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Title of Dissertation: The Need to Conduct Future Research on the Benefit of the Prostate 

Specific Antigen Screening Test Using Value of Information Framework 

Emily S. Reese, Doctor of Philosophy, 2014 

Dissertation Directed by: C. Daniel Mullins, PhD, Professor and Chair Pharmaceutical 

Health Services Research Department 

Prostate cancer (PC) is the second most common cancer in men throughout the 

world and is the second leading cause of cancer deaths in men in the United States. 

Screening for PC is routinely conducted through the prostate specific antigen screening 

test (PSA); unfortunately, PSA levels change due to a variety of factors which make the 

threshold for a normal PSA level difficult to ascertain in all populations. Professional 

organizations and task forces differ with their recommendations for PSA screening. This 

study examined the amount of research that should be funded in order to clarify 

uncertainty associated with PSA screening.  

The value of information (VOI) framework utilizes net monetary benefit to 

determine the amount of funding that should be allocated to a specific field of research in 



 

 

order to reduce uncertainty. Using the VOI framework, this research examined the: 1) 

expected value of information (EVI); 2) population expected value of information 

(pEVI), a population-specific estimate by race and age group; and  3) expected value of 

perfect information (EVPI). Men were identified as having at least one PSA screening 

exam from the 2000-2007 SEER-Medicare dataset. A Cox Proportional Hazard model 

and phase-based costing were used to determine costs and survival increments. 

Bootstrapped replicates were generated and the net monetary benefit was calculated. VOI 

estimates were calculated from the replicates. Sensitivity analyses captured change under 

different willingness-to-pay (WTP) thresholds. 

The matched analytic cohort contained 180,692 PC cases and controls. Among 

cases, 36.2% of cases had at least one PSA test and 59.1% of controls had at least one 

PSA test. PSA testing resulted in an additional 0.9835 life-years (359 life-days). The 

mean incremental cost between the two cohorts was $1,880. Using a WTP threshold of 

$50,000, the EVI was $518,233 and the EVPI was $616,463. The population estimate 

was $8,281,979 for African Americans (AA), $46,525,105 for Caucasians, $22,657,186 

for men aged 65 to 74, and $24,558,627 for men aged 75+. 

 Estimates obtained for EVI and EVPI were lower than comparable cancer 

screening VOI estimates. Given results based on population estimates, future research 

funding for PSA screening among Medicare beneficiaries should focus on Caucasians 

and AA.   
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Chapter One 

 The prostate gland produces a portion of the fluid that protects and nourishes 

sperm in semen. The prostate is located beneath the bladder and is bisected by the 

urethra. As with several other components of the reproductive system, prostate growth is 

in part mediated by the hormone dihydrotestosterone (DHT) and ceases once a man 

reaches adulthood.
1
 Abnormal prostate growth is common in older men. This growth can 

be due to either benign prostate hyperplasia (BPH) or prostate cancer (PC).
2
 However, 

unlike BPH, a PC tumor can regenerate if not entirely removed, invade proximal tissue, 

bone and organs, and can be life-threatening. 

 

Prostate Cancer 

 

Epidemiology and Risk Factors 

 

 Prostate cancer is the second most common cancer in men throughout the world 

and the second leading cause of cancer deaths in men in the United States.
3
 The National 

Cancer Institute estimated that 233,000 new cases of PC will be diagnosed and 29,480 



2 

 

men will die as a result of PC in 2014.
4
 For the most recent data available, the Centers for 

Disease Control and Prevention reported that in 2010 196,038 new PC cases were 

diagnosed and there were 28,560 PC deaths.
5
 Worldwide, the burden of PC is expected to 

exceed nearly two million new cases and have almost 500,000 incident cases of PC by 

2030 although these statistics are attributed to the natural aging of the population.
6
 

However, studies have found that the actual prevalence of this disease may extend further 

than projected. It is estimated that approximately 40% of men aged 70 years have 

detectable PC at autopsy but did not die of the cancer.
7
 Figures reflect that PC is more 

common in African American men than in their white counterparts
8,9

 and that the 

mortality rate for African American is more than double that of any other racial or ethnic 

group (e.g. white, Asian/Pacific Islander, American Indian/Native American, and 

Hispanic).
10

 

 

 Like many other cancers, the exact cause of prostate cancer is unknown; however, 

many studies have identified factors associated with a man’s increased risk of getting the 

disease. Risk factors for PC may include certain genetic mutations and certain prostatic 

changes, though the only established risk factors for the disease are age, race and family 

history.
11

 In aging men, changes in the estrogen and testosterone ratios within the prostate 

are thought to provoke the development of PC.
11

 The median age at diagnosis during 

2004 to 2008 was 67 years of age and approximately one-third of men diagnosed with PC 

are between the ages of 65 and 74. The median age at death for those diagnosed with PC 

during the same period was 80 years with 39.5% of men dying from PC aged between 75 

and 84 years.
10

 Throughout the world, PC is more common in economically developed 
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countries, while men of African descent have a higher risk of developing PC than their 

European-descended counterparts.
12

 Men of African descent in the Caribbean have the 

highest PC mortality worldwide. Interestingly enough, the Middle East and Eastern Asian 

countries have the lowest age-standardized PC incidence rates in the world. These rates 

range between 7.5-14.0 per 100,000 men in the Middle East to less than 7.4 per 100,000 

men in East Asia, compared to greater than 66.8 per 100,000 men in North America.
13

 

The incidence of PC among black men in the United States is nearly double that of any 

other racial group (Table 1).  

 

Table 1. Incident rates and mortality rates of PC among race/ethnic groups of US 

men
 

 

 

Having a first-degree relative (i.e. father, brother or son) diagnosed with PC increases a 

man’s risk of being diagnosed with PC.
14

 Studies have suggested that men with a family 

history undergo earlier or more intense PC screening between the ages of 30 and 50 

years.
15

 Certain genetic factors can also put a man at greater risk for developing PC.
16

 

Mutations that exist in the BRCA2 gene are associated with an approximate 15% risk 
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increase in developing PC by the age of 65.
17

 Men genotyped with four of the five LEPR, 

CRY1, RNASEL, IL4, and ARVCF genes have a 50% increased risk of dying from PC.
18

  

 

 When in its early stages, PC rarely has symptoms; however, men with advanced 

PC often report urinary problems (i.e. not being able to start or stop urine flow, inability 

to pass urine, urine leakage), blood in the urine or semen, or in cases of metastatic PC, 

discomfort or pain in the pelvic area or bone pain.
19

 

 

 Researchers also have investigated whether elective surgery (i.e. vasectomy) or 

lifestyle factors like tobacco or alcohol use, BPH, sexually transmitted infections, 

obesity, lack of exercise or a diet high in animal fat or meat are associated with an 

increased risk of PC; however, studies report little to inconsistent change in risk of PC 

associated with lifestyle factors.
20, 21

 

 

Screening and Diagnosis 

 

 As with other forms of cancer, early detection through screening can increase 

overall survival and decrease disease-specific death. Screening for PC is often done 

through two different methods. The digital rectal exam (DRE) is a manual examination of 

the prostate gland that may allow the physician to palpate any lumps or abnormalities that 

may exist within the posterior lobes of the gland. The prostate specific antigen test (PSA) 

is a blood test that measures the level of PSA in the blood. In clinical practice, levels of 

PSA greater than or equal to 4ng/ml are used as a cutoff to screen men for PC, although 
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other permutations of PSA testing have also been evaluated in various settings, such as 

age-specific PSA cut-off values, PSA density, PSA velocity, free to total PSA ratios, and 

others.
22

 An elevated PSA level may potentially be indicative of a prostate gland 

associated problem, such as BPH or PC. Importantly, and with respect to PSA and PC, an 

elevated PSA result can be a false positive in some men, while in others a low PSA level 

is a false negative. Additionally, PSA levels can be affected by certain medical 

procedures (including DRE, prostate biopsy), certain medications (i.e. nonsteroidal anti-

inflammatory drugs, statins, and thiazide diuretics), age, and co-morbidities (i.e. BPH, 

prostatitis, obesity, and obstructive uropathy).
23, 24, 25

  

 

 Undergoing a DRE or PSA test can alert a medical provider to a problem with the 

prostate gland but neither test is able to ascertain whether or not cancer exists. Diagnostic 

procedures such as the transrectal ultrasound guided prostate biopsy may be conducted to 

aid in diagnosis of PC.
25

 Once a prostatic biopsy is completed, the cells that make up the 

tissue undergo microscopic examination. From this examination, a Gleason score is 

assigned which reflects the relative architecture and ‘aggressiveness,’ or grade, of the 

cells within the biopsy specimen.  A Gleason grade of one indicates normal cells, while a 

grade of five indicates mostly abnormal or malignant cells.
26, 27

 Gleason scores range 

from 2 to 10 by adding the primary and secondary cancer cluster classification (or grades, 

which range from 1 to 5) to achieve a total Gleason score. For example, while examining 

a biopsy, if a pathologist classifies the primary cell number as grade 4 and another 

secondary cancer cell number as grade 3, then the Gleason score for this biopsy would be 

4 + 3 = 7.  The severity of the primary cell number signifies the severity of the cancer, so 
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a Gleason score of 7 with the primary cell number graded as 3 would not be as severe as 

if the primary cell number graded as 4.  

 

 The Gleason score categorizes the malignant cells within the prostate.
26, 27

 The 

American Joint Committee on Cancer (AJCC) and the International Union Against 

Cancer keep and update a widely accepted tumor, node and metastasis (TNM) grading 

system.
28, 29

 The TNM system subcategorizes the tumor stage in order to capture stage as 

presented in men who are diagnosed with PC through PSA screening (Table 2).
30, 31

 

Overall staging for PC which incorporates PSA screen results, Gleason score and TNM 

progression is shown in Table 3. 

 

Treatment 

 

Treatment for PC is divided into six categories: active surveillance, surgery, radiation 

therapy, hormone therapy, chemotherapy, and experimental therapies. Active surveillance 

consists of regularly monitoring changes in a man’s PSA levels and DRE. The decision 

to progress to more proactive treatment lies with the patient and healthcare provider, 

depending upon the changes that may develop within PSA levels, DRE, and repeated 

prostate biopsy results over the course of subsequent patient follow-up. Surgical 

treatment for PC completely removes the prostate. Radiation therapy kills cancerous cells 

by directing high-energy x-rays at the prostate. This treatment is broken down into 

external radiation therapy, where the therapy is received from a machine external to the 

body, or brachytherapy where radioactive seeds are surgically implanted in close  
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Table 2. AJCC TNM Classification for Prostate Cancer Diagnosis 

 

proximity to the cancer in order to kill malignant cells. Hormone therapy utilizes 

approved medications, as well as surgery, to remove male sex hormones, thus depriving 

the cancer of its growth hormone.
19

 Medications that are used during hormone therapy 

include luteinizing hormone-releasing hormone agonist/antagonists which prevent 

testosterone production by ultimately decreasing production of luteinizing hormone from 

the pituitary gland. These medications include leuprolide, goserelin and triptorelin, 

among others.  
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Table 3. Overall Staging for Prostate Cancer 

 

 

Antiandrogens, flutamide bicalutamide and nilutamide, and other drugs that prevent 

testosterone production, ketoconazole and aminoglutethimde, are also used as hormonal 

therapy for PC. Recently approved hormonal therapies also include abiraterione, 

enzalutamide and degerelix.
25

 Additionally, a man’s healthcare provider may suggest 

orchiectomy, or surgical removal of the testicles, as a form of hormonal therapy.
25

 

Chemotherapy is a type of cancer treatment that stops the growth of malignant cells by 

disrupting cellular DNA, protein, cytoskeletal network and/or signaling pathways, among 

other molecular and/or cellular targets. Chemotherapy is administered orally or through 

injection into a vein. Chemotherapies approved by the FDA to treat PC include docetaxel, 
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cabazitaxel, and mitoxantrone, although other chemotherapeutics can also be used for 

treating advanced disease. The landscape for treating advanced metastatic PC is changing 

further in that an agent that stimulates PC-specific immune system (i.e. sipuleucel-T) 

entered clinical practice use in 2010.
25

 In addition to the above, other novel therapies are 

undergoing active investigation through clinical trials for the various stages of PC.  

 

Due to the location of the prostate in relation to the urogenitary system, 

complications often arise in the diagnosis and treatment of PC. The extent of prostatic 

disease and treatment can affect a man’s susceptibility to developing complications like 

urinary or fecal incontinence and erectile dysfunction. These complications may resolve 

on their own or can be treated with medication, external appliances or surgery.
32, 33

 More 

specifically, radiation therapy is associated with decline in bowel function and urinary 

incontinence and an increased risk of bladder and rectal cancer. Cryotherapy is associated 

with impotence, incontinence, urethral sloughing, urinary fistula or stricture, and bladder 

neck obstruction.
34

 Hormone therapy complications depend on the specific type of 

hormone treatment given. Bilateral orchiectomy, estrogen therapy, luteinizing hormone-

releasing hormone agonist therapy are associated with loss of libido, impotence, hot 

flashes, osteoporosis, and increased cardiovascular morbidity and mortality risk.
35,

 
36

 

Antiandrogen therapy is associated with diarrhea, breast tenderness, nausea, hot flashes, 

decreased libido, impotence, adrenal insufficiency, osteoporosis, and increased risk of 

colorectal cancer.
37-40
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Prostate Specific Antigen Test 

 

About the test 

 

 The study of PSA began in the 1960s when scientists identified a protein unique 

to semen; however, it wasn’t until the mid-1980s that elevated PSA levels were 

associated with increased PC risk.
41

 In 1986, the PSA test was approved by the US Food 

and Drug Administration for monitoring disease progression in men with PC and was 

approved for PC screening in 1992.
42

 Because the protein is produced in the prostate, 

PSA is thought to have similar operating characteristics to that of a prostate biopsy; thus 

the test’s use as a screen for prostate abnormalities and health. PSA test results of greater 

than or equal to 4 ng/ml represents a high risk of PC, though PSA levels are known to 

vary by age and race which has induced some researchers to explore age-specific and 

race-specific PSA thresholds.
43

 While screening for PC via PSA has resulted in a high 

proportion of PC diagnoses at early stage, controversy exists regarding the clinical utility 

of PSA screening and its ability to accurately identify men with PC. An elevated PSA 

level, generally accepted as indicative of a problem in the prostate and/or the potential 

risk of PC, in some men is a false positive, in others a low PSA level is a false negative. 

Estimates from the early 1990s place the PSA test’s false positive rate at approximately 

70% in men older than 50 years of age. 
44

 In the Prostate Cancer Prevention Trial 

(PCPT), researchers found no simultaneous levels of sensitivity, or the probability of a 

test being positive given the patient had the disease in question, and specificity, the 

probability of a test being negative given the patient did not have the disease in question, 
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acceptable for healthy men in monitoring risk of PC (Table 4). The authors found that 

increasing sensitivity so that 83.4% of men screened were diagnosed with cancer would 

result in 61.1% of men without cancer undergoing biopsy.
45

  

 

Table 4. Characteristics of the PSA Test for Prostate Cancer 

 

 

Subsequent research has determined factors including age, medications, co-morbidities, 

prostate massage, and recent ejaculation can influence the level of PSA in the serum.
24, 46-

49
 

 

Controversy 

  

Though screening for PC via PSA has resulted in a high proportion of early-stage 

diagnosed PC, mortality rates for PC are lower than 30 years ago even though the lifetime 
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risk of death from PC has remained constant.
50

 Both observational studies and 

randomized controlled trials have examined PSA and PC mortality. A 2010 case control 

study that followed men for 25 years found an association between PSA levels at age 60 

and lifetime risk of metastasis and death from PC. Investigators found that PSA levels at 

60 years of age less than or equal to 1 ng/ml may have PC but would not be likely to die 

as a result of the PC by 85 years of age; however, among men with higher baseline PSA 

concentrations (ranging from 5-10 ng/ml) 33% died from PC by 85 years of age.
51

  

 

A randomized controlled trial conducted in Sweden with 20 years of follow-up 

determined the rate of death from PC did not differ significantly between men who were 

screened and men in the control group.
52

 Some studies attribute the 45-70% decline in the 

US PC mortality rate over the past several years to screening, yet others cite 

improvements in PC treatment for the decline in mortality.
53

 In order to have definitive 

evidence of its utility, some investigators have called for additional randomized 

controlled trials to investigate PSA testing.
54,

 
55

 

 

Efforts to Improve the PSA Test 

 

Current efforts to improve the PSA test in order to distinguish cancer from benign 

conditions are underway and include investigating novel predictive biomarkers.
56

 

Additionally, researchers have suggested considering a PSA threshold of lower than 

4ng/ml as an increased risk of PC.
57

 PSA thresholds reflective of the age and ethnicity of 

men tested have also been proposed. Luboldt et al, conducted a literature review that 
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examined population-based age-specific reference PSA thresholds for men (Table 4).
43

 

Age-specific PSA thresholds have increased the detection of PC by 18% in men less than 

60 years of age and decreased detection of PC by 22% in men older than 60 years of age. 

Controversially, when the age-specific PSA reference ranges are used in older men, fewer 

tumors were detected. The tumors detected with age-specific PSA reference ranges 

tended to be nonpalpable, pathologically favorable tumors, thus increasing the utilization 

for healthcare resources which may not be needed.
58

  Luboldt et al. concluded that the use 

of age-specific ranges are controversial and not recommended or approved by the 

manufacturers of commercially-available PSA assays, but physicians should be aware 

that PSA test characteristics are different among men with and without PC of varying age 

and ethnicity.
43

 Proposed upper limits for PSA testing in PC-free men of various age and 

race are reflected in Table 5. 

