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ABSTRACT 

 

In 2018, the United States Preventive Services Task Force (USPSTF) 

recommended that African American men and those with a family history of prostate 

cancer should discuss the pros and cons of PSA testing with their physician and engage in 

shared decision making. Identifying risk factors of prostate cancer, calculating 

individualized prediction of the risk of prostate cancer, and ensuring that the patients are 

well informed with knowledge to understand these risks so as to easily make decisions, 

are extremely important in shared decision making. The overarching goal of this 

dissertation is to assist in these three steps and facilitate shared decision making in a 

high-risk population. 

Aim 1 assessed the association of demographic characteristics, clinical markers 

and genitourinary symptoms with the diagnosis of prostate cancer (Aim 1a), as well as 

with the diagnosis of significant prostate cancer (Aim 1b), in a high-risk population. A 

nested case-control study for Aim 1a and a case-control study for Aim 1b was conducted 

using the Prostate Risk Assessment Program (PRAP) data, which enrolls African 

American men and those with a family history of prostate cancer. Multivariable 

conditional logistic regression was used to assess the association between the risk factors 

for any prostate cancer, while multivariable logistic regression was used for clinically 

significant prostate cancer. The risk of any prostate cancer increased with increasing age, 

presence of family history and increasing PSA levels, while the risk of significant 

prostate cancer was associated with increasing PSA level. This suggests that PSA level, 
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as a continuum, is extremely important while predicting prostate cancer, especially 

significant prostate cancer within a high-risk population.  

 Using Aim 2, we compared the performance of two prostate cancer risk 

calculators, Prostate Cancer Prevention Trial – Risk Calculator 2.0 (PCPT-RC 2.0) and 

the European Randomized Study of Screening for Prostate Cancer -Risk Calculator 3/5 

(ERSPC-RC 3/5) to predict any prostate cancer and clinically significant prostate cancer 

in a high-risk American population. All men who underwent prostate biopsy with the 

PRAP data registry since 1996 were included in the study. The probability of being 

diagnosed with any prostate cancer and significant prostate cancer (Gleason score > 6) 

was calculated using the online versions of PCPT-RC 2.0 and ERSPC-RC 3/5. The 

performance of these calculators was compared using calibration (calibration plot and 

calibration-in-the-large), discrimination (comparing AUC curves using DeLong’s 

method) and decision curve analysis (to assess clinical utility). The calibration suggested 

that both risk calculators under-predicted the probability of any prostate cancer while 

PCPT-RC 2.0 over-predicted the probability of significant prostate cancer. Analysis of 

the AUC curves suggested that the PCPT-RC 2.0 (AUC: 0.59, 95% CI 0.52 to 0.66) 

showed a trend towards better discrimination for any prostate cancer as compared to 

ERSPC-RC 3/5 (AUC: 0.55, 95% CI 0.48-0.63, p= 0.3819). Similarly, PCPT-RC 2.0 

(AUC: 0.71, 95% CI 0.61-0.82) showed a trend towards better discrimination for 

significant prostate cancer as compared to ERSPC-RC 3/5 (AUC: 0.63, 95% CI 0.51 to 

0.75, p= 0.2335). PCPT-RC 2.0 proved to be clinically beneficial to predict significant 

prostate cancer in the range of lower prediction thresholds. These results suggest that the 

PCPT-RC 2.0 is superior to ERSPC-RC 3/5 in a high-risk American population. 
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 Aim 3 utilized a systematic review of the decision aids used to improve 

prostate cancer knowledge, improve risk perception, reduce confusion, involve in shared 

decision making or utilize PSA tests in men at high-risk of prostate cancer, defined as 

those with African descent or those with a family history of prostate cancer. Data was 

extracted by searching MEDLINE, CINAHL, EMBASE, and PsycINFO via Ovid and 

EBSCOhost. After screening titles and abstracts, the resulting full-text articles were 

assessed for inclusion and exclusion criteria. A data extraction table was created, and the 

methodological quality of the studies was assessed based on three criteria – 

randomization, double blinding and intention-to-treat analysis. Due to the clinical 

heterogeneity of the studies, a descriptive analysis of all the studies was conducted and 

tabulated. A total of 2605 articles were retrieved after literature search, of which 8 

articles met the inclusion criteria and were included in the qualitative analysis. Of these 8 

articles, 6 were targeted at those who were African American or those with an African 

descent and 2 articles included interventions targeted at those with a family history of 

prostate cancer. Majority of the studies targeted at African American men demonstrated 

an improvement in knowledge and reduction in decisional conflict in the intervention 

group compared to the control group. The two studies that included men with a family 

history of prostate cancer did not show any change in knowledge or decisional conflict in 

the intervention group compared to the comparison group. All studies were of low 

quality, except one which was medium quality. Thus, this review unveiled that tailored 

decision aids would be helpful in improving knowledge and reducing decisional conflict 

in African American men while decision aids designed for men with family history of 

prostate cancer would not significantly change prostate cancer knowledge or decisional 
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conflict compared to the standard decision aid. Thus, one of the tailored decision aids can 

be used to help African American men improve their knowledge of prostate cancer and 

reduce decisional conflict, while the standard decision aid can be used in men with a 

family history of prostate cancer. 

These conclusions can be assimilated into the USPSTF recommended shared 

decision-making sessions between the patients and the physicians. 
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CHAPTER 1 

INTRODUCTION 

Prostate cancer has the highest incidence in American men and accounts for about 

19% of newly diagnosed cancers (Siegel, Miller, & Jemal, 2018). Majority of prostate 

cancers are detected via screening of asymptomatic men, using digital rectal examination 

(DRE), prostate specific antigen (PSA) blood test, or both (Mariotto, Etzioni, Krapcho, & 

Feuer, 2007; Ross & Taylor, 2009). These available methods, especially PSA testing, are 

not foolproof and have been under scrutiny for years because of the uncertainty 

surrounding its risks and benefits, and due to the high possibility of overdiagnosis and 

overtreatment (Chou et al., 2011). Overdiagnosis refers to the diagnosis of prostate 

cancer using PSA test in men whose cancer would never have become symptomatic in 

their entire lifetime. Treatment of these indolent cancers results in harms and does not 

provide any benefit, thus leading to overtreatment (Grossman et al., 2018). Overdiagnosis 

and overtreatment are the most important harms of PSA testing. 

 

Early PSA Testing and Mortality (Overdiagnosis) 

 The recommendations for the utilization of PSA testing as a screening method in 

prostate cancer has undergone changes over a period of time. Revisions have been 

created due to overwhelming evidences regarding the questionable benefit of PSA testing 

in reducing adverse events like mortality. Randomized trials have helped, to some extent, 

in shaping our understanding of prostate cancer specific mortality (PCSM) given the 

person undergoes early PSA-based screening. Two randomized trials were conducted, the 
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Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial in the U.S. and 

the European Randomized Study of Screening for Prostate Cancer (ERSPC) in Europe, to 

assess the difference in PCSM depending on whether the participant was randomized to 

annual PSA-based screening or usual care. The PLCO trial demonstrated no difference in 

PCSM between the two groups. However, it was noted that in this study, a large number 

of participants (38%) in the control group received usual care, thus underwent prostate 

cancer screening (Andriole et al., 2009). The ERSPC did report a reduction in the rate of 

PCSM by 20% in the screening group, however this reduction was achieved at a cost of 

overdiagnosis. With an absolute risk of death of 0.71 per 1000 men, they concluded that 

1410 men would need to be screened and an additional 48 prostate cancer patients would 

need to be treated in order to prevent one death from prostate cancer (Schröder et al., 

2009).  

 

Treatment of Prostate Cancer and Mortality (Overtreatment) 

Aggressive treatment of prostate cancers via surgery or radiotherapy has shown 

limited or no benefits in reducing mortality. The effect of surgery, i.e. radical 

prostatectomy (RP) vs watchful waiting or observation in reducing PCSM was assessed 

in two randomized trials – one in Europe and the other in U.S. The Scandinavian Prostate 

Cancer Group Study Number 4 (SPCG-4) assessed the effect of RP vs watchful waiting 

in early prostate cancer and concluded that there was a reduction in PCSM in the RP 

group as compared with the watchful waiting group. Men in the watchful waiting group 

did not receive any treatment at all, except transurethral resection for obstructive voiding 
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disorders (Bill-Axelson A, Holmberg L, Ruutu M, 2011). On the other hand, the study 

conducted in the U.S., the Prostate Intervention versus Observation Trial (PIVOT), 

discovered no difference in all-cause mortality (ACM) or PCSM between the two groups. 

In this trial, however, men in the observation group were offered palliative therapy or 

chemotherapy for symptomatic or metastatic progression (T. Wilt et al., 2012). Similarly, 

results from the extended PIVOT trial with a median follow-up of 12.7 years reported no 

difference in ACM or PCSM between the active surveillance vs RP group (Timothy J. 

Wilt et al., 2017). Thus, treatment of prostate cancer not only demonstrates no benefit in 

reducing PCSM, but also has side effects. A systematic review revealed that while 

urinary leakage was the most common side-effect with RP, bowel urgency occurred with 

RT, and erectile dysfunction was common in RP, RT and ADT (Timothy J Wilt et al., 

2008). 

The most recent randomized controlled trial, the UK ProtecT trial, assessed the 

effect of RP, radiotherapy (RT) and active surveillance on mortality in men diagnosed 

with localized prostate cancer between the ages of 55-69 years. Similar to findings from 

previous RCTs, this trial did not find any significant change in PCSM or ACM between 

the three groups after 10 years follow up. However, it concluded that only 2.7% in the RT 

group and 2.3% in the RP group progressed to metastatic cancer, compared to 6% in the 

active surveillance respectively. During the 10-year follow-up period, approximately 

54.8% of men randomized to active surveillance had to cross over to active treatment. 

Thus, recent evidence shows that there is limited  benefit in treatment for localized 

prostate cancer, especially in men between the ages of 55-69 years (Hamdy et al., 2016). 
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Recommendations about Prostate Cancer Screening 

Due to these insignificant results, which demonstrated no benefit of utilizing 

widespread PSA testing and treatment in reducing mortality, except in men between the 

ages of 55-69 years, the United States Preventive Services Task Force (USPSTF) made 

some recommendations regarding which men should undergo PSA testing. The USPSTF 

report in 2018 recommends against mass screening of the U.S. general population below 

the age of 55 years and above the age of 70 years. Men in age range of 55-69 years 

should make individual decisions about screening after discussion with their clinicians 

(Grossman et al., 2018).  

 

High-Risk Population 

The recommendations by the USPSTF hold true only for the general population. 

It has been demonstrated that African American men, those with a family history of 

prostate cancer and those with a BRCA1/2 mutation are at high risk of being diagnosed 

with prostate cancer (Bostwick et al., 2004). There have been very few studies targeting 

this high-risk population. Consequently, the USPSTF could not make any 

recommendations regarding PSA screening for African American men or those with a 

family history of prostate cancer and suggested that these men engage in shared decision 

making with their physicians. The USPSTF also emphasized that more research needs to 

be conducted in these populations in order to have better evidence-based guidelines 

(Grossman et al., 2018). 
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 Shared decision making is a process that includes a discussion between the 

healthcare provider and the patient regarding the potential harms and benefits of a 

medical procedure, so that the patient can understand the implications of their decisions 

and make an informed choice while maintaining personal autonomy (O’Connor, 

Llewellyn-Thomas, & Flood, 2004). It is imperative that during these shared decision-

making sessions, especially with men at high-risk of being diagnosed with prostate 

cancer (African American men and those with a family history of prostate cancer), 

physicians inform the patients regarding what factors might affect their risks of diagnosis 

and how to decide whether to undergo biopsy based on the individual’s probability of 

being diagnosed with prostate cancer. But, effectiveness of these shared decision-making 

sessions is largely relied on the prostate cancer knowledge of these men and their abilities 

to make such complex decisions. These three steps – identifying risk factors of prostate 

cancer, calculating individualized prediction of the risk of prostate cancer, and ensuring 

that the patients are well informed with knowledge to understand these risks so as to 

easily make decisions, are extremely important in shared decision making. The 

overarching goal of this dissertation is to assist in these three steps and facilitate shared 

decision making in a high-risk population. 

 

Compendium 

The dissertation is compiled in the following manner: 

- Chapter 2 evaluates the risk factors of any prostate cancer and clinically 

significant prostate cancer in a high-risk population.  
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- Chapter 3 compares the performance of two risk calculators – the Prostate Cancer 

Prevention Trial -Risk Calculator 2.0 (PCPT-RC 2.0) and the ERSPC-RC 3/5 to 

predict the risk of any prostate cancer and clinically significant prostate cancer. 

- Chapter 4 conducts a systematic review of all RCTs that have evaluated a 

decision aid to either improve prostate cancer knowledge or reduce decisional 

conflict regarding prostate cancer screening in a high-risk population. 

 

 

  



7 

 

CHAPTER 2 

RISK FACTORS OF PROSTATE CANCER IN HIGH-RISK MEN 

 

Introduction 

Prostate cancer is a slow growing tumor with almost 100% 5-year survival rates. 

As discussed before, the latest USPSTF recommendation has been amended in order to 

update the screening protocol for the general population (Grossman et al., 2018). 

However, not much has changed for African American men and those with a family 

history of prostate cancer. The updated recommendation in 2018 states that men in the 

high-risk population should make individual decisions about screening after discussion 

with their clinicians due to lack of definitive evidence, and encourages research in these 

populations in order to have better evidence-based guidelines (Grossman et al., 2018). It 

can be speculated that PSA-based screening can be targeted to these high-risk men in 

whom treatment would reduce morbidity as well as mortality. So, it might be beneficial 

to identify men who are at high risk of being diagnosed with prostate cancer, that 

screening and biopsy can be targeted at them after shared decision making. There have 

been certain attempts at trying to identify these high-risk groups and predict the 

probability of diagnosis of prostate cancer (Bostwick et al., 2004).  

 

Risk of Prostate Cancer 

Age has been identified as one of the most important risk factors, and this risk is 

further enhanced in the presence of family history. It has been stated that “essentially all 
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men with circulating androgens will develop microscopic prostate cancer if they live long 

enough” (Bostwick et al., 2004). A study in Sweden reported a standardized incidence 

ratio (SIR) of 3.38 for men aged 45-49 years with a family history compared to an SIR of 

1.35 for men > 80 years of age (Gronberg H, Damber L, 1994). Another study stated that 

men with a family history of prostate cancer had 10 times, 5 times and 3 times increased 

risk of being diagnosed with prostate cancer at ages 60, 70 and 80 years, respectively 

when compared to those with no family history (Grönberg, Wiklund, & Damber, 1999).  

Family history, in the absence of the age interaction, can also pose a significant 

risk of prostate cancer. Men who have a brother or father with prostate cancer have a 2- 

to 4-fold increased risk of developing prostate cancer. A 5- to 11-fold increased risk has 

been noted among men with two or more affected relatives, depending on the number of 

relatives who have prostate cancer and whether they are first or second-degree relatives 

(Lesko, Rosenberg, & Shapiro, 1996; Alice S Whittemore et al., 1995). One study 

demonstrated an association between presence of family history and a diagnosis of 

aggressive prostate cancer (Klein, Kupelian, & Witte, 1998).  

Another risk factor for prostate cancer is race, and disparities have been reported 

in the diagnosis, treatment and outcomes of prostate cancer. African American men are 

more likely to be diagnosed with prostate cancer compared to their Caucasian 

counterparts (Odedina et al., 2009). African American men express genes that are 

involved in inflammatory responses and oncogenic signaling pathways making them 

biologically prone to prostate cancer (Wang et al., 2010). Some of these disparities have 

been attributed to differences in access to care. However, it has been noted that there are 
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racial differences in the decision-making process regarding whether to seek medical 

treatment and this is regardless of access to care (Haas & Sakr, 1997). Therefore, age, 

family history of prostate cancer and race are well established risk factors of prostate 

cancer. 

There are several other factors that have been assessed in the risk for prostate 

cancer. Elevated serum testosterone levels have been implicated as a risk factor for 

prostate cancer, but the evidence for this is controversial. Serum testosterone levels may 

be elevated (Ghanadian, Puah, & O’Donoghue, 1979), depressed (Wayne Meikle, Smith, 

& West, 1985) or similar (Hammond, 1978) in men with prostate cancer compared to 

those without prostate cancer. The effect of finasteride, a 5-alpha reductase inhibitor that 

inhibits the conversion of testosterone to the potent androgen dihydrotestosterone (DHT) 

in the prostate, for the prevention of prostate cancer was assessed in the Prostate Cancer 

Prevention Trial (PCPT) (Thompson et al., 2003). This study randomized men, age 55 

years or older, with a normal digital rectal examination (DRE) and PSA of < 3.0 to 

finasteride (5 mg/day) vs. placebo for seven years. The study noted an approximate 

24.8% reduction in prostate cancer prevalence for men taking finasteride over the seven-

year period. However, during the study period, there was an increase in high-grade 

prostate cancer in the finasteride arm compared to the placebo arm (6.4% vs. 5.1% of 

men included in the final analysis, respectively, p=0.005). This increase in high-grade 

prostate cancer was explained by biases like improved sensitivity of the PSA and DRE 

for overall prostate cancer detection and high-grade prostate cancer with finasteride, 

differences in participants reaching study endpoints between the two arms, and increased 
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detection of high-grade disease in the finasteride arm due to reduction in size of the 

prostate gland (Redman et al., 2008). Thus, the apparent excess risk of high-grade 

prostate cancer in men taking finasteride is not substantiated. In 2009, the American 

Society of Clinical Oncology (ASCO) and American Urologic Association (AUA) 

published a clinical practice guideline regarding the use of 5-alpha reductase inhibitors 

for prostate cancer chemoprevention. This practice guideline states that asymptomatic 

men with a PSA < 3.0 may benefit from a discussion regarding the risks and benefits of 

taking finasteride for 7 years for the prevention of prostate cancer (Kramer et al., 2009). 

Thus, although serum testosterone levels have shown mixed evidence in the risk for 

prostate cancer, the 5-alpha reductase inhibitor, finasteride, has been recommended for 

the prevention of prostate cancer. 

Elevated body mass index (BMI) has been shown to be associated with increased 

risk of prostate cancer. A study in Italy showed that the odds ratio (OR) for being 

diagnosed with prostate cancer is more than 4 times among those with a BMI ≥ 28 

compared to those with a BMI <23 (Talamini, La Vecchia, Decarli, Negri, & Franceschi, 

1986), while a Norwegian study reported a 2-fold increased risk for obese men (BMI > 

27.6) (Veierod, Laake, & DS, 1997). Increased BMI has also shown to increase the risk 

of high-grade prostate cancer, especially in those < 50 years of age (Rohrmann, Roberts, 

Walsh, & Platzl, 2003).  

Other risk factors for prostate cancer such as diet (dietary fat intake, vitamins such 

as Vitamin A, C, D and E, trace elements such as zinc, selenium and calcium), alcohol, 

smoking status, diabetes mellitus, physical activity and energy intake have been 
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evaluated. But most evidence has not been strong enough to prove a consistent 

association with prostate cancer (Bostwick et al., 2004).  

The association of genitourinary symptoms and risk of prostate cancer has been 

studied with inconsistent results. One case-control study demonstrated that men with 

prostate cancer were more likely to have urinary symptoms like frequency, hesitancy, 

dribbling, incontinence and weak stream of urine, in their lifetime. However, when the 

analysis was repeated after controlling for a previous diagnosis of benign prostate 

hyperplasia (BPH) in the past 2 years, the association was no longer statistically 

significant (Hiatt, Armstrong, Klatsky, & Sidney, 1994). Another cross-sectional analysis 

stated that asymptomatic men were at higher risk of being diagnosed with prostate 

cancer, with the adjusted OR among symptomatic men being 0.70 (95% CI 0.51-0.96) 

and the asymptomatic men being the reference group (Catalona et al., 1994). Another 

study showed that men who had symptoms of prostate disease were at significantly 

higher risk of prostate cancer, with an OR of 2.11 (95% CI 1.18-3.80) (Lightfoot, Kreigr, 

Sass-Kortsak, Purdham, & Buchan, 2000).  A case-control study demonstrated that the 

risk of being diagnosed with prostate cancer is high among men who are not only 

symptomatic but also have a family history of prostate cancer (Lesko et al., 1996). A 

systematic review, assessing the association between urinary symptoms and prostate 

cancer, stated that the lack of evidence is a cause for concern and no guideline 

suggestions can be made based on the paucity of evidence. Thus, there still needs to be 

more research to assess the association of genitourinary symptoms and risk of prostate 

cancer.  
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All these factors help us to understand and identify men who are at high risk of 

being diagnosed with prostate cancer. However, mere identification of these men will not 

help in reducing morbidity and mortality, as most prostate cancers are clinically 

insignificant and are least likely to reduce mortality, if treated. The PCPT trial, a double-

blind randomized controlled trial which assessed the effect of finasteride on the risk of 

prostate cancer, called for an end-of-study biopsy in participants from both groups. It was 

noted that, of the 449 men diagnosed with prostate cancer in this study, 361 (80%) men 

had a Gleason score ≤ 6, 60 (13%) had a Gleason score of 7, and only 7 (1.6%) had a 

Gleason score of 8 or 9 (Thompson et al., 2003). A study to note the natural progression 

of untreated, localized prostate cancer noted that most prostate cancers are slow-growing 

and non-fatal (Johansson, Andre, & Dickman, 2004). Another computer simulation to 

predict the natural history of prostate cancer proved that treatment provided only a 

modest benefit for about 15 years (Albertsen, Hanley, & Fine, 2005). The recently 

published Prostate Testing for Cancer and Treatment (ProtecT) trial has confirmed these 

findings and has been instrumental in understanding the natural history of the disease 

(Albertsen, 2016). The trial stated that PSA screening usually helps to identify men with 

localized tumor which are usually Gleason 6 or Gleason 7. Also, initial analysis of 

mortality data states that only 17 of the 1643 men in the trial died due to prostate cancer. 

