectal examination. 

 

Similar to obesity, the role of smoking as a modifiable risk factor for PCa remains 

unclear. In reviews by Hickey et al, smoking was not a significant risk factor for PCa 

incidence in the majority of prospective cohort studies. In contrast to findings regarding 

smoking and PCa incidence, the majority (8 of 12) of prospective studies where PCa 

death was the outcome reported current smoking at baseline was strongly related to 

PCa.[102]  

 

Biologically, it is unclear how smoking affects PCa development and acceleration.  

Giovannucci et al. have speculated that mutation in the tumor suppressor gene p53 may 

be a mechanism that explains the association between smoking and fatal prostate 

cancer.[100] Other postulated mechanisms include direct mutagenesis and higher 

genomic instability as well as adverse effects of smoking on natural killer cell activity and 

T lymphocyte cell function.[102]  
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We conducted a secondary analysis of obesity and smoking as risk factors among men 

participating in an ongoing chemoprevention study for the prevention of PCa 

progression. Since PSA velocity (i.e. rate of change of PSA over time) has consistently 

shown to be associated with aggressive PCa,[12, 25-27] it was used as the surrogate 

marker for PCa progression.  

 

Materials and Methods: 

Study Population: 

Data for this study come from the Watchful Waiting Study (WW) among men diagnosed 

with PCa. Details of the study design for this study have been published earlier[138]. 

Briefly, this is a randomized, double-blind, placebo-controlled, multi-center, phase IIb 

clinical study designed to investigate the effects of two doses of selenized yeast 

compared to placebo on the progression of clinical prostate cancer, as measured by 

decrease in the rate of rise of PSA (i.e. PSA velocity) in men with localized cancer. The 

primary aim of this study is to assess if subjects who were supplemented with selenium 

show lower PSA velocity as compared to subjects who received placebo. Eligibility 

criteria for this study required subjects to have biopsy proven prostate cancer within 48 

months prior to beginning the study with a Gleason score less than 8 and no metastatic 

cancer and not receiving treatment for the prostate cancer. The men must also have had 

a PSA less than 50 ng/ml, be age less than 85 years, with a life expectancy of at least 

three years, and agree not to take more than 50µg of other selenium supplementation 

per day. One hundred and forty men were randomized to Placebo (N=46), Selenium 

200µg/day (N=47) or Selenium 800 µg/day (N=47) groups after a run-in period of 30 

days. Subjects were followed every three months for up to five years. 
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Data collection and processing: 

At the enrollment visit, questionnaires seeking demographic characteristics, medical 

history, tobacco and alcohol use, selenium toxicity information and urological symptoms 

were filled out and eligibility criteria verified by study coordinators. Subjects’ height and 

weight were measured by study coordinators at each study center using standard 

guidelines. Blood was drawn to assess baseline serum selenium, PSA, chromagranin-A, 

lycopene, vitamin E and to obtain a comprehensive metabolic panel. Prostate tissue 

samples from the subject’s qualifying biopsy were requested from the subject’s physician 

and complied in a tissue library. Blood samples were collected for serum selenium and 

PSA at each three-month visit. Follow-up questionnaires were filled at each follow-up 

visit to capture any change in information that may have occurred since the enrollment 

visit.  

 

Serum PSA levels were measured using Abbott tumor markers assay module on the 

IMX analyzer (Abbott Diagnostics, Abbott Park, IL).  In March 2005, Abbot Diagnostics 

replaced the IMX-PSA assay by Total AxSYM-PSA assay. Adjustment for changes in the 

PSA assay techniques was included in the random coefficient model to account for any 

effects this change might have had on PSA velocity. Both assays were approved by the 

Food and Drug Administration in the US.  

 

BMI was calculated as weight in kilograms divided by height in meters square (kg/m2). 

Subjects were categorized as Normal (BMI ≥18 & BMI < 25), Overweight (BMI ≥25 & 

BMI< 30) and Obese (BMI ≥30) according to the criteria specified by the World Health 
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Organization and National Institutes of Health[69], although there were no underweight 

(BMI<18) subjects in the study population. Since only 9.42% of subjects reported 

themselves for be current smokers, pack-years of smoking was used as a measure of 

smoking. Pack-years of smoking were calculated as number of packs of cigarette 

smoked per day multiplied by the number of years the subject had been smoking at that 

level?? prior to enrollment. The pack-years variable was then categorized into four 

categories: never smokers (‘0’) and then by tertiles of the smokers’ pack-years with low 

(0.15-20 pack-years), medium (21.5-48 pack-years), and high (49-117.5 pack-years)). 

Race was dichotomized as Caucasian or non-caucasian.  

 

Statistical analysis: 

Frequencies and mean values were calculated for all variables and differences between 

BMI and smoking groups were compared using ANOVA or Fisher’s exact tests. PSA 

values were transformed using ln(PSA+1) in order to correct for right skewed distribution 

and to stabilize variance. Multiple linear regression modeling was used to evaluate the 

potential associations between baseline PSA level and baseline BMI as well as baseline 

PSA and pack-year smoking history. BMI and pack-years were evaluated as continuous 

and categorical variables. Race, age, and Gleason score were included in the models as 

potential confounders based on previous literature.  

   

PSA velocity (rate of change in PSA over time) was used a measure of PCa 

progression. A random coefficient mixed effects models[141] with patient level random 

effects was used to assess the effect of BMI and pack-years on PSA velocity. This 

model allowed random intercept and slope for individual subjects in the study and 
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accounted for correlated data due to repeated measures over time. An interaction term 

between BMI and the time on study was created to derive PSA velocity for each BMI 

category. Statistical significance of this interaction term was used as a measure of the 

impact of the particular BMI category with the trajectory of PSA (i.e. PSA velocity). If an 

interaction was identified, then the trajectories of participants in a particular BMI category 

(overweight or obese) were considered to be statistically significantly different than for 

the trajectories of participants in the reference category (normal weight category). 

Similar principles were applied to a model using BMI as a continuous variable. An 

unstructured correlation structure was used to model this data. Separate models were 

evaluated using BMI as a continuous or categorical variable. Models were adjusted for 

race, age, and pack-years of smoking at baseline, and Gleason score based on previous 

literature. Models were also adjusted for type of assay used to estimate PSA to account 

for any effect that change in the PSA assay might have had on the PSA values. A similar 

analytic approach was used to assess the effect on smoking at baseline and on PSA 

velocity. All smoking models were adjusted for BMI along with other variables mentioned 

above. Wherever statistical significance was assessed at p<0.05 (main effects) 95% 

confidence intervals were estimated. Wherever statistical significance was assessed at 

p<0.1 (interaction) 90% confidence intervals were estimated. All analyses were 

conducted using Stata10 statistical software (StataCorp IC, College Station, TX). 

 

Results:  

Tables 1 and 2 describe the baseline characteristics of men participating in the WW 

Study by BMI categories and smoking histories. The mean age of the men in this 

population was 73 years and the majority (49%) were overweight, with a mean BMI of 
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26.9. Mean baseline serum PSA, serum selenium and Gleason score were 8.0ng/ml, 

134.6ng/ml and 5.7 respectively. Approximate 88% of subjects were Caucasians and the 

ethnic-racial distribution was approximately equal across categories of BMI and pack-

years. Smoking history increased with BMI category, with obese men reporting higher 

mean pack-years (39.4 pack years) of smoking as compared to normal weight subjects, 

17 pack years (p=0.01). This statistically significant association was also noted by 

categories of pack-years (p=0.0006).  

 

Table 3 presents the regression coefficients from the final model of baseline PSA levels. 

BMI and pack-years of smoking were not significantly associated with PSA at baseline 

but age, Gleason score and race other than Caucasian were significantly and positively 

associated with baseline PSA.  

 

Two separate random coefficient models were evaluated using BMI and pack-years of 

smoking as a continuous as a categorical variable. Table 4 shows the results of several 

regression models of the relationship between PSA levels at baseline and BMI levels 

and smoking. There were no statistically significant interactions between BMI and time 

on study for either BMI model, BMI as a continuous variable or categorical level.  In 

contrast, the interaction between pack-years of cigarette smoking and time on study was 

statistically significant (p=0.03). In the categorical model, interaction terms for the 1st and 

2nd tertile and time in study were not statistically significant but the interaction term 

between the 3rd tertile and time on study was statistically significant (p= 0.04). Models 

were adjusted for duration on study, race and age at baseline, type of assay used to 
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estimate PSA, and Gleason score. The smoking models were also adjusted for BMI and 

the BMI models were adjusted for smoking status. 

 
 
Discussion:  

Among men with localized PCa on active surveillance in the Watchful Waiting 

Study of Selenium, neither baseline BMI nor baseline smoking were associated with 

serum PSA levels at baseline. In contrast, BMI was not significantly associated with PSA 

velocity over the next 60 months but pack-years of smoking remained independently 

associated with PSA velocity in a model that included the known predictors of PSA 

velocity. These results suggest that BMI is not a major determinant of PSA levels among 

men with localized cancer or of PSA velocity in the immediate interval (48 months) 

following PCa diagnosis.  In contrast, pack-years of smoking, which could have included 

former smokers, conferred a significantly increased risk for PSA velocity and potentially 

PCa progression.   

 

The BMI results from this study are consistent with results from Kristal et al,[22]. 

High PSA levels are used towards making the diagnosis of PCa and used as surrogate 

for PCa risk; whereas, change in PSA levels are an important factor in determining 

disease progression and used as a surrogate for PCa progression.  Kristal et al reported 

an inverse association between baseline BMI and baseline PSA (p for trend < 0.0001) 

but no effect of BMI on PSA velocity (p for trend = 0.84) among the placebo arm of the 

Prostate Cancer Prevention Study (3341 subjects).[22] Baillargeon et al also studied the 

association between BMI and PSA using a nested case-control design in subjects from 

the San Antonio Center for Biomarkers of Risk of Prostate Cancer (SABOR) cohort 
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study. They reported a statistically significant reduction in mean PSA with increasing 

categories of BMI (p-value for trend < 0.0005).[146] These two studies also noted a 

negative association of BMI with serum PSA at baseline and a positive association of 

BMI on advanced disease similar to what was found in the current study.  

 

Results for the smoking analyses also are consistent with the literature.[80, 101] As 

noted in the review by Hickey et al & Wolk [102, 147], the majority of studies report no 

association between smoking and PCa diagnosis risk but  do observe  a more consistent 

association between smoking and increased risk for advanced or fatal PCa. In a recent 

publication, Giovannucci et al used a multivariable Cox regression approach with data 

from the Health Professional Follow-up Survey. They noted that smoking was not 

associated with incident PCa (OR=0.98, 95%CI (0.89, 1.07)) but was associated with 

fatal disease (OR=1.41, 95% CI (1.04, 1.91)).[80] These results are analogous to our 

findings where there is no statistically significant association of smoking with baseline 

PSA but a statistically significant increased association of smoking with PSA velocity. In 

the study by Kristal el al, they reported no difference in baseline PSA levels between 

current smokers and non-smokers, but do report statistically significant lower PSA 

velocity for current smokers as compared to non-smokers (2.5ng/mL vs 3.2ng/ml, 

p=0.045).[22] The major difference between the Kristal study and the WW Study was the 

manner in which smoking exposure was categorized. In the current analysis, subjects 

were categorized as ever and never smokers capturing the effect of smoking not only at 

the time of enrollment in the WW study but also during the lifetime of the subject before 

enrollment in the study. In the Kristal study, subjects have been categorized as current 
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smokers and non-smokers based on their self-reported status at the time of enrollment 

in the PCPT study.   

 

 

The negative findings for obesity and smoking as risk factors for PCa progression in men 

with low risk disease could reflect an absence of any such association, but could also be 

explained by other reasons. This study population was selected to be at low risk for 

disease progression (PSA < 50 ng/ml, age < 85 years, life expectancy ≥ 3 years, 

Gleason’s score < 8, and no evidence of metastatic cancer) since they were on active 

surveillance for their disease. Other studies have shown median PSA doubling times for 

subjects with ‘good risk” PCa have been reported as three years or more.[31] The 

median PSA doubling time for our study population was estimated to be 5.54 years. 

Although the planned duration of follow-up for this study was 5 years, the median follow 

up time was 3.2 years. This length of time may have been relatively insufficient to detect 

an effect of BMI.  

 

Strengths of the current study design and analysis include use of the random coefficient 

model to derive PSA velocity, reduction of recall bias and using pack-years as an 

estimate of smoking. The random coefficient allows us to account for correlation due to 

repeated measurement of PSA, and allows for independent random intercept and 

random coefficient for each subject, thus using the maximum amount of information 

provided by the subject to derive an estimate of PSA velocity. It also avoids the 

instability associated with other methods for calculating PSA velocity,  such as Best Line 

Fit or First and Last Observation methods and provides a more reliable estimate of PSA 
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velocity.[145] Due to the self reported nature of the smoking data, there is potential for 

under reporting the exposure levels. This being a prospective study, however, we do not 

expect the under reporting to be differential amongst the comparison groups, hence 

reducing the potential for recall bias. We see a significant effect of smoking on PSA 

velocity despite the potential for under reporting. If this under reporting were not present 

we would expect the effect magnitude to be maintained or even strengthened. Using 

pack-years as an estimate of smoking allowed us to appropriately quantify the smoking 

exposure not only at a single point of enrolling in the WW study but also during their 

lifetime before enrollment.  