 

While not highly sensitive in its current form, the PSA test is considered 

acceptable and on the same level with other cancer screening modalities for colon, 

cervical, and breast cancers. The test’s sensitivity could be improved by using a threshold 

lower than the accepted 4.0 ng/ml but specificity and positive predictive value would be 

negatively impacted. These changes would create an increase in false positive PC 

diagnosis.
59
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Table 5. Mean age-specific upper reference limits for PSA (ng/ml) in cancer-free 

men 

 

 

Varying Results in Randomized Controlled Trials  

 

The two best known randomized controlled trials on how PSA impacts survival 

are the Prostate, Lung, Colorectal and Ovarian Cancer Screening trial (PLCO) and the 

European Randomised Study of Screening in Prostate Cancer (ERSPC). The PLCO was a 

US-based multicenter study with 76,000 men, aged 55 to 75, randomized into screening 

and control arms. After a median follow-up of 11.5 years from the time of randomization, 

9% of the men in the screening arm and 7.8% of the men in the control arm were 

diagnosed with PC. No difference in PC mortality was reported between the study’s two 

arms. PLCO investigators cited wide-spread PSA testing and DRE in the control arm, 

resulting in significant ‘contamination’ of this arm. Of note is that approximately 44% of 

men in each arm underwent PSA testing at least once prior to enrollment in the study. 

Consistent with clinical practice and practicing restraint with respect to over-detection, 

the PLCO study used a PSA cutoff of 4ng/ml, but other investigators pose that aggressive 
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PC can exist below the 4ng/ml threshold.
55

 Furthermore, PLCO investigators were 

criticized that the 11.5 years of follow up was insufficient because it began at study 

participants’ randomization, not from time of PC diagnosis. In the study, 15% of tumors 

in the screening arm were found at initial screening, 43% were found in the first 5 years 

of the trial, and 25% were found after the 6
th

 year of the trial. The remaining tumors were 

found outside the study protocol and in the ‘never screened’ group. Studies using the 

Surveillance, Epidemiology, and End Results (SEER) database classified the types of 

tumors seen in the PLCO trial as moderately differentiated. These types of tumors are 

known to not show significant rates of cancer-specific mortality until 10-years after 

diagnosis.
60

  

  

The European Randomized Study of Screening in Prostate Cancer (ERSPC) was a 

multi-center European trial with each center having differing characteristics. Men in the 

ERSPC had variable PSA screening examinations; depending on study center, PSA 

screens were administered between one to four years, and PSA cut off used was 3ng/ml, 

with some centers using higher thresholds. After a median of 9 years of follow-up, 8.2% 

of men in the screened arm and 4.8% of men in the control arm were diagnosed with PC. 

The risk ratio of mortality from PC in the screened arm was 0.80. After adjusting for 

screening protocol adherence, the risk ratio dropped to 0.70.
61

 Critics of ERSPC claim 

this trial was a more valid comparison of the screened and unscreened populations than 

the PLCO due to a greater difference in cancer detection rates between study arms, but 

cite study flaws such as varying indications for biopsies and screening interviews for 

study sites, and a screening schedule atypical of the United States.
62
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In 2010, The Cochrane Library updated their 2006 review of PC screening.
63

 This 

review included the PLCO and ERSPC, in addition to three other trials (Table 6), 

Norrkoping, Quebec, and Stockholm. All five examined studies were randomized 

controlled trials that examined screening (the PSA test, DRE, and the transrectal 

ultrasound (TRUS)) interventions for PC. All studies assessed PC-specific and all-cause 

mortality and secondary outcomes (i.e. incident PC by stage, grade, metastatic disease 

status, health-related quality of life, etc.). Studies were evaluated on the basis of sequence 

generation, allocation concealment, ‘blinding’ of participants, personnel and outcome 

assessors, incomplete outcome data, selective outcome reporting, and other sources of 

bias which is defined as inappropriate data analysis in accordance with the Cochrane 

Handbook for Systematic Reviews of Intervention.
64

 Of the five studies, two were graded 

with a low risk of bias, the ERSPC and the PLCO trials.
63

 The Cochrane report stated that 

the allocation concealment was unclear in the ERSPC trial but that early pilots of the trial 

demonstrated adequate allocation concealment. Additionally, the PLCO was graded as 

‘low risk bias’ due to a high (98%) follow-up over 7 years but was mitigated by a modest 

(67%) participant follow up over 10-years. Three trials, the Norrkoping, Quebec, and 

Stockholm trials were all graded as ‘high risk of bias.’ The Quebec and Stockholm trials 

were graded as high risk due to lack of allocation concealment, not using the intent-to-

treat principle (Quebec) and uncertainty associated with sequence generation 

(Stockholm). The Norrkoping trial was graded ‘high risk of bias’ because of poor 

allocation sequence generation and lack of allocation concealment. Ultimately, the 

Cochrane review stated PC screening did not significantly decrease primary outcomes 
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(all-cause or PC-specific mortality) and may take greater than 10 years for screening to 

have an effect.
63

 One other randomized trial (the Comparison Arm for ProtecT (CAP)) is 

an ongoing subtrial of the Prostate testing for cancer and Treatment (ProtecT) trial. The 

CAP trial evaluates clusters of primary screening centers who offer PSA screening test or 

standard of care for PC screening.  Preliminary results revealed that risk of PC with 

raised PSA was lower in men with urinary symptoms (OR: 0.44, 0.35-0.52). Preliminary 

results also concluded that risk of PC with raised PSA values was lower if a repeat PSA 

decreased by > 20% before biopsy (OR: 0.43, 0.35-0.52).  Men between the ages of 45-

49 years were less likely to attend the clinical randomized for PSA screening as 

compared to those conducting standard of care.
55

  Table 6 reflects a brief summary of 

RCTs that examined screening for PC using PSA. 

 

Recommendations on PSA Screening 

 

Although both the PLCO and ERSPC trials were considered discouraging by the 

clinical community because neither determined conclusively the clinical utility of PSA 

testing, these RCTs spurred action by professional organizations.
62, 65, 66

 The American 

Urological Association (AUA) recommends routine PSA screening with baseline PSA 

test when men reach 40 years of age, followed by tailored surveillance. However, the 

AUA did not specify a PSA threshold for any men undergoing PSA screening.
67

 The 

Japanese Urological Association changed its position of ‘no recommendation for routine 

PSA testing’ to ‘recommended’ for all men.
68, 69

   



18 

 

 

T
a
b

le
 6

. 
S

u
m

m
a

ry
 o

f 
R

C
T

s 
th

a
t 

ex
a

m
in

ed
 s

cr
e
en

in
g
 f

o
r 

P
S

A
. 

 



19 

 

 

 

T
a
b

le
 6

. 
S

u
m

m
a

ry
 o

f 
R

C
T

s 
th

a
t 

ex
a

m
in

ed
 s

cr
e
en

in
g
 f

o
r 

P
S

A
 (

co
n

t’
d

).
 

 



20 

 

 

The European Urology Association, American College of Preventative Medicine, 

and the US Preventative Services Task Force (USPSTF) endorse ‘No recommendation 

for [PSA] testing’ for men.
70, 71

 The American Cancer Society recommends that 

asymptomatic men who are at least 50 years old with at least a 10-year life expectancy 

should make an informed decision with their physician if PSA screening is appropriate 

for them. Men who are at high risk (i.e. African Americans, men with a first-degree 

relative who had a PC diagnosis before 65 years of age) should begin this conversation 

prior to age 50.
72, 73

 The Cochrane Library’s 2006 systematic review determined the 

evidence was insufficient to support or refute the routine use of mass, selective, or 

opportunistic screening for PC compared to no screening for PC.
74

 Cochrane updated 

these recommendations in 2011 and 2013 with data for five RCTs to reflect that men with 

a life expectancy of less than 10 to 15 years should not be screened for PC and could 

potentially experience harm as a result of the screening.
63, 75

 Furthermore, the USPSTF 

states that screening for PC via PSA testing is associated with psychological harms due to 

false positive rates and further downgraded their evidence in May 2012 for PSA 

screening to ‘not recommended for asymptomatic men, regardless of age, race or family 

history’
76, 77

 The evidence for USPSTF PSA screening recommendations was supplied by 

two of the trials discussed in Cochrane’s 2011 review of screening for PC – the PLCO 

and ERSPC trials.
76

 

 

Though guidelines, like randomized controlled trials and observational studies, 

provide mixed recommendations on the appropriateness of PSA screening for PC, studies 
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demonstrate approximately half of the men deemed age-appropriate by guidelines 

undergo prostate screening regularly in the United States.
51 

Among men who undergo 

PSA screening, those who are falsely identified as having PC often begin treatment much 

to their peril and, ultimately experience urinary, bowel, and/or sexual dysfunction, and 

potentially death.
78,78,

 
65

 Additionally, unnecessary PC treatment often carries a 

psychological and financial toll for patients.
79,80

 

  

Though unnecessary PC treatment carries a toll for patients, it carries a larger toll 

on those who pay for medical services because payment is multiplied by the number of 

beneficiaries eligible for certain procedures. It is estimated that the US spends $91 billion 

annually on unnecessary medical treatment.
81

 A portion of this spending can be attributed 

to false positive PSA tests and the subsequent diagnostic testing like biopsies. However, 

payers cannot reject coverage for these tests because many states mandate PSA testing 

coverage. Twenty-nine states have PC screening coverage laws.
82

 Medicare mandates 

complete coverage for one screening PSA test (a screening PSA and a diagnostic PSA, 

which occurs around the time of a PC diagnosis, have different billing code) annually for 

men over the age of 50.
83

 Payers, among other stakeholders, could benefit from knowing 

what populations and under what parameters a PSA test could produce a useful result to 

the provider and patient. The USPSTF identified this as one gap of knowledge for PSA 

testing and added new screening modalities and knowledge of benefits and harms of 

immediate treatment and observational waiting in men with screen-positive PC as 

research needs in its 2012 recommendation for PSA screening. In their recommendations, 
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the USPSTF ultimately gave PSA screening a grade of D, or recommended against PSA-

based screening for PC for any man in the US population, regardless of age.
76
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Chapter Two 

 

Uncertainty in Decision Making  

 

 Uncertainty inherently exists in decision making. While some decisions are made 

with more certainty (i.e. whether or not to go to work), others contain significantly more 

uncertainty (i.e. Do I have enough money to retire?). Results from clinical trials and 

observational studies serve as an evidence base to lower the uncertainty threshold that 

surrounds decision making. Often, evidence from these types of studies is assembled into 

guidances and clinical recommendations that are sponsored by professional organizations 

and federal agencies intended to set the ‘standard of care’ for a condition.  The evidence 

surrounding the utility of PSA tests for screening of PC is varied. The USPSTF has 

identified different types of research that is needed to identify ways to reduce over-

diagnosis and over-treatment of PC. These recommendations focus on altering PSA 

thresholds, identifying indolent disease, developing more sensitive screening modalities, 

and researching topics that allow for comparison of the long-term benefits and harms of 

immediate treatment versus active surveillance or delayed intervention in screened-

positive men PC cases.
76

 While these recommendations vary in terms of field of research 

(i.e. basic science to health outcomes research), decision analysis methods can help 
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determine and identify where resources for research efforts would be best placed.  The 

value of information (VOI) framework can help to determine where resource allocation 

and research efforts should be concentrated in order increase certainty around a decision.  

Many men and their physicians would like greater certainty to help decide whether PSA 

screening is useless or of decreased clinical value to some patient populations.  The 

incomplete information surrounding PSA screening test makes a decision of whether or 

not use the test challenging for society; thus the need exists for more information about 

the test and the subgroups it affects. 

 

Value of Information 

 

In decision making the word ‘value’ has different connotations to different 

stakeholders. The value of the PSA screening test depends not only on the clinical 

specifications of the test but also on the downstream clinical sequelae that can be 

attributed to the screening test. Additionally, researchers argue that clinical impact alone 

is insufficient to measure value for diagnostics because a patient’s value of the test’s 

result can affect whether or not they participate in and adhere to treatment.
84, 85

 

Diagnostic tests have three dimensions of value: medical value, planning value, and 

psychic value; medical value is a diagnostic test’s ability to inform clinical treatment, 

planning value is a diagnostic test’s ability to inform patients’ choices (i.e. long term 

health, financial, reproduction), and psychic value is how a diagnostic test can affect a 

patient’s sense of ‘knowing.’
86

 Patients rely greatly on psychic value and planning value 
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while providers and payers place more value on medical value.
86

 VOI focuses on the 

medical value of a technology, intervention, or treatment.  

 

In order to adopt a technology the only dimension that should be examined is 

medical value. One of two questions must be answered when deciding to adopt a 

technology. These questions are 1) whether or not to adopt or reimburse for a technology 

given the existing information and level of uncertainty and 2) whether or not to acquire 

additional information for adoption or reimbursement decisions.  In deciding to adopt or 

reimburse given existing information, an investigator must question whether or not the 

existing information for all patient groups is the same for both the cost of the technology 

and the outcomes associated with the technology.  In acquiring additional information, an 

investigator must decide what type of evidence (i.e. study design, outcomes of interest) is 

needed and how much evidence is ‘enough.’ Within these two questions, uncertainty is 

prevalent.
9
 VOI provides an analytic framework with which researchers can establish the 

value of additional information to inform a decision process and inform the value of 

future research. This framework allows for the comparison of potential benefits of 

additional research and the cost of further investigation, a comparison and prioritization 

of alternative research recommendations, in addition to assessing the value of investing in 

research or investing in other health services.
87

 A VOI analysis seeks to monetarily 

quantify uncertainty in decision making.  The result of such analysis is an estimation to 

help decision makers allow for greater or less resource allocation in a specific therapy 

area or in specific populations. The smaller the VOI estimate, the less, if any, resources 

should be committed to a therapy area; the larger the VOI estimate, the more resources 
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should be committee to a therapy area in order to eliminate uncertainty from its use. It is, 

however, inherent in decision making that uncertainty will exist. If a wrong decision is 

made, uncertainty can manifest into loss of health benefit, resources and money. Through 

VOI, the anticipated cost of uncertainty is determined by both the probability of a 

decision made on existing information will be wrong and the consequences of the wrong 

decision.
88

  With VOI, the PSA screening test can be examined within a framework that 

utilizes evidence from a range of sources and allow for the extrapolation of costs and 

effects over time between clinical and lay stakeholders.
89

 

 

The Role of Inference 

 

 VOI requires three generic items to be accomplished in order to determine the 

amount of uncertainty in a decision.  The first and most straight forward step is to 

construct a decision analytic model.  The second step is to conduct probabilistic analysis 

of the decision model in order to characterize uncertainty.  The third step is to establish 

the VOI. The second and third steps are not as straight forward as the first.  For the 

second step, uncertainty is propagated throughout a decision model via Monte Carlo 

simulation.  The output of which is the joint distribution and range of the costs and 

outcomes for each technology compared. From the joint distribution output, one could 

assemble the incremental cost-effectiveness ratio (ICER) of each therapy but a problem 

arises when trying to interpret the output with traditional tools of inference.
9
 

Traditionally, rules of statistical inference work to reject a pre-defined hypothesis.  VOI 

is designed not to reject a hypothesis but to determine whether additional information is 
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needed about a specific technology. One researcher has concluded that the traditional 

tools of inference are not necessary when conducting VOI because these tools restrict 

patient choice and impose inherent costs on a patient.  These inherent costs are not 

necessarily monetary costs but also the costs associated with a patient foregoing the 

benefit of a treatment.
9
 Claxton argues that once a choice is given, [it] sets current 

practice. No one would suggest adopting a new treatment whose net benefit is less than 

current practice but this implied with traditional rules of inference.
90

 

 

Expected Value of Information 

 

 Perfect information eliminates the eventual costs attributed to uncertainty. The 

expected value of information (EVI) grows from a probabilistic decision model and is 

interpreted as the expected costs of uncertainty on a per person basis.
91

 A payer could be 

presented with a variety of therapies from which to choose that will positively impact the 

health of its beneficiaries. The payer should choose the therapy with the greatest net 

benefit (NB) in order to maximize the health outcomes of beneficiaries but will be subject 

to a constraint (i.e. technology constraint, budget constraint). The expected net 

benefit     ) of a therapy (tx)) with uncertain parameters, Θ, is the expected health 

outcomes multiplied by the willingness-to-pay threshold, λ, minus the costs associated 

with the therapy. 
92

 

 

Equation 1.          )             )          )             
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If the payer was all-knowing and no uncertainty surrounded the decision of which 

therapy to choose, it would be guaranteed that the therapy with the greatest NB would be 

best for beneficiaries. However, uncertainty is prevalent in choosing which therapy to 

cover, and the therapy with the greatest NB potentially, could not be the best choice for 

beneficiaries. The EVI begins from a probabilistic model that defines NB. Net benefit is 

extracted from two treatments (treatments (tx) =1, 2) with Θ. When provided existing 

information, the best decision is the therapy that results in the maximum amount of 

expected NB. Once a decision maker knows how uncertainty propagates a model, the 

treatment could be selected that maximizes NB. It is expected that the real values of 

uncertainty are unknown over a range of information and values (I); as such, the expected 

value of information (   ) from research on a per person basis can be described by the 

generalized equation below.
91

 

 

Equation 2.                   [                [          

 

Population Expected Value of Information 

 

The EVI for a population requires additional information that allows for the 

translation of the value of research to a population-level statistic. The incidence of a 

condition must be incorporated into a population model because the examined research 

can impact the population affected and the population at risk for the condition can change 

over time (t). Additionally, the likelihood that relevant information may not be 

implemented perfectly for a portion of the affected population must also be considered in 
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a population model (implementation). The depreciation in today’s benefit of the 

technology or treatment must also be considered in a population model. This depreciation 

could account for improved or newly implemented treatments or clinical evidence that 

may alter the expected clinical benefit of the technology studied. In VOI, this concept of 

depreciation is referred to as durability. The final additional piece of information that 

must be included in forming a population EVI is the discount rate to future populations of 

current technology.
88

 Discounting is vital because future cohorts may value today’s 

technology less than those currently benefiting from the technology. This discount rate, 

βt, will be categorized as 0<βt < 1. The population EVI (pEVI) can be characterized by 

including the durability, implementation, incidence, population, EVI, and the discount 

rate.
88

 

 

Equation3. 