(Hamdy et al., 2016). This low mortality rate of localized prostate cancer emphasizes the 

need to define risk factors not only to identify the risk of all prostate cancers, but also 

clinically significant prostate cancers. This will ensure optimum utilization of resources 

to predict clinically significant tumors, thereby reducing overdiagnosis. 



13 

 

The conundrum faced by physicians when dealing with prostate cancer is that 

although a rock-hard prostate on DRE is suggestive of localized cancer which is indolent 

and slow growing, waiting for symptoms such as back pain, weight loss and decreased 

appetite may lead to the development of disseminated disease which is usually fatal 

(Albertsen, 2016). The challenge is not only to identify which cancer is clinically 

significant and has the potential to reduce morbidity and mortality, but also to prevent 

overtreatment due to overdiagnosis. Identifying the aforementioned risk factors can guide 

physicians to some extent to identify men in general population who should be tested 

using PSA and then subjected to biopsy. However, the same is not true for a high-risk 

population since not much is known regarding risk factors within this group. 

Additionally, identifying the characteristics of men who are at risk of being diagnosed 

with clinically significant prostate cancer (Gleason score > 6) within a high-risk 

population will help to target resources to this group and avoid unnecessary procedures 

and tests.   

 

Significance to Public Health 

Constant efforts have been made towards recognizing potential risk factors for 

prostate cancer. This has led to the establishment of guidelines for the general population. 

However, we need to concentrate our resources and further identify risk so that guidelines 

can be developed for high-risk patients.  

It can be argued that it is imperative to only study the risk factors of clinically 

significant prostate cancer. However, this can prove to be a sub-optimal strategy. It has 
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been demonstrated that, in a study conducted in 100 patients, about 35-50% of tumors 

that were thought to be Gleason score 6 on biopsy were upgraded to Gleason score ≥ 7 at 

radical prostatectomy (Epstein, Feng, Trock, & Pierorazio, 2012). So, it is essential to 

identify the risk factors for both, any prostate cancer and clinically significant prostate 

cancer. 

Most screening and biopsy decisions are made in an outpatient setting, where 

health care providers can spend an average of only about 15 minutes with each patient 

(Tai-Seale, McGuire, & Zhang, 2007). Any guideline that can assist the physician to 

unequivocally predict the greatest likelihood of being diagnosed with prostate cancer, 

especially clinically significant prostate cancer, given demographic factors, clinical 

findings and genitourinary symptoms would be extremely beneficial in this setting. Such 

guidelines can only be achieved with the help of prospective studies in such high-risk 

patients. 

 

Aims and Hypotheses 

Aim 1a: To assess the risk of being diagnosed with any prostate cancer based on 

demographic characteristics, clinical markers and genitourinary symptoms of men within 

a high-risk population of the Prostate Risk Assessment Program (PRAP) data. 

Hypothesis 1a: We hypothesize that within this high-risk population, men who are 

diagnosed with prostate cancer will have differences in demographic characteristics, 

clinical data and genitourinary symptoms than those who are not diagnosed with prostate 

cancer.  
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Aim 1b: To assess the risk of being diagnosed with clinically significant prostate cancer 

based on demographic characteristics, clinical markers and genitourinary symptoms of 

men within a high-risk population of the Prostate Risk Assessment Program (PRAP) data. 

Hypothesis 1b: We hypothesize that among those who are diagnosed with prostate 

cancer, men diagnosed with clinically significant prostate cancer (Gleason score > 6) will 

have different characteristics compared to those who are diagnosed with clinically 

insignificant prostate cancer (Gleason score ≤ 6). 

 

Methods 

This dissertation employed secondary analysis of the PRAP data for the years 

1996-2016. 

 

Description of Primary Data Collection and Protocol 

PRAP was established in 1996 with the primary objective of establishing a 

registry and screening clinic to provide medical and psychosocial interventions to 

individuals and families at high risk for prostate cancer.  

 

Recruitment 

Multiple recruitment strategies were utilized, which included contacting men who 

were diagnosed with or undergoing treatment for prostate cancer at Fox Chase Cancer 

Center (FCCC) and mailing them a relative identification form to contact their family 

members, health information and marketing materials disseminated at the FCCC 
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outpatient departments, partner hospitals, community events, health fairs, medical offices, 

and private homes, public service announcements via newspapers, television, internet and 

radio, and outreach opportunities including health fairs, community events and other 

events organized by FCCC. The recruitment methodology has been described in detail 

elsewhere (Giri et al., 2009). 

 

Data Collection 

All men who expressed interest in participating and those with mutations in 

BRCA1 or BRCA2 (BRCA1/2) identified through the parent registry Risk Assessment 

Program (RAP) at FCCC were mailed a questionnaire packet which included information 

about PRAP and the RAP Health History Questionnaire (HHQ). Once the completed 

questionnaire was received by FCCC, a telephone assessment was conducted to assess for 

eligibility. Men aged 35 to 69 years were eligible for the study if they had 

− At least one first degree relative with the diagnosis of prostate cancer, or  

− At least two second-degree relatives with prostate cancer on the same side of the 

family (either paternal or maternal), or 

− Have tested positive for the BRCA1 or BRCA2 gene mutation, or 

− Are African American with or without a first-degree relative with prostate cancer, 

or 

− Are African with or without a first-degree relative with prostate cancer. 

Participants were deemed ineligible if  

− They had previous history of prostate cancer, or  
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− Prior pelvic irradiation for cancer other than prostate.  

Discontinuation from the study occurred if  

− The patient withdrew consent, or 

− Patient reached 70 years of age and wished to stop participation, or  

− Patient was diagnosed with prostate cancer, or 

−  Death.  

If eligibility criteria were met, an appointment was given, and a packet of 

questionnaires was mailed to be filled out by the participant prior to the visit.  The health 

educator or nurse reviewed the questionnaires at the time of the appointment and 

obtained the informed consent. Additionally, at this visit, the physician reviewed the 

history followed by a limited physical as appropriate, and DRE and a tube of blood was 

collected for PSA testing. The participants were then followed annually during which the 

physician performed limited physical as appropriate, and DRE and other steps as needed 

depending on previous PSA results and DRE findings. The timeline of data collection is 

depicted in Table 1. 
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Table 1: Timeline of data collection 

 Mailing before 

clinic visit 

Clinic visit 

(T0) 

Annually every 

year after T0 

RAP Core HHQ X   

American Urologic Association 

(AUA) SPI / BPHII 

X   

Sexual Adjustment Questionnaire 

(SAQ)   

X   

Clinical Examination (DRE, PSA)  X  

Update of Health History and 

DRE, PSA (if needed) to 

determine a diagnosis of prostate 

cancer 

  X 

 

Study Design 

For Aim 1a, this nested case-control study (Langholz & Thomas, 1990) assessed 

the differences in demographic characteristics, clinical markers and genitourinary 

symptoms between those diagnosed with prostate cancer compared to those without a 

prostate cancer diagnosis. A nested case-control study samples cases and controls from a 

known source population and is extremely advantageous when the disease prevalence is 

low. It is speculated that the results from a nested case-control study is identical to that 
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from a cohort study. So, a nested case-control study is considered superior to a traditional 

case control study (Biesheuvel et al., 2008; Ernster, 1994).  

In this study, the known source population was the PRAP data registry and cases 

and controls were drawn from this source. All cases were identified first and then, the 

remaining participants (controls)  were matched randomly with cases using incidence 

density sampling (Richardson, 2004). In a nested case-control study, an incidence density 

sampling method is used which involves the sampling of a control every time a sequential 

case arises and ensures that matching is done without replacement (Ernster, 1994; Pai, 

1990).  

Within the PRAP registry, only those who were consented and visited the clinic at 

least once were included for analysis. PRAP has been recruiting men into the study since 

1996 and the protocols and assessments have changed in the past 20 years. In order to 

avoid confounding due to changes in protocols and guidelines during this long time-

lapse, a 1:4 time matching was done based on the year of enrollment. It is common in 

nested case-control studies to include 4 or 5 controls per case (Ernster, 1994; Sedgwick, 

2014).  

For Aim 1b, a case-control study (not nested case-control study) was utilized 

among those diagnosed with prostate cancer confirmed by a positive biopsy and analysis 

was conducted to assess the characteristics of men diagnosed with clinically significant 

prostate cancer.  
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The following Fig 1 depicts the timeline for data collection: 

 

 

 

 

 

 

 

Fig 1: Timeline of data collected 

 

Outcome Measures 

The outcome of this study for Aim 1a was the diagnosis of prostate cancer. Cases 

were defined as those diagnosed with prostate cancer based on positive biopsy. The trans-

rectal ultrasound guided (TRUS) biopsy was performed on those participants with a 

suspicious DRE and/or abnormal PSA blood test.  Biopsy for the PRAP study was done 

based on the following decisional flowchart (Fig 2): 

HHQ – Demographic 

Information 

SPI / BPHII – 

Genitourinary symptoms 

SAQ – Sexual symptoms   

Annual follow-

up to diagnose 

prostate cancer 

 

Baseline 
Yearly 

follow-up 

Clinical 

Markers 

Before diagnosis or 

end of follow up 
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Fig 2: Decisional flowchart for prostate biopsy 
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For each case, up to four controls were selected at random without replacement 

from the appropriate risk set. Selecting up to 4 controls is consistent with other nested 

case-control studies conducted in prostate cancer (Gann, Ma, Giovannucci, Willett, et al., 

1999). The risk set for a case consisted of all men who either had a negative biopsy or 

those who didn’t undergo biopsy at all, as their PSA and DRE results were not abnormal 

enough to warrant a biopsy and who were alive and well at the time of diagnosis of the 

case and who matched the case on year of enrollment.  

The outcome for Aim 1b was diagnosis of significant prostate cancer. Of those 

who had a positive biopsy result, clinically significant prostate cancer was defined as a 

Gleason score of > 6 at the time of diagnosis. 

 

Risk Factors 

The risk factors employed for Aim 1a and Aim 1b were the same and included the 

following: 

 

Demographic Characteristics 

The Health History questionnaire (HHQ) collected information regarding 

demographic data, family history, medical history, and epidemiologic risk factors. In this 

study, patient age at enrollment, race, family history of prostate cancer, BMI (body mass 

index) and marital status were considered. Age at first visit was considered as a 

continuous variable. Race is an important risk factor, as African Americans and men of 

African descent have been shown to have increased risk of being diagnosed with prostate 
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cancer (Odedina et al., 2009). Race, coded as African Americans and non-African 

Americans, was included as a categorical predictor. In this paper, African American was 

defined as men who are African American or African with or without a first-degree 

relative with prostate cancer. Family history of prostate cancer was considered as a 

predictor, as it has been shown to increase the risk of being diagnosed with prostate 

cancer (Lesko et al., 1996). In this study, family history of prostate cancer is defined as 

those with at least one first degree relative with the diagnosis of prostate cancer, or those 

with at least two second-degree relatives with prostate cancer on the same side of the 

family (either paternal or maternal). This is the same definition for family history 

followed by the PRAP registry which is the source population for this nested case-control 

study. Increased BMI has been shown to be a risk factor and was included in the model as 

a continuous variable (Talamini et al., 1986; Veierod et al., 1997). Marital status was 

coded as partnered (those who were married or engaged) and non-partnered (those who 

were single, divorced, or widowed) (Bostwick et al., 2004). 

 

Clinical Markers 

The clinical markers considered in this study were digital rectal examination (DRE) and 

prostate specific antigen (PSA) blood level. 

DRE: An abnormal DRE examination could help predict prostate cancer and so DRE 

results in the form of abnormal or not were considered as risk factors.  

PSA blood levels: PSA levels have been shown to predict a diagnosis of prostate cancer 

and so, blood PSA level was included for each participant. In order to ensure that the 
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most recent PSA value for cases is considered, the latest total PSA was considered as the 

risk factor.  

 

Genitourinary Symptoms 

Genitourinary symptoms were assessed by American Urologic Association (AUA) 

Symptom Problem Index (SPI) /Benign Prostatic Hyperplasia Impact Index (BPHII) and 

the Sexual Adjustment Questionnaire (SAQ). 

AUA SPI /BPHII (see Appendix 1): The AUA developed and validated two measures of 

disease-specific health status. The SPI is a 7-item Likert-type scale designed to assess 

how troublesome patients find their urinary symptoms from 0 - No Problem to 4 - Big 

Problem. The score from the seven items are added to form a cumulative score and the 

scores can range from 0 to 28. The BPHII is a 4-item scale that measures how much their 

urinary symptoms affect various domains of health including discomfort, worry, distress, 

and daily activities, from 0 - None to 3 - A Lot. The total score can range from 0 to 13. 

Both indices demonstrated good internal consistency with a Cronbach's alpha = 0.88 for 

the 108 BPH patients tested and 0.79 for the 50 controls. Test-retest reliability was r = 

0.88 for both groups, and scores correlated strongly with symptom scores (r = 0.86 for 

BPH and 0.77 for controls). The symptoms measured by these instruments are similar to 

those reported after therapy for prostate cancer with either surgery or radiotherapy. The 

higher the AUA SPI/BPHII scores, the worse the symptoms. (Michael J. Barry, Floyd J. 

Fowler, Jr., Michael P. O’Leary, Reginald C. Bruskewitz, H. Logan Holtgrewe, 1995). 

The total SPI score and the BPHII score were considered as a continuous variable.  
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SAQ (see Appendix 2): Sexual functioning was measured with the SAQ originally 

developed by Waterhouse and Metcalfe (Waterhouse, J., & Metcalfe, 1986).  The 

questionnaire rates most responses on a five-point Likert-type patient self-rating scale.  

The modified short form version contains five subscales including:  desire, activity, 

arousal, orgasm, and satisfaction. Validity and reliability were determined for each 

subsection separately. The internal consistency was alpha = .70 (Wilmoth, Hanlon, Ng, & 

Bruner, 2014). The modified SAQ is a 15-item questionnaire scored on a 5-point Likert 

scale. Of the 15 questions, items 3, 8, 10, 11 and 14 are reverse-coded so that lower 

scores represent positive sexual adjustment (Wilmoth et al., 2014). These scores were 

entered as a continuous variable.  

 

Covariates 

A previous diagnosis of BPH was included into the model as a covariate in order to 

control for changes in genitourinary symptoms. The guidelines of American Society of 

Clinical Oncology (ASCO) and American Urologic Association (AUA) state that 

asymptomatic men with a PSA < 3.0 ng/ml who are regularly screened with PSA may be 

offered the medication, finasteride, for seven years for the prevention of prostate cancer, 

which causes the PSA to reduce by 50% over the 12 months of taking finasteride. 

(Kramer et al., 2009). Based on this Level I evidence, PRAP offered finasteride to 

participants with an approximate 3-fold increased risk for prostate cancer based on 

clinical judgement. Finasteride leads to decrease in PSA levels and can affect the 
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incidence of prostate cancer. To control for this, a dichotomized variable, those who have 

taken finasteride and those who have not, was included as a covariate in the study. 

 

Statistical Analysis 

Baseline characteristics on the matched sample were compared using Mann-

Whitney U-test (for non-normal data) and independent t-test (for normal data) for 

continuous variables, and chi-square test for categorical variables. The variables were 

evaluated for missingness and any predictor or covariate that had more than 15% 

missingness was imputed using the Markov Chain Monte Carlo (MCMC) method. 

For Aim 1a, after imputation, conditional logistic regression, as a method for 

nested case-control analysis, was used for this study. It has been shown that conditional 

logistic regression, using PROC PHREG and TIES=DISCRETE option in SAS, produces 

the same result as Cox proportional hazards method but is faster than the latter (Dis, 

2000; Essebag, Platt, Abrahamowicz, & Pilote, 2005). Since nested case-control study 

has cases and controls matched on time to follow-up, the likelihood function of the 

conditional logistic regression is similar to the partial likelihood function of the Cox 

proportional hazards model (Liu, 2011). Univariate conditional logistic regression was 

firstly performed for each predictor and covariate of the primary outcome. Predictor 

variables and covariates that had a p-value of <0.2 in each of these univariate conditional 

logistic regression models were then entered into a multivariable conditional logistic 

regression and the probability of being diagnosed with prostate cancer was predicted. In 

the case of imputation, a sensitivity analysis was done including only those cases with 
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complete data. This ensured the comparison of results between the imputed dataset and 

the complete dataset. 

For Aim 1b, participants with positive biopsy results were divided into two 

groups – those with clinically significant prostate cancer (Gleason score > 6) and those 

with clinically insignificant prostate cancer (Gleason score ≤ 6). Baseline characteristics 

were compared between these two groups using Mann-Whitney U-test (for non-normal 

data) and independent t-test (for normal data) for continuous variables, and chi-square or 

Fisher’s exact test for categorical variables. Since, this analysis was conducted on 

unmatched data, univariate logistic regression was performed for each predictor and 

covariate of the outcome. Predictor variables and covariates that had a p-value of <0.2 in 

each of these univariate logistic regression models were then entered into a multivariable 

logistic regression and the probability of being diagnosed with clinically significant 

prostate cancer was predicted. All statistical tests were two-sided and p-values <0.05 

were considered statistically significant.  

 

Results 

Description of the Dataset 

There was a total of 950 participants who consented to PRAP between January 

1996 and December 2016. Of these, only 879 participants visited the clinic and were 

included in the final analysis. Of these, 110 prostate cancer cases were confirmed by 

positive biopsy. The remaining 769 men included those who either never underwent a 
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biopsy or those who had negative biopsy results. These 769 men formed the risk set to 

perform incidence density sampling. This is depicted in Fig 3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3: Flowchart of participants included in the analysis (Aim 1) 

 

Matching using incidence density sampling 

71participants consented to 

PRAP but never came for a visit 

to Fox Chase Cancer Center  

879 participants consented and 

came to clinic visit  

110 cases confirmed by positive biopsy  Risk set consists of 769 controls 

who either had no biopsy or a 

negative biopsy 

950 participants consented to PRAP between 

January 1996 and December 2016 

110 cases  

436 controls matched based on 

year of enrollment 
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Table 2 shows the distribution of demographic characteristics, clinical markers, 

genitourinary symptoms and covariates for the entire sample before incidence density 

sampling was employed. In the original population, men diagnosed with prostate cancer 

were older and were more likely to have a family history of prostate cancer than those 

who were not diagnosed with prostate cancer. They were also more likely to have an 

abnormal DRE exam and a higher median PSA value compared to those who were not 

diagnosed with prostate cancer. All other characteristics were comparable between the 

two groups. 
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Table 2: Demographic and clinical characteristics of the entire sample 

 Those diagnosed 

with prostate 

cancer 

(n=110) 

Those not 

diagnosed with 

prostate cancer 

(n=769) 

p-value* 

Demographic characteristics 

Age       

 

Race 

    Non African- American 

    African-American 

Family history of prostate 

cancer 

    No 

    Yes 

Marital status 

     Non-partnered 

     Partnered 

     Missing 

BMI 

54.94 (Range: 

35.23-69.85) 

 

48 (43.64%) 

 62 (56.36%) 

 

 

38 (34.55%) 

72 (65.45%) 

 

28 (25.45%) 

82 (74.55%) 

0 (0%) 

27.98 (Range: 

20.67-46.72) 

49.33 (Range: 35-

70.84) 

 

305 (39.66%) 

464 (60.34%) 

 

 

350 (45.51%) 

419 (54.49%) 

 

251 (32.64%) 

517 (67.23%) 

1 (0.13%) 

28.06 (Range: 

17.74-52.57) 

<.0001 

 

 

0.4264 

 

 

 

0.0302 

 

 

 

0.1278 

 

0.7930 

Clinical Markers     
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DRE   

     Normal 

     Abnormal  

     Missing 

PSA levels (ng/ml) 

 

89 (80.9%) 

19 (17.3%) 

2 (1.8%) 

3 (Range: 1.0-31.6) 

 

731 (95.06%) 

25 (3.25%) 

13 (1.69%) 

1 (Range: 0.1-74.2) 

 

 

<.0001 

 

<.0001 

Genitourinary Symptoms 

SPI score     

BPHII score 

SAQ score 

1 (Range: 0-24) 

0 (Range: 0-11) 

35 (Range: 27-49) 

1 (Range: 0-28) 

0 (Range: 0-13) 

35 (Range: 24-51) 

0.7701 

0.7772 

0.6288 

Covariates 

Previous diagnosis of BPH 

      No      

      Yes 

      Missing 

Finasteride 

     No 

     Yes 

 

69 (62.73%) 

40 (36.36%) 

1 (0.91%) 

 

105 (95.5%) 

5 (4.5%) 

 

510 (66.32%) 

246 (31.99%) 

13 (1.69%) 

 

735 (95.58%) 

34 (4.42%) 

 

 

0.3884 

 

 

0.9528 

*p-value does not take missing values into account 

 

Description of the Matched Sample 

Incidence density sampling was employed which led to a total of 110 prostate 

cancer cases and 436 controls in the final analysis. The distribution of demographic and 
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clinical characteristics between the cases and controls for the matched sample (Table 3) 

was similar to that of the entire sample (Table 2), discussed previously.  