 

The finding of a significant association of smoking with PCa progression, despite a 

population of men at low risk of progression, is important. If this association is true we 

can potentially reduce PCa progression by reducing smoking. Long term prospective 

studies based on the subject’s exposure status (normal, overweight, obese or smokers 

and non-smokers) with larger sample sizes sufficient to detect a statistical and clinically 

significant effect are needed to definitively answer the question of the association 

between lifestyle factors such as obesity and smoking and PCa progression,.  
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Tables: 
 
Table 1:  Selected Baseline Descriptive Characteristics by BMI Categories for Subjects in the WW Study 
  Baseline BMI Categories  
Characteristic All Men Normal Over weight Obese p-value* 
 N=140 N=45 (32.1%) N=69 (49.3%) N= (18.6%)  
Age      
 Years (mean, SD,)  72.8(6.7) 74.1(5. 5) 71.9(7.6) 72.9(5.8) 0.22 
 Age Groups (N, %)      
  Age <= 65 16(11.4) 2(4.4) 11(15.9) 3(11.54) 0.47 
  Age 65 – 75 71(50.7) 23(51.1) 34(49.2) 14(53.9) 0.47 
  Age >75 
 

53(37.9) 20(44.4) 24(34.7) 9(34.6) 0.47 

Caucasians (n, %) 123 (87.9) 38 (84.4) 64 (92.8) 21 (80.8) 0.16 
      
BMI (mean, SD) Kg/m2 
 

26.9(4.1) 23.1(1.5) 26.8(1.4) 33.4(3.4) NA 

PSA (mean, SD) ng/ml 
 

8.0(6.1) 9.37(7.5) 7.1(5.3) 8.0(5.3) 0.22 

Smoking Historyl      
  Pack-years (mean, SD) 23.3(29.8) 17.0(24.5) 21.2 (28.4) 39.4(36.3) 0.01 
  Never smokers (N, %) 51(36.7) 18(40.9) 29(42.7) 4(15.4) 0.07 
  Former smokers (N, %) 74(53.6) 20(45.5) 34(50.0) 20(76.9) 0.07 
  Current smokers (N, %) 
 

13(9.42) 6(13.6) 5(7.35) 2(7.7) 0.07 

Gleason score (mean, SD) 
 

5.7(1.0) 5.6(1.0) 5.6 (1.0) 6.0(0.6) 0.17 

Selenium (mean, SD, ng/ml) 
 

134.5 (41.5) 142.2 (65.6) 130.4(21.7) 132.0(23.8) 0.32 

*for test of significance between BMI groups using ANOVA or Fisher’s exact test for categorical variables  
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Table 2:  Selected Baseline Descriptive Statistics by Categories of Smoking for Subjects in the WW Study 
 
 
  Smoking Categories  
Characteristic All Men Non-smokers Pack-years 

tertile 1 
Pack-years 
tertile 2 

Pack-years 
tertile 3 

p=value* 

 N=140 N=54(38.6%) N=29(20.7%) N=29(20.7%) N=28(20.0%)  
Age (mean, SD)., years 
 

72.8(6.7) 72.2(7.0) 74.1(8.3) 73.6(6.4) 71.8(3.8) 0.47 

BMI (mean, SD) Kg/m2 
 

26.9(4.1) 25.9(3.0) 26.1(4.5) 26.9(3.4) 29.5(4.9) 0.0006 

PSA (mean, SD) ng/m) 
 

8.0(6.1) 7.6(5.3) 6.5(4.1) 10.0(8.4) 8.2(6.4) 0.22 

Smoking Pack-years 
(mean, SD) 
 

23.3(29.8) 0.0(0.0) 9.3(6.8) 33.0(9.5) 72.5(22.8) NA 

Gleason score (mean, SD) 
 

5.7(1.0) 5.7(0.9) 5.6(0.7) 5.6(1.2) 5.8(1.1) 0.86 

Baseline Selenium (mean, 
SD)ng/ml 
 

134.6 (41.8) 142.8(59.9) 137.3(28.1) 122.2(15.0) 129.8(21.4) 0.18 

Caucasians (n, %) 123 (87.9) 46(85.2) 25(86.2) 25(86.2) 27(96.4) 0.49 
*for test of significance between smoking groups, using ANOVA or Fisher’s exact test for categorical variables  
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Table 3: Relationship between PSA at baseline and baseline demographics characteristics of men in the WW Study.  
 
Variable Regression coefficient 95% CI 
BMI -0.015 -0.042, 0.013 
Age 0.028 0.012, 0.045* 
Pack years of smoking 0.003 -0.001, 0.007 
Race other than Caucasian 0.371 0.018, 0.725* 
Gleason score 0.158 0.043, 0.272* 
*statistically significant at 0.05 level 
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Table 4: Relationships between PSA velocity and BMI at baseline and smoking history, adjusted for other risk factors 
Model Variable  Regression coefficient 90% CI 
Obesity    

BMI  -0.0004 -0.006, 0.005 
Time on Study 0.027 -0106, 0.160 

   Model 1: BMI continuous 

BMI*time on study 0.002 -0.003, 0.007 
Normal weight Ref   
Over weight 0.002 -0.068, 0.071 
Obese  -0.056 -0.191, 0.079 
Time on study 0.086 0.049, 0.123 
Normal weight*time on study Ref  
Overweight*time on study -0.014 -0.061, 0.033 

   Model 2: BMI categorical 

Obese*time on study 0.018 -0.038, 0.074 
Smoking    

Pack-years -0.0002 -0.001, 0.0006 
Time on study 0.063 0.038, 0.088 

Model 1: Pack-years continuous 

Pack-year*time on study -0.001 0.0002, 0.002* 
Never smokers  Ref  
Ever smokers tertile 1 0.038 -0.024, 0.101 
Ever smokers tertile 2 0.021 -0.041, 0.083 
Ever smokers tertile 3 -0.008 -0.073, 0.056 
Time on study 0.067 0.034, 0.099 
Never smokers  Ref   
Ever smokers tertile 1*time 
on study 

0.004 -0.053, 0.061 

Ever smokers tertile 2*time 
on study 

-0.008 -0.066, 0.050 

Model 2: Pack-years categorical 

Ever smokers tertile 3*time 
on study 

0.067 0.013, 0.122* 

Note: Models adjusted for race and age at baseline, type of assay used to estimate PSA, and Gleason score. The smoking 
models were adjusted for BMI and BMI models were adjusted for smoking. 
*Statistically significant at 0.05 level for main effects and 0.1 level for interaction terms 
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APPENDIX B: EFFECT OF MEDICATION USE ON PROSTATE CANCER PROGRESSION 
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ABSTRACT 
 
Background: 

Currently, physicians cannot reliably predict which patients diagnosed with Prostate 

Cancer (PCa) will have progressive disease. As a result, many patients are being over-

treated. We utilized data from a prospective study to assess if use of aspirin, other 

NSAIDS and statins reduced PCa progression among men participating in the Watchful 

Waiting (WW) study, a phase II study of Selenium in subjects on active surveillance for 

PCa. 

 

Methods: 

Medication use data were obtained at baseline from 140 subjects participating in the 

WW study. Prostate Specific Antigen (PSA) values were transformed using ln(PSA+1) to 

normalize their distribution. Multiple linear regression and random coefficient models 

were used to model the association of medication use with PSA at baseline and with 

PSA velocity (a surrogate marker for PCa progression).   

 

Results: 

After adjustment, current aspirin use was associated with significantly lower baseline 

PSA levels (coefficient and 95% CI: -0.39(-0.612, -0.158)). The aspirin effect was 

statistically significant in non-smokers (coefficient and 90% CI: -0.54(-0.916, -0.170)) but 

not in smokers (coefficient and 90% CI: -0.22(-0.505, 0.065)). Statin and other NSAID 

use was not associated with baseline PSA. Aspirin, statin or other NSAID use at 



 

 

154

baseline was not statistically significantly associated with PCa velocity. These results did 

not change upon stratification by smoking. 

 

Conclusions: 

Although none of the medications were associated with PCa progression in this analysis, 

strong protective effect of aspirin in terms of baseline PSA is an intriguing result and 

needs further investigation. 
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Introduction: 

Prostate cancer (PCa) is the most common newly diagnosed cancer among men in 

developed countries and its incidence is also increasing in developing countries.[51] The 

American Cancer Society estimates that in 2007 there were 218,890 new diagnoses and 

27,050 deaths due to PCa in the US.[55] Accounting for 29% of all cancer incidence in 

US men and 9% of all cancer related deaths in US men, PCa is the number one cause 

of newly diagnosed cancer and the second most common cause of cancer related 

deaths in US men.[55] The lifetime risk of PCa for men in the US has been estimated to 

be 8%.[1] 

 
Incidence of PCa is higher for men over 65 years of age, African-Americans, and those 

with a family history of PCa.  These are the only consistent risk factors for PCa.[55]   

PCa can progress to cause local invasion and metastasis which can result in morbidity 

or death. Surgery, radiation, hormone therapy, cryotherapy and watchful waiting (active 

surveillance) are common treatment modalities for PCa. These modalities have 

associated morbidities, such as incontinence, impotence, radiation cystitis, radiation 

proctitis, loss of libido and risk of progression or metastasis depending on the modality 

chosen.[40-42] Currently, physicians cannot reliably predict which patients will progress 

and as a result many patients who will not progress are being and therefore subjected to 

increased risk of other morbidities .The need is to identify factors that can reduce the risk 

of advanced disease. Aspirin, other Non-steroidal anti-inflammatory drugs (NSAIDs) and 

Statins have emerged as modifiable factors potentially associated with PCa progression 

in recent literature.[67, 116]  
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Evidence from epidemiologic, clinical, and laboratory based studies suggests a role for 

inflammation in the etiology of prostate cancer, although its source is unclear.[132] 

Aspirin and other NSAIDs have been hypothesized to influence PCa through inhibition of 

the cyclooxygenase (COX) 1 & 2 enzymes which catalyze the conversion of arachidonic 

acid to pro-inflammatory prostaglandins.[29, 116] COX-2 inhibitors have been implicated 

in colon and breast cancers.[66, 116] COX-2 inhibitors also have a variety of COX-

independent effects that thwart carcinogenesis in humans, including induction of 

apoptosis, and inhibition of the cell cycle.  Studies in mice indicate that COX-2 inhibitors 

added to the diet are associated with decreased incidence and progression of prostate 

adenocarcinoma. Age related increase in COX-2 expression has also been shown in 

rats.[116]  

 

Mahmud et al conducted a systematic review and meta-analysis based on observational 

studies. They identified 12 studies that investigated the association between regular 

aspirin or other NSAID use and PCa incidence (five retrospective and seven prospective 

studies) and derived summary odds ratios (ORs) using both fixed and random effects 

models. Most studies reported inverse associations. The summary OR and 95% 

Confidence Interval (95% CI) for the association between aspirin use and prostate 

cancer incidence was 0.9 (0.82, 0.99).[110] 

 

Studies investigating the association between aspirin or other NSAID use and advanced, 

high grade PCa or PCa recurrence are far fewer. Studies by Lietzman et al, Habel et al 

and Noorish et al reported non-significant protective effects of aspirin use for advance 
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PCa (OR and 95% CI, 0.63(0.27, 1.46), 0.71(0.45, 1.13) & 0.71(0.47, 1.08) 

respectively).[107-109] Mahmud et al determined the combined OR for the above three 

studies to be 0.70 which was statistically significant (95% CI = 0.52, 0.94).[110] In a pilot 

study of 12 patients with biochemical recurrence, men were given 200mg celecoxib 

twice daily. Eight of the 12 patients had significant inhibition of their serum PSA levels 

after three months of treatment; five men had decline in their absolute PSA level and 

three men showed stabilization of the PSA level. Of the remaining four patients, three 

had a marked decrease in their PSA doubling time. The short-term responses at three 

months also continued at six and twelve months. From the slope of log PSA versus time 

(i.e PSA velocity,) there was a significant flattening of the rate of PSA rise (p = 0.001). 

The number of subjects that went from having high PSA doubling times to slower or 

stable doubling times after taking Celecoxib was statistically significantly (p = 

0.029).[115] This study had a small sample size and no control group, and hence these 

data need to be interpreted cautiously.  

 

Statins are the most commonly prescribed class of anti-hyperlipidemic drugs in the 

United States.  They inhibit 3-Hydroxy-3-methylglutaryl CoA reductase, a key enzyme in 

the synthesis of cholesterol. They effectively lower cholesterol and reduce adverse 

cardiovascular outcomes, especially in individuals with higher baseline risk (eg, 

diabetics).[121] Statins also have anti-inflammatory, pro-apoptotic, anti-angiogenic and 

anti-metastatic properties[67, 120, 121] that are hypothesized to be responsible for their 

anti-cancer effects. Several specific statins inhibit proliferation of prostate cancer cells in 

vitro.[120] Statin use has been inversely associated with prostate cancer, breast cancer, 

colorectal cancer, and all cancers combined in some studies, but other epidemiologic 
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studies and clinical studys have not provided evidence for an inverse association.[67] 

Literature regarding the association between statin use and PCa risk is inconclusive with 

several studies reporting a null association[67, 120] or protective effect.[120, 121]  

 

Results for association between statin use and advanced PCa are more consistent. 