                                                                      
      

 

Population EVI provides a structure for determining whether or not to acquire more 

information about a treatment or intervention. One would select an intervention if its 

pEVI exceeded the cost of further investigation. If the pEVI for a specific intervention 

were high, research for this intervention may have as great returns than if the pEVI were 

low.
87

 It is important to note that pEVI will vary based on the indications and outcomes 

of the specific treatment examined, patient populations, and cost-effectiveness threshold 

chosen. 
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Expected Value of Perfect Information 

 

 Uncertainty exists in any decision making.  The ‘wrong’ decision could result in 

increased costs and decreased health benefits.  Given the objective of a stakeholder 

making a medical decision (for a single patient or a population of beneficiaries) is to 

maximize health benefits given a budget constraint, a further extension of EVI is to 

establish the maximum amount that should be willing to pay to reduce uncertainty – a 

theoretical upper bound on research.
89

 The expected value of perfect information (EVPI) 

is the difference of the maximum expected net benefit from a decision among various 

mutually exclusive treatment options with perfect information and the expected value 

with current information. 
91

 

 

Equation 4.                  [     )             [     ).    

 

In applications, EVPI could point to specific endpoints that need further examination or 

EVPI could point to the need for more precise estimates of parameters. The latter could 

help triage what type of research is needed to refine existing research priorities.
87

 More 

research should to reduce decision uncertainty and thereby reduce the probability of 

delaying the adoption of a beneficial technology or making a wrong decision about that 

technology. However, given economic constraints, more research for a technology is only 

justified if EVI is positive.
93,

 
94

 VOI methods can address important questions related to 

research funding. These questions are: 1) is further research for a technology potentially 

worthwhile, 2) is the cost of a given research design less than its expected value, 3) what 
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is the optimal research design for investigating a technology, and 4) how can research 

funding be best prioritized across alternative technologies?
95

 Given the current 

environment that draws into question the clinical utility of PSA screening, determining 

the value of additional information of PSA screening to the clinical and lay community 

could provide a great deal of value.  

 

The Minimal Modeling Approach for VOI 

 

 Value of information is recognized for providing a framework for estimating the 

expected benefits of clinical research. 
87,

 
88, 94-96

 However, researchers conducting this 

type of research are confronted with many challenges. In fact, most VOI estimates lack 

sufficient data to fully characterize the uncertainty surrounding a decision process around 

a technology. In this case, decision analytic models are used to estimate VOI. These 

models, known as full models, characterize the technology by incorporating a decision 

model (i.e. decision tree, Markov model, or discrete event simulation) or other simulation 

methods to model the health state and decisions associated with the technology.
88

 The full 

modeling approach to VOI is time-consuming, complex, and often too burdensome for 

practical applications.
88

 The alternatives to full modeling are to use the ‘no modeling’ 

approach, in which the direct replication or calculation of effects on comprehensive 

health outcomes and the ‘minimal or limited modeling’ approach (Table 7). The minimal 

or limited modeling approach (MMA) models any clinical or cost characteristic (i.e. 

patient survival, mapping of treatment effect to utilities, aggregation of costs) without the 

aid of decision models or other forms of simulation of health states.
88

 The MMA is 
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ideally suited when a body of existing clinical trials provides data on comprehensive 

measures of net benefit of the technology examined. Comprehensive measures used in 

MMA are generally quality-adjusted life-year (QALY) and costs. Valid representation of 

net benefit of the technology examined without the use of modeling would necessitate 

that the outcomes collected from trials be measured comprehensively, to the point where 

all study participants were followed until recovery or death. No modeling is conducted at 

the individual-level in the MMA. Bootstrapped replicates, simulations, replication or 

resampling decision values on raw patient-level data on relevant parameters can aid 

determining using MMA to VOI estimates.
88

 Additionally the MMA method can be used 

when a technology affects one outcome but not another (i.e. quality-of-life but not 

survival while quality-of-life is directly measured by a clinical trial). Some modeling is 

needed to build a survival model of the technology but a full decision analysis is not 

necessary.
88

 

 

Though a relatively new method, previous MMA studies focus on clinical 

interventions like emerging medications, surgical procedures, and medical devices. The 

MMA method most often used to obtain VOI estimates is one in which modeling 

approximates patient survival or life expectancy, often using exponential distributions. 

Some researchers have used the MMA method to obtain the incremental cost-

effectiveness ratio (ICER) for future trials or evidence based on prior information 

collected on costs and effects of the technology and research. Furthermore, other 

researchers used a parametric simulation technique that incorporated bootstrapped 

estimates of patient-level data on cost and effect, typically a ‘comprehensive’ effect like 
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QALY.
88

 The most often reported outcome in applied VOI analyses is the person-level 

estimate of VOI, the EVI. The population-level estimate of VOI (pEVI) is reported less 

often, but the combination of the EVI and pEVI provide conditions which are necessary 

and sufficient for establishing the value of research and its funding.
88

 

 

 The method of MMA has several limitations. The largest of which is the 

application of MMA to VOI framework. The MMA requires the use of comprehensive 

outcomes derived from an RCT in order to circumvent full modeling and is most 

appropriate when either expertise or data for full modeling are not available. MMA 

results are not as time consuming as full modeling and can quickly supply information to 

investigators deciding to fund or to continue an RCT. In the case of adaptive trials, MMA 

results can help to inform subsequent arms of the trial. Additionally, MMA can help to 

inform investigators about the promise held by new and emerging technologies by 

providing information about the need for larger, more strongly powered studies or trials. 

If a technology is new or impacts a disease which is chronic in nature, there may not be 

enough data to conduct MMA.
88

 Furthermore, since MMA incorporates existing data, it 

may be difficult to completely estimate the expected value of partial information for 

specific parameters, unless these parameters are included in existing data, but investment 

in MMA findings can help identify parameters and other areas in which a greater return 

on research investment will be achieved.
88
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 The MMA is well suited for the estimation of VOI of PSA screening. Several 

different RCTs exist whose primary outcomes examine comprehensive outcomes, PC-

specific survival and overall mortality;
97-99

 however, these analyses utilized estimates 

from the SEER-Medicare dataset in order to estimate a realistic picture of uncertainty 

surrounding the use of and the research needed for the PSA screening test. Other 

randomized trials reviewed in Cochrane and discussed in the 2011 Cochrane review and 

Table 7. Modeling Approaches to Value of Information Calculations 
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2010 metanalysis on PC screening will not be used due to high risk of bias.
76,

 
100

 This 

dissertation research conducted VOI analysis from the perspective of a public or private 

health plan. This perspective includes direct medical costs accrued by a patient unlike a 

societal perspective, which may include indirect costs associated with care taking or loss 

of productivity.   
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Chapter Three 

 

Methodology 

 

This chapter describes the study population, data sources, and data analysis 

methods. The goal of these methods is to achieve the following aims: 

1) Estimate the expected value of information (EVI) from research on a per-person basis 

for PSA screening based on the 2000-2007 SEER-Medicare  

2) Estimate the population-level expected value of information (pEVI) on PSA screening 

in the US Medicare population 

3) Estimate the expected value of perfect information (EVPI) of PSA screening in the US 

Medicare population  

 

Study Population 

 

The population used in this study is from the 2000-2007 Surveillance, 

Epidemiology, and End-Result (SEER)-Medicare Dataset. This dataset includes 
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information from two data sources, the SEER registry and the Medicare administrative 

fee-for-service claims. Male Medicare beneficiaries are included in this study. 

SEER 

The SEER registry was established in 1973 and collects information from cancer 

registries from 17 geographical areas (Atlanta, GA; Connecticut; Detroit, MI; Hawaii; 

Iowa; New Mexico; San Francisco-Oakland, CA; Seattle-Puget Sound, WA; Utah; Los 

Angeles, CA; San Jose-Monterey, CA; Rural Georgia, the Alaska Native Tumor 

Registry; Greater California; Kentucky; Louisiana; and New Jersey) in the United States. 

The SEER geographical areas are population-based and generalizable to the US Medicare 

population. This program collected information on demographic and clinical variables 

associated with incident cancer cases in each coverage area. Clinical information from 

each participant included date of diagnosis, cancer histology, stage and grade of tumor, 

cancer treatment recommendations (i.e. for prostate cancer watchful waiting, radiation, 

and chemotherapy), vital status, and cause of death.
101, 102

 

 

Medicare 

 

Medicare is the government-supported health insurance entitlement for US 

citizens aged 65 years and older and for those with specific health-related disabilities. 

The Medicare program consists of four parts that cover different aspects of health care. 

Part A provides inpatient benefits for Medicare beneficiaries. Part B covers physician 

services, outpatient clinic care, durable medical equipment, and medications that are 

administered in an inpatient visit (i.e. certain chemotherapies). A majority of 
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beneficiaries (96%) who have Part A also enroll in Part B.
103

 Part C consists of managed 

care plans into which beneficiaries must enroll. Medicare maintains a database of de-

identified claims and fee-for-service transactions for all services covered under its 

respective plans for beneficiaries. Medicare Part D provides prescription drug coverage 

for beneficiaries who enroll into the plan. The Centers for Medicare and Medicaid 

Services estimates approximately 60% of its beneficiaries have enrolled into Part D.
104

  

 

SEER-Medicare  

 

Linked, the SEER registry and Medicare administrative claims data includes all 

Medicare beneficiaries who also appear in the SEER registry from 1991 to 2009. The 

dataset provides the clinical measures as recorded in the SEER registry with healthcare 

utilization which is reflected in Medicare claims. Unique SEER identifiers (i.e. 8-digit 

SEER case ID number and a 2-digit registry ID) are used to link individuals with 

incident-case cancer who overlap each population; the linkage has been established to be 

accurate in 93% of SEER cases.
102

 Though the data are established to be accurate, there is 

a lag in data availability due to processed Medicare claims. The SEER-Medicare data set 

also includes a random 5% sample of Medicare beneficiaries who reside in SEER 

geographical areas who do not have cancer. Information available for the 5% non-cancer 

sample only includes that which is in the fee-for-service administrative claims and 

limited demographic characteristics (see SUMDENOM). 
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Patient Entitlement and Diagnosis Summary File (PEDSF) 

 

The PEDSF was used to obtain basic demographic information (i.e. birth date; 

date of death; sex; race; state of residence; Medicare eligibility; reason for Medicare 

entitlement; HMO enrollment; and socioeconomic information from the 1990 and 2000 

Census on each cancer cane, etc.). The PEDSF also contained information regarding a 

beneficiary’s Part D enrollment status from 2006 forward. 

 

Summarized Denominator File (SUMDENOM) 

 

The SUMDENOM file was used for obtaining basic information (birth date, sex, 

race, state of residence, enrollment in Part A and/or Part B, enrollment in an HMO, etc.) 

for the 5% non-cancer cases.  

 

Medicare Provider Analysis and Review (MEDPAR) 

 

MEDPAR files included information about Medicare Part A claims for short stay, 

long stay, and skilled nursing facility stays by beneficiaries. This file contained 

hospitalization information, including up to 10 International Classification of Disease 9
th

 

edition (ICD-9) codes for diagnoses and up to 10 procedure codes per hospitalization.  
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Carrier Claims (NCH) 

 

Information obtained from the NCH files include all Medicare Part B claims 

resulting from physician services in clinics, hospitals or other provider sites.  

 

Outpatient Claims (OUTPT) 

 

The OUTPT files included information from all Medicare Part B claims from 

institutional outpatient providers for each calendar year. Together, the NCH and OUTPT 

files were used to obtain procedural Health Care Procedure Classification Codes 

(HCPCS) diagnoses, dates or claims, chemotherapy administration, and/or chemotherapy 

agents used during treatment and reimbursement amounts. 

 

Home Health Agency (HHA) 

 

The HHA files provided information from home health on number and type of 

visits and diagnosis. 
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Hospice 

 

Hospice files were used to obtain information on claims submitted by hospice 

providers regarding type of care during inpatient care or home case care and the terminal 

diagnosis associated with that care. 

 

Durable Medical Equipment (DME) 

 

The DME files were used to collect information on use of oral and intravenous 

chemotherapeutic agents and infusion pumps used during cancer treatment by regional 

carriers. 

 

Part D Events (PDE) 

 

The PDE files contained information about a beneficiary’s drug utilization, 

including date of prescription fill, drug dispensed (identified by National Drug Code), 

quantity dispensed, days supplied, total cost and out-of-pocket cost. Enacted in 2006, the 

Medicare Part D policy only available from 2007 for these analyses. 

 

Identification of Key Covariates  

 

 The primary outcome of interest in this study was net monetary benefit (NMB); 

however, several steps were required in order to obtain this estimate. As previously 
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discussed, NMB is comprised of a survival effect and costs. In order to obtain these 

estimates, the analytic cohort was established by defining key demographic and clinical 

covariates.   

 

 Demographic variables included in the dataset, age, race, reason for censoring, 

SEER-registry area, state buy-in, urban location, and observation date were obtained 

from the SEER-Medicare datasets reflected in Table 8.  

 

Table 8. SEER-Medicare datasets from which variables were collected for cases and 

controls. 
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Key demographic variables of interest in the analyses were age, race, urban 

location, SEER registry area, and state buy-in. Age was an important covariate because 

reviews of the published literature demonstrate that age is associated with an increase in 

PC diagnosis.
105

 Literature reviews also include race as an important variable associated 

with diagnosis of PC.
105

 African-Americans  tend not to seek preventive can (i.e. PSA 

screening for PC), tend to be diagnosed disproportionately with PC compared  to their 

non-African-American counter parts,
106

 and have different test characteristics that may 

affect appropriate treatment of suspected PC.
106,

 
107

 Urban location was included as a 

covariate in the analysis because it helped to identify individuals who live in more 

densely populated areas. One could conclude more densely populated areas have an 

increased availability of healthcare providers which would make it easier to seek care. 

SEER registry area was included as a covariate because SEER regions are population-

based and generalizable to the US Medicare population
102

 State buy-in was used as a 

proxy for socioeconomic status since it indicates whether an individual’s Part A and/or 

Part B premiums are paid by the state.  When this occurs, Medicare bills the state instead 

of the individual for premiums. These individuals have resources less than two times the 

SSI threshold. In SEER-Medicare, this variable is a count of the number of months of 

state buy in a year.
108

  

 

 Key demographic variables are defined by case and control status in Table 9. In 

this study, two key analysis variables were date of last observation and reason for 

censoring. As reflected in Table 8, date of late observation was collected from claims 
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files. This date indicated the day, month, and year of last observation for each case and 

control. This variable was crucial in matching for index date and in estimating costs. 

 

Table 9. Description of key demographic variables for cases and controls 

 

 

With the date of last observation, men were classified into one of the following 

categories: end of study (i.e. 31 December 2009), HMO enrollment, loss of Medicare 

Parts A and B, loss of Medicare Parts A and B, enrolled in an HMO, or died. Men who 

died were considered to contribute complete costs and thus contribute all of their 

observed costs to the study. Men who did not die were considered censored and 

contributed a portion of their costs to the study. 
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 Clinical covariates used in these analyses were critical to its outcome. Charlson 

comorbidity index (CCI) was used to classify the wellness of individuals. CCI is useful in 

that it classifies comorbidities based on their risk of mortality.
109

   This variable was 

defined by using the macro texts available on NCI’s website.
110

 In this study, CCI was 

classified as ‘0’ for having no comorbidities, ‘1’ for having at least one comorbidities, 

and ‘2+’ for having greater than two comorbidities.  

 

 PSA screening exam was the primary independent covariate in these analyses. 

PSA screening was identified by capturing the codes shown in Table 10 in any position 

on the administrative claim. For these analyses, it was important to distinguish the 

difference between a PSA screening exam and a PSA diagnostic exam. For these 

analyses, PSA screen was defined as not having a PC diagnosis code ( ICD-9 code: 185) 

on the claim, the date on the claim is less than or equal to the cancer diagnosis data for 

cases, and having either HCPCS code G0103 or ICD-9 code V7644. 

 

Table 10. Codes Used to Identify PSA Screening Tests 

 

 

Use of preventive services was another key covariate in these analyses. Medicare 

identifies which preventive services for which it provides coverage.
111

 From this list of 

services covered, only those for which men are eligible and those that would require a 
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pre-planned visit, similar to planning for a PSA test (i.e. cholesterol and diabetes 

screenings were not selected because it was seen as a service that a man could easily 

request his physician to perform at a routine visit or check-up). Using Medicare’s ‘Quick 

Reference Information: Preventive Services,’
112

 to help identify billing codes, the 

following preventive services were selected: Medicare wellness exam, colorectal cancer 

screening, influenza vaccination, and pneumococcal vaccination. Administrative claim 

codes used in these analyses to identify each preventive service are shown in Table 11. 

For these analyses, an index date was used in order to distinguish the temporal 

relationship between a PSA screen and PC diagnosis. The matching algorithm of cases 

and controls for index date is described later in the chapter. Once matched, a control 

assumed the index date of his PC counterpart.  