 

Table 3: Demographic and clinical characteristics of the matched sample 

 Those diagnosed 

with prostate cancer 

(n=110) 

Those not diagnosed 

with prostate cancer 

(n=436) 

p-value* 

Demographic characteristics 

Age       

 

Race 

    Non African-American     

    African-American 

Family history of prostate 

cancer 

    No 

    Yes 

Marital status 

     Non-partnered 

     Partnered 

BMI 

54.94 (Range: 

35.23- 69.85) 

 

48 (43.64%) 

62 (56.36%) 

 

 

38 (34.55%) 

72 (65.45%) 

 

28 (25.45%) 

82 (74.55%) 

27.98 (Range: 

20.67- 46.72) 

48.37 (Range: 34.98- 

70.00) 

 

200 (45.87%) 

236 (54.13%) 

 

 

170 (38.99%) 

266 (61.01%) 

 

113 (25.92%) 

323 (74.08%) 

27.37 (Range: 17.74- 

50.21) 

<.0001 

 

 

0.6739 

 

 

 

0.3909 

 

 

0.9210 

 

0.7949 
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Clinical Markers     

DRE   

     Normal  

     Abnormal 

     Missing 

PSA levels (ng/ml) 

 

89 (80.9%) 

19 (17.3%) 

2 (1.8%) 

3 (Range:1.0- 31.6) 

 

396 (90.83%) 

29 (6.65%) 

11 (2.52%) 

1 (Range:0.1- 31.6) 

 

 

.0005 

 

<.0001 

Genitourinary Symptoms 

SPI score     

BPHII score 

SAQ score 

1 (Range:0- 24) 

0 (Range:0- 11) 

35 (Range:27- 49) 

1 (Range:0- 28) 

0 (Range:0- 13) 

35 (Range:25- 49) 

0.7204 

0.6830 

0.4509 

Covariates 

Previous diagnosis of 

BPH 

      No 

      Yes 

      Missing 

Finasteride 

     No 

     Yes 

 

 

69 (62.73%) 

40 (36.36%) 

1 (0.91%) 

 

105 (95.5%) 

5 (4.5%) 

 

 

282 (64.68%) 

141 (32.34%) 

13 (2.98%) 

 

409 (93.81%) 

27 (6.19%) 

 

 

0.5086 

 

 

 

0.5110 

*p-value does not take missing values into account 
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Imputed Dataset 

Missingness was evaluated and it was noticed that all predictors and covariates 

demonstrated less than 15% missingness, except the three genitourinary symptom scales, 

SPI, SAQ and BPHII. These three scales demonstrated varying amounts of missingness 

of data, specifically about 31.7% missing data for the BPHII scale, 32.2% for the SPI 

scale and 40.3% for the SAQ scale. Since the three variables demonstrating missing data 

were scales that employ individual items to form a comprehensive score, it was essential 

to employ imputation methods that catered towards such Likert-type scales. It has been 

demonstrated that although there are easier methods to deal with missing data like mean 

substitution and listwise deletion, they are less effective and tend to introduce bias into 

the analysis (Beale & Little, 1975; Little, 1978). So, with a moderate sample size as in the 

case of this study, it was advisable to use imputation (Gil & Kromrey, 2013). Various 

imputation methods have been evaluated and it has been shown that full information 

maximum likelihood (FIML) and multiple imputation (MI) are reliable strategies to deal 

with missing data. Although both methods are recommended, it is also suggested that 

FIML uses the summative scale as a whole in order to impute while MI takes into 

account the individual items that form the scale (Gil & Kromrey, 2013). Thus, MI using 

Markov Chain Monte Carlo (MCMC) method is recommended while imputing for 

individual items of a scale. The SAS macro missing_items was used in order to impute 

missing values for the three genitourinary symptom scales before conducting the 

conditional logistic regression (Gil & Kromrey, 2013). 
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Conditional Logistic Regression 

Univariate conditional logistic regression was utilized and any predictor or 

covariate that had a p-value of less than 0.2 was then entered into the final multivariable 

conditional logistic regression model. The predictors and covariates that were significant 

at the 0.2 level included patient age in years, PSA levels, DRE result, and family history 

of prostate cancer, as shown in Table 4. 

 

Table 4: Univariate conditional logistic regression on the matched sample 

 Unadjusted Hazard 

Ratio 

95% Confidence 

Interval 

p-value 

Demographic characteristics 

Age (years)  

Race 

    Non African-American 

    African-American 

Family history of prostate 

cancer 

     No 

     Yes 

Marital status 

    Non-partnered 

    Partnered 

1.066 

 

Ref 

1.237 

 

 

Ref 

1.522 

 

Ref 

0.770 

1.037-1.095 

 

 

0.780-1.961 

 

 

 

0.935-2.476 

 

 

0.464-1.276 

<.0001* 

 

 

0.3654 

 

 

 

0.0908* 

 

 

0.3099 



36 

 

BMI 0.991 0.946-1.039 0.7158 

Clinical Markers     

DRE   

     Normal  

     Abnormal 

PSA levels 

 

Ref 

3.521 

1.194 

 

 

1.776-6.980 

1.109-1.286 

 

 

0.0003* 

<.0001* 

Genitourinary Symptoms 

SPI score     

BPHII score 

SAQ score 

1.104 

1.096 

1.476 

0.794-1.535 

0.691-1.741 

0.659-3.306 

0.5554 

0.6963 

0.3443 

Covariates 

Previous diagnosis of BPH 

      No 

      Yes 

Finasteride 

     No 

     Yes 

 

Ref 

0.991 

 

Ref 

0.558 

 

 

0.624-1.574 

 

 

0.200-1.554 

 

 

0.9691 

 

 

0.2642 

*p-value <0.2. So, included in multivariable analysis 

 

The result of the multivariable conditional logistic regression is shown in Table 5. 

Patient age was significantly associated with increased hazards of being diagnosed with 

prostate cancer (adjusted HR 1.060, 95% CI 1.029 – 1.092, p = .0001). Similarly, a recent 
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abnormal DRE result (adjusted HR 2.332, 95% CI 1.092 – 4.882, p = .0259) and a recent 

higher PSA value (adjusted HR 1.060, 95% CI 1.005 – 1.119, p = .0314) were 

significantly associated with increased hazards of being diagnosed with prostate cancer. 

Presence of a family history of prostate cancer demonstrated increased hazards of being 

diagnosed with prostate cancer (adjusted HR 1.608, 95% CI 0.963 – 2.725, p = .0729), 

though not statistically significant. 

 

Table 5: Multivariable conditional logistic regression on the matched sample 

 Adjusted Hazard 

Ratio 

95% Confidence 

Interval 

p-value 

Age (years) 

Family history of 

prostate cancer 

     No 

     Yes 

DRE 

     Normal 

     Abnormal 

PSA levels 

1.060 

 

 

Ref 

1.608 

 

Ref 

2.332 

1.060 

1.029 – 1.092 

 

 

0.963 – 2.725 

 

 

 

1.092 – 4.882 

1.005 – 1.119 

0.0001 

 

 

0.0729 

 

 

 

0.0259 

0.0314 

 

A multivariable conditional logistic regression model was conducted including all the 

risk factors as predictors, irrespective of their p-values of univariate conditional logistic 
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regression model (Appendix # E). The results were similar to Table 5, except the 

statistically significant higher risk demonstrated in African American men. 

 

Sensitivity Analysis 

Table 6 depicts the results of the sensitivity analysis on the data with no missing 

values. When univariate conditional logistic regression was used to assess the predictors 

and variables that were significant at the 0.2 level, the three genitourinary symptom 

scales with missing data did not qualify for the multivariable conditional logistic 

regression. Thus, the same predictors that were used in the main analysis, namely patient 

age, presence of family history of prostate cancer, abnormal DRE and PSA levels, were 

included in the sensitivity analysis as well. The results from Table 6 are similar to those 

from the multivariable analysis (Table 5). 

 

 

Table 6: Sensitivity Analysis – Multivariable conditional logistic regression 

 Adjusted Hazard 

Ratio 

95% Confidence 

Interval 

p-value 

Age (years) 

Family history of 

prostate cancer 

     No 

     Yes 

1.060 

 

 

Ref 

1.608 

1.029 – 1.092 

 

 

0.963 – 2.725 

 

0.0001 

 

 

0.0729 
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DRE 

     Normal 

     Abnormal 

PSA levels 

 

Ref 

2.332 

1.060 

 

 

1.092 – 4.882 

1.005 – 1.119 

 

 

0.0259 

0.0314 

 

Attrition analysis was done to assess the difference in characteristics of men who came to 

the clinic and were included in the study compared to those who consented but never 

came to the clinic (Appendix # D). The large amount of missing data among those who 

never visited the clinic makes it difficult to draw any conclusions.  

 

Analysis for Clinically Significant Prostate Cancer (Aim 1b) 

The characteristics of participants included in this analysis is demonstrated in 

Table 7. Of the 110 men diagnosed with prostate cancer in the PRAP data, only 27 

(24.5%) were diagnosed with clinically significant prostate cancer (Gleason score > 6) 

while 83 (75.5%) men were diagnosed with clinically insignificant prostate cancer 

(Gleason score ≤ 6). As evident from Table 7, the two groups were similar with reference 

to demographic characteristics, clinical markers, genitourinary symptoms and the 

covariates. The only difference between these two groups was that men diagnosed with 

clinically significant prostate cancer had significantly higher mean PSA levels compared 

to those diagnosed with clinically insignificant prostate cancer. 
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Table 7: Analysis on those diagnosed with clinically significant prostate cancer vs those 

with clinically insignificant prostate cancer 

 Those diagnosed 

with clinically 

significant prostate 

cancer (n=27) 

Those diagnosed with 

clinically insignificant 

prostate cancer 

(n=83) 

p-value* 

Demographic characteristics 

Age (years)   

    

Race 

    Non African- American 

    African-American 

Family history of prostate 

cancer 

    No 

    Yes 

Marital status 

     Non-partnered 

     Partnered 

BMI 

56.13 (Range: 

35.23-69.5) 

 

10 (37.04%) 

17 (62.96%) 

 

 

11 (40.74%) 

16 (59.26%) 

 

7 (25.93%) 

20 (74.07%) 

27.4 (Range: 

21.61-43.68) 

54.67 (Range: 35.48-

69.85) 

 

38 (45.78%) 

45 (54.22%) 

 

 

27 (32.53%) 

56 (67.47%) 

 

21 (25.3%) 

62 (74.7%) 

28.5 (Range: 20.67-

46.72) 

0.2848 

 

 

0.4260 

 

 

 

0.4358 

 

 

0.9484 

 

0.5545 

Clinical Markers     
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DRE   

     Normal 

     Abnormal  

     Missing 

PSA levels (ng/ml) 

 

21 (77.78%) 

5 (18.52%) 

1 (3.7%) 

3.9 (Range: 2-

31.6) 

 

68 (81.93%) 

14 (16.87%) 

1 (1.2%) 

3 (Range: 1-20) 

 

 

0.7741 

 

0.0159 

Genitourinary Symptoms 

SPI score     

BPHII score 

SAQ score 

1 (Range: 0-17) 

0 (Range: 0-5) 

36 (Range: 28-46) 

1 (Range: 0-24) 

0 (Range: 0-11) 

35 (Range: 27-49) 

0.6799 

0.5479 

0.4651 

Covariates 

Previous diagnosis of BPH 

      No      

      Yes 

      Missing 

Finasteride 

     No 

     Yes 

 

19 (70.37%) 

8 (29.63%) 

0 (0%) 

 

26 (96.3%) 

1 (3.7%) 

 

50 (60.24%) 

32 (38.56%) 

1 (1.2%) 

 

79 (95.18%) 

4 (4.82%) 

 

 

0.3797 

 

 

0.9999 

*p-value does not take missing values into account 

 

 Univariate logistic regression was conducted to assess the factors that were 

significant at < 0.2 level in order to be included in the final multivariable logistic 
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regression model. The only factor that was significant at this level was PSA level (Table 

8).  

 

Table 8: Univariate logistic regression for the analysis for Aim 1b 

 Unadjusted Hazard 

Ratio 

95% Confidence 

Interval 

p-value 

Demographic characteristics 

Age (years)      

Race 

    Non African-American 

    African-American 

Family history of prostate 

cancer 

     No 

     Yes 

Marital status 

    Non-partnered 

    Partnered 

BMI 

1.030 

 

Ref 

0.697 

 

 

Ref 

1.426 

 

Ref 

1.033 

0.988 

0.978-1.085 

 

 

0.285-1.701 

 

 

 

0.583-3.488 

 

 

0.383-2.789 

0.897-1.088 

0.2658 

 

 

0.4272 

 

 

 

0.4369 

 

 

0.9482 

0.8094 

Clinical Markers     
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DRE   

     Normal  

     Abnormal 

PSA levels 

 

Ref 

0.865 

1.134 

 

 

0.279-2.683 

1.013-1.270 

 

 

0.8013 

0.0283* 

Genitourinary Symptoms 

SPI score     

BPHII score 

SAQ score 

0.796 

0.616 

1.821 

0.375-1.691 

0.196-1.937 

0.319-10.401 

0.5525 

0.4069 

0.5004 

Covariates 

Previous diagnosis of BPH 

      No 

      Yes 

Finasteride 

     No 

     Yes 

 

Ref 

1.52 

 

Ref 

1.316 

 

 

0.595-.3.882 

 

 

0.141-12.31 

 

 

0.3816 

 

 

0.8096 

*p-value <0.2. So, included in multivariable analysis 

 

As mentioned before, the only variable that had a p-value of less than 0.2 and was 

considered in the multivariable logistic regression model was PSA level. So, the result of 

the multivariable logistic regression for Aim 1b is the same as the univariate logistic 

regression for PSA levels. This is depicted in Table 9. High PSA value was significantly 
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associated (OR 1.134, 95% CI 1.013 – 1.270, p=0.0283) with increased odds of being 

diagnosed with clinically significant prostate cancer.  

 

Table 9: Multivariable logistic regression for the analysis for Aim 1b 

 Adjusted Odds 

Ratio 

95% Confidence Interval p-value 

PSA levels 1.134 1.013 – 1.270 0.0283 

 

Multivariable logistic regression was also conducted after including all the risk factors 

and covariates as the predictors (Appendix # F). The results are similar to Table 9, 

thereby demonstrating that PSA is the only significant risk factor for clinically significant 

prostate cancer. 

 

Discussion 

 This study assessed the risk factors for prostate cancer in a unique high-risk 

population. To the best of our knowledge, this is the first study to evaluate demographic, 

clinical and genitourinary risk factors for prostate cancer, as well as for clinically 

significant prostate cancer, in an exclusively high-risk population. The study 

demonstrates that increasing age, abnormal DRE and increasing PSA levels are 

significant risk factors for any prostate cancer, while elevated PSA level increases the 

odds of being diagnosed with clinically significant prostate cancer. 
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The results of our study are consistent with findings from previous studies that 

have assessed the risk of prostate cancer in the general population. Increasing age has 

been consistently associated with risk of prostate cancer. The incidence of prostate cancer 

increases exponentially after 50 years of age (Pienta & Esper, 1993). Autopsy data has 

shown that about 30% of men have microscopic evidence of prostate cancer at 50 years 

and this increases to about 80% in men after 80 years of age (Scardino, Weaver, & 

Hudson, 1992). The association of prostate cancer with age can be attributed to the 

accumulation of genetic damage in cells caused by oxidative stress (Bostwick et al., 

2004). Similarly, increasing PSA level has been consistently associated with risk of 

prostate cancer and this has led to the development of guidelines for prostate biopsy 

depending on PSA levels (Baker et al., 2000; Mohler, J.L., Armstrong, A.J., Bahnson, 

R.R., Cohen, 2014). Abnormal DRE was also significantly associated with increased risk 

of prostate cancer in this high-risk group. This is consistent with previous findings where 

abnormal DRE has been shown to be associated with prostate cancer in large RCTs in the 

general population (Thompson et al., 2006).  

In this study, presence of family history of prostate cancer demonstrated a trend 

towards increased risk, but the association was not statistically significant. Family history 

is an established risk factor for prostate cancer, as discussed before. It has been 

demonstrated that the risk of prostate cancer increases with the number of family 

members diagnosed with prostate cancer (Steinberg, Carter, Beaty, Childs, & Walsh, 

1990). The absolute risk of prostate cancer ranges between 15-25% in the presence of one 

family member and can increase to more than 30% in the presence of multiple family 
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members with prostate cancer (O. L. A. Bratt, 2002). In this study, family history was 

defined as having one first degree relative or two second degree relatives on the same 

side. This definition of family history, where the participants could have one or more 

family members with diagnosed prostate cancer, could have diluted the association and 

resulted in non-significant findings. Additionally, the lack of significant association could 

also be attributed to the small number of prostate cancer cases. Despite not having 

statistical significance, the direction of association is still consistent with previous 

findings.  

It was interesting to note that race was not a significant risk factor for both 

outcomes – any prostate cancer and significant prostate cancer in this study. This can be 

attributed to the fact that the inclusion criteria for the PRAP study were Black race and 

family history of prostate cancer. So, Black men in the PRAP study, either had or did not 

have a family history of prostate cancer, while all White men in the study had a family 

history of prostate cancer. Thus, both racial groups have a third risk factor, which is 

family history. When the analysis was restricted to only those patients with a family 

history of prostate cancer (in order to eliminate the effect of the third factor, family 

history), the univariate conditional logistic regression for the primary outcome of any 

prostate cancer demonstrated an increased risk in Blacks (unadjusted HR = 2.504, 95% 

Confidence Interval 1.315-4.768, p=0.0052). This suggests that the likely reason for the 

null result with race is due to the presence of family history of prostate cancer in both the 

groups. This higher risk of prostate cancer in African American men in the presence of 

family history is consistent with results from previous studies where African Americans 



47 

 

with a family history of prostate cancer showed higher odds of being diagnosed with 

prostate cancer compared to Caucasian men with a family history of prostate cancer (A S 

Whittemore et al., 1995). The null results with race could also be attributed to the fact 

that African American men were less likely to undergo biopsy (Appendix Table 3), 

compared to non African-American men. This could account to a disproportionately 

lower count of African American men being diagnosed with prostate cancer and thus 

could lead to null results. 

As mentioned before, elevated PSA level increases the odds of being diagnosed 

with significant prostate cancer. Thus, increasing PSA level is not only associated with 

any prostate cancer, but also clinically significant prostate cancer.  

It is interesting to note that within this high-risk population, about 27.3% (30 out 

of 110) of all prostate cancer cases were diagnosed at a PSA level less than 2.5 ng/ml and 

a normal DRE. This is similar to the findings from the 10-year update of PRAP where 

about 20% participants (11 out of 55) had a normal DRE and a PSA level less than 2.5 

ng/ml (Giri et al., 2007). Similarly, about 11.1% (4 out of 27) men diagnosed with 

clinically significant prostate cancer had a PSA level less than 2.5 ng/ml and a normal 

DRE. This demonstrates the high probability of men to be diagnosed at low PSA levels 

with a normal DRE. The Prostate Cancer Prevention Trial (PCPT) has demonstrated 

similar results where they concluded that there is no “normal PSA” but a continuum of 

risk of prostate cancer, which is based on individual PSA levels (Lucia et al., 2008). This 

is similar to findings from other studies (Mohler, J.L., Armstrong, A.J., Bahnson, R.R., 

Cohen, 2014). The clinical guidelines by the American Urological Association (AUA) 
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state that, urologists should be mindful of the fact that “PSA is not a dichotomous test but 

rather a test that indicates the risk of a harmful cancer over a continuum” (Carter et al., 

2015). It is imperative that when physicians engage in shared decision-making with 

African American men or men with a family history of prostate cancer, they inform the 

patients that there is a chance they might be diagnosed with prostate cancer at lower 

levels of PSA values or with normal DRE.  

The latest USPSTF recommendation for the general population is that men 

between the ages of 50-69 years can undergo PSA testing, but there are no guidelines for 

the high-risk population, namely African American men and those with a family history 

of prostate cancer. The only recommendation made by USPSTF is that men in this high-

risk group engage in shared decision making with their physician (Grossman et al., 2018). 

In our study, about 19.2% (21 out of 110) prostate cancer cases were diagnosed in 

younger men who were less than 50 years of age. Studies have noted that a single high 

value of PSA test in men less than 50 years of age has been demonstrated to be a 

significant predictor of advanced prostate cancer later in life (Lilja et al., 2011; Ulmert et 

al., 2008). A review was conducted that assessed the effect of PSA testing in younger 

men and concluded that baseline PSA measurements at younger age can predict prostate 

cancer diagnosis and disease specific outcomes (Loeb, Carter, Catalona, Moul, & 

Schroder, 2012). So, it might be beneficial to start discussions and informed decisions at 

a younger age, especially in this high-risk population. Within this high-risk group, it 

might be insightful to use risk calculators or nomograms to alleviate confusion and to 

better aid the shared decision-making process in an outpatient setting.  
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The major limitation of this study is the small sample size as well as the 

proportionately small number of prostate cancer cases. The median follow-up of the 

participants in the PRAP data at the time of this study (20 years from study initiation) 

was 14.75 months (range 0-231.9 months). This is similar to the results of the 10-year 

update of PRAP data where the median follow up was 12 months (range: 0 to 105.3 

months) (Giri et al., 2007). This short duration of follow-up in this unique young 

population of high-risk participants could be the reason for the decrease in the number of 

known prostate cancer cases. There is also a possibility of self-selection bias since the 

participants were recruited based on them contacting the program. Additionally, the 

results from this study cannot be generalized, as this is a unique dataset that aggressively 

recruits men with a high risk of being diagnosed with prostate cancer. One major 

assumption of this study is that men with no prostate biopsy did not have prostate cancer 

as they were treated as controls. It is possible that men who did not undergo biopsy may 

have prostate cancer but did not have an opportunity to be diagnosed. However, this 

assumption is consistent with research from other nested case-control studies that have 

assessed the risk factors for prostate cancer (Ahonen, Tenkanen, Teppo, Hakama, & 

Tuohimaa, 2000; Gann, Ma, Giovannucci, Gann, et al., 1999; Stattin et al., 2004). The 

reasoning for this is that these controls (who did not undergo biopsy) represent true 

controls in the population who, according to clinical guidelines would only undergo 

biopsy if their PSA or DRE warrants it.  