Using data from the Health Professional Follow-up Study (HPFS), Platz et al focused on 

316 cases of advanced cancer (defined as stage III cancers with tumors classified as 

T3b or above, or stage IV cancers). They concluded that while statin use was not 

associated with overall prostate cancer incidence in the HPFS population, its use was 

associated with substantially reduced risk of advanced prostate cancer (Relative Risk 

(RR) and 95% CI: 0.51(0.30, 0.86)), and the reduction in risk of advanced prostate 

cancer seemed even stronger for statin use of five or more years (RR and 95% CI: 

0.26(0.08, 0.83)).[67] Using data from the Cancer Prevention Study II Nutrition Cohort 

(55,454 men) Jacobs et al reported no association between statin use and overall risk of 

PCa (RR and 95% CI:1.06(0.93, 1.20)) but a marginally significant 40% reduction in risk 

of advanced cancer ((RR and 95% CI: 0.60(0.36, 1.00)) for subjects taking statins for 

five or more years.[120]  Results from a recent study by Flick et al based on 131 

advanced PCa cases in a sample of 69,047 men from the California Men’s Health Study 

(CMHS) cohort showed 43% lower risk for prostate cancer for subjects who used statins 

for ≥5years compared with nonusers (RR and 95% CI: 0.57(0.23, 1.40)). However, the 

association seemed to be restricted to those who regularly took NSAIDs. The number of 

subjects with advanced cancer who took statins for five years of more was very 

small.[121]  
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In this analysis, we investigate associations between Aspirin, Statins and other NSAIDs 

with serum PSA levels at baseline and also with PSA velocity. For the purpose of this 

study, baseline serum PSA are used as a surrogate measure for PCa incidence and 

PSA velocity was used as a surrogate measure for PCa progression. 

I 

n this current study, we examined the association between self-reported use of aspirin, 

other NSAIDs, and statins  at baseline with PCa progression in men participating in the 

Watchful Waiting (WW) Study, a phase IIb clinical study of selenium in men choosing 

watchful waiting (active surveillance) as their treatment option for PCa. PSA velocity (i.e. 

rate of change of PSA over time) has consistently shown to be associated with 

aggressive PCa[12, 25-27] and hence used as a surrogate marker for PCa progression 

in this study.  

 

Materials and Methods: 

Study Population: 

Detailed study design for the WW study has been published earlier.[138] Briefly, the WW 

study is a randomized, double-blind, placebo-controlled, multi-center, phase IIb clinical 

study designed to investigate the effects of two doses of selenized yeast compared to 

placebo on the progression of clinical prostate cancer, as measured by decrease in the 

rate of rise of PSA (i.e. PSA velocity). The primary aim of this study is to assess if 

subjects who were supplemented with selenium show lower PSA velocity over a 60 

month period as compared to subjects who received placebo. Eligibility criteria for this 

study required subjects to have biopsy proven prostate cancer within 48 months prior to 

beginning the study with a Gleason score less than 8 and no metastatic cancer and not 



 

 

160

receiving treatment for the prostate cancer. The men must also have: a PSA less than 

50 ng/ml, be less than 85 years, with a life expectancy of at least three years, and 

agreeing not take more than 50µg of other selenium supplementation per day. One 

hundred and forty subjects were randomized to Placebo (N=46), Selenium 200µg/day 

(N=47) or Selenium 800 µg/day (N=47) groups after a run-in period of 30 days. Subjects 

were followed every three months for up to five years. 

 

Data collection and processing: 

At the enrollment visit, questionnaires on demographic characteristics, medical history, 

selenium toxicity information and urological symptoms were filled out and eligibility 

criteria verified by study coordinators. A detailed history of current prescription and non-

prescription medication use was part of the medical history questionnaire administered 

at the enrollment visit. Information requested included type of medication, dose, 

frequency, reason for taking, and start and stop dates for each medication.  subjects 

were asked to list all medications they were currently taking (Exact question on the 

questionnaire, “Please list all current prescription medications”) Subjects were 

categorized as aspirin users if they reported taking aspirin, ascriptin, Aspirin low coated, 

children’s aspirin, Ecotrin, enteric aspirin, low strength aspirin, and baby aspirin at 

enrollment in the WW study. Otherwise they were categorized as non-users for aspirin. 

Subjects were considered other NSAID users if they reported taking Aleve, Celebrex, 

Diclofenac, Indomethacin, Ibuprofen, Prevacid and Vioxx at enrollment. Subjects were 

considered to be statin users if they reported taking Baycol, Lescol, Crestor, Lipitor, 

Pravacol, Vytorin, Zocor, Ortho-lipitor at enrollment. 
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Subject’s height and weight were measured by study coordinators at each study center 

using standard procedures. Blood was drawn to assess baseline serum selenium, PSA, 

chromagranin-A, lycopene, vitamin E and comprehensive metabolic panel consisting of 

alkaline phosphatase, SGPT, SGOT, creatinine, and bilirubin. At the randomization visit, 

blood was collected for these markers, a Complete Blood Count, and DNA analysis. 

Prostate tissue samples from the subject’s qualifying biopsy were requested from the 

subject’s physician and compiled in a tissue library. 

 

Serum PSA levels were measured using an Abbott tumor markers assay module on the 

IMX Analyzer (Abbott Diagnostics, Abbott Park, IL).  In March, 2005, Abbot Diagnostics 

replaced the AxSYM-PSA assay with the Total AxSYM-PSA assay, a combined assay 

for free and bound PSA. Both assays are approved by the Food and Drug Administration 

in the US.  A variable capturing the change in the PSA assay was included in analytic 

models to account for any effects on PSA velocity.  

 

BMI was calculated as weight in kilograms divided by height in meters square (kg/m2). 

Subjects were categorized as Normal (BMI ≥18 & BMI < 25), Overweight (BMI ≥25 & 

BMI< 30) and Obese (BMI ≥30) according to the criteria specified by the World Health 

Organization and National Institutes of Health.[70] There were no underweight subjects 

in the study.  Pack-years of smoking were calculated as number of packs of cigarette 

smoked per day multiplied by the number of years the subject had been smoking at or 

prior to enrollment. In order to investigate interactions between smoking and medication 

use at baseline, subjects were categorized as never smokers if they did not report any 

pack-years of smoking and ever smoker if they reported any pack-years of smoking. 
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Race was dichotomized as Caucasian vs. non-Caucasian since there were very few 

non-Caucasian subjects.   

 

Statistical analysis: 

Frequencies and mean values were calculated for all variables and differences between 

medication groups were compared using t-tests and chi-square tests. PSA values were 

transformed using ln(PSA+1) in order to normalize their distribution, compensate for 

non-linearity over time, and stabilize their variance. Multiple linear regression was used 

with transformed baseline PSA values to test for any association between baseline PSA 

and medication use prior to study commencement. Separate models were created for 

aspirin, other NSAIDS and statins. Each medication use variable was coded as 0 for 

non-use and 1 for current use.  An interaction term between smoking and medication 

use was also tested at baseline to determine if any effect of medication use varied by 

smoking status.  Models were adjusted for the potential confounders of race, age, BMI, 

pack-years of smoking at baseline, and Gleason score based on previous literature.  

   

A random coefficient model with patient level random effects was used to assess the 

effect of medication use on PSA velocity (i.e rate of change of PSA). The model allowed 

random intercept and slopes for each subject in the study and also accounted for 

correlations due to repeated measures. Separate models were run for aspirin, other 

NSAIDS, and statins.  An interaction term between aspirin use and time on study was 

included to allow PSA velocity to differ for aspirin users vs. non-users. Similar principles 

were applied while modeling other NSAIDs and statins. An unstructured correlation 

structure was used to model these data as it places least restrictions on data. Models 
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were adjusted for baseline PSA, race, age, BMI, pack-years of smoking at baseline, type 

of assay used to estimate PSA, and Gleason score based on previous literature. 

Wherever statistical significance was assessed at p<0.05 (main effects) 95% confidence 

intervals were estimated. Wherever statistical significance was assessed at p<0.1 

(interaction) 90% confidence intervals were estimated. All analyses were conducted 

using Stata10 statistical software (StataCorp IC, College Station, TX). 

 

Results: 

Table 1 shows characteristics of the men who reported using aspirin, or another NSAID 

or statins at the time of entry into the WW Study. Fifty (35.7%) men identified themselves 

as being aspirin users at the time of enrollment. Aspirin users had lower mean serum 

PSA levels than non-users although the difference was not statistically significant 

(6.7ng/ml vs. 8.7ng/ml: p = 0.07). Mean pack-years of smoking were significantly higher 

among aspirin users compared to non-users (34.1 pack-years vs. 18.0 pack-years: 

p=0.006). Age, BMI, Gleason score and racial distribution did not differ significantly 

between aspirin users and non-user. Twenty-seven (19.3%) and 20 (14.3%) subjects 

identified themselves as taking statins and NSAIDs other than aspirin, respectively. 

Baseline serum PSA, age, BMI, pack-years of smoking, Gleason score and racial 

distribution did not differ significantly between users and non-users of statins and other 

NSAIDs.  

 

The relationship between baseline PSA levels and current aspirin use, statin use and 

other NSAID use were evaluated in three separate linear regression models. Table 2 

shows results of these regression models. Aspirin use at baseline was significantly and 
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negatively associated with baseline PSA levels. Aspirin users had statistically significant 

lower serum PSA values at baseline (p=0.001, 7.4 ng/ml vs 11.4 ng/ml) than non-aspirin 

users after adjusting for other variables in the model. Age, non-Caucasian race, pack-

years of smoking and Gleason score were also statistically significantly and positively 

associated with baseline PSA. BMI showed a non-significant negative association with 

baseline PSA. Statins indicated a non-significant positive association while other 

NSAIDs showed a non-significant negative association with baseline PSA. In models for 

statins and other NSAIDs, age, non-Caucasian race, pack-years of smoking and 

Gleason score were positively and non-significantly associated with baseline PSA where 

as BMI was negatively and non-significantly associated with baseline PSA.   

 

Next, models were constructed to test the interaction between medication use and 

smoking at baseline to assess if medication effect varied by smoking status. For this 

purpose subjects were classified as ever or never smokers based on their reported 

smoking status at baseline. Thirty-four (69%) aspirin users and 52 (60%) non-aspirin 

users identified themselves as ever smokers while the rest were classified as never 

smokers. Table 3 shows the results from evaluating whether there smoking was an 

effect modifier for the association between the specific medication use and baseline PSA 

values. Although the interaction between aspirin use and smoking was not statistically 

significant (p=0.39) when evaluated in the total population, it is seen that among never 

smokers, aspirin use was associated with statistically significantly (p=0.005) lower PSA 

values compared with non-aspirin users (4.87ng/ml vs 9.07ng/ml). Among ever smokers 

the difference between baseline serum PSA levels was not statistically significant (p= 

0.13) between aspirin users and non-users (6.8 vs 8.7ng/ml) (table 4). Seventy (63%) 
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non-statin users and 16 (62%) of statin users identified themselves as smokers, while 74 

(63%) other NSAID non-users and 12 (63%) other NSAID users reported themselves as 

smokers. The medication use by smoking interaction term was not statistically significant 

for statins (p=0.55) or other NSAIDs (p=0.30) and the smoking status-specific analyses 

showed no differences between users and non-users in adjusted baseline PSA.  

 

The next set of analyses evaluated if medication use at baseline affected PSA velocity.  

Table 5 shows results from separate longitudinal analyses for aspirin, other NSAIDs and 

statins . The interaction between aspirin use at baseline with time in study was not 

statistically significant in the aspirin model. Similar models run for statins and other 

NSAIDs did not show significant effect of these medications on PSA velocity. Stratifying 

each of the models by smoking status (ever and never smokers) did not change above 

results.  

 

Discussion: 

Our results indicated that aspirin use was associated with significantly lower baseline 

serum PSA levels. The aspirin effect was statistically significant in non-smokers but not 

in smokers. Statin and other NSAID use were not associated with baseline PSA nor did 

this effect change according to smoking status of the subject. Aspirin, statin or other 

NSAID use at baseline was not associated with PCa progression, regardless of whether 

models were stratified by smoking status.   

 

The negative findings for medication use as risk factors for PCa progression in men with 

low risk disease could reflect an absence of any such association, but could also be 
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explained by other reasons. Subjects in this study were selected to be low risk for 

progression (PSA < 50 ng/ml, age < 85 years, life expectancy ≥ 3 years, Gleason’s 

score < 8, and no evidence of metastatic cancer) as they were choosing watchful waiting 

(Active Surveillance) as the treatment approach. Median PSA doubling times for 

subjects having “good risk” PCa have been reported to be three years or above.[31] The 

median PSA doubling time for our study population was 5.5 years. These individuals 

were already at very low risk of progression, so even if medication use played a role in 

progression, it might not be readily apparent in these study participants. Maximum 

follow-up for this study was 5 years and median follow up time was 3.2 years. This may 

have been an insufficient length of time to detect any effect.  

 

Aspirin showed a statistically significant protective effect at baseline but not during follow 

up. Perhaps any protective effect of aspirin had already occurred by baseline and further 

intake of aspirin may not have bestowed additional benefit.  Although generally, all drugs 

classified as statins or NSAIDs had the same mechanism of action (HMG- COA 

reductase inhibitors or COX inhibitors respectively), their formulations, bioavailability and 

interactions with various body systems are different.  Classification of different statins or 

NSAIDs into a single aggregate group may have promoted heterogeneity that attenuated 

the ability to detect significant effects.  

 

Data used for this study came from a self-reported questionnaire that the subjects filled 

out at the time they were enrolled in the Watchful Waiting Study. Information such as 

duration of drug intake, dose and frequency of intake could result in misclassification due 

to recall bias. Since this is a prospective analysis and since subject’s classification was 
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not based on a particular event (for example: in a study of subjects with and without 

cancer, subjects with cancer could potentially recollect information differently than those 

who did not have cancer), we assume the misclassification, if present, would be non-

differential.   

 

Although subjects were queried about the frequency with which they took a particular 

medication per day, they were not asked how often (eg: how many days in a week) they 

took that medication. Subjects who take a small aspirin dose regularly could be have 

different co-morbidities as compared to those who take NSAIDs on as needed basis 

which in turn could potentially affect the associations with serum PSA. It would have 

been interesting to investigate the presence of a dose effect for medication use but such 

analyses was precluded due to small numbers in individual strata.  