 

Having a prior primary care provider relationship is another covariate that was 

identified in the claims as shown in Table 12.  Thinking this variable would be valuable 

in these analyses in that if a man has an existing relationship with a health care provider, 

he would be more likely to seek other healthy behaviors (i.e. seek preventive screening 

services). For these analyses, any man in the dataset who had at least one claim (i.e. at 

least one visit) for seeing a primary care provider was determined as having a relationship 

with a health care provider. 

 

Since these analyses use both cases and controls, an index date needed to be 

established in order to distinguish the temporal relationship between a PSA screen and 

PC diagnosis. In this case, the index date was determined to be the date of cancer 



47 

 

diagnosis for cases. The index date for controls was determined from a modified one-to- 

one match on cases based on the same last observation date, last observation year, 

quarter, and/or month, and reason for censoring. This approach was modified in that  

  

Table 11. Codes Used to Identify Preventive Services 

 

 

matches were sorted and chosen randomly for cases and controls that fit the desired 

criteria. A randomly matched pair was created; however, once a match was created, other 
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controls who qualified for the match on the same criteria were matched to the same case. 

For example, all cases with a last observation year of 2002, last observation month of 

July, and reason for censoring was due to death were matched to a single control of who 

met the same criteria. Among all cases who matched to the control, one was randomly 

chosen as the case match.  All other controls who met the match criteria were assigned an 

index date of the randomly chosen case. These variables were chosen to help anchor the 

index date from the case to that of a control with the same reasons for leaving the study 

(i.e. people who left the study due to change in insurance coverage status are much 

different and do not provide complete information for costs), quarter and month were 

chosen to help control for any impacts seasonality may contribute to the cohort, and, 

finally, matching on year of last observation helped ensure members of the cohort had 

similar exposures to technology or treatment practice.  

 

Table 12. Codes Used to Identify Relationship with Primary Care Provider 

 

 

 This study also used matching to identify similar cases and controls. The final 

analytical cohort was matched in a one-to-one fashion base on 5-year age group, race, 

having had preventive services in the year prior to the index date, SEER registry area of 

index year, and state buy-in status during index year. As previously stated, race was 
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defined as African American, Caucasian, or other. For matching purposes, state buy-in 

was defined as a dichotomous variable (i.e. having state buy-in during index year, yes or 

no). For these analyses, the group of identified preventive services that made up the 

dichotomous ‘preventive services’ variable contained a variety of services of varying 

degree on invasiveness (i.e. influenza vaccine versus colonoscopy). The rationale for 

including a wide variety of services is that if a person was going to get a more invasive 

service, then he would be likely to get a less invasive service (i.e. wellness exam or PSA 

exam). Preventive services were defined as having at least one claim for the preventive 

health services described in Table 11.  

 

 Demographic characteristics of cases and controls were categorized by use of the  

chi-square (Χ
2
) test to compare the distribution of frequencies within the entire cohort.  

 

Inclusion/Exclusion Criteria 

 

 For inclusion in this study, men identified as cancer cases were obtained from the 

2000-2007 SEER-Medicare dataset. Men must have a known PC diagnosis date, one or 

more episode of PC with at least 12 months prior to diagnosis date, be enrolled in 

Medicare Parts A and B and not be enrolled in a Medicare HMO or managed care plan 

(Medicare Part C), and be 66 years of age or greater. Men identified as non-cancer 

controls were identified in the 5% Medicare sample who met the following criteria: 1) 

enrolled in Medicare Parts A and B and not enrolled in Medicare Part C, and 2) have at 

least 12 months prior observation. Men identified as cases and controls who met the 
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inclusion criteria were excluded if they had end-stage renal disease. Furthermore, 

controls were matched to a case for an index date. Controls who did not match for an 

index date were excluded. For the final analysis dataset, cases and controls were matched 

on five covariates as previously described. Figure 1 demonstrates the flow of patients 

identified from the SEER-Medicare dataset through inclusion and exclusion criteria. 

  

 
 

Figure 1. Flowchart of study inclusion/exclusion criteria. 
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Analytic Approaches 

 

Survival 

 

The survival portion of NMB was investigated via Cox Proportional Hazard 

Model. The Cox model is a semi-parametric model and does not require the modeler to 

make assumptions on the probability distribution to represent survival times, thus making 

the model more robust.  Additionally the Cox model allows the user to control for 

covariates.
113

 The generic equation that encompasses the Cox assumptions is written as 

the following equation: 

Equation 5.      )                             )     

Equation 5 generally defines the hazard for the ith individual at time t as the product of 

an unspecified, non-negative function,    , and an exponentiated linear function that is a 

set of fixed variables (i.e. k). The unspecified, non-negative function,   , can be consider 

the baseline hazard function for an individual whose covariate values all equal zero. The 

proportionality of the Cox Proportional Hazard model comes into play because the hazard 

for an individual, i, is a fixed value proportional to another individual, j. 

Equation 6.  
    )

    )
           (       )               )      

In Equation 6, the term     cancels out in the numerator and denominator, leaving the 

constant ratio of the hazards.
113

 Survival regressions were conducted using SAS version 

9.2 (Cary, NC), more specifically, the PROC PHREG command was used to estimate 
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Cox Proportional Hazards. Tests for proportionality will be conducted to ensure the 

model complies with the tenants of a Cox Proportional Hazard Model. 

 

The primary independent variable in these analyses was a binary variable for 

having a PSA screen. Additional explanatory variables used in the regression included a 

binary indicator for urban location, preventive service use, having any state buy-in, 

African American race, other race, San Francisco registry area, Detroit registry area, 

Hawaii registry area, Iowa registry area, New Mexico registry area, Seattle registry area, 

Utah registry area, Atlanta registry area, San Jose registry area, Los Angeles registry 

area, rural Georgia registry area, greater California registry area, Kentucky registry area, 

Louisiana registry area, and New Jersey registry area. Clinical covariates included in the 

regression include binary variables for case status, having Charlson comorbidity index of 

one, having Charlson comorbidity index of two or greater, having a prior preventive 

service, and having a previous relationship with a primary care provider.  

 

Costs 

 

Costs, for these analyses, were divided into phase of care (i.e. initial, continuing, 

and terminal) for all men in the cohort. Assessing costs in this manner required several 

assumptions on part of the investigator. Primarily, one assumption was that no other 

regression-based method was better suited for estimating costs. Considering this cohort 

included and men aged 66 and greater and, for cases, all stages of PC, a cancer whose 

patients tend to be diagnosed early and live with the disease for a number of years,
105

 the 
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possibility existed for a high amount of administrative censoring due to the nature of PC. 

An additional contributor to potentially not capturing all deaths of the cohort is that this 

analysis captured a maximum of eight years of administrative claims. Some evidence 

suggests that studies examining the survival benefits of PSA needed at least 10 to 15 

years of follow up data in order to detect any impact of PSA screening.
114

  Phases of care 

for PC typically reflect three phases: initial, continuing, and terminal. The initial and 

terminal phases typically consist of 12-months post diagnosis and 12-months pre-death, 

respectively.
42, 115-117

 Some researchers define the initial and terminal phase as a six 

month period as opposed to a 12 month period.
118

 The time in between the initial and 

terminal phases is considered the continuing phase of care. In keeping with the 

definitions and hierarchy of phases of care defined by the National Cancer Institute 

(NCI), 
116

 these analyses defined the terminal phase as the first 12 months post diagnosis 

or index date for controls, the last 12 months before death as the terminal phase, and the 

time in between was considered the continuing phase. In terms of hierarchy of 

contributing to each phase, the terminal phase and the initial phase were the highest, 

respectively. This is the case because in the months following diagnosis and those 

preceding death are when costs accumulate the greatest amount. The continuing phase is 

considered a period of homeostasis until the treatment fails or disease progresses. 

Holding to these attributes, a plot of phases of care should result in a u-shaped curve, 

with costs increasing in the 12 months post diagnosis and 12 months prior to death.
116, 118

 

In assigning phase of care, individuals’ costs were allocated first to the terminal phase, 

for men who contributed complete costs. Costs were accrued for a man’s contribution to 

each phase. Prioritization of costs to each phase of care was first to the terminal phase, 
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then to the initial phase, and lastly to the continuing phase for men who contributed 

complete costs. For men who were censored, priority of costs was to the initial phase and 

then to the continuing phase. For example, if a man contributed nine months of 

observation to the study and died, all nine months’ worth of costs would be allocated to 

the terminal phase. If another man who was censored contributed 13 months of 

observation to the study, the first 12 months from diagnosis or index date would be 

allocated to the initial phase and the last month would be allocated to the continuing 

phase. If a man contributed 36 months of observation and died at the end of the follow 

up, the last 12 months from death would be allocated to the terminal phase, the first 12 

months post-diagnosis would be allocated to the initial phase and months 13 to 24 would 

be allocated to the continuing phase.  

Monthly allocation of costs was determined by first rolling the cost file up to a 

person-level file for the last month of observation. This person-level file also contained 

information that distinguished each individual as one who was censored or one who 

contributed complete costs.  Using the last month of observation as the total months of 

observation and censoring status, individuals were divided up by the number of months 

contributed to the analytic file.  For example, if an individual had complete costs and 

contributed 14 months of observation, he would go into the ‘terminal phase’ bucket, if an 

individual was censored and had 36 months of observation, he would go into the 

‘continuing phase’ bucket. Once the cohort was divided into their respective phase of 

care by censoring status, each phase of care group was merged back into the monthly file 

to assign costs to phases by months from diagnosis or months from last observation. For 

example, a man who contributed 13 months of observation and was censored would 
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contribute his first 12 months of observation from diagnosis or index date to the initial 

phase and his 13
th

 month would contribute to costs in the continuing phase bucket. 

Another man who died and contributed 36 months of observation to the cohort would 

contribute observed costs to each respective phase of cost. His last 12 months before 

death were contributed to the terminal phase. His first 12 months of observation after 

diagnosis or index date were contributed to the initial phase and his months 13 through 

24 were contribute costs into the continuing phase bucket. Any man in the cohort who 

was censored did not contribute to the terminal phase, even if they were censored prior to 

the end of the study. The reason for not allowing censored men to contribute to the 

terminal phase is because of his censoring, investigators do not know anything about his 

costs or life after the censoring date. Thus men who were censored were only allowed to 

contribute to the initial and continuing phases of care. 

 

Value of Information Analyses 

 

The PROC PHREG command outputs a hazard ratio. These analyses incorporated 

the ‘baseline’ statement in order to output a data set that incorporated length of 

observation and an estimated survival for each length of observation. The mean estimated 

survival was determined for two groups: men with a PSA screening test and men without 

a PSA screening test. Using the Trapezoidal Rule, for the range of observations, each 

estimated survival was multiplied by the number of observations observing the survival. 

This product was summed for the range of observations to get a mean estimated survival 

PSA and for no PSA.  This method is an algebraic formula of taking the area under the 
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survival curve.  Once a mean estimated survival was obtained for each PSA cohort, the 

mean estimated survival of no PSA was subtracted from the mean estimated survival of 

PSA to obtain the incremental mean estimated survival for the study.   

 

Descriptive analyses were conducted on each phase of care costs.  These analyses 

included obtaining the mean, median, standard deviation, and number of months 

contributed to the phase in order to characterize each phase of costs. With each phase 

characterized, a distribution was chose to use for NMB simulations.  While some 

analyses assume that costs are normally distribution
119,120

 due to a large enough sample 

size where data could approach the normal distribution these analyses assumed a lower 

bound of zero and have no upper bound. Given these assumptions, the distribution used 

for NMB simulations was a gamma distribution. Using the mean and standard deviation, 

the alpha and beta parameters were calculated to designate skewness and shape for the 

distribution in preparation for bootstrapped simulation. Equations used for the alpha and 

beta parameters for a gamma distribution are shown in Equation 7 and Equation 8: 

Equation 7.    
     

                   
 

 

Equation 8.    
                   

    
 

The program used to calculate costs for the NMB estimates randomly took one 

cost from each phase of care for the PSA cohort and no PSA cohort. To get the 

distribution of costs, one cost from each phase of care was randomly drawn from the 
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distribution. The randomly selected costs were summed to obtain an estimate for the No 

PSA and PSA cohorts. To get the incremental cost, the difference was taken between the 

two cohorts over for the entire distribution. The difference of the sum of the three phases 

for each PSA cohort resulted in the incremental costs used in NMB calculations.  

 

Willingness to pay (WTP) is an important threshold used in economic evaluation. 

This threshold (denoted as λ) helps to define what an entity (i.e. government, insurance 

company, etc.) is willing to give up in order to gain one unit of ‘something,’ where 

‘something’ could equal a hospitalization, adverse event, or life-year. In these analyses 

the unit of ‘something’ is life year, as defined in incremental survival methodology 

above.  The amount an entity is willing to give up, or pay, is traditionally accepted to be 

between $20,000 and $100,000, depending on the therapy examined.
121

 The WTP for 

cancer screening modalities is typically $50,000. The types of cancer screening using this 

WTP includes cervical cancer screening,
122

 human papillomavirus screening,
123

 breast 

cancer,
124

 skin cancer,
125

 colorectal cancer,
126

 and prostate cancer via the PSA screening 

test.
127

 Among these, two studies used a $50,000 to $100,000 WTP threshold as a form of 

sensitivity analysis.
122, 123

 Considering this evidence, these analyses used a base case 

WTP threshold of $50,000 and included sensitivity analyses of a lower WTP threshold of 

$20,000 and an upper WTP threshold of $100,000. 

 

 In order to obtain NMB, a gamma distribution of incremental costs from phase of 

care from each cohort and incremental mean life years was created in Microsoft Excel 

(Excel). In Excel, 10,000 random replicates were drawn from each phase of care and 
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incremental mean life year distribution. A program run via excel randomly choose one 

cost from each phase of cost and one incremental mean life year and used these estimates 

to get NMB by applying them in the manner shown in Equation 1. NMB replicates were 

generated and the mean, max of NMB, and max of average NBM across all replicates 

were selected and applied to EVI equations. Figure 2 visually describes this process. 

 

The incremental cost from each of the 10,000 simulations was taken. The 

maximum and mean values obtained from subtracting the summed phase of care of the no 

PSA cohort from that of the PSA cohort. The NMB for the sample population was 

calculated using Equation 1. The EVI was calculated by subtracting the mean NMB from 

the max NMB. 
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Figure 2. Pictorial Representation of Microsoft Excel Code Used to Generate VOI 

Estimates 

 

 Estimates for population expected value of information (pEVI) were calculated 

for race/ethnic subgroups (i.e. African Americans and Caucasians) and for age subgroups 

(i.e. men aged 65-74 and men aged 75+). The race subgroups were chosen because 

literature reflects that African Americans are more likely to have PC and more likely to 

die from PC than their white counterparts.
8, 10

 The age subgroup was selected because it 

is known that PSA levels change as a man ages and studies have suggested age-specific 
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PSA thresholds.
43

 Estimates provided through these analyses could help guide whether or 

not additional research funding should further explore the use of age-specific thresholds 

for PSA. Equation3 reflects the parameters necessary to determine pEVI. Other 

multipliers included in the pEVI calculations include the incidence for each subgroup 

which was obtained from SEER-Medicare estimates,
128

 population Medicare which was 

obtained from the 2012 Medicare report of the board of trustees and the percentage of 

each subgroup’s makeup from Medicare was obtained from the Chronic Condition 

Warehouse, a research database that contains administrative claims for Medicare and 

Medicaid beneficiaries,
129, 130

 durability and implementation. Values for durability and 

implementation remained at 1.0 for base case analyses.  

 

To calculate the EVPI, 1,000 bootstrapped replicates were generated from the 

EVI simulations. The mean of the means and mean of the maxes was calculated from the 

1,000 replicates. EVPI was estimated by subtracting the mean of the means from the 

mean of the maxes. As with estimating the EVI, various λ thresholds were used as 

sensitivity analyses from the base case. 
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Chapter Four 

 

This chapter presents the results from the data analyses previously described. The 

purpose of these analyses was to achieve the study’s aims which are as follows:  

1) Estimate the expected value of information (EVI) from research on a per-person basis 

for PSA screening based on the 2000-2007 SEER-Medicare  

2) Estimate the population-level expected value of information (pEVI) on PSA screening 

in the US Medicare population 

3) Estimate the expected value of perfect information (EVPI) of PSA screening in the US 

Medicare population  

 

The results of the descriptive analyses are reported first and are followed by the results of 

the analytical analyses. 

 

Descriptive Analyses 

 

From the 2000-2007 SEER-Medicare Dataset, 335,242 men with PC and 274,133 

men without PC were identified as potentially being eligible for the study. As described 

in Figure 3, the following numbers of men were excluded from the study due to not 
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meeting the ‘universal’ criteria for being considered for the case cohort: 1) known 

diagnosis date: 2,674; 2) alive at PC diagnosis: 3,013; 3) at least one episode of PC: 9; 4) 

enrolled in Medicare Parts A and B but not C: 166,038; thus a total of 163,204 men with 

PC met the ‘universal’ criteria. Furthermore, 7,754 men were excluded for being younger 

than 65 years of age and 571 men with PC were excluded for having end-stage renal 

disease.  The total number of men with PC who meet all eligibility criteria was 154,879. 

For men without PC, the following numbers were excluded due to not meeting the 

‘universal’ criteria for controls, enrolled in Medicare Parts A and B but not C: 88,022 

which left 186,111 non-PC controls who met the ‘universal’ criteria. Among these men, 

37,259 were excluded for being less than 65 years of age, and 779 were excluded for 

having end-stage renal disease. A total of 148,073 men without PC, or controls, met all 

eligibility criteria. Figure 3 provides a visual reference of how men were excluded from 

the study. 