Thus, the risk factors of any prostate cancer within a high-risk population include 

increasing age, abnormal DRE and increasing PSA levels, and that of clinically 
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significant prostate cancer is PSA level. With these established risk factors and the 

probability of prostate cancer diagnosis, especially clinically significant prostate cancer, 

at younger age with low PSA levels and a normal DRE, it is imperative that the clinicians 

discuss these possibilities with the high-risk population and consider the use of 

sophisticated risk calculators or nomograms to make recommendations about undergoing 

prostate cancer biopsy. 
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CHAPTER 3 

COMPARISON OF PCPT-RC 2.0 AND ERSPC-RC 3/5 IN HIGH-RISK AMERICAN 

POPULATION 

 

Introduction 

Risk Calculators 

The controversy regarding PSA screening stems from the possibility of 

overdiagnosis and overtreatment of prostate cancer. In order to avoid this, it is imperative 

that physicians and urologists utilize sophisticated prostate cancer prediction tools, not 

just PSA and DRE, to make decisions about whether the patient should undergo prostate 

cancer biopsy (Sorokin & Mian, 2015). These multivariable risk calculators have 

consistently shown to be superior to PSA alone in predicting the risk of prostate cancer 

(Foley et al., 2016; Poyet et al., 2016). These calculators have been instrumental in 

confirming the fact that PSA is a continuum and have helped in dispelling the notion that 

there is no risk of prostate cancer at a PSA level less than 4 ng/ml (Thompson & Ankerst, 

2012). Zhu et al. (2012) conducted a collaborative review of risk calculators and PSA-

based risk assessment, and recommended a take-home message, which stated that “risk-

based prostate cancer screening could retain most of the benefits (mortality reduction) 

and avoid much of the harm (in terms of unnecessary screening and overdiagnosis)”. Due 

to the potential benefits of using risk calculators, the European Association of Urology 

has recommended the use of multivariable clinical risk prediction tools in clinical 

practice (Heidenreich et al., 2013).  
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There are several nomograms and risk calculators that aspire to predict the 

probability of being diagnosed with prostate cancer based on already known risk factors. 

These include the Prostate Cancer Prevention Trial Risk Calculator (PCPT-RC), the 

European Randomized Study of Screening for Prostate Cancer Risk Calculator (ERSPC-

RC), the Sunnybrook risk calculator, the Chun’s nomogram, to name a few (F. K. H. 

Chun et al., 2007; Kranse, Roobol, & Schröder, 2008; Nam et al., 2007; Thompson et al., 

2006). 

The PCPT-RC was developed from the placebo group of the PCPT trial and 

consisted of 5,519 men who underwent biopsy, had at least one PSA measurement and a 

DRE performed during the year before the biopsy (Thompson et al., 2006). This risk 

calculator incorporated PSA level, family history of prostate cancer (present/absent), 

DRE result (normal/abnormal) and previous negative biopsy (yes/no) while calculating 

the risk of being diagnosed with any prostate cancer. Similarly, the factors predicting 

high-grade prostate cancer included PSA level, DRE result (normal/abnormal), age, race  

(African American/ Caucasian/ Hispanic/ other) and previous negative biopsy (yes/no). 

The applicability of this risk calculator to the general population was questioned as the 

PCPT trial incorporated men who, were primarily Caucasian with an average age of 70 

years at biopsy. Also, PCPT employed the use of end-of-study biopsy for all participants 

irrespective of their DRE status or PSA levels. From a clinical perspective, prostate 

biopsy is not performed if the PSA level is low and DRE is normal. So, the indication for 

prostate biopsy in the PCPT trial was against the norm in community settings. With the 

incorporation of these predictors in the PCPT-RC, the area under the curve (AUC) for the 
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prediction of prostate cancer using the PCPT-RC was 0.70 which is only slightly higher 

than the AUC of 0.68 for PSA alone. Thus, the utility of the PCPT-RC was unsure. The 

external validation of the PCPT-RC in other racially diverse sample with consideration of   

real life indications for biopsy (increased PSA and/or abnormal DRE), depicted an AUC 

ranging from 0.57-0.74 (Eyre et al., 2009; Hernández & Thompson, 2004; Nam et al., 

2011; Ngo, Turnbull, Lavori, & Presti Jr., 2011; Nguyen, Yu, Moussa, Kattan, & Jones, 

2010; Parekh et al., 2006). The wide range of AUC in these external populations suggests 

the cautious use of this risk calculator in practice. The PCPT-RC was developed from 

prostate biopsies that were predominantly 6-core biopsies. The external validation of 

PCPT-RC in contemporary populations with prostate biopsies involving larger number of 

cores (> 6-cores) also proved to be not as much effective (Nguyen et al., 2010). In order 

to enhance the prediction, the PCPT-RC was updated recently (Ankerst et al., 2014). The 

novel PCPT-RC, also called PCPT-RC 2.0 was designed to provide the probability of 

being diagnosed with insignificant prostate cancer, significant prostate cancer or no 

diagnosis of prostate cancer after undergoing prostate biopsy. This trichotomized 

outcome helps to understand the risk of being diagnosed with clinically significant 

prostate cancer in contrast to no prostate cancer. 

The other important and comparative risk calculator is the ERSPC-RC. The first 

version of ERSPC-RC was developed as a graphical device from the Dutch arm of the 

ERSPC study (n=3,624) and included predictors like PSA level, prostate volume, DRE 

and transrectal ultrasound (TRUS) outcome (Kranse et al., 2008). This risk calculator was 

further updated in 2012 in order to ensure a reduction in the number of unnecessary 
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biopsies while detecting most clinically important prostate cancer cases, and included the 

use of prostate volume based on TRUS or DRE (Roobol et al., 2012). This update was 

developed in men who had a prostate biopsy at the first screening round of the ERSPC 

Rotterdam cohort and incorporated the use of prostate volume. They reported that the 

AUC for ERSPC 3/5 to predict prostate cancer and high-grade prostate cancer was 0.77, 

and 0.85, respectively. ERSPC-RC 3 is suitable for men who have never been screened 

before, ERSPC-RC 4 for men who have been previously screened but not biopsied and 

ERSPC-RC 5 for men who have had a previous negative biopsy. The novel ERSPC-RC 

3/5 provides two dichotomized outcome probabilities – probability of being diagnosed 

with significant prostate cancer and the probability of being diagnosed with any prostate 

cancer.  

A meta-analysis was conducted that aimed to summarize and compare risk 

calculators that had been validated in ≥ 5 populations (Louie, Seigneurin, Cathcart, & 

Sasieni, 2015). The risk calculators that were assessed in this meta-analysis included 

Prostataclass, Finne, Karakiewcz, PCPT-RC, Chun and ERSPC-RC 3. It was concluded 

that apart from PCPT-RC, all other calculators showed better discriminative ability as 

compared to PSA testing alone. Of these, ERSPC-RC 3 and Prostataclass had the best 

discriminative value to discriminate any prostate cancer (AUC = 0.79). However, the 

AUC for Prostataclass refers to a PSA level between 2-10 ng/ml. This range is not 

realistic as the PSA levels for clinical patients lie outside this range. So, it was concluded 

that ERSPC-RC3 is the best risk calculator with regards to discriminative ability. 

However, any external validation of the ERSPC-RC3 has shown poor calibration and has 
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demonstrated that ERSPC-RC3 generally overestimates risk. The major limitation of this 

meta-analysis was that the comparisons were based on the application of these risk 

calculators on their own data. So, it was suggested by the authors that a head-to-head 

comparison of the above-mentioned risk calculators in the same sample would help to 

understand the comparative performances of these risk calculators. 

With this aim in mind, there have been several studies that compared the 

performance of these risk calculators in the same sample. The ERSPC-RC has been 

shown to be superior in predicting the risk of being diagnosed with prostate cancer in 

European, Canadian and Chinese cohorts (Cavadas et al., 2010; Oliveira, Marques, 

Carvalho, & Santos, 2011; Trottier et al., 2011; van den Bergh, Roobol, Wolters, van 

Leeuwen, & Schröder, 2008; Y. Zhu et al., 2012). A comparison of the updated versions 

of the PCPT-RC 2.0 vs ERSPC-RC 3/5 also demonstrated that the ERSPC 3/5 was 

superior to PCPT-RC 2.0 in a European population (Foley et al., 2016; Poyet et al., 

2016). The external validation of the ERSPC-RC has reported better AUC’s than the 

PCPT-RC (a range of 0.71-0.80) (Louie et al., 2015). However, a head-to-head 

comparison of the two risk calculators has never been conducted in an American 

population, and so it is not known which risk calculator would be better.  

As mentioned previously, African American men and men with a family history 

of prostate cancer are a high-risk population for prostate cancer diagnosis (see Chapter 2 

for discussion about risk factors of prostate cancer). A study was done using the high-risk 

prostate risk assessment program (PRAP) data to assess the utility of the PCPT-RC in a 

younger, predominantly Black high-risk population. It was concluded that the PCPT-RC 
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was efficient in predicting cases of prostate cancer within this high-risk population 

(Kaplan et al., 2010). However, the updated PCPT-RC 2.0 shows more promise in not 

only predicting any prostate cancer but also clinically significant prostate cancer. It is not 

known if the updated PCPT-RC 2.0 will prove to be a superior risk calculator for a high-

risk population. Additionally, the updated ERSPC-RC 3/5 has been consistently proven 

to be superior to the PCPT-RC 2.0 in other populations. Thus, although, these risk 

calculators exist, and have proven to work, to some extent, in external validations, it is 

not known which risk calculator, the PCPT-RC 2.0 or the ERSPC-RC 3/5 would be a 

better predictor for a high-risk American population.  

 

Significance to Public Health 

Awareness of risk factors can guide biopsy decisions. But, it would be handy to 

have a computerized online calculator to predict the risk of prostate cancer diagnosis in 

high risk men. The availability of several nomograms and risk calculators with 

comparable independent validations has made it difficult to know which risk calculator 

works best for unique populations. Knowledge of the risk calculator with the most 

accurate prediction will help to justify their uses in clinical practice. The ERSPC-RC 3/5 

and PCPT-RC 2.0 are both promising as they aim to delineate the need for biopsy in men 

who are unlikely to have a prostate cancer diagnosis and thus prevent resulting side-

effects of biopsy. Identifying which calculator works best for a high-risk population for 

prostate cancer would help to predict and tailor the need for biopsy to fewer men with 

resulting fewer risk of side-effects. 
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Aim and Hypothesis 

Aim: To compare the applicability of two widely used prostate cancer risk calculators 

(PCPT-RC 2.0 vs ERSPC-RC 3/5) in predicting the probability of being diagnosed with 

prostate cancer (clinically significant as well as any prostate cancer) in a high-risk 

population in the U.S. 

Hypothesis: We hypothesize that, as shown with previous non-American validation 

samples, the ERSPC-RC 3/5 will prove to be a superior risk calculator than PCPT-RC 2.0 

in a high-risk population in the U.S. 

 

Methods 

Participants 

All men who underwent a 5-region prostate biopsy within the PRAP data between 

the years 1996 to December 2016 were included in this cross-sectional study. Patients 

were excluded from the analysis if they had never undergone a biopsy or if they had a 

previous positive biopsy. Patients with previous negative biopsy were included in the 

study.  

 

Risk Calculators 

The probability of being diagnosed with prostate cancer was assessed using the 

online form of both the PCPT-RC 2.0 as well as the ERSPC-RC 3/5 calculators. The 
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calculated versions were then compared to the actual biopsy results of the patients 

included in the analysis. The variables used in the calculators are enumerated in Table 10. 

 

Table 10: Variables used in the risk calculators 

Variables entered in the 

risk calculator 

ERSPC-RC 3/5 PCPT-RC 2.0 

Age at biopsy  Continuous variable – 

needs to be between 55 and 

90 years 

Race  Categorical variable - 

African American, 

Caucasian, Hispanic and 

other 

Family history  Categorical variable – yes, 

no or don’t know 

PSA Continuous variable- needs 

to be between 0.4 and 50 

ng/ml. 

Continuous variable- needs 

to be between 0.1 and 50 

ng/ml. 

Percent-free PSA  Continuous variable – 

needs to be between 5 and 

75. 
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DRE Categorical variable - 

Abnormal, normal or not 

performed 

Categorical variable - 

Abnormal, normal or not 

performed 

Prior negative biopsy Categorical variable - yes, 

no or not sure 

Categorical variable - yes, 

no or not sure 

Prostate volume Measured by TRUS* or 

DRE**. Volume measured 

by TRUS is entered as a 

continuous variable and 

needs to be between 10 and 

110 ml. Volume measured 

by DRE is entered as a 

categorical variable – 25, 

40 or 60 ml. 

 

* TRUS – Transrectal Ultrasound 

** DRE- Digital Rectal Examination 

 

 As mentioned before, the online version of ERSPC-RC 3/5 calculator 

(http://www.prostatecancer-riskcalculator.com/seven-prostate-cancer-risk-calculators) 

utilizes the following variables to predict the probability of being diagnosed with any 

prostate cancer or clinically significant prostate cancer– the presence of prior negative 

biopsy, PSA level, prostate volume and DRE status. The PSA level is entered as a 

continuous variable between the values of 0.4 and 50 ng/ml. The DRE status of normal, 

http://www.prostatecancer-riskcalculator.com/seven-prostate-cancer-risk-calculators
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abnormal or missing DRE is considered as a categorical variable. In the risk calculator, 

abnormal DRE is defined as a rectal examination that reveals marked asymmetry, 

obvious induration, nodularity or hard mass. As Benign Prostatic hypertrophy (BPH) 

doesn’t fit this definition, it is coded as normal DRE. Prostate volume is entered into the 

calculator in three forms – missing, measured by TRUS or measured by DRE. If prostate 

volume is measured by TRUS, it is entered as a continuous variable between the values 

of 10 and 110 ml. If prostate volume is measured by TRUS, the ERSPC-RC 3/5 has a 

follow up question regarding whether the TRUS is normal or abnormal. Abnormal TRUS 

is defined as a hypoechoic lesion on the prostate. If prostate volume is measured by DRE, 

it is considered as a categorical variable where the volumes can only be entered as either 

25, 40 or 60 ml. For this analysis, the volume is defined as volume <30 = 25, 30-50 = 40 , 

and ≥ 50 = 60, consistent with previous literature (Poyet et al., 2016). The ERSPC-RC 

3/5 reports two probabilities – the chance of being diagnosed with any prostate cancer, 

irrespective of Gleason score and the probability of being diagnosed with significant 

prostate cancer (Gleason score > 6). Since the men in PRAP are offered finasteride, PSA 

levels are doubled for such men in order to account for the effect of finasteride on PSA 

levels. This is consistent with previous studies (Trottier et al., 2011).  

The PCPT-RC 2.0, also available online (http://myprostatecancerrisk.com/), 

utilizes six variables while predicting the probability of prostate cancer – race, age, 

family history of prostate cancer, DRE results, PSA level, previous negative biopsy and 

percent free PSA, if available. Race is entered as a categorical variable and is coded as 

Caucasian, African American, Hispanic or Other. Age is entered as a continuous variable 

http://myprostatecancerrisk.com/
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and can be between 55 and 90 years. Family history of prostate cancer is coded as a 

categorical variable with values of yes, no or don’t know. DRE is entered as a categorical 

variable and can have values of normal, abnormal or not performed. An abnormal DRE is 

defined as an area of firmness or nodule on examination. A soft prostate on DRE 

examination as well as BPH are considered normal DRE result. PSA is entered as a 

continuous variable and can have values ranging from 0.1 to 50 ng/ml. Prior negative 

biopsy is coded as yes, no and not sure. The calculator also provided an option of 

entering percent free PSA, if available. Percent-free PSA is defined as the ratio of free 

PSA to total PSA and can have a value between 5 and 75. The PCPT-RC 2.0 provides the 

probability of three outcomes based on the combination of these variables – no diagnosis 

of prostate cancer, diagnosis of any prostate cancer (irrespective of Gleason score) and 

the diagnosis of significant prostate cancer (Gleason score > 6). The PCPT-RC 2.0 

already considers the adjustment attributable to the finasteride medication and hence no 

PSA adjustment is done while utilizing this RC. 

 

Statistical Analysis 

All statistical tests were two-sided and p-values <0.05 were considered 

statistically significant. The ABCD model for validation of prediction models, suggested 

by Steyerberg and Vergowve, was used to validate the ERSPC-RC 3/5 and the PCPT-RC 

2.0 (Steyerberg & Vergouwe, 2014). These methods have been used in previous research 

studies for model validation (Foley et al., 2016; Poyet et al., 2016). Steps alpha and beta 

in the ABCD model refer to calibration in the form of calibration-in-the-large and 
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calibration slope, C stands for statistic used in discrimination while D stands for decision-

curve analysis. In this study, calibration, discrimination and decision curves were 

assessed for each RC.  

Calibration compares the predicted probability of prostate cancer with the 

observed proportion of cases. Calibration was assessed using a calibration plot and 

calibration-in-the-large using the val.prob.ci.2 function in the R software (Poyet et al., 

2016). In a calibration plot, the predicted probability is plotted against the observed 

proportion, to assess the extent of over or under-estimation. The predicted probability is 

the probability of any prostate cancer or significant prostate cancer calculated by each 

risk calculator. Patients were divided into quintiles of predicted probability. Since the 

outcome is binary (whether the outcome, any prostate cancer or significant prostate 

cancer, occurred or not), the observed outcomes were smoothed on the plot using a loess 

algorithm. Perfect predictions are shown on the 450 line. The area above the 45 degrees 

“ideal” line represents under prediction of disease while the area below the “ideal” line 

represents over prediction.  

Calibration-in-the-large was calculated by fitting a logistic regression model with 

the linear predictor of the models as an offset. The calibration slope is a measure of the 

average strength of the predictor in the model and was obtained by fitting a logistic 

regression model with the linear predictor of the model as the only covariate (Steyerberg 

& Vergouwe, 2014). The ideal calibration slope is 1 because it yields the best fit on the 

data under study. A slope of less than 1 indicates that the effects of the predictors were 

too strong and suggests overfitting of the model population (“Chapter 2 Validity of 
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prediction models : when is a model clinically useful ?,” n.d.; Steyerberg & Vergouwe, 

2014).. It also indicates how much the effect of predictors needs to be reduced to make 

the model well calibrated for new patients from the underlying population (“Chapter 2 

Validity of prediction models : when is a model clinically useful ?,” n.d.; Steyerberg & 

Vergouwe, 2014) Another method to assess calibration-in-the-large was also used which 

included calculating the overall difference between observed frequencies and predicted 

probabilities by comparing the number of observed outcomes with the sum of all 

predicted probabilities (Calster et al., n.d.; “Chapter 2 Validity of prediction models : 

when is a model clinically useful ?,” n.d.).  

Discrimination is the ability of a prediction model to successfully distinguish 

between the patients with and without an event (in this case, diagnosis of prostate cancer 

or significant prostate cancer) and was assessed using the area under the receiver 

operating curve (AUC). The AUCs obtained using the two RCs were compared using the 

DeLong’s method. Prior research has compared the performance of these risk calculators 

in patients who have only undergone 12-core biopsies. Also, patients in those 

comparisons reported prostate volume only by TRUS. However, in the PRAP data, we 

had patients who had prostate biopsies with or without 12-cores and they also had some 

prostate volumes measured by DRE instead of TRUS. So, a sensitivity analysis of 

discrimination was conducted to compare the performance of these RCs, exclusively in 

those who underwent 12-core biopsies. A second sensitivity analysis was conducted in 

men who reported prostate volume by TRUS only. Since percent free PSA was not 
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available in all patients, a sensitivity analysis was conducted to compare the 

discrimination of these RCs in men who have percent free PSA data available. 

Calibration and discrimination consider the full range of predicted risks, but they 

are unable to quantify clinical usefulness. One of the most important aspect of clinical 

practice is to make classifications regarding which patients need diagnostic work-up or 

treatment. Clinical usefulness is the model’s ability to make such classifications better 

than a default policy without the model (Steyerberg, 2009; Steyerberg et al., 2010). This 

is assessed using the decision curve analysis where a whole range of decision thresholds 

ranging from 0 to 100% are plotted. These thresholds are related to harm-to-benefit ratio. 

In this case, the net benefit of undergoing biopsy according to the prediction model is 

plotted (Steyerberg, 2009).  

 

Results 

Characteristics of the Participants 

The characteristics of the population in PRAP was different from the population 

of PCPT and ERSPC. This is tabulated in Table 11. Compared to the PCPT and ERSPC 

data, men in PRAP were younger, predominantly African American, had a higher 

percentage of men with family history of prostate cancer and those with previous 

negative biopsy. Majority of men had undergone prostate biopsy of more than 6 cores. 

Additionally, PRAP had a higher percentage of men diagnosed with clinically 

insignificant prostate cancer (Gleason score ≤ 6) and clinically significant prostate cancer 

(Gleason score > 6) compared to PCPT as well as ERSPC. 
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Table 11: Characteristics of the population in PRAP, PCPT and ERSPC 

Characteristics PRAP 

(n=230) 

PCPT-RC 2.0 

(n=5519) 

ERSPC-RC 

3/5 (n=6288) 

Participants 

 

 

 

 

 

Age range 

Race 

 

Presence of family history 

of prostate cancer 

Study inclusion criteria 

 

 

 

 

Biopsy indications 

 

 

 

 

African American 

men, men with a 

family history of 

prostate cancer or 

men with a BRCA1/2 

mutation 

35-70 years 

54.35% African 

American 

 

39.57% 

Based on race, family 

history and known 

BRCA1/2 mutation, 

no previous prostate 

cancer 

PSA > 2 ng/ mL, 

PSA 1.5–2 ng/mL 

with free PSA ≤ 25%, 

an abnormality on 

DRE, or PSA 

Placebo arm of 

the PCPT trial 

 

 

 

 

≥55 years 

4.4% African 

American 

 

16.7% 

PSA ≤ 3 

ng/ml, normal 

DRE, no 

previous 

prostate cancer 

PSA ≥ 4 ng/ml 

and /or 

abnormal 

DRE, end-of-

study biopsy 

First screening 

round of 

ERSPC 

Rotterdam 

 

 

55-74 years 

All Caucasian 

 

 

N/A 

No previous 

prostate cancer 

 

 

 

PSA ≥ 4 ng/ml 

and/or 

abnormal 

DRE, and/or 
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Biopsy technique 

 

Previous negative biopsy 

Gleason Sum 

    ≤6 

    >6 

velocity 0.75 ng/mL/ 

year. 