 

To the best of our knowledge, this is the only study of its kind to investigate the 

association between medication use and PCa progression using a random coefficient 

model. The random coefficient model  used to derive an estimate of PSA accounts for 

correlation due to repeated measures, and allows independent random intercept and 

random coefficient for each subject thus using the maximum amount of information 

provided by the subject to derive an estimate of PSA velocity. It also avoids the 

instability associated with other methods such as Best Line Fit or First and Last 

Observation methods and provides a more reliable estimate of PSA velocity.[145] 

 

Although aspirin use was not associated with PCa progression in this analysis, its strong 

association with baseline PSA is an intriguing result. Further study with designs tailored 
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to investigate the association between aspirin use and serum PSA are needed to better 

understand and describe this relationship. A definitive randomized clinical study would 

be necessary before aspirin can be viewed as a viable chemopreventive agent for 

prostate cancer. 
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Tables: 

Table 19: Selected baseline characteristics of men in the WW Study by their use of 
aspirin, other NSAIDs, and statins at the time of study entry  
 
Variable Users Non-users p-value 
    
Aspirin (N, %) 
 

50 (35.7%) 90 (64.3%)  

PSA (Mean, SD, ng/ml) 6.7(5.7) 8.7(6.2) 0.07 
Age (Mean, SD, years) 72.3(5.8) 73.1(7.1) 0.45 
BMI (Mean, SD, kg/m2) 27.4(3.9) 26.5(4.1) 0.20 
Smoking (Mean, SD, pack-years)  34.1(35.0) 18.0(24.8) 0.006 
Gleason score (Mean, SD) 5.7 (0.1) 5.7(0.1) 0.77 
Ever smokers (N(%)) 34(69.39) 52(59.09) 0.23 
Caucasian (N(%)) 79(87.8) 44(88.0) 1.00 
    

Statins 
 

27 (19.3%) 113 (80.7%)  

PSA (Mean, SD, ng/ml) 8.5(6.2) 7.9(6.1) 0.67 
Age (Mean, SD, years) 72.6(6.0) 72.9(6.8) 0.82 
BMI (Mean, SD, kg/m2) 27.3(4.9) 26.7(3.9) 0.56 
Smoking (Mean, SD, pack-years)  33.3(34.1) 21.5(28.4) 0.11 
Gleason score (Mean, SD) 5.8(1.0) 5.6(1.0) 0.52 
Ever smokers (N(%)) 16(61.54) 70(63.06) 0.87 
Caucasian (N(%)) 23(85.2) 100(88.5) 0.741 
    

Other NSAIDs 
 

20 (14.3%) 120 (85.7%)  

PSA (Mean, SD, ng/ml) 8.1(5.8) 8.0(6.2) 0.93 
Age (Mean, SD, years) 72.5(6.0) 73.0(6.8) 0.78 
BMI (Mean, SD, kg/m2) 27.5(4.5) 26.8(4.0) 0.52 
Smoking (Mean, SD, pack-years)  25.3(30.8) 23.5(29.7) 0.82 
Gleason score (Mean, SD) 5.75(0.6) 5.7(1.01) 0.58 
Ever smokers (N(%)) 12(63.16) 74(62.71) 0.97 
Caucasian (N(%)) 16(80) 107(89.2) 0.271 

Note: t-test was used to derive a p-value for continuous variables where as chi-square or 
Fisher’s exact test were used for categorical variables. 1 Fischer’s exact 
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Table 2: Linear regression estimates of baseline characteristics of men in the WW 
Study on log(PSA+1) by medication use at baseline 
Variable Aspirin Statins Other NSAIDs 

Medication use at 
baseline (p value 
and 95% confidence 
Intervals) 

-0.39(-0.61, -0.16)* 0.04(-0.25, 0.33) -0.02(-0.36, 0.32) 

Adjusted PSA for 
medication users 
(ng/ml) 

7.4 10.02 9.38 
 

Adjusted PSA for 
medication non-
users (ng/ml) 

11.4 9.59 9.59 

*Statistically significant at 0.05 level. All models adjusted for BMI, age, pack-years of 
smoking, race, Gleason score. Adjusted PSA values calculated for Caucasian population 
as 87% of the study population was Caucasian. 
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Table 3: Regression coefficient and 95% CI for effect of medication use at baseline 
on baseline PSA stratified by smoking status 
 
Models Main predictor variable Never smokers 

 
Ever smokers 

 
I Aspirin use at baseline -0.54(-0.92,  -0.17)* -0.22(-0.51, 0.07) 

II Statin use at baseline -0..04(-0.53, 0.45) 0.14(-0.22, 0.50) 

III Other NSAID use at baseline 0.16(-0.35, 0.67) -0.20(-0.66, 0.25) 

Note1: Separate models were run for aspirin, statins and other NSAIDs 
Note2: Above models were adjusted for age, BMI, Gleason score, and race 
Note3: Models for total population were also adjusted for pack-years of smoking 
*Statistically significant at 0.05 level 
 
 
 
Table 4: Baseline PSA values (ng/ml) and percent change by aspirin and smoking 
status 
  Never smokers Ever smokers All subjects 
Non-aspirin users 9.07 8.70 10.98 
Aspirin users 4.87 6.78 7.10 
Percent difference 46 22 35 
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Table 5: Results from random coefficient models assessing the difference in 
trajectories of log(PSA+1) over the duration of study by medication use at 
baseline 
Models Main predictor 

variable 
Total population 

 
Never smokers Ever smokers 

Aspirin use at 
baseline*time on 
study 

-0.001 
(-0.04, 0.04) 

(p= 0.84) 

-0.02 
(-0.06, 0.03) 

(p=0.64) 

-0.01 
(-0.05, 0.08) 

(p=0.83) 
Aspirin use at 
baseline 

-0.04 
(-0.09, 0.01) 

-0.08 
(-0.17, 0.02) 

-0.02 
(0.05, 0.11) 

I 

Time on study 0.08 
(0.06, 0.11)* 

0.08 
(0.05, 0.11)* 

0.09 
(0.05, 0.13)* 

Statin use at 
baseline*time on 
study 

-0.04 
(-0.09, 0.01) 

(p=0.12) 

-0.04 
(-0.09, 0.02) 

(p=0.23) 

-0.03 
(-0.11, 0.05) 

(p=0.40) 
Statin use at 
baseline 

-0.05 
(-0.11, 0.01) 

-01.03 
(-0.21, 0.01) 

-0.001 
(-0.08, 0.06) 

II 

Time on study 0.09 
(0.07, 0.11)* 

0.08 
(0.05, 0.11)* 

0.10 
(0.06, 0.13)* 

Other NSAID use 
at baseline*time on 
study 

-0.02 
(-0.08, 0.05) 

(0.79) 

0.01 
(-0.07, 0.09) 

(0.74) 

-0.03 
(-0.13, 0.07) 

(0.98) 
Other NSAID use 
at baseline 

-0.002 
(-0.07, 0.07) 

-0.03 
(-0.16, 0.09) 

0.02 
(-0.06, 0.11) 

III 

Time on study 0.09 
(0.06, 0.11)* 

0.07 
(0.05, .10)* 

0.10 
(0.06, 0.13)* 

Note1: Separate models were run for aspirin, statins and other NSAIDs 
Note2: All above models were adjusted for age, BMI, Gleason score, race, type of PSA 
assay, 
Note3: Models for total population were also adjusted for pack-years of smoking  
Note4: significance was assessed at 0.1 level for interaction term and 0.05 for main 
effect. 
*Statistically significant at 0.05 level for main effects and 0.1 level for interaction terms 
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APPENDIX C: CHARACTERISTICS OF SUBJECTS WITH HIGH PSA VELOCITY 
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ABSTRACT 

 

Introduction: Using currently available diagnostic tools, patients will develop advanced 

prostate cancer (PCa) cancer cannot accurately be predicted. We conducted an 

exploratory analysis to identify markers associated with PCa progression in men with 

localized prostate cancer on active surveillance for their disease. 

 

Methods: Data from 140 men on Watchful Waiting for PCa followed every 3 months for 

up to 5 years was used. Prostate specific antigen (PSA) velocity (trajectory of ln[PSA+1]) 

was used as surrogate marker for PCa progression and was estimated using a random 

coefficient model. Subjects were categorized as slow, intermediate and fast progressors 

based on tertiles of PSA velocity. Age, body mass index, pack-years of smoking, 

Gleason score, serum selenium, family history of PCa, race, aspirin use, other NSAID 

use, statin use, serum chromogranin-A and serum free PSA were investigated for their 

association with high PSA velocity using multiple logistic regressions. Two analytical 

approaches were used, slow progressors were compared to fast progressors (model 1) 

and slow  progressors were compared to combination of intermediate and fast 

progressors (model 2).  

 

Results: Pack-years of smoking were negatively associated with high PSA velocity in 

model 1(Odd Ratio (OR) = 1.03 and 95% Confidence Interval (CI): 0.92, 1.13) and model 

2 (OR = 1.02, 95% CI: 1.00, 1.03) where as aspirin use was negatively associated with 

high PSA velocity in model 1 (OR= 0.24 (0.06, 0.94)) and model 2 (OR = 0.22(0.08, 

0.59)).   
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Conclusions: In men with localized prostate cancer on watchful waiting for their 

disease, pack-years of smoking and aspirin show association with PSA velocity. Both 

these findings have preventive potential if similar effect is seen in other studies.  
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Introduction: 
 
Prostate cancer is the most commonly diagnosed cancer (29%) and second most 

common cause of cancer related deaths (9%) among American men.[55] The American 

Cancer Society (ACS) estimates, there were 218,890 new diagnoses and 27,050 deaths 

due to prostate cancer in 2007 in the US. ACS also estimates approximately 1 in 6 men 

will develop prostate cancer during their lifetime and 1 in 34 men will die from it.[56] 

Although the majority of prostate cancer presents as indolent disease, a subset of cases 

progress to cause considerable morbidity and mortality. Of the total number of men 

diagnosed with prostate cancer, as many as 25% are diagnosed with metastatic 

disease,[43] and 17-23% at risk of metastasis following the diagnosis of organ confined 

disease. [45] [44] 

 

Prostate-specific antigen (PSA) is a commonly used biomarker for early detection 

prognosis and recurrence after local therapy for prostate cancer.[15] Although serum 

PSA ≥ 4ng/ml is regarded by most as a cut point for prostate biopsy, cancer foci can be 

demonstrated in approximately 15% patients with PSA levels <4ng/ml.[22] Prevalent use 

of PSA for early detection has led to an increase in the incidence of prostate cancer and 

has also led to a “stage migration” in the disease profile. Tumors being diagnosed by 

PSA are characteristically small in size, low grade and expressing low levels of PSA.[15] 

A considerable portion of tumors so diagnosed may never develop into clinically 

significant cancer.[57] Various authors have called this “over-diagnosis”. Studies have 

estimated the percentage of over-diagnosis to range from 30-56%.[15, 57] A large 

percentage of patients thus diagnosed may then undergo treatment for prostate cancer. 

Furthermore, since this treatment was not necessarily needed, they would be subjected 



 

 

179

 

to a wide variety of potential side-effects or morbidities, such as urinary incontinence, 

impotence, radiation proctitis and cystitis, depending on the modality of treatment 

chosen. This phenomenon can be termed as ‘over-treatment’.  

 

Age, family history and African American race are the only consistent risk factors for 

prostate cancer.[55] However, using currently available diagnostic tools and markers, 

accurately prediction of which patients will develop advanced or progressive cancer 

cannot be made.[1] Markers that reliably differentiate indolent from aggressive cancer 

need to be identified so that physicians can determine which patients need aggressive 

treatment as opposed to which patients might do better with conservative management. 

This increase in predictive ability will reduce over-treatment and its associated 

morbidities and healthcare cost. Using subjects from the Watchful Waiting (WW) study, 

we sought to identify risk factors associated with PCa progression. Subjects with faster 

PCa progression were compared to those subjects who progressed slower over a 3-year 

period. Since PSA velocity was used as a surrogate marker for prostate cancer 

progression in this study and subjects were then classified as slow, intermediate and fast 

progressors based on their PSA velocity. Variables selected as potential markers have 

been shown to be associated with prostate cancer progression in the literature and most 

are already being collected during routine patient workup and are available to the 

attending physician. 

 

Materials and Methods: 

Study Population: 
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A detailed description of the study design for the Watchful Waiting (WW) Study has been 

published elsewhere.[138] Briefly, the WW Study is a randomized, double-blind, 

placebo-controlled, multi-center, phase IIb clinical study among men diagnosed with 

prostate cancer. It was designed to investigate the effects of two doses of selenized 

yeast compared to placebo on the progression of clinical prostate cancer, as measured 

by decrease in the rate of rise of PSA (i.e. PSA velocity). The primary aim of this study 

was to assess if subjects who were supplemented with selenium would show lower PSA 

velocity as compared to subjects who received placebo. Eligibility criteria for this study 

required subjects to have biopsy proven prostate cancer within 48 months prior to 

beginning the study with a Gleason score less than 8, no metastatic cancer and not 

receiving treatment for the prostate cancer. The men must also have had serum PSA 

less than 50 ng/ml, be less than 85 years with a life expectancy of at least three years, 

and agree not to take more than 50µg of other selenium supplementation per day. One 

hundred and forty subjects were randomized to Placebo (N=46), Selenium 200µg/day 

(N=47) or Selenium 800 µg/day (N=47) groups after a run-in period of 30 days. Subjects 

were followed every three months for up to five years. Median time on study was 35 

months and average yearly drop out rate was 10.5%.  

 

Data collection and processing: 

At the enrollment visit, questionnaires seeking demographic characteristic, medical 

history, medication history, selenium toxicity information and urological symptoms were 

filled out and eligibility criteria verified by study coordinators. Detailed history regarding 

type of medication, dose, frequency, reason for taking a particular medication, and the 

start and stop dates for each medication was collected. Blood was drawn to assess 
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selenium, chromogranin-A, total and free PSA at baseline and at subsequent follow-up 

visits (every 3 months). Pathology reports from the qualifying biopsy were obtained from 

the patient’s pathologist and compiled in a tissue library. 