 

 
 

Figure 3. Flowchart for eligibility into study cohort. 
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Once men were identified as being included in the study, there were then prepared to be 

matched for their index date. In order to match the men, the cases and controls were 

identified as having a PSA screening exam or not and divided into four groups: Group 1: 

men with a PSA screening exam and diagnosed with PC; Group 2: men with a PSA 

screening exam and not diagnosed with PC; Group 3: men without a PSA screening exam 

and diagnosed with PC; and Group 4: men without a PSA screening exam and not 

diagnosed with PC. Figure 4 shows a breakdown of the numbers of men in each of the 

four groups. 

 

Figure 4. Four Groups of Men by PSA Screening Status and PC Status. 

 

The men in Group 2 and Group 4 were matched to their counterparts in Group 1 and 

Group 3 in order to obtain an index date, or a proxy diagnosis date, for further study 

analyses. The match for index date was described in detail in Chapter 3. Two approaches 

were taken to determine the best way to achieve the match for index case, the case and 
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control having the same: 1) last observation year; 2) last observation month or quarter; 

and 3) reason for censoring. Table 13 shows the results of these two methods for 

identifying a match cohort. Matching cases and controls on last observation year, month, 

and reason for censoring resulted in a loss of 361 men from Group 2 and none in Group 4 

since there were more cases than controls.  In other words, all men in Group 1 and Group 

2 had a corresponding study participant with the same last observation year, last month of 

observation and reason for censoring. As such, the men in Group 2 (the controls) were 

assigned the diagnosis date/index date of their matched counterpart from Group 1. 

Matching the four groups on last year of observation, last quarter of observation, and 

reason for censoring resulted in dropping 164 men from Group 2 and none from Group 4.  

 

Table 13. Matching Controls to Cases to Identify an Index Date. 

 

 

Even though the method resulted in more men disqualified for the study, analyses 

proceeded with the four groups matched on year of last observation, month of last 

observation, and reason for censoring in order to allow for a more diverse group of men 
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in terms of index date included in the analyses. With men excluded from each control 

group, Group 2 consisted of 70,988 men and Group 4 consisted of 76,724 men. With 

154,879 cases and 147,712 controls identified, the analysis proceeded with matching 

cases and controls to ensure cohort similarities. After matching on 5-year age group, race, 

registry, use of preventive services (i.e. at least one of the following in the year prior to 

diagnosis date/index date: vaccination for influenza or pneumonia, colorectal cancer 

screening (at least one of fecal occult blood test, flexible sigmoidoscopy, barium enema, 

or colonoscopy), or a Medicare wellness exam)), the final analytical cohort resulted in 

64,533 cases and 57,366 controls being excluded from the study.  All-in-all, study 

attrition resulted in a loss of 73% of the cases and 67% of the controls. Figure 5 

demonstrates the reduction of the entire cohort to the final analytical cohort. 
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Figure 5. Flow Chart of the Final Analytical Cohort 

 

Accurately identifying a true PSA screening test versus a PSA test that was 

considered part of a PC diagnosis was very important to the outcomes of this study. In 

order to accurately categorize the timing between PSA screen and PC diagnosis, a simple 

frequency of time from PSA screen (as identified by the PSA screening algorithm 

described in Chapter Three) to PC diagnosis, in days was conducted. As reflected in  

Table 14, most PSA screens (69.75%) occurred more than 180 days prior to PC 

diagnosis; however, one could determine around 15 days prior to PC diagnosis, a drop in 

screening occurred.  
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Table 14. Days from PSA Screening Test to PC Diagnosis. 

 
 

 

Estimating that this timing (approximately 2 weeks) coincided with an approximate 

timeline of getting a PSA screening test completed, having lab work conducted on the 

collected blood specimen, results confirmed, and laboratory results returned to the 

physician, we determined a true PSA screening exam was indicated rather than one used 

to aid in PC diagnosis. This decision was confirmed by a clinician (Dr. Arif Hussain). 

Taking this decision into consideration, and refining the definition of a true PSA 

screening exam to be as follows: 1) having HCPCS or ICD-9 code
a
 in any position on an 

administrative claim; 2) not having a PC diagnosis
b
 code; 3) the date of the testing claim 

is 15 days or greater from the PC diagnosis date.  

Table 15 reflects the distribution in the final analytical cohort using the refined definition 

of PSA screening test in days until PC diagnosis. 

                                                 
a
 HCPCS code G0103 (Prostate cancer screening; prostate specific antigen test, total) and ICD-9 code 

V7644 (Screening malignant neoplasm of the prostate) 
b
 ICD-9 code 185 (malignant neoplasm of the prostate ) 
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Table 15. Frequency of PSA Screens in the Final Analytical Cohort. 

 
 

 Dividing the cohort by PSA-status, Table 16 reflects demographic characteristics 

of the analytical cohort. Among men who were cases, 63.81% were screened while 

59.1% of controls did not obtain a PSA screen. Age was fairly evenly distributed among 

5-year age groups and by PSA screening status; however older people (i.e. those older 

than 80 years of age) did not obtain screening (no screening vs screening, 80-84: 55.07%, 

40.26%; 85-89: 59.74%, 40.26%; 90-94: 68.41%, 31.69%; 95+: 78.46%, 21.54%). SEER 

Registry area was fairly evenly split among PSA screening status; although several 

regions reflected either a high proportion of individuals being screened (i.e. Connecticut, 

63.49%; Iowa, 62.87%) or a high proportion of individuals not being screened (i.e. Los 

Angeles, 68.79%, San Francisco, 72.55%; and San Jose, 63.07%).  Men who had a 

relationship with a primary care provider were fairly evenly split among those who did 

and did not obtain PSA screens and the proportion of men who did not have a primary 

care provider relationship and obtained a PSA screen was lower than those who did not 

obtain a screening exam (31.49% vs 68.51%). More men who obtained a PSA screening 

test also obtained preventive services (57.46% vs. 42.54%). Men who did not obtain PSA 

screening were less likely to seek preventive services (61.04% vs. 38.96%). 
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Table 16. Descriptive Characteristics of the Analytical Cohort 

 

The use of preventive services was fairly evenly distributed among men in the no PSA 

screen and PSA screen group (Table 17) The most commonly obtained preventive  

N % N %

< 0.01

No 36,954 40.9 53,392 59.1

Yes 57,652 63.81 32,694 36.19

Age Group < 0.01

65-69 8,782 46.67 10,034 53.33

70-74 22,281 46.1 26,053 53.9

75-79 27,381 53.73 23,577 46.27

80-84 20,992 55.07 17,126 44.93

85-89 11,312 59.74 7,622 40.26

90-94 3,246 68.31 1,506 31.69

95+ 612 78.46 168 21.54

Race/Ethnic Group < 0.01

African American 8,791 62.39 5,299 37.61

Caucasian 76,546 50.6 74,738 49.4

Other 9,269 60.51 6,049 39.49

Urban Living Area < 0.01

No 8,975 45.04 10,950 54.96

Yes 85,631 53.26 75,136 46.74

SEER Registry Area < 0.01

Atlanta 2,382 45.7 2,830 54.3

Connecticut 4,136 36.51 7,192 63.49

Detroit 6,377 50.8 6,177 49.2

Greater California 19,676 56.34 15,246 43.66

Hawaii 1,560 49.43 1,596 50.57

Iowa 4,767 37.13 8,071 62.87

Kentucky 7,526 48 8,152 52

Los Angeles 9,299 68.79 4,219 31.21

Louisiana 5,893 42.41 8,001 57.59

New Jersey 14,622 58.57 10,342 41.43

New Mexico 3,046 58.53 2,158 41.47

Rural Georgia 208 43.7 268 56.3

San Francisco 4,511 72.55 1,707 27.45

San Jose 2,538 63.07 1,486 36.93

Seattle 4,976 46.6 5,702 53.4

Utah 3,089 51.24 2,939 48.76

Primary Care Provider < 0.01

No Prior Relationship with a Primary 

Care Physician
34,306 68.51 15,772 31.49

Prior Relationship with a Primary 

Care Physician
60,300 46.17 70,314 53.83

Use of Preventive 

Services
< 0.01

No 58,534 61.04 37,368 38.96

Yes 36,072 42.54 48,718 57.46

PSA Screening ExamNo PSA Screening 

Prostate Cancer Diagnosis
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service was an influenza vaccine (72.5% of all preventive services) and  the least 

commonly obtained service was the pneumonia vaccine (6.37% of all preventive services 

obtained). 

 

Table 17. Frequency of Preventive Services by PSA Screening Status 

 
 

 

Fifty percent of the final analytic cohort was comprised of PC cases. Most tumors 

were well or moderately differentiated (Table 18). Among all men, those who did not 

obtain PSA screening had more advanced extent of disease (Distant: 77.27%; Local or 

Regional: 62.26%). Also among men who did not obtain PSA screening, a greater 

proportion had a higher staged disease (i.e. stage 3: 65.80%; stage 4: 75.06%; stage 5: 

71.59%). Overall, men who received PSA screening were diagnosed with lower stage of 

disease than their study counterparts who did not obtain PSA screening. 
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Table 18. Tumor/Disease Characteristics Among Cases in the Final Analytical 

Cohort. 

 
                                                                                            

Survival 

 

After matching cases and controls, tests for proportionality were conducted to 

ensure the proportional hazard assumption of the Cox model was completed. No 

variables violated the proportional hazard assumption. Results from the Cox model are 

shown in Table 19. The primary independent variable, PSA screen, was impactful in 

reducing the risk of death (HR: 0.608; 95% CI: 0.596-0.620). Two clinical variables 

included in the model had a different survival impact than anticipated. Having a 

preventive service reduced the risk of death by 8% (HR: 0.925; 95% CI: 0.887-0.965) but 
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having a primary care provider relationship increased the hazard of death in the model 

(HR: 1.192; 95% CI: 1.148-1.238). Not surprisingly, as CCI increased, the hazard 

increased compared to having a CCI of 0. Demographic variables behaved as one would 

anticipate. Men who lived in an urban location had a lower hazard as compared to those 

who did not (HR: 0.959; 05% CI: 0.930-0.989). As age increased in the cohort, the 

hazard of death significantly increased for all age groups at the p < 0.001 level (HR 70-

74: 1.286; HR 75-79: 1.769; HR 80-84 2.894; HR 85-90: 4.691; HR 90-94: 7.548; HR 

95+: 12.080). African American men had a 15% increase in hazard (HR: 1.157 95% CI: 

1.122-1.103) compared to their Caucasian counterparts and men of ‘other’ race had a 

decreased hazard compared to their Caucasian counterparts (HR: 0.68 95% CI: 0.655-

0.707). Men with any state buy-in had an increased risk of death (HR: 1.587 95% CI: 

1.547-1.628) compared to men who did not have any state buy-in. For SEER registry 

area, as compared to Connecticut, San Francisco (HR: 0.739 95% CI: 0.697-0.783), 

Detroit (HR: 0.941 95% CI: 0.899-0.986), New Mexico (HR: 0.941 95% CI: 0.856-

0.970), Seattle (HR: 0.936 95%CI: 0.891-0.984), San Jose (HR: 0.721 95%CI: 0.672-

0.772), Los Angeles (HR: 0.671 95%CI: 0.640-0.704), Greater California (HR: 0.860 

95%CI: 0.826-0.895), and New Jersey (HR: 0.845 95%CI: 0.811-0.880) had a 

statistically significant reduced risk in dying as compared to men in the Connecticut 

SEER-area; however, men in Louisiana had a slight increase in the risk of death (HR: 

1.063 95%CI: 1.015-1.113)   
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Bivariate analyses revealed one critical characteristic of the cohort – a very high 

amount of censoring.  Approximately 70% of the sample is censored in these analyses, 

thus survival estimates were based off of 30% of the entire population. 

  

Costs 

 

 Analyses of costs were completed by using the ‘phase of care’ approach due to 

the high amount of censoring in the cohort. Though several methods for controlling for 

censored costs existed in the literature, no review exists to compare these methods.
131

 

Two common methods that weight costs to address censoring include Bang and Tsiatis’ 

132
 and Lin’s

133
 approach for dealing with censored costs; however, researchers have 

found that using a phase-based cost approach for censored data provided costs estimates 

that are similar to the re-weighted methods. With heavy censoring, phase-based cost 

estimates was determined as a feasible alternative to re-weighting methods.
134

 This 

approach is commonly described by researchers at NCI in estimating their cost 

projections for various cancers.
116

 Indicative of the phase-based costing approach, is a ‘u-

shaped’ curve that demonstrates the phases of care (e.g. initial phase – 12 months directly 

after diagnosis, terminal phase – 12 months prior to death, and the continuing phase 

which describes the months in between the initial and terminal phase) among study 

participants who contribute complete costs, or die during the course of the study period. 

The u-shaped curve for these analyses plotted the estimated mean monthly costs for each 

phase of care where any costs were contributed for months in the phase. In other words, 

the mean cost  
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Table 19. Results from Cox Proportional Hazard Model 
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for each month contributed to each phase was plotted for the entire sample.  The initial 

and terminal phase definitions only allow for 12 months in each phase; however the 

continuing phase could vary depending on the observation time and type for the men in 

that phase. The phase of care plot (Figure 6) reveals the entire cohort contributed 96 

months to the continuing phase of care. The costs for the initial phase increase slightly 

and decrease around 13 months after diagnosis or index date. As expected, costs 

remained constant through the entire continuing phase and begin to increase in the last 12 

months of observation.  

 

Figure 6. Plot of Phase-based Costs for All Study Participants over Months of 

Observation. 

 

The mean number of months contributed to each phase by the entire cohort and PSA or 

No PSA cohort are reported in Table 20. Consistently among the three cohorts, the 

number of months contributed to the initial phase was approximately the same (i.e. entire 
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cohort: 11.45 months; no PSA cohort: 11.26 months; PSA cohort: 11.66 months). This 

trend continued in the terminal phase (i.e. entire cohort: 10.49 months; no PSA cohort: 

10.36 months; PSA cohort: 10.81 months). The mean monthly contributions were 

consistent among the continuing phase, too (i.e. entire cohort: 59.50 months; no PSA 

cohort: 56.61 months; PSA cohort: 62.27 months).  The mean and median number  

Table 20. Months Contributed to the Entire Cohort, No PSA Cohort, and PSA 

Cohort. 

 

 

of months contributed to each phase in each cohort was similar and, though the maximum 

amount contributed to the initial and terminal phase was set at 12, the maximum months 

contributed to the continuing phase was consistent for all cohorts at 108 months. The 

costs contributed to each cohort and phase of care was consistent across mean, median, 

and maximum values. This is demonstrated in Table 21. The mean values for the initial 

phase of care for the entire cohort, PSA Cohort and No PSA Cohort are $9,603, $8,443; 

and $10,732; and their maximum values range from $426,214 for the No PSA Cohort to 

$312,773 for the PSA Cohort. Not surprisingly, the continuing phase was the phase with 
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the highest costs across all three cohorts. Mean values for the continuing phase were 

approximately $34,000 for all three cohorts and their maximum values were $2,342,667 

for the entire cohort, $1,570,933 for the PSA cohort, and $2,342,667 for the no PSA 

Cohort. We anticipated a u-shaped curve from these costs, meaning the most costs would 

be reflected in the initial and terminal phases. Terminal phase costs were much greater 

than those of the initial phase across all cohorts but not more than those of the continuing 

phase. This is because the continuing phases have approximately 60 months of costs in 

them while the terminal phase, only has a maximum of 12 months (shown in Table 20).  

 

Table 21. Descriptive Costs for the Entire Cohort, PSA Cohort, and No PSA Cohort. 

 
 

Each cohort was broken down into its composition of cases and controls.  Table 

22 presents the number of men in each phase of care by case status.  The initial and 

continuing phases were split fairly evenly among the cases and controls (i.e. 48.05% and 

51.95% for cases and controls, respectively in the initial cohort; 46.27% and 53.73% for 

cases and controls, respectively in the continuing cohort). Not surprisingly, however, was 



78 

 

that a greater proportion of cases contributed to the terminal phase (i.e. 85.54% and 

14.46% for cases and controls, respectively). Because the PSA and no PSA cohorts are  

mutually exclusive groups and the phases of care for the entire cohort are not, the  

 

Table 22. Case and Control Makeup of the Entire Cohort by Phase of Care 

 
 

numbers of cases and controls are equal by PSA cohort status (Table 23). The three 

cohorts (i.e. the entire cohort, the PSA cohort, and the no PSA cohort) were examined 

regarding proportion of individuals in each who were censored. Results are shown in 

Table 24. Men who were censored did not contribute complete costs. Men who were  

 

Table 23. Case and Control Makeup of the PSA and No PSA Cohorts 

  

 

censored did not contribute costs to the terminal phase. More men who were censored 

men contributed costs to the initial and continuing phases (i.e. 74.57% and 77.35%, 

respectively). Since men who were censored did not contribute complete costs, no men 
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who were censored contributed costs to the terminal phase. Table 25 captures mutually 

exclusive groups of men who died and censored by PSA cohort status.  

 

Table 24. Censoring Status Among the Entire Cohort 

 
 

Interestingly, more men who contributed to the no PSA cohort died during the study than 

those in the PSA cohort (40.56% and 18.76%, respectively). 

 

 

Table 25. Censoring Status Among the PSA and No PSA Cohorts 

 
 

Analytical Analyses 

 

Survival 

 

From the Cox model, estimated mean survival was predicted for each PSA 

screening group.  A plot of the probability of survival over the course of the observation 

period is shown in Figure 7. The ‘No PSA’ screening group is shown by the solid line 
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and the ‘PSA’ screening group is shown by the dotted line. Each line reflects the 

probability of survival throughout the study observation period, in days.  Both groups 

start out with nearly 100% survival but the probability of survival begins to fall over the 

course of the study. The ‘No PSA’ group appears to have a steeper decline in survival 

than that of the ‘PSA’ group.  