More than 6 cores - 

83.48% 

33.04% 

 

36.1% 

11.7% 

 

 

6 cores 

 

13.6% 

 

21.9% 

4.7% 

abnormal 

TRUS 

 

6 cores 

 

15.1% 

 

15.4% 

6.6% 

 

  

Of the 950 participants who consented to PRAP between January 1996 and December 

2016, 71 participants never came for a visit to Fox Chase Cancer Center and were 

excluded from the analysis. Of the remaining 879 participants, 649 did not undergo a 

prostate biopsy. The remaining 230 participants were included in the final analysis as 

depicted in Fig 4 below. 
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Fig 4: Flowchart of participants included in the analysis (Aim 2) 

 

Of the total 230 participants who underwent biopsy at least once between 

December 1996 and January 1996, 110 (47.83%) participants were diagnosed with 

prostate cancer. Of these 110 participants, only 27 (24.5% of the 110 participants) were 

diagnosed with significant prostate cancer. The mean age of the participants was 58.59 

years and the participants were predominantly African-American (54.35%). Majority 

(60%) had a family history of prostate cancer and only 76 participants (33.04%) had a 

history of previous negative biopsy. 32 (13.92%) participants had an abnormal DRE, with 

a median PSA level for all participants of 3 ng/ml. Majority (52.17%) patients had 

undergone 12-core prostate biopsy. 38 patients (16.52%) had a 6-core biopsy. These 

characteristics of the participants are tabulated in Table 12. 

 

71participants consented to 

PRAP but never came for a visit 

to Fox Chase Cancer Center  
879 participants consented and 

came to clinic visit  

230 participants underwent biopsy at 

least once between January 1996 and 

December 2016  

649 participants never had a 

biopsy  

950 participants consented to 

PRAP between January 1996 and 

December 2016 
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Table 12: Characteristics of the participants who underwent biopsy 

 

Characteristics Participants who 

underwent biopsy 

(n=230) 

Participants 

diagnosed with 

insignificant 

prostate cancer 

(n=110) 

Participants 

diagnosed with 

significant 

prostate cancer 

(n=27) 

Mean Age 

Race 

  Caucasian 

  African-American 

  Other 

Family history of 

prostate cancer 

      Yes 

      No 

DRE 

       Abnormal  

       Normal 

       BPH 

       Missing 

Median PSA levels   

Finasteride 

       Yes 

        No 

58.59 years (S.D. 8.13) 

 

103 (44.78%) 

125 (54.35%) 

2 (0.87%) 

 

 

139 (60.43%) 

91 (39.57%) 

 

32 (13.92%) 

126 (54.78%) 

70 (30.43%) 

2 (0.87%) 

3.99 (S.D. 4.22) 

 

25 (10.87%) 

205 (89.13%) 

58.39 (S.D. 8.03) 

 

48 (43.64%) 

62 (56.36%) 

0 (0%) 

 

 

69 (62.73%) 

41 (37.27%) 

 

18 (16.36%) 

65 (59.09%) 

25 (22.73%) 

2 (1.82%) 

4.19 (S.D. 4.25) 

 

5 (4.55%) 

105 (95.45%) 

61.57 (S.D. 6.44) 

 

10 (37.04%) 

17 (62.96%) 

0 (0%) 

 

 

15 (55.56%) 

12 (44.44%) 

 

5 (18.52%) 

17 (62.96%) 

4 (14.82%) 

1 (3.7%) 

5.91 (S.D. 6.8) 

 

1 (3.7%) 

26 (96.3%) 
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Previous negative 

biopsy 

        Yes 

        No 

Type of biopsy 

        6-core 

       10-core 

        12-core 

      >12-core 

Gleason Sum* 

    6 

    ≥6 

 

 

76 (33.04%) 

154 (66.96%) 

 

38 (16.52%) 

41 (17.83%) 

120 (52.17%) 

31 (13.48%) 

 

- 

- 

 

 

31 (28.18%) 

79 (71.81%) 

 

21 (19.09%) 

25 (22.73%) 

47 (42.73%) 

13 (11.81%) 

 

83 (75.45%) 

27 (24.55%) 

 

 

10 (37.04%) 

17 (62.96%) 

 

3 (11.11%) 

4 (14.81%) 

15 (55.56%) 

5 (18.52%) 

 

0 (0%) 

27 (100%) 

*Gleason sum mentioned only for those 110 participants who were diagnosed with 

prostate cancer. 

 

 

Calibration 

The calibration plots for both ERSPC-RC 3/5 and PCPT-RC 2.0 predicting any 

prostate cancer are shown in figures 5 and 6. As depicted in the figures, a calibration plot 

has predictions on the X axis while the outcome is depicted on the Y-axis. As discussed 

before, perfect predictions are shown on the 450 line. The area above this line represents 

under prediction of disease while the area below this line represents over prediction. As 

seen in figures 5 and 6, both risk calculators showed poor calibration and under-predicted 

the outcome, any prostate cancer.  
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Fig 5: Calibration plot for ERSPC-RC 3/5 predicting any prostate cancer 

 

Fig 6: Calibration plot for PCPT-RC 2.0 predicting any prostate cancer 
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The calibration slope for ERSPC-RC 3/5 predicting any prostate cancer was 0.24. 

This slope of less than 1 for ERSPC-RC 3/5 indicates that the effects of the predictors 

were too strong and suggests overfitting of the model. Thus, the predictions were too 

extreme with too low estimates for low predictions and too high estimates for high 

predictions (Pavlou et al., 2015). The slope could not be calculated for PCPT-RC 2.0 as 

the risk calculator is based on a multinomial logistic regression model instead of a binary 

logistic regression model (Poyet et al., 2016). 

 Calibration-in-the-large for any prostate cancer, assessed by comparing the sum 

of all predicted probabilities with the number of observed outcomes, is demonstrated in 

Table 13. As demonstrated, the predicted proportions were too low compared to the 

observed proportion in the case of both risk calculators.  

 

Table 13: Calibration-in-the-large validation results for any prostate cancer 

 ERSPC-RC 3/5 PCPT-RC 2.0 

Number of observed 

outcomes 

 

110 out of 230 participants 

 

110 out of 230 participants 

Observed proportion % 47.8% 47.8% 

Sum of predicted 

probabilities 

35.34 for a total of 230 

participants 

51.06 for a total of 230 

participants 

Predicted proportion % 15.4% 22.2% 

Calibration slope 0.24 -* 

*PCPT-RC 2.0 is based on a multinomial logistic regression model 
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The calibration plots for both ERSPC-RC 3/5 and PCPT-RC 2.0 predicting 

significant prostate cancer are shown in figures 7 and 8. The ERSPC-RC 3/5 predicting 

significant prostate cancer showed poor calibration throughout. It under-predicted the 

outcome and then over-predicted the outcome in the last decile. The PCPT-RC 2.0 

showed good calibration in the risk range between 0 and 0.2 and then over-predicted the 

outcome.  

 

Fig 7: Calibration plot for ERSPC-RC 3/5 predicting significant prostate cancer 
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Fig 8: Calibration plot for PCPT-RC 2.0 predicting significant prostate cancer 

 

The calibration slope for ERSPC-RC 3/5 predicting significant prostate cancer 

was 0.28, indicating that the effects of the predictors were too strong. As before, the slope 

could not be calculated for PCPT-RC 2.0. Calibration-in-the-large for significant prostate 

cancer, assessed by comparing the sum of all predicted probabilities with the number of 

observed outcomes is demonstrated in Table 14. As demonstrated, the predicted 

proportions were too low for ERSPC-RC 3/5 and too high for PCPT-RC 2.0.  
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Table 14: Calibration-in-the-large validation results for significant prostate cancer 

 ERSPC-RC 3/5 PCPT-RC 2.0 

Number of observed 

outcomes 

 

27 out of 230 participants 

 

27 out of 230 participants 

Observed proportion % 11.7% 11.7% 

Sum of predicted 

probabilities 

10.33 for a total of 230 

participants 

32.87 for a total of 230 

participants 

Predicted proportion % 4.5% 14.3% 

Calibration slope 0.28 -* 

*PCPT-RC 2.0 is based on a multinomial logistic regression model 

 

Discrimination 

The discriminative ability of ERSPC-RC 3/5 (AUC: 0.55, 95% CI 0.48-0.63) to 

predict prostate cancer was not significantly different from that of PCPT-RC 2.0 (AUC: 

0.59, 95% CI 0.52 to 0.66, De Long test p= 0.3819) (Fig 9).  
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Fig 9: ROC curve comparison for prostate cancer 

 

Similar results were observed when the discriminative ability of ERSPC-RC 3/5 

versus PCPT-RC 2.0 was compared while predicting significant prostate cancer. The 

AUC for ERSPC-RC 3/5 while predicting significant prostate cancer was 0.63 (95% CI 

0.51 - 0.75) while that of PCPT-RC 2.0 was 0.71 (95% CI 0.61-0.82). These were not 

significantly different from each other (De Long test p= 0.2335).  
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Fig 10: ROC comparison curve for significant prostate cancer 

 

The AUC for PSA (not the risk calculators) as a predictor of any prostate cancer 

was 0.54 (95% CI 0.47 – 0.62) while that of significant prostate cancer was 0.65 (95% CI 

0.55 – 0.76). 

 

Sensitivity Analysis 

Since most studies comparing the discriminative ability of the two risk calculators 

included only those participants who underwent 12-core biopsy, we conducted a 

sensitivity analysis to test discriminative ability in those with 6-core biopsy vs those with 
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12-core biopsies. For those with a 6-core biopsy (n=38), the discriminative ability of 

ERSPC-RC 3/5 (AUC 0.48, 95% CI 0.29 – 0.68) to predict prostate cancer was not 

significantly different from that of PCPT-RC 2.0 (AUC: 0.67, 95% CI 0.49 – 0.85, (De 

Long test p= 0.2282), as shown in Fig 11. 

 

 

Fig 11: ROC comparison curve for prostate cancer for 6-core biopsies 

 

Similarly, for those with a 6-core biopsy, the discriminative ability of ERSPC-RC 

3/5 (AUC 0.32, 95% CI 0.14 – 0.50) to predict significant prostate cancer was not 
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significantly different from that of PCPT-RC 2.0 (AUC: 0.65, 95% CI 0.08 – 0.99, (De 

Long test p= 0.1775) (Fig 12). 

 

 

Fig 12: ROC comparison curve for significant prostate cancer for 6-core biopsies 

 

For those with 12-core biopsies (n=120), the AUC of ERSPC-RC 3/5 for 

predicting any prostate cancer was 0.53 (95% CI 0.42-0.64), while the AUC for PCPT-

RC 2.0 was 0.56 (95% CI 0.46 – 0.67). These were not significantly different from each 

other (De Long test p= 0.6954) (Fig 13). 



79 

 

 

Fig 13: ROC comparison curve for prostate cancer for 12-core biopsies 

 

Similarly, while predicting significant prostate cancer for those with 12-core 

biopsies, the AUC of ERSPC-RC 3/5 for predicting any prostate cancer was 0.60 (95% 

CI 0.43-0.77), while the AUC for PCPT-RC 2.0 was 0.74 (95% CI 0.61 – 0.86). These 

were not significantly different from each other (De Long test p= 0.1896) (Fig 14). 
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Fig 14: ROC comparison curve for significant prostate cancer for 12-core biopsies 

 

For those with prostate volume measured by TRUS (n=116), the AUC curve for 

ERSPC-RC 3/5 for insignificant prostate cancer (0.54, 95% CI 0.43-0.64) was not 

significantly different from that for PCPT-RC 2.0 (0.55, 95% CI 0.45 – 0.66, DeLong’s 

test p-value 0.8064) (Fig 15). 
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Fig 15: ROC comparison curve for insignificant prostate cancer for those with TRUS 

volume 

 

 Similarly, for those with prostate volume measured with TRUS, the AUC curve 

for ERSPC-RC 3/5 for significant prostate cancer was 0.68 (95% CI 0.52 – 0.85) while 

the AUC curve for PCPT-RC 2.0 was 0.69 (95% CI 0.54 – 0.83). These AUC curves 

were not significantly different from each other (DeLong’s test p-value 0.9831) (Fig 16). 
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Fig 16: ROC comparison curve for significant prostate cancer for those with TRUS 

volume 

 

 For those with percent free PSA available (n= 190), the AUC for ERSPC-RC 3/5 

for insignificant prostate cancer was 0.50 (95% CI 0.42 – 0.58) while the AUC for PCPT-

RC 2.0 was 0.58 (95% CI 0.50 – 0.66). These two curves were not significantly different 

from each other (DeLong’s test p-value = 0.2130) (Fig 17). 
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Fig 17: ROC comparison curve for insignificant prostate cancer for those with percent 

free PSA 

 

 For those with percent free PSA available, the ROC curve for significant prostate 

cancer for ERSPC-RC 3/5 (AUC 0.42, 95% CI 0.29 – 0.55) was significantly different 

from the ROC curve for PCPT-RC 2.0 (AUC 0.70, 95% CI 0.58 – 0.82, DeLong’s test p-

value 0.0054) (Fig 18). 
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Fig 18: ROC comparison curve for significant prostate cancer for those with percent free 

PSA 

 

Clinical Usefulness 

Clinical utility and net benefit were assessed via decision-curve analyses for both 

outcomes, any prostate cancer and significant prostate cancer as shown in figures 19 and 

20, respectively. In each of these curves, the straight black line at y = 0 represents a 

strategy of performing a biopsy in “no patients” and the grey curve represents the strategy 

of performing a biopsy in “all patients”. The area of the graph for which a risk calculator 
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has a greater net benefit than both the ‘biopsy none’ and ‘biopsy all’ lines is where it has 

greatest clinical applicability.  

The decision curve analysis revealed that both risk calculators provided a clinical 

net benefit in the threshold probability range between 38% to 60% for any prostate 

cancer. The net benefit was comparable between the two RCs for any prostate cancer and 

somewhat greater for any prostate cancer if the PCPT-RC 2.0 was used. For significant 

prostate cancer, the PCPT-RC 2.0 provided a net benefit in the threshold probability 

range between 0 and 40 % while the ERSPC-RC 3/5 provided a net benefit in the range 

between 10% and 72%. The net benefit was greater for PCPT-RC 2.0 as compared to the 

ERSPC-RC 3/5. 

 

Fig 19: Decision curve analysis for the prediction of any prostate cancer on biopsy using 

the ERSPC-RC 3/5 (red dashed line) and the PCPT-RC 2.0 (blue solid line).  
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Fig 20: Decision curve analysis for the prediction of significant prostate cancer on biopsy 

using the ERSPC-RC 3/5 (red dashed line) and the PCPT-RC 2.0 (blue solid line) 

 

Discussion 

This study compares the performance of two risk calculators, ERSPC-RC 3/5 and 

the PCPT-RC 2.0, in predicting the probability of being diagnosed with any prostate 

cancer and significant prostate cancer in a high risk American population. To the best of 

our knowledge, this is the first study to assess the performance of these risk calculators in 

a high-risk American population.  

The calibration plots and calibration-in-the-large in this study suggested that both 

risk calculators under-predicted the outcome for any prostate cancer. The ERSPC-RC 3/5 

under-predicted and then over-predicted the probability of significant prostate cancer. On 

the other hand, the PCPT-RC 2.0 was calibrated adequately to predict significant prostate 
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cancer in the range of 0 to 0.2 and then over-predicted the outcome. The under-prediction 

of outcome using the risk calculators is consistent with findings from the previous study 

(Foley et al., 2016; Poyet et al., 2016). The under-prediction of the risk of any prostate 

cancer by both risk calculators in this study could be partially attributed to the different 

biopsy indications in the PRAP data. Prostate biopsy was indicated in PRAP if the PSA 

level was > 2 ng/ml while for both PCPT and ERSPC, biopsy was indicated if the PSA 

level was ≥ 4 ng/ml (Table 12). This could mean that in PRAP, several men would have 

undergone biopsy and could have been diagnosed with prostate cancer with a PSA level 

less than 4 ng/ml. Such men would not have been considered for biopsy in the PCPT and 

the ERSPC cohorts, thereby missing their diagnoses. This lower PSA cut-off for prostate 

biopsy in PRAP could be the reason for large number of insignificant prostate cancer 

cases, and can explain the under-estimation of the risk of any prostate cancer by both risk 

calculators Additionally, the median follow-up of the participants in the PRAP data at the 

time of this study (20 years from study initiation) was 14.75 months (range 0-231.9 

months). This is similar to the results of the 10-year update of PRAP data where the 

median follow up was 12 months (range: 0 to 105.3 months) (Giri et al., 2007). This short 

duration of follow-up could be the reason for relatively small number of clinically 

significant prostate cancer cases. This could explain the over-prediction of the risk of 

significant prostate cancer by PCPT-RC 2.0. 

The discriminative ability of ERSPC-RC 3/5 to predict any prostate cancer as well 

as significant prostate cancer was not significantly different from that of PCPT-RC 2.0. 

The lack of significance could be attributed to the small sample size in this study. The 
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other two studies that have compared the performance of the updated versions of these 

risk calculators had a sample size of 1996 participants (Poyet et al., 2016) and 2001 

participants (Foley et al., 2016). In contrast the sample size of our study was only 230 

participants. To be noted in our study is that, the PCPT-RC 2.0 consistently had a trend 

towards better discrimination and higher AUCs in the case of both outcomes, any prostate 

cancer as well as significant prostate cancer. This is in contrast to the findings from other 

studies that have compared the performance of PCPT-RC with ERSPC-RC initial version 

(Cavadas et al., 2010; Oliveira et al., 2011; Trottier et al., 2011; van den Bergh et al., 

2008; Y. Zhu et al., 2012) as well as the updated versions (Foley et al., 2016; Poyet et al., 

2016). All these studies, that demonstrated the superiority of ERSPC-RC, have been 

conducted in either European, Canadian or Chinese populations. These studies have 

noted that the demographic characteristics of each of these populations was similar to the 

ERSPC cohort with regards to age range, racial composition and prostate biopsy 

indications, which might be the reason for better performance of the ERSPC-RC, both 

initial and updated versions. In contrast, the characteristics of the PRAP data resembled, 

to some extent, the PCPT cohort more than the ERSPC cohort, as tabulated in Table 9. 

As discussed before, the PRAP cohort were younger, had a higher percentage of African 

American in the population, those with a family history of prostate cancer, and those with 

previous negative biopsy, had lower PSA cut-offs for biopsy, with majority patients 

undergoing 12-core biopsy. Some similarity between the PRAP and the PCPT cohorts 

included the presence of African American men and men with a family history of prostate 

cancer. In contrast, the ERSPC cohort was exclusively Caucasian and did not have 
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information about the proportion of men with family history of prostate cancer. Racial 

composition of the sample is extremely important while assessing the AUC of the 

nomogram as demonstrated in previous studies (Utsumi et al., 2009). It has been shown 

in a previous validation of another European nomogram for prostate cancer that the 

external validation was poor in an American population (F. K. Chun et al., 2007; Louie et 

al., 2015). It has also been shown previously that the PCPT-RC initial version has been 

valid in an American population with a high number of African American population 

(Kaplan et al., 2010; Parekh et al., 2006). This could explain the consistent superiority of 

the PCPT-RC 2.0 in our cohort, even though it was not statistically significant.  

The other important point is the fact that both PCPT-RC and the ERSPC-RC were 

developed from cohorts that has 6-core biopsies. This is different from our cohort where 

majority men had biopsies with more than 6 cores. It has been demonstrated that other 

nomograms based on extended biopsy regimens improve the predictive accuracy of the 

risk calculator. However, they have not been externally validated to such a great extent, 

as the PCPT-RC and the ERSPC-RC.  

 In this study, the decision curve analysis revealed that both risk calculators 

provided a clinical net benefit in the threshold probability range between 40% to 60% for 

any prostate cancer. In the case of significant prostate cancer, the PCPT-RC 2.0 provided 

a net benefit in the threshold probability range between 0 and 40 % and the ERSPC-RC 

3/5 provided a net benefit in the range between 10% and 72%. The net benefit was 

greater for PCPT-RC 2.0 as compared to the ERSPC-RC 3/5 for both outcomes. A study 

that compared the performance of these two risk calculators in a European tertiary care 
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suggested that it is beneficial to use the risk calculators when the predicted probability is 

between 8% and 35%. This is the prediction range when clinicians need assistance to 

make decisions regarding whether the patient needs to undergo biopsy (Poyet et al., 

2016). In our study, the clinical net benefit for predicting any prostate cancer was in the 

prediction range of 40-60%. At a level of 8-35% as suggested by Poyet et. al. (2016), the 

strategy of “biopsy all” seems to be more clinically beneficial. However, the PCPT-RC 

2.0 seemed to work better than the ERSPC-RC 3/5 while predicting significant prostate 

cancer in the range of 8-35%. It is more important to diagnose significant prostate cancer 

as opposed to any prostate cancer. Only if we strategically biopsy men who have a higher 

risk of significant prostate cancer even at lower levels of prediction thresholds, will we be 

able to reduce the chances of overdiagnosis and overtreatment, while also reducing 

morbidity and mortality associated with significant prostate cancer. As PCPT-RC 2.0 has 

shown to be superior to detect significant prostate cancer in the lower prediction levels, it 

should be used in clinical practice for a high-risk population to make decisions about 

whether a person should undergo prostate biopsy.  

The AUCs for PCPT-RC 2.0, ERSPC-RC 3/5 and PSA while predicting any 

prostate cancer were 0.59, 0.55 and 0.54, respectively. Similarly, the AUCs for PCPT-RC 

2.0, ERSPC-RC 3/5 and PSA while predicting significant prostate cancer were 0.71, 0.63 

and 0.65, respectively. Thus, the AUC for PCPT-RC 2.0 outperformed PSA alone while 

predicting both outcomes, any prostate cancer and significant prostate cancer. It can be 

assumed that the use of these nomograms in clinical practice, especially the PCPT-RC 

2.0 in a high risk American population, can help to guide prostate biopsy decisions. This 
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could prove to be a superior decision-making tool to be incorporated in shared decision-

making sessions between the physician and patients instead of just using PSA alone. 

This study has various limitations. As mentioned before, the small sample size 

could be one of the reasons for the lack of significant results. The data available for each 

of these participants were not uniform, as all participants did not have their free PSA 

levels and TRUS measured prostate volume. Also, to be noted is that the patients 

underwent prostate biopsies with different number of cores, ranging from 6 to more than 

12. This is attributable to the fact that the PRAP registry has been collecting data since 

1996 and the protocols for biopsy indications and measurements of prostate volumes 

have undergone revisions since then. 