 

Total selenium content was measured by automated electrothermal atomic absorption 

spectrophotometer (3030; Perkin-Elmer, Norwalk, CT). Serum PSA levels were 

measured using Abbott tumor markers assay module on the IMX analyzer (Abbott 

Diagnostics, Abbott Park, IL).  In March 2005, Abbot Diagnostics replaced the AxSYM-

PSA assay by Total AxSYM-PSA assay, a combined assay for free and bound PSA. 

Adjustment for changes in the PSA assay techniques was included in the analysis to 

account for any effects this change might have on PSA values. Both assays were 

approved by the Food and Drug Administration in the US.  Free PSA was measured 

using the Tandem-MP PSA Immunoenzymetric Assay on the Tecan Analyzer 

(Hybritech). Serum samples were sent to Dr. Deftos’s laboratory at University of 

California-San Diego, La Jolla, California for estimation of chromogranin-A. 

  

BMI was calculated as weight in kilograms divided by height in meters square (kg/m2). 

Since only 9.42% of subjects reported themselves to be current smokers, subjects were 

not categorized as current, former or never smokers, instead pack-years of smoking was 

used as a measure of smoking. Pack-years of smoking were calculated as number of 

packs of cigarette smoked per day multiplied by the number of years the subject had 

been smoking at or prior to enrollment. Subjects were categorized as aspirin users if 

they reported to current aspirin use at the time of enrollment in the study. Otherwise they 

were categorized as non-users. The same approach was taken for categorizing statin 
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users and NSAID user. Race was dichotomized as Caucasian or non-Caucasian since 

only 12% of our subjects were non-caucasian. 

 

Statistical analysis: 

PSA values were transformed using ln(PSA+1) in order to normalize their distribution 

and to stabilize their variance. PSA velocity (rate of rise of PSA) was estimated using a 

random coefficient model. This model utilized information from PSA measurements 

taken at baseline and follow-up and the duration of time over which these measurements 

were made to estimate PSA velocity. This model allowed a random intercept and slope 

for individual subjects in the study and accounted for the correlated data due to repeated 

measures over time. Unstructured correlation structure was used to model this data and 

the model was adjusted for change in PSA assay method. Subjects having PSA 

measurements for only one time point during the WW study were not included in the 

analysis (n=10); hence the sample size was reduced to 130. Tertiles of PSA velocity 

were calculated. Subjects with PSA velocity in the lowest tertile were categorized as 

slow progressors, those in the middle tertile were categorized as intermediate 

progressors, and those in the highest tertile were categorized as fast progressors.  

 

Analyses were run using two approaches. In the first approach, slow progressors were 

compared to fast progressors (model 1). In the second approach, slow progressors were 

compared to the combined fast and intermediate progressors (model 2). Student’s t-tests 

were used to assess difference between means for continuous variables and Chi-square 

and Fisher’s exact tests were used for categorical variables. Multiple logistic regressions 

were run to identify variables that were associated with PSA velocity. Since only 41 of 
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the 130 subjects had data for free PSA, a sub-analysis was conducted to investigate the 

association between free PSA and high PSA velocity. These models were adjusted for 

age, Gleason score (based on previous literature), pack-years of smoking, race and 

aspirin use (based on previous literature and also since these variables were shown to 

be statistically or marginally significantly associated with high PSA velocity in the full 

model). Variables were considered to be statistically significant if their p-values were 

less that 0.05. All analyses were conducted using Stata10 statistical software (StataCorp 

IC, College station, TX). 

 

Results: 

Table 1 shows the baseline baseline characteristics of men in the study. The mean age 

of the men in the study was 73 years and the mean BMI was 26.8 kg/m2. Mean baseline 

serum selenium, pack-years of smoking and Gleason score were 134.6ng/ml, 24.8 and 

5.7, respectively. Approximate 87% of the men were Caucasians, 12% reported family 

history of prostate cancer. Overall 36% of the men reported aspirin use at baseline, 20% 

reported using a statin and 14 % reported taking  an NSAID other than aspirin.  

 

In model 1 (comparing slow progressors with fast progressors), or model 2 (comparing 

combination of slow progressors with intermediate progressors and fast progressors), 

none of the variables were statistically significantly different between the comparison 

groups although pack-years in model 1 and free PSA in model 2 demonstrated a p-value 

of 0.05. (table 1) 
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In the multiple logistic regression for model 1 (table 2), smoking was associated with a 

statistical significant higher risk for having high PSA velocity (OR = 1.03, CI: 1.00, 1.05) 

where as aspirin use was associated with statistically significant protective effect for high 

PSA velocity (OR= 0.28, 95% CI: 0.08, 0.97) after adjusting for other variables in the 

model. This means, the odds of being a fast progressor increased by 1.03 for 1 pack-

year increase in smoking and the odds of being a fast progressor were 0.28 times higher 

for aspirin users as compared to non-users. This means that for a 10 pack-year smoking 

exposure, the odds of a subject being a fast progressor increased by 30%. Ten pack-

year exposures could happen by smoking 1 pack per day for 10 years or 2 packs per 

day for 5years. 

 

 In model 2, smoking was associated with a higher odds for being a fast progressor of 

PSA velocity (OR = 1.02, 95% CI: 1.00, 1.03) while aspirin demonstrated a statistically 

significant protective effect (OR = 0.22, 95% CI: 0.08-0.59). In the sub-analysis carried 

out to assess the association between free PSA and high PSA velocity (table 3), free 

PSA was not significantly associated with high PSA velocity after adjusting for other 

variables in both models (Model 1: 0.89(0.76, 1.05), Model 2: 0.96(0.88, 1.05)). 

 

Figures 1 and 2 show the differences in estimated PSA trajectories of ever and smokers 

and never smokers for model 1 and 2 respectively. The random coefficient model, 

provides an estimate of PSA trajectory (slope) for each subject in the study. Although the 

differences in trajectories are small, trajectories for ever smokers are higher than never 

smokers for both models. The difference in trajectories was more in model 1, comparing 

slow to fast progressors, as compared to model 2.  
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Discussion: 

In men with localized prostate cancer on watchful waiting for their disease, pack-years of 

smoking is positively associated with high PSA velocity in both models (model 1 

comparing slow progressors with fast progressors and model 2 comparing combination 

of slow and intermediate progressors with fast progressors) whereas aspirin use shows 

statistically significant negative association with high PSA velocity in both models.   

 

Pack-years of cigarettes smoked during the patient’s lifetime were used as a measure of 

smoking for this analysis since only 9.42% of subjects reported themselves to be current 

smokers. Using it as a continuous variable allowed us to appropriately account for the 

subject’s smoking exposure that might have occurred at the time of enrollment or before 

it. Previous studies have shown inconsistent association between smoking and prostate 

cancer risk but have shown more consistent association of smoking with aggressive 

prostate cancer. In a review by Hickey et al 26 out 36 studies using incident prostate 

cancer as an outcome did not report an association between with smoking whereas 

eight out of 12 studies using death from prostate cancer as an outcome found positive 

association with smoking.[102]  Adami et al also reported a larger effect size for mortality 

due to prostate cancer (RR = 1.26, 95% CI:1.06, 1.50) compared to prostate cancer 

incidence (RR = 1.11, 95% CI:1.01, 1.23).[96] Giovannucci et al using data from the 

Health Professional Follow-Up Study(HPFS) concluded that smoking is not associated 

with incident prostate cancer but is significantly associated with fatal disease (OR=1.41, 

95% CI: 1.04, 1.91).[80] An earlier publication from the same cohort reported a 
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significant dose response of duration of smoking with increased risk of metastatic (p for 

trend 0.03) and fatal cancer (p for trend 0.02).[100]  

 

Biologically, it is unclear how smoking acts on prostate cancer development and 

progression. Authors have speculated that mutation in the tumor suppressor gene p53 

may be a mechanism through which smoking influences prostate cancer.[100] Other 

postulated mechanisms include direct mutagenesis and higher genomic instability, 

hormonal imbalances as well as adverse effects of smoking on natural killer cell activity 

and T lymphocyte cell function.[102]   

 

Our results also show aspirin use to be protective factor for high PSA velocity or faster 

progression. The protective effect of aspirin has been demonstrated in several large 

studies[29, 66, 110, 132] and also by studies by our group using the same study 

population.(manuscript in preparation) Aspirin is hypothesized to act on prostate cancer 

through its anti-inflammatory effect by blocking the cyclooxygenase enzyme and 

preventing generation of pro-inflammatory prostaglandins.[29, 132]  

 

Most of the variables used in this analysis were self-reported by subjects during 

enrollment in the WW study. Due to this, the reliability of this data is less certain, as in 

the case for any other study where data is collected through self-report. Since this is a 

prospective analysis, the effect of recall bias is likely to be non-differential.  

 

A limitation of the study was the study population which was at low risk for disease 

progression (PSA < 50 ng/ml, age < 85 years, life expectancy ≥ 3 years, Gleason’s 
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score < 8, and no evidence of metastatic cancer) since they were on watchful waiting for 

their disease. The median PSA doubling times for subjects having ”good risk” prostate 

cancer have been reported as three years or above.[31] The median PSA doubling time 

observed in the current study population was 5.54 years. Actual PSA velocities noted at 

the end of the study were much lower than what was expected when the study was 

designed. Also, the WW study was designed to follow subjects for five years but the 

median follow up time at the end of the study was 3.2 years. Both these factors lowered 

the ability to detect differences if any existed. 

 

Strengths of the current study design and analysis include use of random coefficient 

model to derive PSA velocities, using pack-years as a variable for smoking exposure, 

categorizing subjects into slow, intermediate and fast progressors and using multiple 

approaches to analyze data. The model accounts for correlation due to repeated 

measures, and allows independent random intercept and random coefficient for each 

subject uses maximum information provided by the subject to estimate PSA velocity. 

Other methods used to estimate PSA velocity include best line fit or first and last 

observation methods. In both these methods, PSA velocity is computed by using only 

limited numbers of PSA measurements from a single patient. Because of high degree of 

biologic variation in PSA values, the velocity estimations obtained from these methods 

may not provide a reliable description of the patient’s PSA profile. Thus the random 

coefficient model, avoids the instability associated with other methods for calculating 

PSA velocity and provides a more reliable estimate of PSA velocity.[145] 
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Categorizing subjects as slow, intermediate and fast progressors allowed us to compare 

variables between these groups. Using two different approaches for analysis (model 1 

comparing slow progressors with fast progressors, and model 2 comparing a 

combination of fast and intermediate progressors to slow progressors) allowed us to 

contrast results. In model 1, we compared the extremes and hence we had high 

sensitivity to detect differences if any existed but lower power since we had reduced 

sample size. In model 2, we had higher power since we could use the full study 

population but had lower sensitivity to detect statistically significant differences if any 

existed.  

 

We do recognize the small sample size reduced further by categorizing into tertiles 

hampers the generalizabillty of these results. But this is an exploratory attempt using a 

unique population and data set at identifying the factors that may be associated with 

prostate cancer progression. To the best of our knowledge, this is a unique population 

where data on subjects with localized prostate cancer on active surveillance every three 

months for up to five years. 

 

The goal of these analyses is to provide physicians with tools to better assess the 

patient’s risk of progression in order to develop a treatment plan that may be best suited 

for the patient. The variables selected for this analysis have shown to be associated with 

prostate cancer progression in previous literature and most of the variables are currently 

collected as part of routine patient workup or can be easily calculated and are thus 

readily available to the physician.  
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In men with localized prostate cancer on watchful waiting for their disease, pack-years of 

smoking and aspirin show association with PSA velocity. Both these findings have 

preventive potential if similar effect is seen in other studies.  
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Tables:  
 
Table 1: Characteristics the total study population and by tertiles of PSA velocity 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note 1: Model 1 compares slow progressors to fast progressors 
Note 2: Model 2 compares slow progressors with intermediate and fast progressors 
Note 3: t-tests used to compare continuous variables, chi-square tests used to compare categorical variables 

Variable Total Study 
Population 
(N=130) 

Slow 
progressors 
(N=44) 

Intermediate 
progressors  
(N=43) 

Fast 
progressors 
(N=43 

p-value for 
model 1 * 

p-value for 
model 2 * 

Age 73.1(6.0) 72.2(5.5) 73.4(6.8) 73.7(5.7) 0.21 0.15 
BMI 26.8(3.9) 26.7(4.0) 26.7(3.5) 27.1(4.3) 0.69 0.73 
Pack-years 24.8(30.5) 21.4(28.9) 18.6(28.2) 34.8(32.6) 0.05 0.24 
Gleason score 5.6(1.1) 5.6(1.1) 5.6(1.2) 5.7(1.0) 0.51 0.61 
Baseline 
selenium 

134.8(42.7) 131.8(23.1) 137.9(54.1) 134.8(45.8) 0.70 0.33 

Family history 16(12.3%) 8(18.18%) 6(13.95%) 2(4.67%) 0.09 0.15 
Non-Hispanic 
White 

113(86.9%) 38(86.4%) 41(95.4%) 34(79.1%) 0.41 0.89 

Aspirin use 47(36.2%) 19(43.2%) 14(32.6%) 14(32.6%) 0.31 0.11 
Statin use 26(20.0%) 9(20.5%) 9(20.9%) 8(18.6%) 0.83 0.93 
Other NSAID use 18(13.9%) 7(15.9%) 6(14.0%) 5(11.6%) 0.76 0.56 
Chromogranin-A 53.0(77.6) 42.1(30.3) 65.0(97.5) 52.7(89.7) 0.47 0.63 
Free PSA (ng/ml) 1.4(1.8) 1.5(1.0) 1.4(2.6) 1.3(0.9) 0.72 0.05 
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Table 2: Odds ratios and 95% CI from multiple logistic regression for Model1 & 2 