 

Figure 7. Estimated Probability of Survival throughout the Study Period. 

 

The estimated sample mean life days for the no PSA screening group was 2,568 

days.  This estimate divided by 365 resulted in approximately 7 life-years (standard 

deviation: 0.154) for the no PSA screening group.  The estimated sample mean for the 

PSA screening group was 2,927 days. This estimated translated into approximately 8 life-

years (standard deviation: 0.113). To obtain the estimated incremental mean life-years, 

Days of observation 
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the mean estimated life-years of the no PSA screening group was subtracted from the 

PSA screening group.  The mean estimated incremental life days were 359. This 

translated into just under one life-year gained (mean estimated incremental life-years: 

0.9835; standard deviation: 0.041). Each calculated survival estimate represents the area 

under the survival curve. The incremental survival would be the area under the ‘PSA’ 

screening group curve minus the area under the ‘No PSA’ screening group curve. The 

incremental survival estimates were used to obtain the NMB to use in VOI calculations. 

 

Costs 

 

Costs for the analytical portion of these analyses used the mean and median and 

standard deviation of the costs for each phase of care, for the PSA cohort and the no PSA 

cohort. Using the mean and standard deviation for each phase of care, the alpha and beta 

parameters were determined for the PSA cohort and the No PSA cohort (Table 26).  

 

Table 26. Cost Parameters Used to Simulate a Cost Distribution 
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Table 27 shows the maximum and mean values obtained from the gamma distributions 

for each cohort and phase of costs. 

 

Table 27. Simulated Cost Characteristics for each Phase of Care Using the Gamma 

Distribution 

 

 

Value of Information 

 

 The incremental cost from each of the 10,000 simulations was taken and the 

maximum and mean values incremental costs and incremental life-years gained are 

reflected in Table 28. The NMB for the population was calculated using equation 

(Equation 1). The EVI was calculated by subtracting the mean NMB from the max NMB. 

Values for these calculations are shown in Table 29. The base case willingness-to-pay 

threshold, or λ, and sensitivity analyses λ thresholds are reported for each aim.  
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Table 28. Incremental Costs and Survival Simulations Used in VOI Calculations 

 

 

The EVI at the base case λ threshold was $518,233 (Table 29) and $515,842 and 

$522,216 for λ thresholds of $20,000 and $100,000, respectively. 

 

Table 29. Expected Value of Information at Various Lambda Thresholds 

 

 

As previously discussed, the calculation of pEVI incorporates parameters specific 

to the populations of interest. These analyses examined pEVI for two racial subgroups, 

African Americans and Caucasians. Parameters used for the base cases analyses are 

shown in Table 30. 
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Table 30. Base Case Parameter Values for pEVI Calculations 

 

 

Table 31 shows pEVI results for base case and sensitivity analyses which also included 

variation for the parameters of durability and implementation. For the base case in the 

race subgroups, African American pEVI was lower than that of Caucasians (i.e. 

$828,197,915 and $4,652,510,471, respectively). The pEVI for the younger group and the 

older group were very similar (i.e. $2,265,718,598 and $2,455,862,665, respectively). 

When exploring sensitivity analyses by changing λ thresholds, pEVI stayed relatively 

stable throughout all population subgroups. Exploring the effect of durability and 

implementation, results changed proportionately to the values input for the parameters 

since the two parameters are multipliers (data not shown). For example, pEVI for African 

Americans at a λ threshold of $50,000 was $8,281,979 when durability and 

implementation were assumed to be 0.1. 
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Table 31. Population Expected Value of Information Across Various Lambda 

Thresholds 

 

 

Table 32  shows the EVPI for the base cases analysis, a λ threshold of $50,000, 

was $616,463. The EVPI for sensitivity analyses calculations was $616,421 and 

$616,592 for the $20,000 and $100,000 thresholds, respectively. 

 

Table 32. Expected Value of Perfect Information Across Various Lambda 

Thresholds 

 

  



86 

 

 

 

 

 

 

 

Chapter Five 

 

Discussion 

 

The final cohort used in these analyses contained 180,692 cases and controls. 

Among cases, 36.19% of cases had at least one PSA test and 59.10% of controls had at 

least one PSA test. The cohort had a very high amount of censoring which could be 

attributed to not limiting study participants to a specific stage of PC and/or to the fact that 

that men typically live a long time once diagnosed with PC as reflected in studies with 

very long follow up (i.e. greater than 10 years) that reveal no real survival benefit to PSA 

screening.
52, 114, 135, 136

 This research found that PSA screening lead to an approximate one 

life-year gain compared to men who did not get PSA screening. While the calculated life 

year estimate did not compare the two groups for significance, the results from the Cox 

Proportional Hazard model suggested that there was a significant difference between the 

two (HR: 0.608; p-value < 0.001). The results from the Cox model was similar to 

evidence seen in the clinical literature for PC screening;
135

 however, comparison across 

all trials are not fair comparisons because most trials randomized men to PC screening 

via a digital rectal exam or a PSA protocol and most often capture incident cases of PC 

among the two group and present relative differences among the groups. Furthermore, 
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these analyses incorporated overall survival while trials tend to present PC-specific 

survival. For exploration and comparison of results, future research could include PC-

specific survival. Observational studies that examine PSA typically explore diagnostic 

use or therapeutic use of PSA in determining effect of specific treatment.  

 

The cost results from this study follow the u-shaped curve presented by Mariotto 

et al.,
116

 but based on the u-shaped curve, costs for the initial phase were lower than 

anticipated. This could be because a treatment strategy for PC is active surveillance
25

 or 

because approximately 62% of cases have a lower stage cancer (i.e. stage 2, 1, or 0) and 

potentially choose not to seek active treatment. Of course, multiple factors influence 

treatment patterns (i.e. patient and physician preference, patient medical and family 

history, etc.)  and this study was not designed to examine those factors.  

 

The EVPI estimate from this study was low ($616,463 for the base case) when 

compared to other VOI studies that examined similar cancer screening modalities. Rojnik 

et al. (2008) used Gaussian process metamodeling to examine mammography in Europe. 

Their 2008 estimates for EVPI was €580 million, which translates to approximately 

$800,000,000.
137

 Payne et al. (2000) conducted a comparison of liquid-based cytology for 

cervical cancer screening and PAP screening for the National Institute for Clinical 

Excellence.  Their 2000 estimates for EVPI was £1,500,000 which translates to 

approximately $2,400,000.
138

 The results from this study estimate the EVPI of PSA 

screening as $616,463. In comparison, one may begin to think that additional funding for 

PSA screening research isn’t necessarily ‘worth it;’ however, the population estimates 
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reveal racial groups and age groups may be where research investment should take place. 

Base case estimates for African Americans was approximately $828,000,000 and 

Caucasians was approximately $4,652,000,000. At first glance, one may suggest research 

funding should focus support on Caucasian men because of the difference in population 

estimates between the two racial subgroups; however, after further inspection of the 

parameters that influence pEVI one would see why this difference existed. Equation3, 

listed the other variables included in the pEVI calculation as EVI, incidence of PC, 

population of interest, discount rate, durability, and implementation. In these analyses, 

discount rate was held at a constant rate of 3% and for the base case analyses, durability 

and implementation were held at a value of 1.0. The factors that impact the calculation of 

pEVI were the variables of incidence of PC and size of the population of interest. As 

shown in Table 30, the  Medicare population of Caucasians (33,532,000) is nearly nine 

times that of African Americans (4,040,000). Furthermore, the incidence of PC for 

African Americans (1,319 new cases per 100,000 men) is nearly double that of Caucasian 

men (892 new cases per 100,000 men). The higher incidence of PC in African Americans 

is not enough to compensate for the lower proportion of African Americans in the 

Medicare population and as a result, their pEVI estimates were lower than the Caucasian 

subgroup. However, if the population were the same for the two subgroups and incidence 

rates remained the same, the pEVI for Caucasians would be nearly 50% of that of the 

pEVI for African Americans. Hence the population of interest and the incidence of the 

disease of interest are important drivers behind the pEVI estimate. These estimates 

should be carefully considered in the full context of the calculation. The two other factors 

that influence pEVI, durability and implementation, remained at 1.0 for the base cases 
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analyses. After careful review of the literature, little evidence existed that included 

estimates of these parameters. How a technology is used in clinical practice and that 

technology’s lifespan in clinical practice are also important factors that should be 

considered in pEVI calculations; however, there is little guidance on how a researcher 

could adequately build these estimates for inclusion into VOI calculations. One could 

consider the PSA test’s positive predictive value, negative predictive value, sensitivity, 

and specificity could contribute to its implementation but also how healthcare workers 

handle and perform the test could also affect its implementation. Conceptually, the value 

of durability could be ascertained through study of the patent life cycle and consideration 

of the pipeline of products that could be considered substitutes to the PSA test. 

Complementary technology (i.e. genetic tests that accompany the PSA test) could also 

affect the PSA test’s durability and implementation. 

  

With the evidence that demonstrates no real benefit for PSA screening, one must 

ask whether or not previous investigators not been focusing on the ‘right’ question. 

Perhaps the ‘right’ question isn’t ‘does PSA screening extends survival in all comers?’ 

but, rather, ‘does certain populations benefit more, with respect to disease-specific or 

overall survival, than an all comers populations?’ 

 

Study Strengths and Limitations 

 

This study has many strengths.  The first strength is that the study sample is from 

a SEER-Medicare, a dataset that merges two data sources to create a unique perspective 
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to examine clinical factors and resource utilization. The link between these two data sets 

is verified to be accurate and data can be considered to be generalizable to the Medicare 

population of the US.
102

 This study builds upon the base of traditional cost-effectiveness 

framework and extends incremental findings of cost and effect into tools that decision 

makers could use to help determine resource allocation. A unique strength of this work is 

that this study is one of the first to examine VOI in context of an administrative claims 

data set. Traditionally, VOI models are constructed from full decision models which are 

costly and time consuming. Data for these models often comes from randomized clinical 

trials with some data supplemented by literature. Since the true purpose of VOI is to help 

guide resource allocation and observational studies are less costly than randomized trials, 

conducting the methods with observational data makes sense if a decision maker were 

trying to first explore what needs to be researched and then fund the appropriate research.  

 

Despite the novel nature of this research, limitations exist in the form of dataset 

construction and population. While the SEER-Medicare data set provided information 

that would not exist in other data sets, its construction of the controls file was not optimal 

for a true comparison to the case file. For example, the control file did not have marital 

status as a variable; therefore, this variable was not included in any analyses and was 

unable to be incorporated into cohort matching. Marital status has been shown to have a 

significant impact on being diagnosed at an earlier stage, seeking more aggressive 

treatment, and longer survival.
139-141

  One could postulate having a close social support 

(i.e. a spouse) could make either partner want to take better care of themselves, thus seek 

preventive services and more aggressive treatment, if needed. Furthermore, variables 
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exist for receiving PSA (i.e. tumor2 and cs2cs variables), but these variables are collected 

through the SEER-side of the dataset so controls do not have these variables. These 

variables, however, do not distinguish a screening PSA and a PSA used in a PC diagnosis 

as such, investigators would still need to rely upon an administrative claim algorithm to 

distinguish between the two types of PSA. The SEER-Medicare does not capture non-

Medicare reimbursed medical treatment (i.e. enrollment in RCTs), so costs captured are 

potentially reflecting a more conservative picture of costs associated with medical care. 

Despite these few shortcomings, the SEER-Medicare dataset is one of the few datasets 

that links clinical information to information available in the administrative claims.  

 

While the data content had few limitations for this research, after applying study 

inclusion/exclusion criteria the study population was restricted to a level were certain 

methods were not feasible. Due to the low numbers in the four cancer and PSA groups 

(i.e. Group 1: men with a PSA test and PC diagnosis; Group 2: men with a PSA test and a 

no PC diagnosis; Group 3: men without a PSA test and with a PC diagnosis; and Group 

4: men without a PSA test and without a PC diagnosis) and the overall cohort, controls 

were matched in a 1:1-style match and not a 1:many match in order to preserve sample 

size. For the index match, there were fewer men in Group 1 compared to Group 2 and 

more men in Group 3 than in Group 4. Furthermore, then match for index date had to be 

conducted with a modified 1:1 match, with all controls getting the index date for one 

randomly drawn case that fit their matching criteria. Ideally, the cohort match among all 

cases and controls could be obtained with a 1:many match but overall there were more 

cases than controls.  



92 

 

 

After the analysis cohort was created, several issues became apparent after 

descriptive analyses were completed.  One of the major limitations of this study is the 

fact that approximately 70% of the cohort was censored. Considering the study did not 

limit men to stage of PC, this was not surprising especially considering the 5-year relative 

survival for men exceeds 90%.
3
 Original plans for these analyses was for costs to be 

analyzed via the Bang and Tsatis method for dealing with censored cost data or via 

inverse probability weighting. Some literature cites that these methods are robust when 

dealing with a population that is heavily censored;
132, 142

 however, the method used to 

analyze costs, the phase of care costing approach, was cited to be robust despite 

censoring and was generally accepted as an alternative costing method.
134

 Since 

completing these analyses, other methods to deal with large amounts of censoring have 

come to the author’s attention. A possible future direct of research would be to re-analyze 

costs with the new methods to determine if cost outcomes are similar between the two 

methods. 

  

Though the phase of care method is accepted for dealing with cohorts with heavy 

censoring, the results from these analyses reveal that the costs associated with the initial 

phase of care were not as pronounced as with the estimated annualized net costs for PC 

obtained by the National Cancer Institute.
116

 Transforming costs obtained by phase of 

care estimates of the PSA and No PSA cohort into annualized costs, results were more 

similar to the NCI estimates. Figure 6 shows a plot of mean monthly costs for each phase 

of care. The plot for the initial phase of care was not as pronounced as one would expect 
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when considering in the initial phase men would be consuming resources after a cancer 

diagnosis; however, considering that active surveillance is an accepted form of treatment 

for PC,
25

 the mean monthly costs during the initial phase was put into context. 

Unfortunately, these analyses were designed to examine total medical costs not resource-

specific costs, so examining the reason for the lower mean monthly costs could be an area 

of future research.  

 

The VOI analyses used in this research focuses on overall survival (or morbidity); 

however, most studies that examine the effect of PSA on survival utilize PC-specific 

survival and not overall survival.
52, 99

 The minimal model approach and no modeling 

approach of VOI used in these analyses, require comprehensive endpoints (for the no 

modeling approach) and intermediate endpoints (i.e. QALYs,  survival) of costs and 

effect for the minimal modeling approach in order to accurately estimate how research 

should be invested. Using disease-specific survival could return conservative VOI 

estimates and thus underestimate the true needs of research funding for a specific disease 

state. Another nuanced aspect of VOI for these analyses is the large estimate of pEVI. A 

comparison of VOI equations included in the literature and in this research revealed the 

EVI estimate shown in Equation 2 used as a multiplier for the population estimate 

(Equation3). To get a more fine-tuned estimate, future research could examine the EVI in 

specific populations and then apply that measure to the population-specific estimates. By 

using the general EVI it is possible the pEVI estimates are over estimated even though 

individualizing research has shown to have a greater value that for the population as a 

whole.
143

 Though VOI seems to be a natural fit in screening modalities because it helps to 
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identify research gaps and where funds should be invested within a given therapy area, 

VOI estimates in oncology literature are more often used as an aid in decision making for 

a treatment pathway once a population already has cancer. 
144

 One drawback with VOI 

methods was that despite its theory based in economic optimization, in healthcare, there 

is no set threshold for what constitutes a ‘high’ or ‘low’ value as such, the researcher 

must use his or her discretion for recommendations of what VOI estimates mean. VOI is 

a tool that could help determine resource allocation but, so far, it has been used 

predominately as a form of sensitivity analyses to estimates from cost-effectiveness 

research. Once the methods are more widely accepted, it they could be used to help 

determine resource allocation for private industry or government payers. 
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Chapter Six 

 

Conclusions 

 

This dissertation was built off of three cumulative aims: 1) Estimate the expected 

value of information (EVI) from research on a per-person basis for PSA screening based 

on the 2000-2007 SEER-Medicare; 2) Estimate the population-level expected value of 

information (pEVI) on PSA screening in the US Medicare population; 3) Estimate the 

expected value of perfect information (EVPI) of PSA screening in the US Medicare 

population. Aim two examined pEVI between two race/ethnicity subgroups, African 

Americans and Caucasians, and two age groups, men aged 65-74 and men aged 75+.  

 

The initial focus of this work was to estimate the EVPI of PSA screening in 

Medicare. This result could be translated into the most a funding body should spend in 

order to resolve uncertainty surrounding PSA screening. Results from these studies 

suggest that PSA screening for all comers may not be the most beneficial area in which 

funding bodies could get the greatest return on their research investment. These analyses 

suggest additional research that could fine tune the PSA screening strategy for specific 
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racial and age groups could help to reduce uncertainty regarding PSA screening for these 

populations.   

 

Future research is necessary to confirm findings and to explore nuances of these 

analyses. Beside further investigation into methods that aid in evaluating a heavily 

censored population or, ideally, having other variables that could further explain results, 

research on the VOI methods used in these analyses could be beneficial to researchers 

and policy makers in the long run. Of particular interest would be to re-create these 

analyses using the no modeling or limited/minimal modeling approach with data obtained 

from published literature instead of a database.  Additionally, further subgroup analyses 

could be conducted in Medicare aged men in a different dataset (i.e. men with Medicare 

Part C) to determine differences in the groups of men and whether or not these 

differences influence VOI estimates. An extension of this could be to ascertain if 

additional PSA research should be focused on men younger than 65. Of particular interest 

would be to build a full decision model with complete data on all participants to 

determine how estimates would differ. Using a full modeling approach wound enable 

investigators to examine the value of additional parameter information, or determining if 

specific aspects of the screening could benefit from additional research.  