Despite these limitations, this is the first study to compare the performance of 

these risk calculators in a high-risk American population. It can be speculated that the 

PCPT-RC 2.0 is better than ERSPC-RC 3/5 while predicting any prostate cancer and 

significant prostate cancer as demonstrated by calibration and discrimination. In terms of 

clinical utility, PCPT-RC 2.0 can be used to make decisions regarding whether a patient 

should undergo biopsy to detect significant prostate cancer. Thus, the PCPT-RC 2.0 can 

be used in outpatient settings while the physician and the patient engage in shared 

decision-making sessions. This can help facilitate and understand the need for biopsy and 

help alleviate the confusion associated with these decisions. 
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CHAPTER 4 

DECISION AIDS FOR PROSTATE CANCER SCREENING IN A HIGH-RISK 

POPULATION – A SYSTEMATIC REVIEW 

 

Introduction 

Prostate cancer screening is controversial and there are no defined guidelines for 

the high-risk population, i.e. African American men and men with a family history of 

prostate cancer. As discussed previously, prostate specific antigen (PSA) is a significant 

predictor of prostate cancer, especially in a high-risk population (from Chapter 2). 

Additionally, we have demonstrated that the use of risk calculators, especially the 

Prostate Cancer Prevention Trial – Risk Calculator 2.0 (PCPT-RC 2.0), might be superior 

to predict the probability of prostate cancer compared to PSA alone (from Chapter 3). 

However, these predictions would be beneficial only if men are aware and 

knowledgeable about their risks of prostate cancer and are capable of utilizing this 

knowledge during shared decision-making sessions with the physician.  

 

Prostate Cancer Knowledge in the General Population 

Several studies have assessed prostate cancer knowledge and risk perception in 

the general population. Each of these studies evaluated different aspects of prostate 

cancer knowledge ranging from knowledge about prostate anatomy and function, 

screening using PSA test or Digital Rectal Examination (DRE) to treatment options and 

consequential side effects. A study conducted in 1999 compared the attitudes of 90 
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participants in the form of 12 focus groups (four focus groups each for Whites, African 

Americans and Hispanics) regarding prostate cancer knowledge, screening routines and 

shared decision-making preferences. These men showed an overall greater confidence in 

their knowledge regarding prostate cancer. However, they had some misconceptions 

regarding screening and were not aware of the controversy associated with prostate 

cancer screening (McFall, Hamm, & Volk, 2006). Another study conducted in Ireland 

assessed knowledge of 223 men who completed the PROCASE knowledge scale (a 10-

item questionnaire). More than half (55%) men answered about 8 out of those 10 

questions correctly. This high level of knowledge in Irish men was attributed to 

heightened media coverage and more public discussion of prostate cancer and screening 

(Hevey et al., 2009). A cross-sectional study, conducted through a Canada-wide random 

digit dialing, assessed prostate cancer knowledge of 629 men and evaluated the use of 

PSA test in the past and their intentions to undergo prostate cancer screening (using both 

PSA test and DRE) in the future. They concluded that knowledge and awareness among 

these men was low, and they received more information from the media than from 

doctors (Mercer et al., 1997).  

Some studies also evaluated the factors associated with increased knowledge of 

prostate cancer in the general population. One study assessed prostate cancer knowledge 

in New York men and reported that about 58% of the men had heard about the PSA test. 

Men were more likely to have heard of the test if they were non-Hispanic White, had 

higher education level, higher income or had health insurance (Steele, Miller, Maylahn, 

Uhler, & Baker, 2000). A convenience sample of 503 men was utilized to assess the 



94 

 

factors that impact knowledge of prostate cancer. It was reported that age, education, 

prior exposure to prostate cancer or having had a previous examination, had no effect on 

knowledge of prostate anatomy and function. These factors, however, were associated 

with an increased awareness of treatment options and treatment side-effects (Arnold-reed, 

Hince, & Eaton, 2008).  

 

Prostate Cancer Knowledge in the High-Risk Population 

Although most studies conducted in the general population showed an overall 

high level of prostate cancer knowledge, studies conducted in men at risk, due to their 

family history or race, demonstrated a discrepancy in the level of knowledge. One study 

examined the risk perception, cancer-specific worry and screening practice among men 

with a pedigree consistent with hereditary prostate cancer. This study recruited 120 men 

with a 50% likelihood of being carriers of a mutation in a dominantly inherited prostate 

cancer susceptibility gene. About 82% of the men worried about having an inherited 

susceptibility to prostate cancer, and about 40% of these men perceived their lifetime 

risks of prostate cancer as high as 67% or more. The authors stated that this 

overestimation of risk (67% or more vs the actual 50% due to inherited susceptibility) is 

important, as it is correlated with symptoms of depression and cancer worry that affects 

daily life (O. Bratt et al., 2000). Another study investigated the change in knowledge 

levels and screening behavior in men before and after a prostate cancer diagnosis of their 

siblings. Men were asked to rate their knowledge of prostate cancer as “poor”, “fair”, or 

“good” both prior to and after their brother’s diagnosis. More than half of the men 
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(approximately 69%) demonstrated no change in knowledge levels after the diagnosis of 

their sibling. Men who described themselves as rural, age > 60 years and those with 

lower income were more likely to report poor knowledge of prostate cancer before their 

sibling’s diagnosis, and also to report no change in knowledge after a diagnosis. 

Caucasians (OR=2.66, p=0.04) and non-smokers (OR=3.06, p=0.04) were most likely to 

improve their prostate cancer knowledge as compared to African Americans and 

smokers, respectively. The major limitation of this study was that the knowledge level 

was assessed by self-report and did not measure actual knowledge (Pruthi et al., 2006). 

Another study assessed prostate cancer knowledge of first degree relatives using a 20-

item questionnaire and concluded that prostate cancer knowledge was high among these 

men (Cormier, Reid, Kwan, & Litwin, 2003). The perceived vulnerability of developing 

prostate cancer in men with a positive family history of prostate cancer was assessed by 

one study. It was noted that these men demonstrated a higher perceived vulnerability of 

developing prostate cancer and also had stronger intentions to undergo prostate cancer 

screening in the future (Jacobsen et al., 2004). A sample of African American men with a 

first-degree family history of prostate cancer demonstrated that they did not have 

significantly more worries nor higher perceived risks as compared to those African 

American men with no family history. Higher perceived risk was associated with younger 

age and having a college education (Bloom, Stewart, Oakley-Girvans, Banks, & Chang, 

2006). 

A systematic review included eighteen studies and examined the prevalence and 

predictors of PSA testing in first-degree relatives of prostate cancer, their risk perceptions 
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and prostate cancer knowledge. The review concluded that men with a family history of 

prostate cancer often had inaccurate risk perceptions and would either over-estimate or 

under-estimate their risks. It was noted that having a more extensive family history and a 

paternal rather than a fraternal family history was related to more PSA testing. Despite 

the fact that men with a positive family history have misplaced risk perceptions, 

knowledge was poorly assessed in all these studies. Due to these misplaced risk 

perceptions and improperly assessed knowledge levels, the authors suggested that more 

work is needed to educate both the community and the families of men with prostate 

cancer (McDowell, Occhipinti, Gardiner, Baade, & Steginga, 2009). 

Thus, men with a family history of prostate cancer would sometimes over-

estimate or under-estimate their risks. On the other hand, African American men almost 

always demonstrated low levels of prostate cancer knowledge. In an analysis done on the 

2003 Health Information National Trends Study, about 50% African American men 

considered their risks of being diagnosed with prostate cancer with very low probabilities 

(Shavers, Underwood, & Moser, 2009). A study enrolled 108 African American men to 

investigate the effects of demographic characteristics on actual knowledge of prostate 

cancer. In this exploratory study, knowledge was negatively correlated with education, 

age and income while having health insurance coverage was positively correlated with 

actual knowledge of prostate cancer (Agho & Lewis, 2001). Another study examined the 

level of knowledge regarding prostate cancer and screening among 304 men, and 

concluded that African American men were less knowledgeable, but these differences 

were mediated by differences in education and prior experience with prostate cancer 
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screening. (Chan et al., 2003). A study included fourteen focus groups to explore the 

knowledge, attitudes, and behavior of African American men regarding prostate cancer 

and its screening. These men identified limited knowledge about prostate cancer, lack of 

access to screening facilities and distrust of the medical professionals as the barriers to 

involvement in shared decision making (Forrester-Anderson, 2005). Another study 

compared the knowledge and attitudes among 180 U.S. born African American, U.S. 

born European American and immigrant Jamaican men. The authors concluded that the 

African American and Jamaican men were less knowledgeable than the European 

American men even after controlling for education, and that there were no differences in 

knowledge between the African American men and the Jamaican men. They also noted 

that fear was negatively associated with prostate cancer screening and as expected, 

African American and Jamaican men reported greater fear than European American men 

(Consedine et al., 2007). One study assessing the socio-demographic characteristics that 

predict prostate cancer knowledge in 399 low income, uninsured, minority men 

concluded that older men (RR ratio = 1.04, p=0.014) and those with less than a high 

school education (RR ratio = 3.77, p=0.012) were most likely to score in the lowest 

quartile of the knowledge test. However, in this study, relationship status (defined as 

whether the participant is in a committed relationship or not) was not significantly 

associated with scoring in the lower 25% (Deibert et al., 2007). One study assessed the 

extent to which a sample of African American men wished to engage in shared decision-

making regarding prostate cancer screening and the demographic and psychological 

characteristics associated with these shared decision-making preferences. Of the 286 men 
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who completed the telephone interview, about 57% preferred shared decision-making, 

36% preferred to make their own decisions while only 7% wanted their doctor to decide. 

High level of education and older age were associated with preferring shared decision-

making while greater prostate cancer screening knowledge was associated with 

independent decision (Williams et al., 2008). Thus, men with a positive family history of 

prostate cancer have misconceptions about their risks and tend to either overestimate or 

underestimate their risks of prostate cancer, while African American men have low levels 

of prostate cancer knowledge. 

 

Decision Aids in the General Population 

Assessment of factors associated with prostate cancer knowledge and the 

increasingly controversial issue of prostate cancer screening using the PSA test have led 

to various randomized trials utilizing interventions and decision aids in order to improve 

prostate cancer knowledge and reduce confusion regarding PSA testing in the general 

population. The decision aids utilized in these studies were varied and included 

interventions that were print-based, video-based, internet-based or a combination of any 

of these. One study assessed the effect of a PSA leaflet, “About the PSA Test”, on a 

random sample of 1000 men. The men who received the PSA leaflet were the ones who 

expressed a lower intention to take the PSA test (Berglund, Nilsson, & Nordin, 2005). 

Another randomized trial assessed the impact of a brief patient decision aid on men’s 

knowledge, attitudes and intention to have a PSA test. Men who received the patient 

decision aid had higher knowledge scores and less positive attitudes regarding PSA 
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testing than men in the control group. It is notable that almost all of the men in this study 

were White British (Watson et al., 2006). Another randomized trial conducted at a VA 

Medical Center assessed the effect of a mailed intervention, “Early Prostate Cancer” 

pamphlet, on men’s knowledge of prostate cancer. Knowledge was assessed using three 

questions and it was noted that men who received the intervention were more 

knowledgeable at 1-week follow up (T J Wilt et al., 2001). Another randomized trial 

assessed the effect of an illustrated pamphlet on prostate cancer knowledge and the use of 

screening tests. The intervention group showed improved prostate cancer knowledge but 

no change in the use of screening tests as compared to the control group (Schapira & 

Vanruiswyk, 2000). 

One randomized controlled trial assessed the effect of a twenty-minute 

educational videotape on men’s prostate cancer knowledge and reported preferences for 

PSA testing. At 2-week follow up, men in the intervention group demonstrated a 78% 

improvement in the number of knowledge questions answered correctly while no overall 

change was observed among the control group. The absolute reduction in the preference 

for PSA testing at 2-week follow-up between the intervention group and the control 

group was 18.5% (95% confidence interval 4.6% - 32.4%, p=0.009). The authors 

contemplated that although they observed a decrease in patient preference for PSA testing 

in the intervention group, this should not be the primary goal. Rather, it is important to 

assess patients’ understanding and knowledge as it is important that men understand the 

risks and benefits of screening in order to take an active part in shared decision making 

(R J Volk, Cass, & Spann, 1999). Another randomized trial assessed the effect of a 20-
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minute educational videotape on long-term prostate cancer knowledge retention and to 

assess their receipts of prostate cancer screening and their satisfactions with their 

screening decisions at the end of one year. In this RCT, the percentage of knowledge 

questions answered correctly by the intervention group at 2-week follow up was 48.7% 

compared to 30% at baseline. This knowledge diminished at 1-year follow up with a 

mean score of 38.4%. The control group did not show any change in knowledge. PSA 

testing was reported by 34.3% of the patients in the intervention group compared to 

55.2% men in the control group (p=0.01). However, satisfaction with the screening 

decision did not differ between the two groups (Robert J Volk, Spann, Cass, & Hawley, 

2003). 

A 4-group randomized controlled trail assessed the effects of different patient 

decision websites on decisional quality regarding prostate cancer screening. Men were 

randomized to 1 of 4 internet conditions – traditional didactic decision aid, chronic 

disease trajectory model for prostate cancer followed by a time-trade-off exercise, both 

the didactic decision aid and the chronic disease trajectory model, and the control group 

with links to public prostate cancer-specific websites from credible sources. Decisional 

quality was assessed using disease-specific knowledge with a 10-item scale and by noting 

the concordance between patients’ preferences and values for potential outcomes related 

to the decision. Knowledge scores were lowest for those in the control group and were 

highest for the group with traditional didactic decision aid. The traditional group also had 

the lowest decisional conflict scores. Greater reduction in PSA screening from pre-test to 

post-test was observed among those in the traditional model (-9.1%) and chronic disease 
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trajectory model (-8.7%) than those in the combination (-5.3%) or the control group (-

3.3%) (p=0.047) (Frosch, Bhatnagar, Tally, Hamori, & Kaplan, 2008).  

Another randomized trial conducted at four VA Medical facilities compared the 

effect of mailed pamphlet, mailed video and usual care/ control on knowledge and 

prostate cancer screening preferences. The mean knowledge index scores were higher for 

video (7.44, p=0.001) and pamphlet (7.26, p=0.03) groups compared to controls (6.9). 

Pamphlet subjects were more likely than controls to discuss screening with their doctors 

(41% vs 32%, p=0.03) but video subjects were not (35%, p=0.33). This study showed 

that the mailed intervention was effective not only in improving knowledge but also self-

reported participation in decision making. The pamphlet and video interventions were 

comparable in effectiveness. The authors asserted that the low-cost pamphlet was an 

attractive option for clinics with limited resources (Partin et al., 2004). Another web-

based randomized trial evaluated the effect of a web-based PSA decision aid, Prosdex, on 

informed decision making. There were two intervention groups and two control groups. 

Men in one intervention group viewed the Prosdex decision aid while participants in the 

second intervention group were given a paper version of the text. Both controls received 

neither the Prosdex decision aid nor the paper version of the text. The difference between 

the control groups is that one control group received both the pre-test and the post-test 

questionnaires (questionnaire group), while the other control group only received the 

post-test questionnaire (no questionnaire group). Compared with the questionnaire 

control group, men in both intervention groups had increased knowledge, and were less 

likely to undergo PSA testing (Evans et al., 2010). Another randomized trial compared 



102 

 

the effectiveness of internet and video-based modalities on prostate cancer knowledge 

and concluded that participants in the video group were more likely to review the 

materials as compared to the internet group. Also, men in the video group had improved 

knowledge and were more likely to decline PSA test than individuals in the internet 

group (Frosch, Kaplan, & Felitti, 2003). Another randomized study compared the effect 

of a web-based decision aid, a paper-based decision aid and a control group on patient-

reported level of control on screening decision, prostate cancer knowledge and decisional 

conflict. It was noted that exposure to either decision aid increased patients’ involvement 

in shared decision making compared to the control group. Patients in the decision aid also 

demonstrated improved knowledge levels (54% control vs 69% web site, p<.001 and vs 

69% brochure, p<.001) and were less likely to be screened (94% control vs 86% Web site 

p=.06 and vs 85% brochure, p=.04) (Krist, Woolf, Johnson, & Kerns, 2007).  

Due to the various types of decision aids tested in the general population, a 

systematic review included 13 RCTs to determine whether decision aids improved patient 

knowledge and decision making about whether to undergo PSA testing. It was concluded 

that majority of the RCTs (11 out of 13) demonstrated an increase in prostate cancer 

knowledge following the intervention. Only 10 studies assessed decisional conflict and 

majority of them (7 out of these 10 studies) demonstrated a decrease in decisional conflict 

after the intervention. However, of the 13 studies, eight studies were of a low 

methodological quality while the remaining five were of low quality (Ilic et al., 2015). 

Another systematic review examined eighteen eligible trails that evaluated the impact of 

prostate cancer decision aids on patient outcomes. Knowledge of prostate cancer 
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screening was the most common outcome, with 14 studies using various measures to 

assess knowledge. The patient decision aids, in general, improved patient’s knowledge of 

prostate cancer and made them more confident about their decisions. The review included 

a meta-analysis component to assess screening behavior among these patients and 

concluded that the aids decreased interest in PSA testing and screening behavior (relative 

risk = 0.88, 95% Confidence Interval 0.81-0.97, p=0.0008). This review suggested that 

prostate cancer screening decision aids increased knowledge and reduced screening rates. 

However, the authors concluded that among African American men, such aids have no 

impact or increase screening rates (Robert J. Volk et al., 2007). 

 

Decision Aids in the High-Risk Population 

As noted, the decision aids improved knowledge levels and reduced PSA 

screening in the general population. But within the high-risk population (African 

American men and those with a family history of prostate cancer) who already have 

misperception about their risks and varied levels of prostate cancer knowledge, the effect 

of such decision aids showed some discrepancies. Several studies aimed to assess the 

effect of decision aids delivered in various manners (paper-based, video-based, and 

educational seminar) in these men. One such study that aimed to educate African 

American adults (ratio of men: women of 6:1) assessed the effect of a 1-hour educational 

seminar on knowledge of prostate cancer using a 12-item questionnaire. The mean survey 

score increased from 26% to 73.3% after the seminar and it was reported that higher 

levels of education and income were associated with higher knowledge scores before and 
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after seminar was implemented. However, this non-randomized study did not assess the 

long-term retention of prostate cancer awareness and knowledge (Wilkinson, List, Sinner, 

Dai, & Chodak, 2003).  

A three-arm randomized control trial evaluated the effect of video-based 

intervention, print-based intervention and a wait-list control on knowledge of prostate 

cancer in 238 African American men between the ages of 40 and 70 years. Knowledge 

was assessed using 11-item questionnaire developed by the investigators. They concluded 

that knowledge improved significantly from baseline to 1-month assessment within both 

the print-based (p<.0001) and video-based arms (p<.0001). When the group x time 

interaction was tested, the print arm resulted in significant improvement in knowledge at 

1-month assessment compared to the video-based intervention (p<0.05) (Taylor et al., 

2006).  

Another randomized trial assessed the effectiveness of web-based decision aids to 

increase the knowledge of prostate cancer screening in African American men. Among 

87 men recruited at the annual convention of Prince Hall Masons, knowledge was 

assessed with the help of a 12-item questionnaire. It was concluded that the knowledge 

scores were higher in the enhanced decision aid group compared to the usual care group 

after adjusting for socio-demographic confounders (Ellison et al., 2008). 

 

Significance to Public Health 

Thus, there have been several studies that assessed knowledge in the general 

population as well as in the high-risk population. There have also been studies that 
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evaluated the effect of various decision aids in the general population as well as high-risk 

population. The systematic reviews that summarized the effect of decision aids concluded 

that such aids increased knowledge and reduced screening rates in the general population 

but had a different effect among the high-risk population. Thus, there is a need to 

combine all the randomized trials that have utilized a prostate cancer decision aid 

exclusively among the high-risk population, and to re-assess the effect of decision aid.  

The updated statement by USPSTF regarding PSA testing claims that it is not able 

to make any recommendations for African American men or those with a family history 

of prostate cancer and encourages more research in these populations in order to have 

better evidence-based guidelines (United States Preventive Services Task Force, 2017). 

So, it is imperative to ensure that individuals in this high-risk population are 

knowledgeable about prostate cancer screening and are thus able to actively participate in 

shared decision making and make individualized decisions about prostate cancer 

screening. 

As multiple decision aids have been tested in this high-risk population, it is 

important to know whether decision aids work and if they do, what type of decision aids 

work best in high-risk men. This would help us to tailor the decision aid used exclusively 

for high-risk men and aim to clear their confusions regarding PSA testing. The best way 

to ensure this is by conducting a systematic review and have a comprehensive 

understanding of the various decision aids in high-risk men, so that a head-to-head 

comparison can be performed. Only then will we be able to utilize the appropriate 
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decision aid in this high-risk population and alleviate confusion while ensuring proper 

utilization of the PSA test. 

 

Aim and Hypothesis 

Aim: To conduct a systematic review of the decision aids used to improve prostate cancer 

knowledge, improve risk perception, reduce confusion, involve in shared decision 

making or utilize PSA tests in men at high-risk of prostate cancer, defined as those with 

African descent (African American or African) or those with a positive family history of 

prostate cancer. 

Hypothesis: The systematic review will reveal that decision aids will help to improve 

knowledge levels, improve risk perception, reduce confusion, involve in shared decision 

making or decrease the utilization of PSA tests in men at high-risk of prostate cancer, 

defined as those with African descent (African American or African) or those with a 

positive family history of prostate cancer. 

 

Methods 

This systematic review aimed to comprehensively assess the randomized 

controlled trials (RCTs) that employed an intervention or decision aid to improve prostate 

cancer knowledge and risk perception, reduce decisional conflict or confusion, involve in 

shared decision making or utilize PSA tests in men at high-risk of prostate cancer. 
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Study Selection and Data Collection 

Data was extracted by searching MEDLINE, Cumulative Index to Nursing and 

Allied Health Literature (CINAHL), Excerpta Medica dataBase (EMBASE), and 

PsycINFO via Ovid and EBSCOhost using the following search terms - “prostate”, 

“knowledge”, “decision aid”, “decision support”, “PSA test”, “prostate screening”, 

“African American”. African”, and “family history”. All titles and abstracts were 

screened for relevance. After screening relevant abstracts, the resulting full-text articles 

were assessed for inclusion and exclusion criteria. 