Note 1: Model 1 compares slow progressors to fast progressors 
Note 2: Model 2 compares slow progressors with intermediate and fast progressors 
Odds ratios (OR) adjusted for other variables in table. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable Model 1(OR (95% CI)) Model 2(OR (95% CI)) 
Age 1.02 (0.92-1.13) 1.01(0.94-1.09) 
BMI 0.98 (0.85-1.12) 0.98(0.87-1.10) 
Pack-years 1.03 (1.00-1.05) 1.02(1.00-1.03) 
Gleason score 1.25 (0.73-2.17) 0.98(0.63-1.51) 
Baseline selenium 1.00 (0.98-1.01) 0.99(0.98-1.01) 
Family history 0.29 (0.04-2.11) 0.3(0.056-1.60) 
Race other than Caucasian 2.32 (0.55-9.8) 0.97(0.26-3.6) 
Aspirin use 0.28(0.08-0.97) 0.22(0.08-0.59) 
Statin use 0.88(0.21-3.62) 1.00(0.31-3.21) 
Other NSAID use 0.28(0.05-1.5) 0.42(0.09-1.88) 
Chromogranin-A 1.00(0.99-1.01) 1.00(0.99-1.00) 
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Table 3: Odds ratios and 95% CI from multiple logistic regression from categories of PSA velocity on free PSA 
adjusted for other variables 

Variable Model 1 Model 2 
Age 1.19(0.79, 1.88) 0.98(0.82, 1.16) 
Pack-years 1.04(0.97, 1.12) 1.02(0.99, 1.05) 
Gleason score 1.09(0.24, 4.93) 1.02(0.57, 1.81) 
Aspirin use 0.003(3.10e-06, 2.25) 0.22(0.02, 2.27) 
Free PSA 0.89(0.76, 1.05) 0.96(0.88, 1.05) 
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Figure 1: Estimated PSA trajectories by smoking status for Caucasian subjects in 
model 1 
Note: Model adjusted for age, Gleason score, BMI and PSA assay method, and race 
Note: Model 1 compares slow progressors to fast progressors 
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Figure 2: Estimated PSA trajectories by smoking status for Caucasian subjects in 
model 2 
Note: Model adjusted for age, Gleason score, BMI, PSA assay and race 
Note: Model 1 compares combination o slow and intermediate progressors to fast 
progressors 
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APPENDIX D: HUMAN SUBJECTS APPROVAL 
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APPENDIX E: DATA COLLECTION QUESTIONNAIRES 
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BASELINE QUESTIONNAIRES 
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J) Illness Documentation         *     *     *     *     *     *     *     * 
Check any of the following illnesses and medical conditions you may have had in the last five years. 
 
[__] Check here if you have had NO ILLNESSES in the past FIVE (5) years. 
 

ILLNESS When? PHYSICIAN HOSPITAL 

EXAMPLE:  High Blood Pressure 6/25/97 Dr. Albert Smith Rose Medical Center 
[__] Cancer: 
 
      What Type? 

   

[__] Glaucoma    

[__] Cataracts    

[__] Colon Polyps    
[__] Heart Problems: 
 
       What Kind? 

   

[__] Hospitalizations: 
 
       Why? 

   

[__] Other: 
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K) Prostate Biopsies Documentation       *     *     *     *     *     *     *     * 
Please list all past prostate biopsies. 
 
 

BIOPSY DATE PHYSICIAN HOSPITAL/CLINIC BIOPSY RESULT 

EXAMPLE:  8-25-99 Dr. Albert Smith Trinity Memorial Hospital Negative 
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L) Prescription Medication Documentation Form    *     *     *     *     *     *     *     * 
Please list all current prescription medications. 
 
[__] Check here if you take NO PRESCRIPTION MEDICaTIONS currently. 
 
[__] Check here if you are NOT taking PROSCAR. (If you are taking Proscar, please indicate below) 
 

MEDICATION DOSAGE HOW 
OFTEN REASON START 

DATE 
STOP 
DATE PHYSICIAN SPECIALTY 

EXAMPLE:  
Penicillin 250 mg 3 a day bronchitis 2/1/97 2/13/97 Dr. Albert Smith Internist 
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M) Vitamin, Mineral, Herbal, And Non-Prescription   *     *     *     *     *     *     *     * 
Please list all current vitamin or mineral supplements, herbal remedies and NON-prescription medications. 
 
[__] Check here if taking NO VITAMIN, MINERAL, HERBAL OR NON-PRESCRIPTION MEDICATIONS. 
 

MEDICATION/ 
SUPPLEMENT DOSAGE HOW OFTEN REASON START 

DATE 
STOP 
DATE 

EXAMPLE:  Iron 325 mg 1 a day anemia 2/1/97 2/13/97 
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N) Physician Information Form        *     *     *     *     *     *     *     * 
Please list all of your current doctors below: 

 
Physician   
Specialty   
Facility/Hospital   
Address   
City, State, Zip Code   
Phone   Fax   

 
Physician   
Specialty   
Facility/Hospital   
Address   
City, State, Zip Code   
Phone   Fax   
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Physician   
Specialty   
Facility/Hospital   
Address   
City, State, Zip Code   
Phone   Fax   

 
Physician   
Specialty   
Facility/Hospital   
Address   
City, State, Zip Code   
Phone   Fax   
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Physician   
Specialty   
Facility/Hospital   
Address   
City, State, Zip Code   
Phone   Fax   

 
Physician   
Specialty   
Facility/Hospital   
Address   
City, State, Zip Code   
Phone   Fax   

 
Physician   
Specialty   
Facility/Hospital   
Address   
City, State, Zip Code   
Phone   Fax   

 
Physician   
Specialty   
Facility/Hospital   
Address   
City, State, Zip Code   
Phone   Fax   

 
 



 

 

208

 Distribution Number:   
 Participant’s Number:   
 Clinic:   
 
You will only need to fill out this INITIAL QUESTIONNAIRE once.  Please fill out all questions completely and accurately.  All 
information will be kept strictly confidential and used for research purposes only. 
 
Today's date   
 
 
A) Participant’s Information  *     *     *     *     *     *     *     * 
 
Name:               
(Last)     (First)     (M.I.) 
Date of Birth: DOB:   
Social Security Number: SSN:  
Mailing Address:  
Street or PO Box:_____________________________________________________ 
City:_______________________State:_________________Zip Code:___________ 
 

  Check here and complete section I if you have more than one address. 
 
Approximately how much time does it take to get from your home to the urology 
 center?   ______ Hours ______ Minutes 
 
Home Phone:(       )_________________Work Phone: (       ) __________________ 
 
Best time to contact you time____ AM     PM     Anytime 
Best place to contact you  Home / Work  
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B) Medical Records Release   *     *     *     *     *     *     *     * 
 
I give permission to the Watchful Waiting with Selenium project to obtain copies of my medical records from my medical care 
providers for the duration of the study.  I understand that this information will be kept strictly confidential and used for research 
purposes only. 
 
              
Signature        Today’s Date
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C) Personal History    *     *     *     *     *     *     *     * 
 
What is your current age?  ______ years 
What is your race?  Caucasian ____ 
African American ____ 
Hispanic ____  
Asian ____  
Native American ____  
Other__________________ 
 
What is your height?  ______feet/inches  
What is your weight?  _____lbs. 
What is your current marital status? (Circle one) Single         Married 
Divorced      Widowed 
 
What is the highest grade you have completed in school? (Circle the highest grade completed) 
 

NON 1 2 3 4 5 6 7 8 9 10 11 12  13 14 15 16  17 18+ 
 
 
D) Contact Person    *     *     *     *     *     *     *     * 
 
Please supply the name and address of a contact person or next of kin that is NOT living with you. 
 
Name of contact person:   
Street Address:   
City, State, ZIP:   
Phone: (       )  
Relationship:   
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E) Occupational Information  *     *     *     *     *     *     *     * 
 
What is your current or most recent occupation?   
What type of work did you spend the most years doing?   
What are/were the main duties at this workplace?   
Are you currently retired?   Yes       No 
Have you had prior military service?  Yes       No 
  
 
F) Tobacco Use     *     *     *     *     *     *     *     * 
 
Use the following chart to record your tobacco usage.  Follow the indentations to answer questions relating to the previous question. 
 
Cigarettes 

Do you smoke cigarettes currently? Yes   No 

 If YES, how many cigarettes do you smoke per day? #/day 

  How old were you when you first started smoking? Age= 

 If NO, have you ever smoked cigarettes? Yes   No 

  If YES, how many cigarettes did you smoke per day? #/day 

  How old were you when you first started smoking Age= 

  How old were you when you last stopped smoking? Age= 
 If you have ever smoked cigarettes, but do not fit into any of the above categories, please explain: 
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Have you ever lived with a smoker? Yes   No 

 If YES, as a child (ages 0-18), how many years did you live with a smoker #years 

 If YES, as an adult, how many years did you live with a smoker? #years 
 
 
Do you currently smoke cigars? Yes   No 

 If YES, how many years? Years= 

 If NO, have you ever smoked cigars? Yes   No 

Do you currently smoke a pipe? Yes   No 

 If YES, how many years? Years= 

 If NO, have you ever smoked a pipe? Yes   No 

Do you currently chew tobacco? Yes   No 

 If YES, how many years? Years= 

 If NO, have you ever chewed tobacco? Yes   No 
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G) Alcohol Use     *     *     *     *     *     *     *     * 
 
Use the following chart to record your alcohol usage.  Follow the indentations to answer questions relating to the previous question. 
 
Do you currently drink BEER, WINE, or LIQUOR Yes   No 
  

If YES, how often do you drink alcohol? 
 

__  less than one/week 
__  one day per week 
__  2-3 days per week 
__  3-7 days per week 

  When you drink alcohol, how many drinks do you usually have 
each time? Drinks= 

 If NO, have you ever consumed alcohol? Yes   No 
  How many days in the week did you drink alcohol? #/week 
  How many drinks did you usually have each day? #/day 
  How many years did you drink alcohol? Years= 
 
 
H) General Health    *     *     *     *     *     *     *     * 
 
Do you currently or have you ever had problems with the following: 
 
Nails Yes   No 
Unexplained hair loss Yes   No 
Persistent garlic odor on your breath (excluding meals)  Yes   No 
Fatigue  Yes   No 
Nausea Yes   No 
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If you answered YES to any of the above questions, please list date(s) and describe the problem(s): 
 
 
 
 
 
Have you had any of the following: 
 
If you answer YES to any of the following questions, please LIST THEM ON THE ILLNESS DOCUMENTATION FORM on the 
PROCEDURES and SURGERIES FORM. 
 
Cancers (other than skin & prostate) Yes   No 
Hospitalizations Yes   No 
Cancer screenings Yes   No 
Other Illnesses Yes   No 
 
I. Second Address: 
 
Street Address:   
City, State, ZIP:   
Phone:   
I am at this address from ____/____  to ____/____ 
                                          mm        dd                mm      dd 
 
 
 Distribution Number:   
 Participant’s Number:   
 Clinic:   
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You will only need to fill out this INITIAL QUESTIONNAIRE once.  Please fill out all questions completely and accurately.  All 
information will be kept strictly confidential and used for research purposes only. 
 
Today's date_____________________ 
 
 
A) Participant’s Information  *     *     *     *     *     *     *     * 
 
Name:               
(Last)     (First)     (M.I.) 
 
Date of Birth: DOB: _______________________ 
 
B) Mailing Address:  
Primary Residence: 
Street or PO Box:_____________________________________________________ 
City:_______________________State:_________________ZipCode:_______ 
 
Home Phone:(       )_________________Work Phone: (       ) __________________ 
 
Other Residence: 
Street Address:__________________________________________________ 
City, State, ZIP:__________________________________________________ 
Phone:_________________________________________________________ 
I am at this address from ____/____  to ____/____ 
                                          mm        dd                mm      dd 
 
Best time to contact you: time____ :____AM ____:____PM     Anytime 
Best place to contact you:   Home  /  Work  
 
Approximately how much time does it take to get from your home to the urology center? ______ Hours ______ Minutes 
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C) Personal History    *     *     *     *     *     *     *     * 
 
What is your current age? ______ years 
What is your height?    ________feet/inches 
What is your weight?    ________lbs. 
 
What is your race?  (Circle one)     
 
African American   Hispanic  
Asian     Native American                               
Caucasian                          Other___________   
   
What is your current marital status? (Circle one)     
 
   Single           Married 
   Divorced       Widowed                                  
 
What is the highest grade you have completed in school? (Circle the highest grade completed) 
 

NON 1 2 3 4 5 6 7 8 9 10 11 12  13 14 15 16  17 18+ 
 
D) Contact Person    *     *     *     *     *     *     *     * 
 
Please supply the name and address of a contact person or next of kin that is NOT living with you. 
 
Name of contact person: ________________________________________ 
Street Address: _______________________________________________ 
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City, State, ZIP: _______________________________________________ 
Phone: _____________________________________________________ 
Relationship:__________________________________________________ 
E) Occupational Information  *     *     *     *     *     *     *     * 
 
What is your current or most recent occupation?____________________________ 
What type of work did you spend the most years doing?   
What are/were the main duties at this workplace?___________________________ 
Are you currently retired?      Yes       No 
Have you had prior military service?   Yes       No  
 
                                              
 
F) Tobacco Use    *     *     *     *     *     *     *     * 
 
Use the following chart to record your tobacco usage.  Follow the indentations to answer questions relating to the previous question. 
 