 

  



97 

 

 

 

Bibliography 

1. Marieb EN. The prostate gland. In: Human Anatomy and Physiology. 5th ed. San 

Francisco: Benjamin Cummings; 2001:1075.  

2. Timms BH, Luke. Prostate development and growth in benign prostatic hyperplasia. 

Differentiation. 2011;82:173-183.  

3. Siegel R. Cancer statistics, 2012. Ca. 2012;62:10-29.  

4. U.S. Cancer Statistics Working Group, ed. United States Cancer Statistics: 1999–2010 

Incidence and Mortality Web-Based Report. Atlanga, GA: Department of Health and 

Human Services, Centers for Disease Control and Prevention, and National Cancer 

Institute; 2013; No. Available at: http://www.cdc.gov/uscs.  

5. Surveillence Epidemiology and End Result Program. National Cancer Institute. SEER 

Stat Fact Sheet: Prostate Cancer. Available at: 

http://seer.cancer.gov/statfacts/html/prost.html. Accessed 25 April 2014, 2014.  

6. Ferlay, Jacques Shin, Hai-Rim Bray, Freddie Forman, David Mathers,Colin Parkin, 

Donald. Estimates of worldwide burden of cancer in 2008: GLOBOCAN 2008. 

International journal of cancer. 2010;127:2893-2917.  

7. Haas GP, Delongchamps NB, Jones RF, et al. Needle biopsies on autopsy prostates: 

sensitivity of cancer detection based on true prevalence. J Natl Cancer Inst. 

2007;99:1484-1489.  

8. Brawley O. Prostate cancer epidemiology in the United States. World J Urol. 

2012;30:195-200.  

9. Briggs A, Claxton K, Sculpher M. Decision Modelling for Health Economic 

Evaluation. Oxford, England: Oxford University Press; 2006.  

10. Howlader N, Noone AM, Krapcho M, Neyman N, Aminou R, Waldron W, Altekruse 

SF, Kosary CL, Ruhl J, Tatalovich Z, Cho H, Mariotto A, Eisner MP, Lewis DR, Chen 

HS, Feuer EJ, Cronin KA, Edwards BK. (eds)., ed. SEER Cancer Statistics Review, 1975-

2008. ; 2011. Bethesda MD, ed. ; No. National Cancer Institute.  

11. Stamatiou K. Elderly and prostate cancer screening. Urology journal. 2011;8:83-87.  

http://www.cdc.gov/uscs.
http://seer.cancer.gov/statfacts/html/prost.html


98 

 

12. Kheirandish PC, F. Ethnic differences in prostate cancer. Br J Cancer. 2011;105:481-

485.  

13. American Cancer Society, ed. Global Cancer Fact & Figures. 2nd Edition ed. 

Atlanta, GA: American Cancer Society; 2011. American Cancer Society, ed.  

14. Mori, Mitsuru Masumori, Naoya Fukuta, Fumimasa Nagata, Yoshie Sonoda, Tomoko 

Miyanaga, Naoto Akaza,Hideyuki Tsukamoto, Taiji. Weight gain and family history of 

prostate or breast cancers as risk factors for prostate cancer: results of a case-control 

study in Japan. Asian Pacific journal of cancer prevention. 2011;12:743-747.  

15. Ziogas A, Horick NK, Kinney AY, et al. Clinically relevant changes in family history 

of cancer over time. JAMA. 2011;306:172-178.  

16. So HC, Kwan JS, Cherny SS, Sham PC. Risk prediction of complex diseases from 

family history and known susceptibility loci, with applications for cancer screening. Am J 

Hum Genet. 2011;88:548-565.  

17. Kote-Jarai Z, Leongamornlert D, Saunders E, et al. BRCA2 is a moderate penetrance 

gene contributing to young-onset prostate cancer: implications for genetic testing in 

prostate cancer patients. Br J Cancer. 2011;105:1230-1234.  

18. Lin DW, FitzGerald LM, Fu R, et al. Genetic variants in the LEPR, CRY1, RNASEL, 

IL4, and ARVCF genes are prognostic markers of prostate cancer-specific mortality. 

Cancer Epidemiol Biomarkers Prev. 2011;20:1928-1936.  

19. Prostate cancer. In: Miller S., Zieve D., Black B, (eds), eds. A.D.A.M. Medical 

Encyclopedia. A.D.A.M., Inc.; 2013:Available at: 

http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0001418/.  

20. Discacciati AW, Alicja. Lifestyle and dietary factors in prostate cancer prevention. 

Recent Results in Cancer Research. 2014;202:27-37.  

21. Rosenblatt, K A Wicklund, K G Stanford,J L. Sexual factors and the risk of prostate 

cancer. Am J Epidemiol. 2001;153:1152-1158.  

22. National Cancer Institute. Prostate-Specific Antigen (PSA) Test. Available at: 

http://www.cancer.gov/cancertopics/factsheet/detection/PSA. Accessed 11/09, 2011.  

23. Chang S, Harshman L, Presti J. Impact of common medications on serum total 

prostate-specific antigen levels: analysis of the National Health and Nutrition 

Examination Survey. Journal of clinical oncology. 2010;28:3951-3957.  

24. Nieder C, Norum J, Geinitz H. Impact of common medications on serum total 

prostate-specific antigen levels and risk group assignment in patients with prostate 

cancer. Anticancer Res. 2011;31:1735-1739.  

http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0001418/
http://www.cancer.gov/cancertopics/factsheet/detection/PSA


99 

 

25. National Comprehensive Cancer Network. National Comprehensive Cancer Network 

(Version 1.2013). Available at: 

http://www.nccn.org/professionals/physician_gls/pdf/prostate.pdf. Accessed January 15, 

2013.  

26. Humphrey P. Gleason grading and prognostic factors in carcinoma of the prostate. 

Modern Pathology. 2004;17:292-306.  

27. Montironi, Rodolfo Mazzuccheli, Roberta Scarpelli, Marina Lopez Beltran, Antonio 

Fellegara,Giovanni Algaba, Ferran. Gleason grading of prostate cancer in needle biopsies 

or radical prostatectomy specimens: contemporary approach, current clinical significance 

and sources of pathology discrepancies. BJU Int. 2005;95:1146-1152.  

28. Cheng, Liang Montironi, Rodolfo Bostwick, David Lopez Beltran,Antonio Berney, 

Daniel. Staging of prostate cancer. Histopathology. 2012;60:87-117.  

29. Edge SC, Carolyn. The American Joint Committee on Cancer: the 7th edition of the 

AJCC cancer staging manual and the future of TNM. Annals of Surgical Oncology. 

2010;17:1471-1474.  

30. Beahrs OH, Henson DE, Hutter RVP, Kennedy BJ.  

. In:  

 AJCC Staging Manual: American Joint Committee on Cancer Staging Manual for 

Staging of Cancer. 4th ed. Philadelphia, PA: Lippincott; 1992.  

31. Edge SB, Byrd DR, Comtpon CC GF, Trotti A et al. AJCC staging manual. In:  

 AJCC Cancer Staging Manual. 7th ed. New York, NY: Springer; 2010:457-468.  

32. Talcott, J A Clark, J A Stark, P C Mitchell,S P. Long-term treatment related 

complications of brachytherapy for early prostate cancer: a survey of patients previously 

treated. J Urol. 2001;166:494-499.  

33. Victorson, David Brucker, Penny Bode, Rita Eton, David Talcott, James Clark, Jack 

Knight, Sara Litwin, Mark Moinpour, Carol Reeve, Bryce Aaronson, Neil Bennett, 

Charles Herr, Harry McGuire, Michael Shevrin, Daniel McVary,Kevin Cella, David. 

Ensuring comprehensive assessment of urinary problems in prostate cancer through 

patient-physician concordance. Urol Oncol. 2014;32:26.e25-26.e31.  

34. Shelley, M Wilt, T J Coles, B Mason,M D. Cryotherapy for localised prostate cancer. 

Cochrane Database of Systematic Reviews. 2007:CD005010-CD005010.  

35. Sanda, Martin Dunn, Rodney Michalski, Jeff Sandler, Howard Northouse, Laurel 

Hembroff, Larry Lin, Xihong Greenfield, Thomas Litwin, Mark Saigal, Christopher 

Mahadevan, Arul Klein, Eric Kibel, Adam Pisters, Louis Kuban, Deborah Kaplan, Irving 

Wood, David Ciezki, Jay Shah,Nikhil Wei, John. Quality of life and satisfaction with 

outcome among prostate-cancer survivors. N Engl J Med. 2008;358:1250-1261.  

http://www.nccn.org/professionals/physician_gls/pdf/prostate.pdf


100 

 

36. Levine, Glenn D'Amico, Anthony Berger, Peter Clark, Peter Eckel, Robert Keating, 

Nancy Milani, Richard Sagalowsky, Arthur Smith,Matthew Zakai, Neil. Androgen-

deprivation therapy in prostate cancer and cardiovascular risk: a science advisory from 

the American Heart Association, American Cancer Society, and American Urological 

Association: endorsed by the American Society for Radiation Oncology. Ca. 

2010;60:194-201.  

37. Wysowski, D K Freiman, J P Tourtelot, J B Horton,M L. Fatal and nonfatal 

hepatotoxicity associated with flutamide. Ann Intern Med. 1993;118:860-864.  

38. Soloway, M S Schellhammer, P F Smith, J A Chodak, G W Kennealey,G T. 

Bicalutamide in the treatment of advanced prostatic carcinoma: a phase II multicenter 

trial. Urology. 1996;47:33-7.  

39. Gillessen, Silke Templeton, Arnoud Marra, Giancarlo Kuo, Yong-Fang 

Valtorta,Emanuele Shahinian, Vahakn. Risk of colorectal cancer in men on long-term 

androgen deprivation therapy for prostate cancer. J Natl Cancer Inst. 2010;102:1760-

1770.  

40. Shahinian, Vahakn Kuo, Yong-Fang Freeman,Jean Goodwin, James. Risk of fracture 

after androgen deprivation for prostate cancer. N Engl J Med. 2005;352:154-164.  

41. De Angelis G, Rittenhouse H, Mikolajczyk S, Blair Shamel L, Semjonow A. Twenty 

Years of PSA: From Prostate Antigen to Tumor Marker. Reviews in urology. 2007;9:113-

123.  

42. Mariotto, Angela Etzioni, Ruth Krapcho,Martin Feuer, Eric. Reconstructing PSA 

testing patterns between black and white men in the US from Medicare claims and the 

National Health Interview Survey. Cancer. 2007;109:1877-1886.  

43. Luboldt HJ, Schindler JF, Rubben H. Age-specific reference ranges for prostate-

specific antigen as a marker for prostate cancer. EAU-EBU Update Series. 2007;5:38-48.  

44. Babaian RJ, Miyashita H, Evans RB, Ramirez EI. The distribution of prostate specific 

antigen in men without clinical or pathological evidence of prostate cancer: relationship 

to gland volume and age. J Urol. 1992;147:837-840.  

45. Thompson I, Ankerst D, Chi C, et al. Operating characteristics of prostate-specific 

antigen in men with an initial PSA level of 3.0 ng/ml or lower. JAMA (Chicago, Ill.). 

2005;294:66-70.  

46. Oh JJ, Jeong SJ, Lee BK, et al. Does obesity affect the accuracy of prostate-specific 

antigen (PSA) for predicting prostate cancer among men undergoing prostate biopsy. 

BJU Int. 2013;112:E265-71.  



101 

 

47. Shelke AR, Mohile SG. Treating prostate cancer in elderly men: how does aging 

affect the outcome? Curr Treat Options Oncol. 2011;12:263-275.  

48. Wright JL, Lin DW, Stanford JL. The effect of demographic and clinical factors on 

the relationship between BMI and PSA levels. Prostate. 2011;71:1631-1637.  

49. Herschman, J D Smith, D S Catalona,W J. Effect of ejaculation on serum total and 

free prostate-specific antigen concentrations. Urology. 1997;50:239-243.  

50. Seidman H, Mushinski MH, Gelb SK, Silverberg E. Probabilities of eventually 

developing or dying of cancer--United States, 1985. CA Cancer J Clin. 1985;35:36-56.  

51. Vickers AJ, Cronin AM, Bjork T, et al. Prostate specific antigen concentration at age 

60 and death or metastasis from prostate cancer: case-control study. BMJ. 

2010;341:c4521.  

52. Sandblom G, Varenhorst E, Rosell J, Lfman O, Carlsson P. Randomised prostate 

cancer screening trial: 20 year follow-up. BMJ.British medical journal. 2011;342:d1539-

d1539.  

53. Collin SM, Martin RM, Metcalfe C, et al. Prostate-cancer mortality in the USA and 

UK in 1975-2004: an ecological study. Lancet Oncol. 2008;9:445-452.  

54. Etzioni, Ruth Berry, Kristin Legler,Julie Shaw, Pamela. Prostate-specific antigen 

testing in black and white men: an analysis of medicare claims from 1991-1998. Urology. 

2002;59:251-255.  

55. Thompson, Ian Pauler, Donna Goodman, Phyllis Tangen, Catherine Lucia, M S 

Parnes, Howard Minasian, Lori Ford, Leslie Lippman, Scott Crawford, E D 

Crowley,John Coltman, Charles. Prevalence of prostate cancer among men with a 

prostate-specific antigen level < or =4.0 ng per milliliter. N Engl J Med. 2004;350:2239-

2246.  

56. Bjartell, Anders Montironi, Rodolfo Berney,Daniel Egevad, Lars. Tumour markers in 

prostate cancer II: diagnostic and prognostic cellular biomarkers. Acta Oncol. 2011;50 

Suppl 1:76-84.  

57. Ferro, Matteo Bruzzese, Dario PerdonÃƒ, Sisto Marino, Ada Mazzarella, Claudia 

Perruolo, Giuseppe D'Esposito, Vittoria Cosimato, Vincenzo Buonerba, Carlo Di 

Lorenzo, Giuseppe Musi, Gennaro De Cobelli, Ottavio Chun,Felix Terracciano, Daniela. 

Prostate Health Index (Phi) and Prostate Cancer Antigen 3 (PCA3) significantly improve 

prostate cancer detection at initial biopsy in a total PSA range of 2-10 ng/ml. PLoS ONE. 

2013;8:e67687-e67687.  



102 

 

58. Partin AW, Criley SR, Subong EN, Zincke H, Walsh PC, Oesterling JE. Standard 

versus age-specific prostate specific antigen reference ranges among men with clinically 

localized prostate cancer: A pathological analysis. J Urol. 1996;155:1336-1339.  

59. Crawford ED, Abrahamsson P. PSA-based screening for prostate cancer: how does it 

compare with other cancer screening tests? Eur Urol. 2008;54:262-273.  

60. Lu Yao, Grace Albertsen, Peter Moore, Dirk Shih, Weichung Lin, Yong DiPaola, 

Robert Barry, Michael Zietman, Anthony O'Leary, Michael Walker Corkery,Elizabeth 

Yao, Siu-Long. Outcomes of localized prostate cancer following conservative 

management. JAMA: the Journal of the American Medical Association. 2009;302:1202-

1209.  

61. Roobol, Monique Kerkhof, Melissa SchrÃƒder, Fritz Cuzick, Jack Sasieni, Peter 

Hakama, Matti Stenman, Ulf Ciatto, Stefano Nelen, Vera Kwiatkowski, Maciej Lujan, 

Marcos Lilja, Hans Zappa, Marco Denis, Louis Recker, Franz Berenguer, Antonio Ruutu, 

Mirja Kujala, Paula Bangma, Chris Aus, Gunnar Tammela, Teuvo L J Villers, Arnauld 

Rebillard, Xavier Moss, Sue de Koning, Harry Hugosson,Jonas Auvinen, Anssi. Prostate 

cancer mortality reduction by prostate-specific antigen-based screening adjusted for 

nonattendance and contamination in the European Randomised Study of Screening for 

Prostate Cancer (ERSPC). Eur Urol. 2009;56:584-591.  

62. La Rochelle J, Amling CL. Prostate cancer screening: what we have learned from the 

PLCO and ERSPC trials. Curr Urol Rep. 2010;11:198-201.  

63. Ilic D, O'Connor D, Green S, Wilt T. Screening for prostate cancer: an updated 

Cochrane systematic review. BJU Int. 2011;107:882-891.  

64. Julian Higgins, Green S. Cochrane Handbook for Systematic Reviews of Interventions 

Chichester, England ; Wiley-Blackwell, c2008.  

65. Hoffman R. Randomized trial results did not resolve controversies surrounding 

prostate cancer screening. Curr Opin Urol. 2010;20:189-193.  

66. Strope SA, Gerald. Prostate cancer screening: current status and future perspectives. 

Nature reviews.Urology. 2010;7:487-493.  

67. Greene K, Albertsen P, Babaian R, et al. Prostate specific antigen best practice 

statement: 2009 update. J Urol. 2009;182:2232-2241.  

68. Ito K, Kakehi Y, Naito S, Okuyama A. Japanese Urological Association guidelines on 

prostate-specific antigen-based screening for prostate cancer and the ongoing cluster 

cohort study in Japan. International journal of urology. 2008;15:763-768.  



103 

 

69. Updated Japanese Urological Association Guidelines on prostate-specific antigen-

based screening for prostate cancer in 2010. International journal of urology. 

2010;17:830-838.  

70. Abrahamsson P, Artibani W, Chapple C, Wirth M. European Association of Urology 

position statement on screening for prostate cancer. Eur Urol. 2009;56:270-271.  