 

Inclusion criteria 

- All RCTs that aimed to employ decision support intervention, decision aids or 

tailored information for men at high risk of being diagnosed with prostate cancer 

were included in the review. A decision aid was defined as an intervention that 

helped patients in making an explicit and deliberate decision by taking into 

account the associated benefits/ harms (Stacey et al., 2017). The decision aid 

could be disseminated in any form – web-based, print-based, video-based, via a 

health educator or a combination of any of them. 

- The randomized trial should aim to change prostate cancer knowledge, risk 

perception, decisional conflict, and involvement in shared decision making with 

regards to PSA testing or assess the utilization of PSA testing.  

- The trial could include any of the following comparison groups – usual care, no 

intervention group, attention control or a delayed wait-list control.  
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- The trial should be targeted exclusively at men at high risk of being diagnosed 

with prostate cancer. This was defined as men at high risk due to race (African 

descent or African Americans) or due to their pedigree (men with a family history 

of prostate cancer).  

- Studies published in English between January 1st, 1990 and December 31st, 2017 

were included in the review. The start date of January 1st, 1990 is consistent with 

previous systematic reviews that have assessed decision aids in prostate cancer 

screening (Ilic et al., 2015). 

 

Exclusion criteria 

- Trials targeted at physicians or health care providers to improve shared decision 

making were excluded. 

 

Outcome Measures 

Since this is a systematic review, the outcome measure was a comprehensive list 

of the outcome measures for the individual studies included in the review. 

 

Data Extraction 

A data extraction table was created which included the following information 

about the individual studies – study design, number of participants and their eligibility 

criteria, methodology of the trial (intervention and comparison group), and the results of 

each study. In accordance with the Cochrane Collaboration’s double-data collection and 
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extraction methodology (Cochrane Book Series, 2008), data extraction table was created 

by two independent reviewers (R.N. and P.R.). 

 

Assessment of Methodological Quality 

An important aspect of systematic review is the assessment of methodological 

quality. A systematic review of RCTs is considered the gold standard of reviews. 

However, this is contingent on the quality of the individual studies (RCTs) included in 

the review. In order to quantitatively assess the quality of reports of RCTs, Jadad et al. 

(1996) utilized a multidisciplinary panel of six judges who collaborated to develop an 

instrument. The final version of the instrument included three items – “Was the study 

described as randomized?”, “Was the study described as double-blind?” and “Was there a 

description of withdrawals and drop outs?” (Jadad et al., 1996). 

The first item, randomization, entails that the allocation sequence was generated 

at random and that the sequence was concealed until the allocation occurs. With regards 

to study quality, allocation concealment is more important than generation of allocation 

sequence (Schulz, Chalmers, Hayes, & Altman, 1995). The second item, a double-blind 

study, entails that the participants and the person doing the assessment were unaware of 

the allocation. A double-blind study tends to prevent ascertainment bias and helps protect 

the randomization sequence after allocation (Schulz, Grimes, & Altman, 1994). The third 

item helps to explain the process of intention-to-treat analysis utilized in the RCT and 

included a description of withdrawals and dropouts.  
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Two independent reviewers (R.N. and P.R.) scored the RCTs based on the three 

criteria – allocation concealment, blinding and intention-to-treat analysis. A score of one 

point each was given to the studies for allocation concealment and blinding if it was 

mentioned explicitly or inferred. An additional point each was given for allocation 

concealment and blinding if the method of each was described appropriately. On the 

other hand, one point each was deducted for allocation concealment and blinding if the 

method was described but not appropriate. For the third criteria, one point was given if 

the number of withdrawals and dropouts and the reasons for withdrawal were stated and 

zero points were awarded if it was not stated. So, the first two criteria (allocation 

concealment and blinding) could have a minimum of zero point and a maximum of two 

points each, while the third criteria could have a minimum of zero point and a maximum 

of one point. The methodological quality was rated high, medium and low in the 

following manner (Jadad et al., 1996): 

High quality: A review that received two points each for the first two criteria 

(double-blinding and allocation concealment) and one point for the third criteria 

(intention-to-treat analysis). So, the score for individual items for a high quality RCT 

would be 2-2-1. 

Medium quality: Received - one point for the first item, two points for the second 

item and one point for the third item (1-2-1) OR two points for the first item, one point 

for the second item and one point for the third item (2-1-1). 

Low quality: Received 0 for any of the three criteria.  
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Information about generation of allocation sequence was included as additional 

information but was not included in the overall quality rating (Jadad et al., 1996; Schulz 

et al., 1995). 

 

Statistical Analysis 

Since the studies did not test the impact of similar decision aids or use the same 

methods for measuring knowledge, risk perception, decisional conflict or PSA testing, it 

was difficult to pool the data in the form of a meta-analysis. Additionally, the comparison 

groups were different for each study and ranged from no intervention to a delayed wait-

list control. The form, design and implementation of the interventions were also varied. 

Due to the clinical heterogeneity of the studies, a descriptive analysis of all the studies 

was conducted and tabulated. This is consistent with data analysis conducted in a similar 

systematic review that deals with prostate cancer screening (Ilic et al., 2015). Separate 

data extraction tables were created for those who were considered high-risk due to race 

and for those who were considered high-risk due to the presence of a family history.  

 

Results 

Description of Studies 

 A total of 2605 articles were retrieved after literature search, of which 8 articles 

met the inclusion criteria and were included in the qualitative analysis (Fig 21). Of the 

initial 2605 articles, duplicates were removed and a total of 1145 articles were screened 

for their titles. After excluding 904 irrelevant articles, the remaining 241 abstracts were 
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screened. Of these 241 abstracts, 95 relevant articles were isolated for full-text 

assessment. An additional 10 articles were identified through search of reference lists. 

Thus, a total of 105 full text articles were assessed, of which 61 articles did not cater to 

the high-risk population defined by this review (i.e. were not exclusively African 

American or of African descent or did not have a family history of prostate cancer), 34 

articles included African Americans or those with a family history but were not RCTs 

and 2 articles aimed to assess interventions targeted at health care providers. Thus, a total 

of 8 articles met the inclusion criteria and were included in the final qualitative analysis. 

Of these 8 articles, 6 articles were targeted at those who were African American or those 

with an African descent (Ellison et al., 2008; Husaini et al., 2008; Lepore et al., 2012; R 

E Myers et al., 1999; Ronald E Myers et al., 2005; Taylor et al., 2006) and 2 articles 

included interventions targeted at those with a family history of prostate cancer (Davis et 

al., 2014; Watts et al., 2014).  
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Fig 21: Flowchart of RCTs included in the review 

Records identified through database searching (n=2605) 
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RCTs Targeted at Black Men 

The data extraction table for RCTs targeting African American men or men with 

African descent is summarized in Table 15. All 6 studies targeting Black men were 

conducted in the U.S. A total of 1,900 participants between the ages of 40-70 years were 

included in these 6 RCTs. All, except three studies (R E Myers et al., 1999; Ronald E 

Myers et al., 2005; Taylor et al., 2006), were published in the last 10 years.  

 

Randomization 

Only one study used churches as the unit of randomization (Husaini et al., 2008). 

One study recruited participants from clinics in three parts of Philadelphia, while another 

study recruited members of the Most Worshipful Prince Hall Grand Lodge of the District 

of Columbia. In both cases, the individual participants were used a unit of randomization 

(Ronald E Myers et al., 2005; Taylor et al., 2006).  

 

Intervention 

As evident from Table 15, one study used a web-based intervention (Ellison et al., 

2008), one study utilized a print-based intervention (R E Myers et al., 1999), one study 

utilized a video-based intervention (Husaini et al., 2008), and two studies used both print 

materials and a telephone intervention with a health educator (Lepore et al., 2012; Ronald 

E Myers et al., 2005). One study had two intervention arms – video-based and print-

based (Taylor et al., 2006). The comparison arms for these studies included usual care or 
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standard intervention, attention control or delayed intervention. Just as the interventions 

varied among the different studies, the comparison arms differed too. 

  

Outcome measures 

Knowledge - Knowledge of prostate cancer and prostate cancer screening was included 

as a primary outcome in four studies (Ellison et al., 2008; Husaini et al., 2008; Lepore et 

al., 2012; Taylor et al., 2006) while two studies did not assess prostate cancer knowledge 

(R E Myers et al., 1999; Ronald E Myers et al., 2005). The measures used to assess 

knowledge in each of these studies were different and utilized varying number of items 

ranging from 6 to 14. One study demonstrated an increase in prostate cancer knowledge 

in both the intervention arms, video-based and print-based, compared to the waitlist 

control group. The waitlist control group was further randomized to two intervention 

groups at 1-month assessment– video-based and print-based, and showed an increase in 

knowledge in the print arm compared to the video-based intervention (Taylor et al., 

2006). All studies, except one (Husaini et al., 2008), demonstrated an increase in prostate 

cancer knowledge in the intervention arm. Husaini et. al. (2008) utilized a cluster RCT to 

assess the effect of a 10-minute video DA against a delayed intervention control and 

failed to demonstrate any change in prostate cancer knowledge between the two groups. 

However, both groups demonstrated an improvement in knowledge scores over time. 

This finding was attributed to the fact that the comparison group was designed as a 

delayed intervention control, thus it served as a partial intervention and not as a pure 

control.  
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Decisional conflict - Decisional conflict was assessed in two studies included in the 

review (Lepore et al., 2012; Taylor et al., 2006). Both studies used the Decisional 

Conflict scale. However, one used the 16-item version of the scale (Lepore et al., 2012), 

while another used the 10-item version of the scale (Taylor et al., 2006). Both studies 

demonstrated a decrease in decisional conflict in the intervention group. Additionally, 

Taylor et. al. (2006), which utilized two intervention arms – print-based and video-based, 

showed a reduction in decisional conflict in the print arm compared to the video-based 

intervention. 

 

Informed decision making – Informed decision making was included as an outcome in 

two studies (Husaini et al., 2008; Lepore et al., 2012). One study demonstrated greater 

odds of informed decision-making at follow-up in the early intervention group compared 

to the delayed control. It is noteworthy that informed decision making was assessed at 

12-months and by then, both groups had been exposed to the intervention. However, the 

early intervention group had been exposed to the intervention for a longer time.(Husaini 

et al., 2008). The other study demonstrated that the odds of speaking with a doctor 

regarding PSA testing was two times greater in the intervention group than in the 

comparison group (Lepore et al., 2012).  

 

PSA testing - One study assessed adherence, defined as  having an early prostate cancer 

detection exam, and demonstrated an increase in adherence in the intervention group 

compared to the comparison group (R E Myers et al., 1999). Another study assessed the 
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effect of the intervention on complete screening and complete or partial screening. Both 

outcomes, complete screening (defined as having both a DRE and a PSA test after the 

intervention) and complete or partial screening (defined as only having a PSA test within 

six months of the intervention), were not significantly different between the two groups. 

This was attributed to the fact that 42% of the participants in the intervention group could 

not be contacted and hence the intervention was not delivered to them. The study 

demonstrated an increase in screening utilization in the intervention group, although not 

statistically significant (Ronald E Myers et al., 2005). 

 

Other outcomes –The studies also assessed other outcomes like perceived threat (Husaini 

et al., 2008), state anxiety (Lepore et al., 2012) and satisfaction with screening decision 

(Ronald E Myers et al., 2005). None of these outcomes differed significantly between the 

intervention and comparison groups.  
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Table 15: Data extraction table for studies including African American men or those with an African descent 

Study Participants Design Intervention Comparison Results Summary (p-

value) 

Size of 

effect 

Ellison 

(2008) 

87 eligible men were 

included who were African 

Americans, ages 40-65 

years, no history of 

prostate cancer, and not 

presently under evaluation 

for prostate cancer. 

RCT Enhanced web 

decision aid – 

“Your Prostate- 

You decide” 

Usual care web 

decision aid – 

“Prostate Cancer 

Screening, A 

Decision Guide for 

African-American 

Men” 

Increased average 

knowledge among men 

who received the 

enhanced decision aid 

(p=0.01) 

Not 

Reported 

Husaini 

(2008) 

45 churches and two on 

campus groups were 

randomized to two groups. 

430 eligible African 

American men between 

Cluster 

RCT 

Educational 

program included 

viewing a 10-

minute video, after 

which, an African 

Delayed 

intervention was 

the same as the 

educational 

intervention and 

No difference at wave 

in knowledge or odds 

of perceiving threat. 

Percentage of men who 

practiced informed 

Not 

Reported 
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the ages of 40-70 years 

were recruited from these 

churches 

American 

physician led a 

question-and-

answer session. 

Participants were 

also given 

pamphlets 

produced by the 

American Cancer 

Society. 

was given 3 

months after 

collecting baseline 

data 

decision making was 

significantly higher in 

the early-intervention 

group than in the 

delayed-intervention 

group (p<.05). 

Lepore 

(2012) 

490 eligible men were 

included who were 

accessible by telephone, 

have primary care 

physician, are between 

RCT Decision support 

intervention 

included print 

education material 

(Prostate Cancer: 

Attention control 

consisted of 

tailored telephone 

education 

regarding fruit and 

Increased percent 

correct on the 

knowledge of prostate 

cancer test at posttest 

(p<.001) 

0.3 



120 

 

ages 45-70 years and of 

Black African descent. 

Your Life- You 

Decide), telephonic 

discussions with a 

health educator and 

a values 

clarification 

exercise 

vegetable 

consumption 

Decreased decisional 

conflict in the 

intervention group 

(p<.05). Odds of 

speaking with a doctor 

at post-test was more 

than 2 times greater in 

the intervention group. 

Myers 

(1999) 

413 African American 

men aged 40–70 years, 

who lived in 

neighborhoods near the 

university, and had visited 

the University Health 

Services in the previous 2 

RCT Enhanced 

intervention group 

received 

“ProRecord” 

intervention, 

tailored to each 

recipient and a call 

Minimal 

intervention group 

received print 

materials and were 

provided a free 

Prostate cancer 

Adherence was 

significantly higher in 

the enhanced 

intervention group than 

in the minimal 

intervention group. 

Not 

Reported 
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years without a history of 

prostate cancer. 

from the health 

educator. Print 

materials given to 

the comparison 

group were also 

provided. 

early detection 

exam. 

Myers 

(2005) 

242 eligible men were 

included based on the 

following criteria - 

African-American >40 

years of age with no 

history of prostate cancer 

or BPH, had not 

undergone a prostate 

Stratified 

RCT 

Enhanced 

Intervention (EI) 

which consisted of 

a decision 

education session 

by a trained health 

educator via 

telephone and a 

mailed copy of the 

Standard 

Intervention (SI) 

which consisted of 

a mailed copy of 

the prostate cancer 

informational 

booklet. 

No difference in 

complete screening or 

complete or partial 

screening. The EI 

group showed 

increased screening 

utilization (p=0.007) 

  

 

Not 

Reported 
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biopsy or prostate 

ultrasound and had visited 

one of the participating 

practices within two years 

prior to study initiation 

Prostate cancer 

informational 

booklet 

Taylor 

(2006) 

238 African American 

members of the Most 

Worshipful Prince Hall 

Grand Lodge of the 

District of Columbia were 

included based on the 

following criteria - 40 to 

70 years of age, no history 

of prostate cancer, and not 

having been a participant 

RCT Print arm – A 16-

page guide 

included prostate 

cancer symptoms, 

anatomy and 

function, prostate 

cancer risk factors, 

benefits and 

limitations of 

screening, and a 

Delayed waitlist 

group - After 

completing a 

delayed baseline 

assessment wait 

list participants 

were randomized 

to one of the two 

active intervention 

arms  

Compared to the 

waitlist group, 

knowledge was higher 

in the print (p< 0.0001) 

and video arms 

(p< 0.0001), and 

decisional conflict was 

reduced in the print and 

video arms.  

 

0.5 
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in the focus groups 

conducted for the 

formative research 

neutral message 

from Frank 

Robinson.  

Videotape arm – A 

25-minute 

videotape focused 

on a middle-aged 

man as he 

discusses prostate 

cancer screening 

with his friends, 

family, and doctor. 
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RCTs Targeted at those with a Family History of Prostate Cancer 

The data extraction table for RCTs targeting those with a family history of 

prostate cancer is summarized in Table 16. Of the 2 studies included in this review, one 

was conducted in the U.S (Davis et al., 2014) while the other one was conducted in 

Australia (Watts et al., 2014). A total of 223 participants between the ages of 40-80 years 

were included in the two studies. Both studies were published in the last 5 years. 

 

Randomization 

Both studies utilized individual participants as the unit of randomization.  

 

Intervention 

One study utilized a print and video-based intervention with a comparison group that was 

provided with only print-based materials (Davis et al., 2014). The other study included a 

web-based 25-page tailored intervention, while an 18-page print material was provided to 

the attention control group (Watts et al., 2014).  

 

Outcome measures 

Knowledge – Both studies used different knowledge measures, where one had 10 items 

and the other had 13 items. Both studies did not show any difference in prostate cancer 

knowledge between the intervention and the comparison group.  
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Decisional conflict – Both studies used the Decisional Conflict Scale, where one used 10 

items and the other used 16 items. Similar to prostate cancer knowledge, there were no 

significant differences between the two groups. The lack of significance for knowledge 

and decisional conflict in these two studies was attributed to the fact that both the 

intervention arm and the control arm received a decision aid. To be noted is that both 

studies demonstrated an increase in knowledge scores and a decrease in decisional 

conflict over time (and not between the intervention groups). 

 

Other measures – One study assessed prostate cancer-related distress and satisfaction 

with prostate cancer screening decision and concluded that there were no differences 

between the two groups (Davis et al., 2014). The other study included accuracy of 

perceived risk, inclination regarding PSA testing, screening behavior and decision regret 

as secondary outcomes. Of these, there were no significant differences between the two 

groups with regards to all the secondary outcomes except decision regret. The decision 

aid resulted in lower decision regret at 12 months and was statistically significant (Watts 

et al., 2014). 
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Table 16: Data extraction table for studies including first degree relatives (FDRs) or second-degree relatives (SDRs) of prostate cancer 

patients 

Study Participants Design Intervention Comparison Results Summary (p-

value) 

Size of 

effect 

Davis 

(2010) 

85 eligible male FDRs 

(brother or son) of a 

prostate cancer patient, 

non-Hispanic African 

American or non-Hispanic 

White aged 40-70 years, 

no self-reported history of 

any cancer, access to DVD 

player, and able to read 

and speak English. FDR 

with a relative in active 

RCT FDR targeted 

decision aid DVD 

titled “Deciding 

about PC 

screening: A 

family matter”. 

Also received the 

CDC screening 

decision booklet 

that was sent to the 

comparison group. 

The CDC prostate 

cancer screening 

decision booklet 

that has two easy-

to-read booklets 

available 

separately for 

general population 

(provided to the 

Whites) and for 

Black participants 

Prostate cancer 

knowledge,  

prostate cancer related 

distress, 

Decisional conflict, 

Satisfaction with 

prostate cancer 

screening – no 

significant differences 

based on intervention. 

0.10 

0.04 

0.28 

 

0.34 
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definitive prostate cancer 

treatment, or FDR with 

multiple living relatives 

diagnosed with prostate 

cancer were excluded. 

(distributed to 

Black males). 

Watts 

(2014) 

138 eligible participants 

recruited who had not been 

diagnosed with prostate 

cancer, were aged 40–79 

years, had at least one 

FDR or SDR with a 

previous diagnosis of 

Prostate cancer, were 

proficient 

RCT Online Decision 

aid comprised 25 

screens including 

the home page, five 

“requested 

reading” screens, 

and six “optional 

reading” screens; 

the remaining 

Attention control 

where the 

information in the 

control materials 

(18 screens) was 

identical to that 

contained in the 

DA, but had three 

“requested 

No effect of DA on 

decisional conflict, 

knowledge of prostate 

cancer screening, 

accuracy of perceived 

risk, inclination 

regarding PSA testing, 

and screening behavior. 

The DA resulted in 

0.5 
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in English, and were able 

to give informed consent 

screens were 

related to the study.  

 

reading” screens 

and five “optional 

reading” screens.  

lower decision regret at 

12 months’ follow-up. 
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Study Quality 

The methodological quality of all 8 studies including the scoring system is tabulated in 

Table 17. All studies were of low quality, except one which was medium quality (Lepore 

et al., 2012). Double blinding was not achieved by any of the 8 studies, although one 

study could achieve single blinding (Lepore et al., 2012). In the case of decision aids, it 

might be difficult to achieve double blinding. Additionally, most studies did not mention 

anything regarding allocation concealment or intention-to-treat analysis. This attributed 

to the low quality of the studies. 
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Table 17: Methodological quality of studies 

 

* Not included in the overall quality rating of the RCT

 Blinding Allocation 

Concealment 

Intention-to-treat 

analysis 

Generation of allocation 

sequence* 

Overall Rating 

Davis (2010) 0 0 1 0 Low 

Ellison (2008) 0 0 0 0 Low 

Husaini (2008) 0 0 1 0 Low 

Lepore (2012) 1 2 1 1 Medium 

Myers (1999) 0 0 0 0 Low 

Myers (2005) 0 0 1 0 Low 

Taylor (2006) 0 0 1 0 Low 

Watts (2014) 0 2 1 1 Low 
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Discussion 

 To the best of our knowledge, this is the first systematic review of RCTs that have 

assessed the effectiveness of decision aids for prostate cancer screening in a high-risk 

population. This study identified eight RCTs conducted exclusively in the high-risk 

population to be included in the systematic review, of which six included African 

American men and only two studies recruited men with a family history of prostate 

cancer. This demonstrates the paucity of evidence with regards to the use of a decision 

aid in this high-risk population. 