Cigarettes 

              Do you currently smoke cigarettes?        YES        NO  

If YES        How many cigarettes do you smoke per day? #/day 

  How old were you when you first started smoking? Age= 

If NO           Have you ever smoked cigarettes?     YES   No  

  How many cigarettes did you smoke per day? #/day 

  How old were you when you first started smoking Age= 
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  How old were you when you last stopped smoking? Age= 
 If you have ever smoked cigarettes, but do not fit into any of the above categories, please 

explain: 
 
 

                Have you ever lived with a smoker?         YES       NO   

If YES          As a child (ages 0-18), how many years did you live 
with a smoker years = 

 As an adult, how many years did you live with a  
smoker? years = 

 
                Do you currently smoke cigars?             YES        NO  

If YES  How many years? Years= 

If NO  Have you ever smoked cigars? Yes   No 

                Do you currently smoke a pipe?              YES      NO   

If YES  How many years? Years= 

If NO  Have you ever smoked a pipe? Yes   No 

                Do you currently chew tobacco?              YES       NO  

If YES  How many years? Years= 

If NO  Have you ever chewed tobacco? Yes   No 
 
                                                                                                                       
G) Alcohol Use     *     *     *     *     *     *     *     * 
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Use the following chart to record your alcohol usage.  Follow the indentations to answer questions relating to the previous question. 
 
          Do you currently drink BEER, WINE, or LIQUOR          YES              NO 
 
 
If YES 

 
    How often do you drink alcohol? 
 

__  less than one/week 
__  one day per week 
__  2-3 days per week 
__  3-7 days per week 

  When you drink alcohol, how many drinks do you 
usually have each time? Drinks= 

    Have you ever consumed alcohol?     YES          No 
If NO  How many days in the week did you drink alcohol? #/week = ______ 
  How many drinks did you usually have each day? #/day =   ______ 
  How many years did you drink alcohol? 

Years=  ______  

 
 
H) General Health    *     *     *     *     *     *     *     * 
 
Do you currently or have you ever had problems with the following: 
 
Brittle Nails Yes   No 
Brittle Hair Yes   No 
Garlic Breath  Yes   No 
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If you answered YES to any of the above questions, please list date(s) and describe the problem(s): 
 
 
 
 
 
Have you had any type of cancer in the last 5 years? 
 
If you answer YES, please list them and the date you were diagnosed below: 
 
                                  Cancer Type Date Diagnosed 
  
  
 
 
                                               
 
I.  Medical Records Release   *     *     *     *     *     *     *     * 
 
I give permission to the Watchful Waiting with Selenium project to obtain copies of my medical records from my medical care 
providers for the duration of the study.  I understand that this information will be kept strictly confidential and used for research 
purposes only. 
 
              
Signature                                                                             Today’s Date 
J) Illness Documentation                    *     *     *     *     *     *     *     * 
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Check any of the following medical conditions or illnesses that you have had or now have. Tell us when the problem began and ended, 
who treated you, and a brief description of the problem, and check if it is an active or non-active problem. If you do not remember the 
dates, please approximate them.   
[ __ ] Check here if you have never had any illness. 

Eyes, Ears, Nose, Throat DESCRIPTION OF PROBLEM A CURRENT PROBLEM? START DATE  STOP DATE PHYSICIAN 
 Cataracts ___________________________ YES  NO ____________   ___________ ____________ 
 Glaucoma ___________________________ YES  NO ____________   ___________ ____________ 
 Hearing problems ___________________________ YES  NO ____________   ___________ ____________ 
 Ringing in ears ___________________________ YES  NO ____________   ___________ ____________ 
 Trouble swallowing ___________________________ YES  NO ____________   ___________ ____________ 
 Other ___________________________ YES  NO ____________   ___________ ____________ 

Heart/Circulation 
 High blood pressure ___________________________ YES  NO ____________   ___________ ____________ 
 Heart attack ___________________________ YES  NO ____________   ___________ ____________ 
 Heart failure ___________________________ YES  NO ____________   ___________ ____________ 
 Heart murmurs  ___________________________ YES  NO ____________   ___________ ____________ 
 Irregular heart beat ___________________________ YES  NO ____________   ___________ ____________ 
 Angina ___________________________ YES  NO ____________   ___________ ____________ 
 Chest pain ___________________________ YES  NO ____________   ___________ ____________ 
 Swollen ankles/legs ___________________________ YES  NO ____________   ___________ ____________ 
 Cholesterol problems ___________________________ YES  NO ____________   ___________ ____________ 
 Blood disorder 
 Blood Clots ___________________________ YES  NO ____________   ___________ ____________ 
 Other ___________________________ YES  NO ____________   ___________ ____________ 

Lungs/Breathing 
 Asthma ___________________________ YES  NO ____________   ___________ ____________ 
 Bronchitis ___________________________ YES  NO ____________   ___________ ____________ 
 Pneumonia ___________________________ YES  NO ____________   ___________ ____________ 
 Lung Disease ___________________________ YES  NO ____________   ___________ ____________ 
 Emphysema ___________________________ YES  NO ____________   ___________ ____________ 
 Shortness of breath ___________________________ YES  NO ____________  ___________ ____________ 
 Other ___________________________ YES  NO ____________   ___________ ____________ 

Stomach/GI 
 Hiatal hernia ___________________________ YES  NO ____________  ___________ ____________ 
 Ulcers ___________________________ YES  NO ____________   ___________ ____________ 
 Hepatitis ___________________________ YES  NO ____________  ___________ ____________ 
 Constipation ___________________________ YES  NO ____________  ___________ ____________ 
 Diarrhea ___________________________ YES  NO ____________   ___________ ____________  
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K) Prostate Biopsies Documentation       *     *     *     *     *     *     *     * 
Please list ALL past prostate biopsies and their dates. If you do not remember the dates, please guess at them. 
 

BIOPSY DATE PHYSICIAN HOSPITAL/CLINIC BIOPSY RESULT 

EXAMPLE:  8-25-99 Dr. Albert Smith Trinity Memorial Hospital Negative 
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L) Prescription Medication Documentation Form    *     *     *     *     *     *     *     * 
Please list ALL current prescription medications. If you do not remember the dates, please guess at them. 
 
[__] Check here if you take NO PRESCRIPTION MEDICaTIONS currently. 
 

MEDICATION DOSAGE HOW 
OFTEN REASON START 

DATE 
STOP 
DATE PHYSICIAN SPECIALTY 

Example: 

Penicillin 250 mg 3 a day Bronchitis 2/1/97 2/13/97 Dr. Albert Smith Internist 
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M) Vitamin, Mineral, Herbal, And Non-Prescription   *     *     *     *     *     *     *     * 
 
Please list ALL current vitamin or mineral supplements, herbal remedies and NON-prescription medications. If you do not remember 
the dates, please guess at them. Please check the multivitamin bottle you are currently using. 
 
[__] Check here if taking NO VITAMIN, MINERAL, HERBAL, OR NON-PRESCRIPTION MEDICATIONS. 
 

MEDICATION/ 
SUPPLEMENT 

DOSA
GE 

SELENI
UM 
CONTEN
T 

HOW 
OFTEN 

REAS
ON 

STA
RT 
DA
TE 

STO
P 
DA
TE 

Example: 

Multivitamin A-Z 1 tablet 40mcg 1 a day preve
ntion 

2/1/
97 

2/13
/97 
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N) Physician Information Form       
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 *     *     *     *     *     *     *     * 
Please list ALL of your current doctors below: 
 
UROLOGIST: 
Physician   
Specialty  
Facility/Hospital   
Address   
City, State, Zip Code   
Phone   Fax   

PRIMARY CARE PHYSICIAN: 
Physician   
Specialty   
Facility/Hospital   
Address   
City, State, Zip Code   
Phone   Fax   

OPTHAMOLOGIST/OPTOMETRIST: 
Physician   
Specialty   
Facility/Hospital   
Address   
City, State, Zip Code   
Phone   Fax   

OTHER: 
Physician   
Specialty   
Facility/Hospital   
Address   
City, State, Zip Code   
Phone   Fax   
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OTHER: 
Physician   
Specialty   
Facility/Hospital   
Address   
City, State, Zip Code   
Phone   Fax   

OTHER: 
Physician   
Specialty   
Facility/Hospital   
Address   
City, State, Zip Code   
Phone   Fax   

OTHER: 
Physician   
Specialty   
Facility/Hospital   
Address   
City, State, Zip Code   
Phone   Fax   

OTHER: 
Physician   
Specialty   
Facility/Hospital   
Address   
City, State, Zip Code   
Phone   Fax   
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O) Hospital Information Form       
 *     *     *     *     *     *     *     * 
 
Please provide the location and phone number of hospitals that have treated you.  
 
Hospital Name Address Phone Number 
 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

229

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

UROLOGY QUESTIONNAIRES 
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 Name:    
 Distribution Number / Visit number: ____________/____________ 
 Participant’s Number:   
 Doctor/Clinic:   
 
These questions on the UROLOGICAL SYMPTOMS QUESTIONNAIRE will help monitor your health condition relating to the 
prostate and the use of supplements. 
 
 
Today's date Date  
 
 

1 How has your appetite been? 

 
 ___ 1-good 
 ___ 2-fair 
 ___ 3-poor 
 

2 What is your current weight? lbs: 

3 Have you noticed any of these? 

 
 ___1-weight loss 
 ___2-weight gain 
 ___3-no change 
 
      _______# of pounds 

4 Are you trying to lose weight? Yes   No 
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Since your LAST STUDY VISIT-- Make a Choice: 

5 Have you experienced any of these?  
 (Choose all that apply) 

 
 ___nausea 
 ___vomiting 
 ___fever 
 ___chills 
 ___No symptoms 
 

6 Do you have any new aches or pain? 
 
Yes   No 
Where: 

7 Have you experienced any numbness or tingling? 
 
Yes   No 
Where: 

8 
How many times do you usually get up at night to urinate:  
(from the time you go to bed until the time you get up in the 
morning) (Choose only one) 

 
 ___ 0-None 
 ___ 1-one time 
 ___ 2-two times 
 ___ 3-three times 
 ___ 4-four times 
 ___ 5-five times 
 ___ 6-six or more times 
 

 
          Make only one choice 



 

 

232

9 How often have you had a sensation of not emptying your bladder 
completely after you finished urinating? (Choose only one) 

 
 ___1- Not at All 
 ___2- Less than 1 in 5 times 
 ___3- Less than half the 
time 
 ___4- About Half the time 
 ___5- More than half 
 ___6- Almost always 
 

10 How often have you had to urinate again less than two hours after 
you finished urinating? (Choose only one) 

 
 ___1- Not at All 
 ___2- Less than 1 in 5 times 
 ___3- Less than half the 
time 
 ___4- About Half the time 
 ___5- More than half 
 ___6- Almost always 
 

11 How often have you found that you stopped and started again 
several times when you urinated? (Choose only one) 

 
 ___1- Not at All 
 ___2- Less than 1 in 5 times 
 ___3- Less than half the 
time 
 ___4- About Half the time 
 ___5- More than half 
 ___6- Almost always 
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12 How often have you found it difficult to postpone urination? 
(Choose only one) 

 
 ___1- Not at All 
 ___2- Less than 1 in 5 times 
 ___3- Less than half the 
time 
 ___4- About Half the time 
 ___5- More than half 
 ___6- Almost always 
 

13 How often have you had a weak urinary stream? (Choose only 
one) 

 
 ___1- Not at All 
 ___2- Less than 1 in 5 times 
 ___3- Less than half the 
time 
 ___4- About Half the time 
 ___5- More than half 
 ___6- Almost always 
 

14 How often have you had to push or strain to begin urination? 
(Choose only one) 

 
 ___1- Not at All 
 ___2- Less than 1 in 5 times 
 ___3- Less than half the 
time 
 ___4- About Half the time 
 ___5- More than half 
 ___6- Almost always 
 

15 Have you experienced any weakness in your arms? Yes   No 

16 Have you experienced any weakness in your legs? Yes   No 
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17 Have you seen any blood in your urine? (Choose only one) 

 
 ___initially 
 ___finishing 
 ___total 
 ___clots 
 ___none 
 

18 How do you rate your stream? (Choose only one) 

 
 ___1-good 
 ___2-fair 
 ___3-weak 
 ___4-steady 
 ___5-intermittent 
 ___6-double 
 

19 Do you notice any stress incontinence? 
(leakage of urine when sneezing, coughing or laughing) Yes   No 

20 

                       
If YES, is it-- 

 
 ___stable 
 ___improved 
 ___worse 
 
      _______#of pads / 24 hours 

 
In the week prior to your blood draw, did you experience any of the following? 
(these may affect your PSA level) 
 

21 Had any type of sexual activity that resulted in ejaculation? Yes   No 

22 Have you been treated for a urinary or prostate infection? Yes   No 
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23 Have you used a urinary catheter? Yes   No 

 

24 My LAST urology appointment was date:: 

25 My NEXT urology appointment is 

 
date:: 
 
___ NO appointment scheduled 

26 My NEXT blood draw appointment is 

 
date:: 
 
___ NO appointment scheduled 

 
Comments? 
         
 Name:    
 Distribution Number / Visit number: ____________/____________ 
 Participant’s ID Number:   
 Doctor/Clinic:   
 
 
Today’s Date:_______________________ 
 

Over the past Month… Check only one: 
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1 
How many times do you usually get up at night to urinate?  
(from the time you go to bed until the time you get up in the 
morning) 

 
 ___ 0-None 
 ___ 1-one time 
 ___ 2-two times 
 ___ 3-three times 
 ___ 4-four times 
 ___ 5-five times 
 ___ 6-six or more times 
 

2 How often have you had a sensation of not completely emptying 
your bladder after urination? 

 
 ___1- Not at All 
 ___2- Less than 1 in 5 times 
 ___3- Less than half the 
time 
 ___4- About Half the time 
 ___5- More than half 
 ___6- Almost always 
 

3 How many times have you had to urinate again less than two 
hours after your last urination? 

 
 ___1- Not at All 
 ___2- Less than 1 in 5 times 
 ___3- Less than half the 
time 
 ___4- About Half the time 
 ___5- More than half 
 ___6- Almost always 
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4 How often have you found that you stop and start again several 
times while urinating? 