71. Lim L, Sherin K. Screening for prostate cancer in U.S. men ACPM position statement 

on preventive practice. Am J Prev Med. 2008;34:164-170.  

72. Wolf, Andrew M D Wender, Richard Etzioni, Ruth Thompson, Ian D'Amico, 

Anthony Volk, Robert Brooks, Durado Dash, Chiranjeev Guessous, Idris Andrews, 

Kimberly DeSantis,Carol Smith, Robert. American Cancer Society guideline for the early 

detection of prostate cancer: update 2010. Ca. 2010;60:70-98.  

73. Smith, Robert Manassaram Baptiste, Deana Brooks, Durado Cokkinides, Vilma 

Doroshenk, Mary Saslow, Debbie Wender,Richard Brawley, Otis. Cancer screening in 

the United States, 2014: a review of current American Cancer Society guidelines and 

current issues in cancer screening. Ca. 2014;64:30-51.  

74. Ilic, D O'Connor, D Green,S Wilt, T. Screening for prostate cancer. Cochrane 

Database of Systematic Reviews. 2006:CD004720-CD004720.  

75. Ilic, Dragan Neuberger, Molly Djulbegovic,Mia Dahm, Philipp. Screening for 

prostate cancer. Cochrane Database of Systematic Reviews. 2013;1:CD004720-

CD004720.  

76. Moyer V. Screening for Prostate Cancer: U.S. Preventive Services Task Force 

Recommendation Statement. Ann Intern Med. 2012.  

77. Lin K, Lipsitz R, Janakiraman S. Benefits and Harms of Prostate-Specific 

AntigenScreening for ProstateCancer: An EvidenceUpdate for the U.S. 

PreventiveServicesTask Force [Internet]. Vol Report No.: 08-05121-EF-1. Rockville 

(MD: Agency for Healthcare Research and Quality (US); 2008.  

78. Begg, Colin Riedel, Elyn Bach, Peter Kattan, Michael Schrag, Deborah Warren,Joan 

Scardino, Peter. Variations in morbidity after radical prostatectomy. N Engl J Med. 

2002;346:1138-1144.  

79. Gustafsson, O Theorell, T Norming, U Perski, A OhstrÃƒm, M Nyman,C R. 

Psychological reactions in men screened for prostate cancer. Br J Urol. 1995;75:631-636.  

80. Fowler, Floyd Barry, Michael Walker Corkery, Beth Caubet, Jean-Francois Bates, 

David Lee, Jeong Hauser,Alison McNaughton Collins, Mary. The impact of a suspicious 

prostate biopsy on patients' psychological, socio-behavioral, and medical care outcomes. 

Journal of general internal medicine. 2006;21:715-721.  



104 

 

81. Lallemand N.C. Health Policy Brief: Reducing Waste in Health Care. Health Affairs. 

2012;December 13.  

82. National Conference for State Legislatures. Prostate Cancer Screening Mandates. 

Available at: http://www.ncsl.org/research/health/prostate-cancer-screening-

mandates.aspx. Accessed October/21, 2013.  

83. Centers for Medicare and Medicaid Services. Your Medicare Coverage: Prostate 

Cancer Screening. Available at: http://www.medicare.gov/coverage/prostate-cancer-

screenings.html. Accessed October/21, 2013.  

84. Asch DA, Patton JP, Hershey JC. Knowing for the sake of knowing: the value of 

prognostic information. Medical decision making. 1990;10:47-57.  

85. Fryback DG, Thornbury JR. The efficacy of diagnostic imaging. Medical decision 

making. 1991;11:88-94.  

86. Lee, David Neumann,Peter Rizzo, John. Understanding the medical and nonmedical 

value of diagnostic testing. Value in health. 2010;13:310-314.  

87. Claxton KP, Sculpher MJ. Using value of information analysis to prioritise health 

research: some lessons from recent UK experience. Pharmacoeconomics. 2006;24:1055-

1068.  

88. Meltzer D, Hoomans T, Chung J, Basu A. Minimal modeling approaches to value of 

information analysis for health research. Medical decision making. 2011;31:E1-E22.  

89. Claxton K, Sculpher M, Drummond M. A rational framework for decision making by 

the National Institute For Clinical Excellence (NICE) Lancet. 2002;360:711-715.  

90. Claxton K. The irrelevance of inference: a decision-making approach to the stochastic 

evaluation of health care technologies. J Health Econ. 1999;18:341-364.  

91. Hoomans T, Seidenfeld J, Basu A, Meltzer D, eds. Systematizing the use of Value of 

Information Analysis in Prioritizing Systematic Reviews. Rockville, MD: AHRQ 

Publication No. 12-EHC109-EF; 2012. Prepared by the University of Chicago Medical 

Center through the Blue Cross and Blue Shield Association Technology Evaluation 

Center Evidence-based Practice Center under Contract No. 290-2007-10058)Publication, 

ed.  

92. Stinnett AA, Mullahy J. Net health benefits: a new framework for the analysis of 

uncertainty in cost-effectiveness analysis. Med Decis Making. 1998;18:S68-S80.  

93. Meltzer D. Addressing uncertainty in medical cost-effectiveness analysis. 

Implications of expected utility maximization for emthods to perform sensitivity analysis 

http://www.ncsl.org/research/health/prostate-cancer-screening-mandates.aspx
http://www.ncsl.org/research/health/prostate-cancer-screening-mandates.aspx
http://www.medicare.gov/coverage/prostate-cancer-screenings.html
http://www.medicare.gov/coverage/prostate-cancer-screenings.html


105 

 

and the use of cost-effectiveness analysis to set priorities for medical research. J Health 

Econ. 2001;20:109-129.  

94. Groot Koerkamp B, Myriam Hunink MG, Stijnen T, Weinstein M. Identifying key 

parameters in cost-effectiveness analysis using value of information: a comparison of 

methods. Health Econ. 2006;15:383-392.  

95. Eckermann S, Karnon J, Willan A. The value of value of information: best informing 

research design and prioritization using current methods. Pharmacoeconomics. 

2010;28:699-709.  

96. Janssen M, Koffijberg H. Enhancing value of information analyses. Value in health. 

2009;12:935-941.  

97. Andriole G, Crawford ED, Grubb R, et al. Mortality results from a randomized 

prostate-cancer screening trial. N Engl J Med. 2009;360:1310-1319.  

98. Schrder F, Hugosson J, Roobol M, et al. Screening and prostate-cancer mortality in a 

randomized European study. N Engl J Med. 2009;360:1320-1328.  

99. Hugosson J, Carlsson S, Aus G, et al. Mortality results from the Göteborg randomised 

population-based prostate-cancer screening trial. Lancet oncology. 2010;11:725-732.  

100. Djulbegovic M, Beyth R, Neuberger M, et al. Screening for prostate cancer: 

systematic review and meta-analysis of randomised controlled trials. BMJ.British medical 

journal. 2010;341:c4543-c4543.  

101. National Cancer Institute. About the SEER Program - SEER Available at: 

http://seer.cancer.gov/about/overview.html. Accessed 11/11/2011, 2011.  

102. Warren JL, Klabunde CN, Schrag D, Bach PB, Riley GF. Overview of the SEER-

Medicare data: content, research applications, and generalizability to the United States 

elderly population Med Care. 2002;40:IV-3-18.  

103. Gornick ME, Warren JL, Eggers PW, et al. Thirty years of Medicare: impact on the 

covered population Health Care Financ Rev. 1996;18:179-237.  

104. National Cancer Institute. Medicare Enrollment & Claims Data: SEER-Medicare 

Available at: http://healthservices.cancer.gov/seermedicare/medicare/. Accessed 

11/11/2011, 2011.  

105. Crawford ED. Epidemiology of prostate cancer. Urology. 2003;62:3-12.  

106. Moul JW. Screening for prostate cancer in African Americans. Current urology 

reports. 2000;1:57-64.  

http://seer.cancer.gov/about/overview.html
http://healthservices.cancer.gov/seermedicare/medicare/


106 

 

107. Woods, V D Montgomery, Susanne Herring, R P Gardner,Robert Stokols, Daniel. 

Social ecological predictors of prostate-specific antigen blood test and digital rectal 

examination in black American men. J Natl Med Assoc. 2006;98:492-504.  

108. Virnig BA. Sources and Use of Medicare Enrollment Information: The Master 

Beneficiary Summary File. Available at: 

http://www.resdac.org/sites/resdac.org/files/Sources%20and%20Use%20of%20Medicare

%20Enrollment%20Information%20%28Slides%29.pdf. Accessed April 25, 2014.  

109. Charlson, M E Pompei, P Ales, K L MacKenzie,C R. A new method of classifying 

prognostic comorbidity in longitudinal studies: development and validation. J Chronic 

Dis. 1987;40:373-383.  

110. National Cancer Institute. SEER-Medicare: Calculation of Comorbidity Weights. 

Available at: http://appliedresearch.cancer.gov/seermedicare/program/comorbidity.html. 

Accessed November 20, 2013.  

111. Centers for Medicare and Medicaid Services. Your Guide to Medicare's Preventive 

Services. Available at: http://www.medicare.gov/Pubs/pdf/10110.pdf. Accessed August 

30, 2013.  

112. Centers for Medicare and Medicaid Services. Quick Reference Information: 

Preventive Services. Available at: 

http://www.cms.gov/Medicare/Prevention/PrevntionGenInfo/downloads/MPS_QuickRef

erenceChart_1.pdf. Accessed October 30, 2013.  

113. Allison PD. Survival Analysis using SAS: A Practical Guide. 2nd Edition ed. Cary, 

NC, USA: SAS Press; 2010.  

114. Kjellman A, Akre O, Norming U, Trnblom M, Gustafsson O. 15-year followup of a 

population based prostate cancer screening study. J Urol. 2009;181:1615-21.  

115. Skolarus, Ted Zhang, Yun Miller, David Wei,John Hollenbeck, Brent. The 

economic burden of prostate cancer survivorship care. J Urol. 2010;184:532-538.  

116. Mariotto, Angela Yabroff, K R Shao, Yongwu Feuer,Eric Brown, Martin. 

Projections of the cost of cancer care in the United States: 2010-2020. J Natl Cancer Inst. 

2011;103:117-128.  

117. Krahn MD, Coombs A, Levy IG. Current and projected annual direct costs of 

screening asymptomatic men for prostate cancer using prostate-specific antigen. 

Canadian Medical Association.Journal CMAJ. 1999;160:49-57.  

118. Stokes, Michael Ishak, Jack Proskorovsky, Irina Black,Libby Huang, Yijian. 

Lifetime economic burden of prostate cancer. BMC health services research. 

2011;11:349-349.  

http://www.resdac.org/sites/resdac.org/files/Sources%20and%20Use%20of%20Medicare%20Enrollment%20Information%20%28Slides%29.pdf
http://www.resdac.org/sites/resdac.org/files/Sources%20and%20Use%20of%20Medicare%20Enrollment%20Information%20%28Slides%29.pdf
http://appliedresearch.cancer.gov/seermedicare/program/comorbidity.html
http://www.medicare.gov/Pubs/pdf/10110.pdf
http://www.cms.gov/Medicare/Prevention/PrevntionGenInfo/downloads/MPS_QuickReferenceChart_1.pdf
http://www.cms.gov/Medicare/Prevention/PrevntionGenInfo/downloads/MPS_QuickReferenceChart_1.pdf


107 

 

119. Purmonen, Timo PÃƒnkÃƒlÃƒinen, Emma Turunen, Juha H O Asseburg,Christian 

Martikainen, Janne. Short-course adjuvant trastuzumab therapy in early stage breast 

cancer in Finland: cost-effectiveness and value of information analysis based on the 5-

year follow-up results of the FinHer Trial. Acta Oncol. 2011;50:344-352.  

120. Ramsey SD, Blough DK, Sullivan SD. A forensic evaluation of the National 

Emphysema Treatment Trial using the expected value of information approach. Med 

Care. 2008;46:542-548.  

121. Sloan FA, ed. Valuing Health Care: Costs, Benefits, and Effectiveness of 

Pharmaceuticals and Other Medical Technologies. 1st ed. Cambridge, UK: Cambridge 

University Press; 1995.  

122. Burger EA. The value of improving failures within a cervical cancer screening 

program: An example from Norway. International journal of cancer. 2014.  

123. Kim JG, Sue. Cost effectiveness analysis of including boys in a human 

papillomavirus vaccination programme in the United States. BMJ.British medical 

journal. 2009;339:b3884-b3884.  

124. Moore, Susan Shenoy, Pareen Fanucchi, Laura Tumeh,John Flowers, Christopher. 

Cost-effectiveness of MRI compared to mammography for breast cancer screening in a 

high risk population. BMC health services research. 2009;9:9-9.  

125. Okafor, Philip Stallwood, Christopher Nguyen, Linda Sahni, Debjani Wasan, 

Sharmeel Farraye,Francis Erim, Daniel. Cost-effectiveness of nonmelanoma skin cancer 

screening in Crohn's disease patients. Inflamm Bowel Dis. 2013;19:2787-2795.  

126. Zauber AG. Cost-effectiveness of colonoscopy. Gastrointest Endosc Clin N Am. 

2010;20:751-770.  

127. Zhang, Jingyu Denton, Brian Balasubramanian, Hari Shah,Nilay Inman, Brant. 

Optimization of PSA screening policies: a comparison of the patient and societal 

perspectives. Medical decision making. 2012;32:337-349.  

128. Surveillance, Epidemiology, and End Results (SEER) Program 

(www.seer.cancer.gov) SEER*Stat Database. Incidence - SEER 9 Regs Research Data, 

Nov 2013 Sub (1973-2011). . 2013;National Cancer Institute, DCCPS, Surveillance 

Research Program, Surveillance Systems Branch, released April 2013, based on the 

November 2013 submission.  

129. Boards of Trustees of the Federal Hospital Insurance and Federal Supplementary 

Medical Insurance Trust Funds. 2012 Annual report of the Boards of Trustees of the 

Federal Hospital Insurance and Federal Supplementary Medical Insurance Trust Funds. 

Washington, DC:2012. Available from: https://www.cms.gov/Research-Statistics-Data-

and-Systems/Statistics-Trends-and-Reports/ReportsTrustFunds/downloads/tr2012.pdf.  

http://www.seer.cancer.gov)/
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/ReportsTrustFunds/downloads/tr2012.pdf
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/ReportsTrustFunds/downloads/tr2012.pdf


108 

 

130. Chronic Condidtions Data Warehouse. Medicare enrollment charts, 2003 - 2012. 

Available at: https://www.ccwdata.org/web/guest/medicare-charts/medicare-enrollment-

charts. Accessed May, 2014.  

131. Young TA. Estimating mean total costs in the presence of censoring: a comparative 

assessment of methods. Pharmacoeconomics. 2005;23:1229-1242.  

132. Bang H. and Tsiatis AA. Estimating Medical Costs with Censored Data. Biometrika. 

2000;87:329-343.  

133. Lin DY, Feuer EJ, Etzioni R, Wax Y. Estimating medical costs from incomplete 

follow-up data. Biometrics. 1997;53:419-434.  

134. Wijeysundera HC, Wang X, Tomlinson G, Ko DT, Krahn MD. Techniques for 

estimating health care costs with censored data: an overview for the health services 

researcher. Clinicoecon Outcomes Res. 2012;4:145-155.  

135. Labrie F, Candas B, Cusan L, et al. Screening decreases prostate cancer mortality: 

11-year follow-up of the 1988 Quebec prospective randomized controlled trial. Prostate. 

2004;59:311-318.  

136. Andriole G, Crawford ED, Grubb R, et al. Prostate cancer screening in the 

randomized Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial: mortality 

results after 13 years of follow-up. J Natl Cancer Inst. 2012;104:125-132.  

137. Rojnik KN, Klemen. Gaussian process metamodeling in Bayesian value of 

information analysis: a case of the complex health economic model for breast cancer 

screening. Value in health. 2008;11:240-250.  

138. Payne, N Chilcott,J McGoogan, E. Liquid-based cytology in cervical screening: a 

rapid and systematic review. Health Technol Assess. 2000;4:1-73.  

139. Abdollah, Firas Sun, Maxine Thuret, Rodolphe Abdo, Al'a Morgan, Monica Jeldres, 

Claudio Shariat, Shahrokh Perrotte, Paul Montorsi,Francesco Karakiewicz, Pierre. The 

effect of marital status on stage and survival of prostate cancer patients treated with 

radical prostatectomy: a population-based study. CCC.Cancer causes & control. 

2011;22:1085-1095.  

140. Schaefer, Eric Wilson, Matthew Goldenberg, David Mackley, Heath Koch,Wayne 

Hollenbeak, Christopher. Effect of marriage on outcomes for elderly patients with head 

and neck cancer. Head Neck. 2014.  

141. Aizer, Ayal Chen, Ming-Hui McCarthy, Ellen Mendu, Mallika Koo, Sophia Wilhite, 

Tyler Graham, Powell Choueiri, Toni Hoffman, Karen Martin, Neil Hu,Jim Nguyen, 

Paul. Marital status and survival in patients with cancer. Journal of clinical oncology. 

2013;31:3869-3876.  

https://www.ccwdata.org/web/guest/medicare-charts/medicare-enrollment-charts
https://www.ccwdata.org/web/guest/medicare-charts/medicare-enrollment-charts


109 

 

142. Raikou M, McGuire A. Estimating medical care costs under conditions of censoring. 

J Health Econ. 2004;23:443-470.  

143. Basu A, Meltzer D. Value of information on preference heterogeneity and 

individualized care. Med Decis Making. 2007;27:112-127.  

144. Tuffaha HW, Gordon LG, Scuffham PA. Value of information analysis in oncology: 

the value of evidence and evidence of value. J Oncol Pract. 2014;10:e55-62.  

 