 Among the studies conducted in an exclusively African American population, the 

RCTs demonstrated an increase in the knowledge levels after the intervention. This is 

consistent with findings from previous systematic reviews that assessed the effect of 

decision aids for prostate cancer screening in the general population (Evans et al., 2005; 

Ilic et al., 2015; Robert J. Volk et al., 2007). In this review, two studies that assessed 

decisional conflict reported a decrease in conflict after the intervention. This finding is 

also consistent with previous systematic reviews of RCTs that assessed decision aids in 

prostate cancer screening, where majority studies showed a reduction in decisional 

conflict and decision-related distress (Ilic et al., 2015; Robert J. Volk et al., 2007). Two 

studies in this review assessed informed decision making and they concluded that the 

participants were more likely to talk to their physician about PSA test after the 

intervention. This is also consistent with findings from previous systematic review 

(Robert J. Volk et al., 2007). Of the two studies that assessed the effect of intervention on 

PSA testing, one reported an increase in testing while the other showed no significant 

change in the intervention arm. This contrasts with the findings from previous systematic 
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reviews conducted in the general population that reported a decrease in PSA testing in 

majority of the studies. However, when they examined screening behaviors in trials that 

exclusively included African American men, they reported either no difference in 

screening rates or an increase in the PSA testing levels after the intervention. Thus, the 

results from our review are consistent with results for the African American population 

from the previously published systematic reviews (Robert J. Volk et al., 2007).  

Conversely, among men with a family history of prostate cancer, the intervention 

did not increase the knowledge levels or reduce decisional conflict between the two 

intervention groups. This is not consistent with results from previous reviews that 

assessed trials and decision aids in the general population (Ilic et al., 2015; Robert J. Volk 

et al., 2007). The lack of significance in this high-risk population could result from the 

small sample size in each of these studies, and the fact that both the intervention arms in 

each of these studies received a decision aid. Also, to be noted in both studies, is the 

improvement in knowledge and reduction of decisional conflict in both groups over time. 

Thus, the decision aid seems to be effective in both groups.  

Thus, the interventions that have been tested in this high-risk population have 

either shown improved knowledge levels and reduced decisional conflict (in African 

Americans) or have shown no change in outcomes (in those with a family history of 

prostate cancer). Assessment of the methodological quality of these studies demonstrated 

that, of the eight studies included in this review, seven were of low quality and one was 

of medium quality. Thus, there is a need for high quality RCTs that assess the effect of 

decision aids in this high-risk population. However, it should be noted that each of the 

studies included in this review utilized different interventions that were provided to the 
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participants in various forms – print-based, video-based, web-based and telephone 

intervention with a health educator. Due to this heterogeneity, it was difficult to pool the 

results of individual studies into a meta-analysis and provide a summary estimate. 

A Cochrane systematic review included 105 studies and assessed the decision aids 

used in health screening and treatment decisions. It was concluded that use of decision 

aids improves knowledge, makes the participant feel better informed and encourages 

them to participate in shared decision making. It was also unequivocally concluded that 

decision aids do not worsen health outcomes and people using them do not report being 

less satisfied with their decisions. A sub-analysis demonstrated improved knowledge 

levels and accurate risk perceptions when decision aids were used either during a 

consultation or in preparation for the consultation with a physician (Stacey et al., 2017). 

It can be assumed that this improved knowledge during or before a consultation would 

empower men to participate actively in the shared decision-making process.  

The combination of statistically significant differences in knowledge levels and 

decisional conflict between the intervention groups among the African American 

population, and the insignificant results in men with a family history of prostate cancer 

suggest the possibility of two different mechanisms. It can be speculated that African 

American men benefit from decision aids that are tailored to their specific needs and is 

culturally acceptable. On the other hand, men with a family history of prostate cancer can 

benefit from decision aids that are used in the general population as both intervention 

arms demonstrated an improvement in knowledge levels and reduction in decisional 

conflict. Thus, men with a family history do not necessarily need a targeted decision aid. 

As suggested by Davis et. al. (2014), it can be speculated that this high-risk population 
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would benefit from the general decision aid that is provided to all men. Thus, a culturally 

acceptable decision aid for African Americans and a single decision aid for everyone else 

would facilitate the process of dissemination of such aids at clinics and community 

settings, thereby simplifying the process.  

Since it can be asserted that decision aids can improve knowledge, the next 

logical step would be to ensure its uptake in clinical practice. Four conditions have been 

suggested for the successful implementation of a decision aid in practice - decision aids 

that meet the needs of the population; clinicians willing to use decision aids in their 

practice; effective systems for delivering intervention; and clinicians and patients who are 

skilled in shared decision making (Stacey et al., 2017). This four-step process relies 

heavily on clinicians and their support staff to ensure proper delivery of good quality, 

culturally targeted decision aid. However, clinicians have time restrictions and are not 

well-equipped to use decision aids in a clinical setting, and this, in turn, can hinder the 

implementation of these decision aids in clinical practice (Connor et al., 2007; Cooper et 

al., 2004; Short, Frischer, & Bashford, 2004; Young & Ward, 2001). 

This review has some limitations. This is a systematic review including only 

published articles. No hand-searches or formal/informal contacts were made with other 

investigators. Thus, this study does not use an extensive literature search, as was the case 

with a previous systematic review (Evans et al., 2005). All studies included in this review 

were conducted in the U.S., except one that was in Australia. So, the results of this 

review cannot be generalized to the other populations, that are not culturally or socio-

economically similar. This is a qualitative analysis of eight studies, of which seven 

studies were of low quality. This undermines the results of this systematic review, since a 
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systematic review is only as sound as the methodological quality of its individual studies. 

The use of different interventions prohibited the pooling of results from individual 

studies. Additionally, any conclusions drawn from this review for men with a family 

history should be approached with caution as, only two studies were included in the 

review and two is a very low number to make any meaningful conclusions. 

In summary, this systematic review concludes that culturally targeted decision aid 

improves knowledge, reduces decisional conflict and increases informed decision making 

with regards to PSA testing in African American men. In contrast, such targeted decision 

aids are unable to improve knowledge or reduce decisional conflict compared to the usual 

intervention in men with a family history of prostate cancer. In this review, eight studies 

were included, of which 7 studies were of low quality and only two studies included men 

with a family history of prostate cancer. Hence, there is a need for further research, 

especially to test the effect of targeted decision aids in men with a family history of 

prostate cancer. There also needs to be enhanced efforts to improve the uptake of 

decision aids in clinical practice. This can be achieved by ensuring the efficacy of these 

decision aids and by constantly evolving and adapting the decision aid based on the 

current USPSTF recommendations. 
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CHAPTER 5 

CONCLUSION 

  

Among men at high-risk due to their race or pedigree, the factors that were 

significantly associated with prostate cancer included age, family history and blood PSA 

levels. Abnormal DRE showed a trend towards increased risk of prostate cancer, although 

not statistically significant. The only risk factor that was associated with clinically 

significant prostate cancer was PSA level (from Chapter 2). In Chapter 3, it was 

demonstrated that the PCPT-RC 2.0 predicted the risk of any prostate cancer and 

clinically significant prostate cancer marginally better than ERSPC-RC 3/5 in a high-risk 

population. It was also concluded that the PCPT-RC 2.0 performed better than PSA alone 

while predicting the risk. The systematic review in Chapter 4 demonstrated the paucity of 

evidence regarding the effect of decision aids in improving prostate cancer knowledge in 

the high-risk population. The review also unveiled that tailored decision aids would be 

helpful in improving knowledge and reducing decisional conflict in African American 

men while decision aids designed for men with family history of prostate cancer would 

not significantly change prostate cancer knowledge or decisional conflict compared to the 

standard decision aid. 

The findings from this dissertation can be assimilated into decision aids that can 

then be used for shared decision-making sessions. As demonstrated in Chapter 2, the risk 

factor of both, any prostate cancer and clinically significant prostate cancer is PSA level. 

This can be included in the decision aid provided to the patients. It should also highlight 

the fact that PSA level acts as a continuum of risk and there is a possibility that men can 
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be diagnosed at lower levels of PSA and at a younger age. The decision aid can also 

include information about the PCPT-RC 2.0 risk calculator that is available online. This 

will inform patients about the availability of multivariable risk calculators and can 

empower them to initiate a conversation about using such calculators during their shared 

decision-making sessions. 

Thus, the conclusions from this dissertation can be assimilated into the USPSTF 

recommended shared decision-making sessions between the patients and the physicians. 

When African American men or men with a family history of prostate cancer approach a 

healthcare provider, they should be informed about the harms and benefits of PSA testing 

as per the USPSTF recommendation. As demonstrated in this dissertation (Chapter 2), 

elevated PSA level is still the most important risk factor for both outcomes, any prostate 

cancer as well as clinically significant prostate cancer. The patients should be informed 

that the PSA level does not have a cut-off level, but, in turn, should be treated as a 

continuum, where there is a possibility that men can be diagnosed with prostate cancer 

even at lower levels of PSA. If the men agree to and undergo PSA testing, the results 

from the test can be entered into the PCPT-RC 2.0 so that the risk of any prostate cancer 

as well as clinically significant prostate cancer can be predicted more accurately. This 

risk prediction information can then be shared with the patient and then used to determine 

the need for prostate biopsy in men. During these shared decision-making appointments, 

the healthcare provider along with the nursing staff can utilize one of the tailored decision 

aids to help African American men improve their knowledge of prostate cancer and 

reduce decisional conflict, while the standard decision aid can be used in men with a 

family history of prostate cancer. 
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Thus, at each clinic where there is a possibility that high-risk men would be 

potential patients, the patients should be provided with tailored decision aid (for African 

American men) or standard decision aid (for men with a family history of prostate 

cancer), physicians should be prepared to engage the patients in shared decision making 

sessions where they can explain the harms and benefits of PSA testing and the fact that 

PSA acts as a continuum and help the patients make an informed decision regarding 

whether to undergo prostate biopsy. This process will not only help to identify the risk of 

clinically significant prostate cancer in this population, but also reduce the number of 

unnecessary biopsies, thereby reducing overdiagnosis. Further research with larger 

sample sizes and subsequent application in clinical settings are needed to ensure the 

reproducibility and effectiveness of the results of this dissertation. 
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APPENDIX # A 

Symptom Problem Index and BPH Impact Index 

 

Symptom Problem Index No 

Problem 

Very 

Small 

Problem 

Small 

Problem 

Medium 

Problem 

Big 

Problem 

1. Over the past month, how 

much has a sensation of not 

emptying your bladder been  

a problem for you? 

0 1 2 3 4 

2. Over the past month, how 

much has frequent urination 

during the day been a 

problem for you? 

0 1 2 3 4 

3. Over the past month, how 

much has getting up at night 

to urinate been a problem 

for you? 

0 1 2 3 4 

4. Over the past month, how 

much has stopping  

and starting when you 

urinate been a problem for  

you? 

0 1 2 3 4 
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5. Over the past month, how 

much has a need to  

urinate with little warning 

been a problem for you? 

0 1 2 3 4 

6. Over the past month, how 

much has impaired  

size and force of urinary 

stream been a problem for 

you? 

0 1 2 3 4 

7. Over the past month, how 

much has having to push or 

strain to begin urination been 

a problem for you? 

0 1 2 3 4 

 

 

BPH Impact Index 

 

None Only a Little Some A Lot 

1. Over the past month, how 

much physical discomfort did 

any urinary problems cause 

you?  

1 2 3 4 

2. Over the past month, how 

much did you worry about 

1 2 3 4 
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your health because of any 

urinary problems? 

 Not at All 

Bothersome 

Bothers Me a 

Little         

Bothers 

Me Some 

Bothers Me 

a Lot 

3. Overall, how bothersome 

has any trouble with 

urination been during the 

past month? 

1 2 3 4 

              

              

BPH Impact Index 

 

None of 

the time 

A little of 

the Time 

Some of 

the Time 

Most of 

the Time 

All of 

the Time 

4. Over the past month, 

how much of the time 

has any urinary problem 

kept you from doing the 

kinds of things you 

would usually do? 

1 2 3 4 5 
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APPENDIX # B 

Sexual Adjustment Questionnaire 

(SAQ - Control) 

Please answer each question carefully.  The items deal with sensitive and personal 

issues but are important to our research. However, if you do not wish to complete an item, 

please initial it so that your answer will not be recorded.  If possible, fill out the questions 

alone.  We want only your answers.  Please recheck to see that you have not omitted any 

questions.   

Please answer each question even if you are not sexually active at this time. Circle 

the response that best describes how you feel. 

 

 Extremely 

Important 

Very 

Important 

Important Slightly 

Important 

Of no 

Importance  

 

1. What is the 

importance of 

sexual activity in 

your life right 

now? 

5 4 3 2 1  

 Always Almost 

Always

  

Sometimes Almost 

Never 

Never  

2. How often is 

sexual activity 

5 4 3 2 1  
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enjoyable to 

you now? 

3. Do you find 

that you are too 

tired for sexual 

activity? 

5 4 3 2 1  

4. Do you have 

desire for 

sexual activity? 

5 4 3 2 1  

5. Do you 

desire sexual 

activity more 

often than your 

partner(s)? 

5 4 3 2 1  

 Always Almost 

Always

  

Sometimes Almost 

Never 

Never No 

Partner 

6. Are you the 

one who 

initiates (starts)  

sexual activity 

with your 

partner? 

5 4 3 2 1 0 
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 More than 

4 times 

/week 

2-3 times   

a week 

1 time a 

week 

1-3 times 

a month

  

Less than    

1/ month 

Not at 

all 

7. How often do 

you have sexual 

activity (with or 

without a 

partner)? 

5 4 3 2 1 0 

 Always Almost 

Always

  

Sometimes Almost 

Never 

Never Have 

not 

tried 

8. Do you have 

trouble becoming 

sexually aroused 

or excited? 

5 4 3 2 1 0 

9. When 

sexually 

excited, are you 

able to get an 

erection? 

5 4 3 2 1 0 

10. Do you feel 

it takes a long 

time for you to 

5 4 3 2 1 0 
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get a firm 

erection? 

11. Do you 

have a problem 

in “coming”  

(ejaculating) or 

feel that you 

“come” too 

soon? 

5 4 3 2 1 0 

12. Is it 

important for 

you to reach a 

climax 

(“come”)? 

5 4 3 2 1 0 

 Always Almost 

Always

  

Sometimes Almost 

Never 

Never No 

sexual 

activity 

13. Do you feel 

satisfied after 

sexual activity? 

5 4 3 2 1 0 

14. Do you feel 

tense or frustrated 

5 4 3 2 1 0 



171 

 

after a sexual 

experience? 

 Very 

Satisfied  

Some-

what 

Satisfied 

Neutral Some-

what Un-

satisfied 

Very 

Unsatisfied 

 

15. Are you 

satisfied with 

the frequency  

of sexual 

activity in your 

life? 

5 4 3 2 1  
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Appendix # C 

Characteristics of men based on their biopsy 

 Those who 

underwent biopsy 

at least once 

(n=230) 

Those who never 

had a biopsy 

(n=649) 

p-value* 

Demographic characteristics 

Age       

 

Race 

    Non African- American 

    African-American 

Family history of prostate 

cancer 

    No 

    Yes 

Marital status 

     Non-partnered 

     Partnered 

     Missing 

BMI 

55.16 (Range: 

35.23-70.84) 

 

105 (45.65%) 

 125 (54.35%) 

 

 

87 (37.83%) 

143 (62.17%) 

 

63 (27.39%) 

167 (72.61%) 

0 (0%) 

28.09 (Range: 

18.86-47.52) 

47.91 (Range: 35-

69.79) 

 

248 (38.21%) 

401 (61.79%) 

 

 

301 (46.38%) 

348 (53.62%) 

 

216 (33.28%) 

432 (66.57%) 

1 (0.15%) 

28.06 (Range: 

17.74-52.57) 

<.0001 

 

 

0.0483 

 

 

 

0.0251 

 

 

 

0.0970 

 

0.2862 

Clinical Markers     
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DRE   

     Normal 

     Abnormal  

     Missing 

PSA levels (ng/ml) 

 

199 (86.52%) 

28 (12.18%) 

3 (1.3%) 

3 (Range: 0.3-31.6) 

 

621 (95.69%) 

16 (2.47%) 

12 (1.84%) 

1 (Range: 0.1-74.2) 

 

 

<.0001 

 

<.0001 

Genitourinary Symptoms 

SPI score     

BPHII score 

SAQ score 

1.5 (Range: 0-28) 

0 (Range: 0-13) 

34 (Range: 25-49) 

1 (Range: 0-24) 

0 (Range: 0-13) 

35 (Range: 24-51) 

0.0039 

0.0772 

0.8986 

Covariates 

Previous diagnosis of BPH 

      No      

      Yes 

      Missing 

Finasteride 

     No 

     Yes 

 

114 (49.57%) 

115 (50%) 

1 (0.43%) 

 

205 (89.13%) 

25 (10.87%) 

 

465 (71.65%) 

171 (26.35%) 

13 (2%) 

 

635 (97.84%) 

14 (2.16%) 

 

 

<.0001 

 

 

<.0001 
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Appendix # D 

Attrition Analysis 

 Those consented 

and visited the 

clinic at least once 

(n=879) 

Those consented 

but never visited the 

clinic 

 (n=71) 

p-valueǂ 

Demographic characteristics 

Age       

 

Race 

    Non African- American 

    African-American 

Family history of prostate 

cancer 

    No 

    Yes 

Marital status 

     Non-partnered 

     Partnered 

BMI 

50.12 (Range: 

34.87-70.84) 

 

353 (40.16%) 

526 (59.84%) 

 

 

388 (44.14%) 

491 (55.86%) 

 

279 (31.74%) 

599 (68.15%) 

28.08 (Range: 

17.74-52.57) 

51.32 (Range: 

35.58-66.95) 

 

11 (15.49%) 

34 (47.89%) 

 

 

31 (43.66%) 

13 (18.31%) 

 

14 (19.72%) 

11 (15.49%) 

31.78 (Range: 

26.63-36.58) 

0.9004 

 

0.0391 

 

 

 

0.0011 

 

 

0.0141 

 

 

0.3182 

Clinical Markers     
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DRE   

     Normal 

     Abnormal  

PSA levels (ng/ml) 

 

820 (93.29%) 

41 (4.66%) 

1 (Range: 0.1-74.2) 

 

29 (40.85%) 

4 (5.63%) 

1 (Range: 0-12) 

0.0684 

 

 

0.2206 

Genitourinary Symptoms 

SPI score     

BPHII score 

SAQ score 

1 (Range: 0-28) 

0 (Range: 0-13) 

35 (Range: 24-51) 

*  

* 

* 

** 

** 

** 

Covariates 

Previous diagnosis of BPH 

      No      

      Yes 

Finasteride 

     No 

     Yes 

 

579 (65.87%) 

285 (32.42%) 

 

840 (96.44%) 

39 (4.44%) 

 

22 (30.99%) 

3 (4.23%) 

 

71 (100%) 

0 (0%) 

0.0383 

 

 

0.9736 

ǂ p-value does not take missing data into account 

*Missing data for all participants 

** p-value could not be generated 
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Appendix # E  

Multivariable conditional logistic regression for any prostate  

cancer after entering all variables 

 Unadjusted Hazard 

Ratio 

95% Confidence 

Interval 

p-value 

Demographic characteristics 

Age (years)  

Race 

    Non African-American 

    African-American 

Family history of prostate 

cancer 

     No 

     Yes 

Marital status 

    Non-partnered 

    Partnered 

BMI 

1.069 

 

Ref 

2.372 

 

 

Ref 

2.356 

 

Ref 

1.696 

1.002 

1.032-1.108 

 

 

1.199-4.69 

 

 

 

1.184-4.685 

 

 

0.914-3.147 

0.949-1.057 

0.0002 

 

 

0.0130 

 

 

 

0.0146 

 

 

0.0943 

0.9544 

Clinical Markers     

DRE   

     Normal  

     Abnormal 

PSA levels 

 

Ref 

2.7 

1.113 

 

 

1.095-6.655 

1.034-1.197 

 

 

0.0310 

0.0044 
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Genitourinary Symptoms 

SPI score     

BPHII score 

SAQ score 

1.099 

0.675 

1.370 

0.544-2.219 

0.244-1.863 

0.528-3.557 

0.7932 

0.4474 

0.5173 

Covariates 

Previous diagnosis of BPH 

      No 

      Yes 

Finasteride 

     No 

     Yes 

 

Ref 

0.792 

 

Ref 

0.601 

 

 

0.453-1.384 

 

 

0.172-2.097 

 

 

0.4121 

 

 

0.4249 
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Appendix # F 

Multivariable logistic regression for clinically significant  

prostate cancer after entering all variables 

 Unadjusted Hazard 

Ratio 

95% Confidence 

Interval 

p-value 

Demographic characteristics 

Age (years)  

Race 

    Non African-American 

    African-American 

Family history of prostate 

cancer 

     No 

     Yes 

Marital status 

    Non-partnered 

    Partnered 

BMI 

1.034 

 

Ref 

0.897 

 

 

Ref 

1.002 

 

Ref 

1.135 

1.010 

0.963-1.111 

 

 

0.233-3.447 

 

 

 

0.226-4.439 

 

 

0.3-4.295 

0.900-1.134 

0.3588 

 

 

0.8741 

 

 

 

0.9977 

 

 

0.8518 

0.8630 

Clinical Markers     

DRE   

     Normal  

     Abnormal 

PSA levels 

 

Ref 

1.636 

1.323 

 

 

0.307-8.722 

1.014-1.727 

 

 

0.5646 

0.0390 
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Genitourinary Symptoms 

SPI score     

BPHII score 

SAQ score 

0.855 

0.234 

2.058 

0.067-10.967 

0.006-9.355 

0.234-18.137 

0.9039 

0.4400 

0.5156 

Covariates 

Previous diagnosis of BPH 

      No 

      Yes 

Finasteride 

     No 

     Yes 

 

Ref 

1.462 

 

Ref 

0.536 

 

 

0.447-4.782 

 

 

0.040-7.212 

 

 

0.5298 

 

 

0.6379 

 