 
 ___1- Not at All 
 ___2- Less than 1 in 5 times 
 ___3- Less than half the 
time 
 ___4- About Half the time 
 ___5- More than half 
 ___6- Almost always 
 

5 How often have you found it difficult to postpone urination? 
(Choose only one) 

 
 ___1- Not at All 
 ___2- Less than 1 in 5 times 
 ___3- Less than half the 
time 
 ___4- About Half the time 
 ___5- More than half 
 ___6- Almost always 
 

6 How often have you had a weak urinary stream? 

 
 ___1- Not at All 
 ___2- Less than 1 in 5 times 
 ___3- Less than half the 
time 
 ___4- About Half the time 
 ___5- More than half 
 ___6- Almost always 
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7 How often have you had to push or strain to begin urination? 

 
 ___1- Not at All 
 ___2- Less than 1 in 5 times 
 ___3- Less than half the 
time 
 ___4- About Half the time 
 ___5- More than half 
 ___6- Almost always 
 

 
Appointment Information 
 

8 My LAST urology appointment was: date:  / /  

9 My NEXT urology appointment is: 

 
date: / /  
 
___ NO appointment scheduled 
 

10 My NEXT blood draw appointment is: 

 
date: / /  
 
___ NO appointment scheduled 
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FAMILY HISTORY QUESTIONNAIRES 
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Name: _______________________ 
ID#: _________________________ 
Distribution #/ Visit #________/______ 
Today’s Date: ________________________ Clinic: ______________________ 
 
The answers to this questionnaire will be confidential and used for research purposes only. Complete this form by writing in the 
information requested or by checking the appropriate box.  If you would like help filling out this form, please call us at 1-800-243-6519. 

 
The following questions are 
about your relatives. We are 
interested in your blood 
relatives both living and 

deceased, to include the following: 
 
Your mother and father. 
All of your brothers and sisters, including half-siblings.  
Your children. 
 
1. How many siblings, both living and deceased, do you have?  If the answer is 0, please write 0 in the blank. 
 Full Brothers  ______ 
 Half Brothers (not step-brothers) ______ 
 Full Sisters______ 
 Half Sisters (not step-sisters)______ 
 
2. How many children, both living and deceased, do you have? If the answer is 0, please write 0 in the blank. 
 Sons______ 
 Daughters______ 
 
 
 
 

SECTION 2 
CANCER HISTORY INFORMATION 

SECTION 1 
FAMILY INFORMATION 
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Page 2 contains a list of several different types of illnesses.  Please complete each illness type with one of the following answers: 
  
Check YES if ANY of your blood relatives listed in Section 1 have been diagnosed with the illness.   
Check NO If NONE of your blood relatives listed in Section 1 have been diagnosed with the illness. 
Check DON’T KNOW if you are unsure 
 
  
3. Have any of your relatives listed in Section 1 ever been diagnosed with the following illnesses? 
 
Type of Illness Yes No Don’t Know 
    
A)  Colorectal cancer [__] [__] [__] 
B)  Esophageal cancer [__] [__] [__] 
C)  Stomach cancer [__] [__] [__] 
D)  Liver cancer [__] [__] [__] 
E)  Leukemia [__] [__] [__] 
F)  Lymphoma [__] [__] [__] 
G)  Head or Neck cancer [__] [__] [__] 
H)  Lung cancer [__] [__] [__] 
 I )  Bladder cancer [__] [__] [__] 
 J)  Prostate cancer [__] [__] [__] 
K)   Breast cancer [__] [__] [__] 
 L)  Melanoma [__] [__] [__] 
M)  Other type of cancer (please specify) [__] [__] [__] 
N)   Heart Disease [__] [__] [__] 
O)  Stroke [__] [__] [__] 
P)  Glaucoma [__] [__] [__] 
Q)  Cataracts [__] [__] [__] 
R)  Diabetes [__] [__] [__] 
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4. If you answered YES to ANY of the questions above, please complete the following table.  If you are positive one of your 
relatives has been diagnosed with the illness but are unsure of the type, please write “unsure” under Type of Illness. If you do not know 
the age, please guess.  
 

Type of Illness 
(Enter the Letter) 

Relative’s 
Relationship to You 

Relative’s age  
at Diagnosis 

Example: 
R) Diabetes 

 
Half-Brother 

 
65 
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PILL POSTCARD 
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                                                                                               ID#: _________________ 
                                                                                              Dist #:  _______________        
 
 
 
Selenium Studies 
 
Please write the date you start taking this set of  pills below: 
 
 
________/________/________ 
 
 
 
 
 
  



 

 

245

 
 
 
 
 
 
 
 
 
 
 
 
 
 

FOLLOW UP QUESTIONNAIRES 
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Illness Documentation 
 
Have you had any New illnesses in the last 3 months?  ____ No ____ Yes (Please list below) 
 

ILLNESS START DATE  STOP  DATE PHYSICIAN 

EXAMPLE:  High Blood Pressure 6/25/97 continuing Dr. Albert Smith 
Cancer: 
What Type?    

Actinic Keratosis  
(Pre cancerous skin lesion)    

Basal Cell Carcinoma 
(skin cancer)  

 
 

Squamous Cell Carcinoma 
(skin cancer)  

 
 

Other Skin Cancer 
What type?   

 
 

Colon Polyps    

Glaucoma    

Cataracts    
Heart Problems: 
What Kind?    

Hospitalizations: 
Why?    
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Other:    

    
 
Procedures and Surgeries Documentation 
 
Have you had any New surgeries or procedures in the last 3 months? ____ No ____ Yes (Please list below) 
 

 
PROCEDURE/SURGERY 

 
DATE 

 
PHYSICIAN 

 
HOSPITAL 

EXAMPLE: Colonoscopy 11/16/97 Dr. Albert Smith Rose Medical Center 

    

    

    

    

    

 
 
Prescription Medication Documentation 
 
Have you started any New prescription medications in the last 3 months? ____No ___Yes (Please list below) 
 

PRESCRIPTION 
MEDICATION DOSAGE HOW 

OFTEN REASON START 
DATE 

STOP 
DATE PHYSICIAN 

EXAMPLE:  Penicillin 250 mg 3 a day bronchitis 2/1/97 2/13/97 Dr. Albert Smith 
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Vitamins, Minerals, Herbs, and Non-Prescription Drug Documentation 
 
Have you started any New vitamin or mineral supplements, herbal remedies, or non-prescription drugs in the last 3 months? 
 ____ No ____ Yes (Please list below) 
 
 

 SUPPLEMENT* DOSAGE HOW OFTEN REASON START DATE 

EXAMPLE:  Iron 325 mg 1 a day anemia 2/1/97 
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*If you are you taking a multivitamin supplement, how much Selenium does it contain? 
  mcg  [__] Check if vitamin contains no Selenium 
 
 
 
Name:   _________________________ 
 Distribution Number/Visit Number: ____________/____________ 
 Participant’s Number:   
 Clinic:   
 
This is the FOLLOW-UP STUDY VISIT  QUESTIONNAIRE. Please fill out all questions completely and accurately.  All information 
will be kept strictly confidential and used for research purposes only. 
 
Today's Date_____________________________ 
 
•   Since my last visit, I missed taking a pill:  (circle one) 
 
1.  Never (less than once a month)  4.  More than once a week 
2.  About once a month    5.  Stopped then restarted taking the pills 
3.  About once a week     6.  Stopped and did not restart  
 
If you stopped taking the pills, please answer the following: 
         
          Date I stopped taking the pills  ______________________ 
          Date I restarted taking the pills _____________________ 
           
Please describe the reason for stopping pills: 
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 In the last 3 months, have you had any NEW problems with: Choose: Enter the start date: 

1 Garlic odor on your breath? (NOT related to meals) Yes   No  

2 Brittle hair? Yes   No  

3 Brittle nails? Yes   No  

 
 
 
Medical Records Release    *     *     *     *     *       
I give permission to the Watchful Waiting with Selenium project to obtain copies of my medical records from my medical care providers 
for the duration of the study.  I understand that this information will be kept strictly confidential and used for research purposes only. 
 
              
Signature        Today’s Date 
Watchful Waiting with Selenium 
FOLLOW-UP STUDY VISIT QUESTIONNAIRE 
 Distribution Number: _____________________ 
 Patient Number: _____________________ 
 Clinic: _____________________ 
  
Name:  ____________________________________            Date:  ______/_____/______ 
Date a new pill bottle was started   .   .   .   .      .   .   .   .   _____/_____/_____  Box #_____ 
 
Since my last visit, I missed taking a pill:  (circle one) 
  1.  never (less than once a month)  
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2.  about once a month    
3.  about once a week           
4.  more than once a week   
5.  stopped then restarted taking the pills   
6.  stopped and did not restart taking the pills  
If  you stopped taking the pills, please answer the following: 
 
I stopped taking the pills on this date       .   .   .   .   .   .   .   .   . _____/_____/_____ 
 
I restarted taking the pills on this date     .   .   .   .   .   .   .   .   . _____/_____/_____ 
 
Please describe below the reason for stopping pills   
_______________________________________________________________________ 
_______________________________________________________________________ 
Do you have any new problems with persistent       (circle one)      Date onset 
 
garlic odor on your breath?  (not related to meals) .   . YES   NO  ____/_____/_____ 
 
hair loss? .   .   .   .   .   .   .   .   .   .   .   .   .  .   .   .   .   .   YES   NO  ____/_____/_____ 
 
nails splitting? .   .   . .   .   .   .   .   .   .   .   .   .   . .   .   . YES   NO  ____/_____/_____ 
 
fatigue? . .   .     .   .   .   .   .   .   . .   .   .   .   .   .   .   .   .   YES  NO   ____/_____/_____ 
 
nausea? .   .   .   .   .   .   .   .   .   .   .   .   .  .   .   .   .   .   .  YES  NO   ____/_____/_____ 
 
If you have had any of these new problems, please describe below. 
__________________________________________________________________________ 
 
______________________________________________________________________________________________________________
___________________ 
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I give my permission to the Watchful Waiting With Selenium project to obtain copies of my medical records from my medical care 
providers for the duration of the study.  I understand that this information will be kept strictly confidential and used for research purposes 
only. 
 
___________________________________        _______________________ 
Signature        Today’s date    
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Watchful Waiting with Selenium  
List any illnesses you have had since your last visit 

  Check here if no new illnesses 
 

ILLNESS START 
DATE 

STOP 
DATE 

PHYSICIAN   SPECIALTY HOSPITAL 

Example:  High Blood 
Pressure 

11-25-97 12-1-97 Dr. Jones  Internist Veteran’s Hospital 

      

      

      

      

      

      

List any procedures or surgeries performed since your last visit 
  Check here if no procedures or surgery 

 
PROCEDURE / SURGERY DATE PHYSICIAN   SPECIALITY        HOSPITAL 

Example: Colonoscopy 11-16-97 Dr. Smith  GI City Hospital 
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Watchful Waiting with Selenium 
List any new medications or changes in medications since your last visit 

  Check here if no new medications or changes 

 
List any vitamin or mineral supplements, herbal remedies or non-prescription drugs 

  Check here if no non-prescription, vitamins, herbal remedies or non-prescription drugs since your last visit 
 
MEDICATION/ 
SUPPLEMENT 

DOSE HOW OFTEN REASON START 
DATE 

STOP 
DATE 

Example: Iron 325mg 1 a day anemia 12-1-97 12-18-97 

      

      

      

      

      

MEDICATION DOSE HOW OFTEN REASON START 
DATE  

STOP 
DATE 

PHYSICIAN  

Example : Lasix 20 mg 1 a day HBP 11-1-97 current Dr. Smith 
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APPENDIX F: ADDITIONAL TABLES AND FIGURES 
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Table 20: Descriptive statistics for total study population (Continuous variables) 
Variable Mean Standard 

Deviation 
Minimum Median Maximum 

Baseline PSA 8.0 6.1 0.4 6.5 35.9 
Baseline 
Selenium 

135.4 42.0 94.7 129.1 459.5 

BMI 26.9 4.1 18.6 26.1 44.6 
Age  72.8 6.7 39.0 74.0 84.0 
Pack-years 23.8 29.8 0.0 13.0 117.5 
Gleason score 5.6 1.1 0.0 6.0 7.0 
Free PSA 1.4 1.7 0.1 0.9 9.6 
Chromogranin-A 54.3 78.7 9.0 30.0 503.0 
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Table 21: Descriptive statistics for total study population (Categorical variables) 
Variable Number Percentage 
Aspirin use at baseline 50 35.7 
Statin use at baseline 27 19.3 
Other NSAID use at baseline 20 14.3 
Caucasian race 123 87.9 
Family history of prostate 
cancer 

16 11.4 

Age   
  Age <= 65 16 11.4 
  Age 65 – 75 71 50.7 
  Age >75 53 37.9 
Smoking   
  Never smokers  51 36.7 
  Former smokers  74 53.6 
  Current smokers  13 9.4 
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Figures: 
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Figure 11: Distribution of serum PSA values at baseline before transformation 
 
 



 

 

259

0
10

20
30

Fr
eq

ue
nc

y

0 1 2 3 4
PSAlog1

 
Figure 12: Distribution of serum PSA values at baseline after transformation 
(ln(PSA+1)) 
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