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Abstract

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
(pPEVI), 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. VVOI
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.! Abnormal prostate growth is common in older men. This growth can
be due to either benign prostate hyperplasia (BPH) or prostate cancer (PC).> 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.® The National

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



men will die as a result of PC in 2014.* 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.” 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.®
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.” Figures reflect that PC is more
common in African American men than in their white counterparts®® 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).'

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." In aging men, changes in the estrogen and testosterone ratios within the prostate
are thought to provoke the development of PC.* 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.'® Throughout the world, PC is more common in economically developed



countries, while men of African descent have a higher risk of developing PC than their
European-descended counterparts.'? 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.*®
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

Population Incident Rate Mortality Rate
(per 100,000 population men) (per 100,000 population men)

African American 233.8 54.9
Caucasian 149.5 224
Non-White Hispanic 107.4 18.5
Asian/Pacific Islander 88.3 10.5
American Indian/

Alaska Natives 75.3 20.7

Reprinted from Howlader N, Noone AM, Drapcho M, Neyman N, Aminou R, Waldron W, et al. (eds). SEER Cancer Statistics Review,
1975 — 2008 National Cancer Institute. Bethesda, MD, http://seer. cancer. gov/cst/1975 2008/, Based on November 2010 SEER Data
Submission, Posted to the SEER Website, 2011. hitp://seer.cancer. gov/csr/1975 2008/index him| ed Bethesda, MD; National Cancer
Institute, No. 2011.

Having a first-degree relative (i.e. father, brother or son) diagnosed with PC increases a
man’s risk of being diagnosed with PC.** Studies have suggested that men with a family
history undergo earlier or more intense PC screening between the ages of 30 and 50
years.'® Certain genetic factors can also put a man at greater risk for developing PC.*°

Mutations that exist in the BRCA2 gene are associated with an approximate 15% risk



increase in developing PC by the age of 65.1” Men genotyped with four of the five LEPR,

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

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.*

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.?* %

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



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.?? 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).? ** %

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.%> 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.?® 2’ 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



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.”® *’ 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.?® % 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).%% 3!

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



Table 2. AJCC TNM Classification for Prostate Cancer Diagnosis

Tumor, Node, or

Metastasis Clinical Description

X Primarv fumor cannot be assessed

T0 Mo evidence of primary tumor

T1 Clinically inapparent tumor neither palpable nor visible by imaging

Tla Tumeor incidental histologic finding in <5% of tissue resected

Tlb Tumeor incidental histologic finding in =>3% of tissue resected.

Tlc Tumor identified by needle biopsy (e.g., because of elevated PSA)

T2 Tumor confined within prostate

T2a Tumeor involves <one-half of one lobe

T2b Tumeor involves >one-half of one lobe but not both lobes

T2c Tumeor involves both lobes

T3 Tumeor extends through the prostate capsule

T3a Extracapsular extension (unilateral or bilateral)

T3b Tumeor invades seminal vesicle(s)

T4 Tumeor is fixed or invades adjacent structures other than seminal vesicles
such as external sphincter, rectum, bladder, levator muscles, and'or pelvic
wall

NX Fegional lymph nodes were not assessed

NO No regional lymph node metastasis

N1 Metastases inregional lymph node(s)

MO No distant metastasis

M1 Distant metastasis

Mla Nonregional Ivmph node(s)
Mib Bone(s)
Milc Other site(s) with or without bone disease

Reprinted from AJCC: Prostate. In: Edge 5B, Byrd DR, Compion CC, gf al | eds - AJCC

Cancer Staging Manual. 7th ed New York NY: Springer, 2010, pp 457-65.
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.™® 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.



Table 3. Overall Staging for Prostate Cancer

Group T N M PSA Gleason

1 Tla—c NO MO PSA <10 (Gleason =0
T2a NO MO P5A =10 Gleason =6

T1-2a NO MO PSA X Gleason X

1A Tla—c NO MO PSA <20 Gleason 7
Tla—c NO MO PSA =10 <20 Gleason =6

T2a NO MO PSA =10 <20 Gleason =6

T2a NO MO PSA <20 Gleason 7

Th NO MO PSA <20 Gleason =7

TIh NO MO PSA X Gleason X
1B T2c NO MO Anv PSA Any Gleason
T1-2 N0 MO PSA =20 Any Gleason

T1-2 NO MO Any PSA (Gleason =8
I Tia—b N0 MO Anv PSA Any Gleason
IV T4 N0 MO Anv PSA Any Gleason
Anv T N1 MO Anv PSA Any Gleason
Anv T Anv M M1 Anv PSA Any Gleason

Reprinted from AJCC: Prostate. In- Edge 5B, Byrd DR, Compion CC, af al, eds.:
AJCC Cancer Staging Manual 7ith Ed New York, NY: Springer, 2010, pp 457-68.

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.”®> Additionally, a man’s healthcare provider may suggest
orchiectomy, or surgical removal of the testicles, as a form of hormonal therapy.?®
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,

8



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.%° 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.** * 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.® 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.** *
Antiandrogen therapy is associated with diarrhea, breast tenderness, nausea, hot flashes,
decreased libido, impotence, adrenal insufficiency, osteoporosis, and increased risk of

colorectal cancer.3"°



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.*! 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.% 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.”* 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. ** 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,

10



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.*®

Table 4. Characteristics of the PSA Test for Prostate Cancer

Test Characteristic Description

Sensitivity All tumors: at PSA 2.6 ng'ml = 40.5%
AtPSA 4 1ng'ml=20.5%
Gleason = 8: at PSA 2.6 ng/ml= 78.9%
AtPEA 4 1ng'ml =30.9%

Specificity All tumors: at PSA 2. 6ng/ml=81.1%
AtPSA 4 1ng'ml =93 8%
Gleason > 8: at PSA2 6 ng'ml=731%
AtPSA 4 1ng'ml =89 1%

Positive Predictive Value 20.5% for PSA and DEE, based on for-
cause data
12 8% in screening study

Number Needed to Screen to detect ope  30-77 for men inthe 30s

positive case 21-30 for men 1in their 60s
11 for men in the 70s for PSA > 4.0 ng/ml
Cost per life-year saved $12,500-%15,000 based on favorable

screening assumptions
Reprinted from Crawford ED, Abrahamsson PA. PSA-based screening for Prosiate Cancer:
How does it compare with other screening fests? Euwr Ural 2008; 34: 262-73.

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

prostate massage, and recent ejaculation can influence the level of PSA in the serum.?* ¢

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

11



risk of death from PC has remained constant.® 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.*

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.®® 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.>® In order to have definitive
evidence of its utility, some investigators have called for additional randomized

controlled trials to investigate PSA testing.>* >

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.>®
Additionally, researchers have suggested considering a PSA threshold of lower than
4ng/ml as an increased risk of PC.>" 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).*
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.® 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.*® 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.>®
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Table 5. Mean age-specific upper reference limits for PSA (ng/ml) in cancer-free
men

Age (vears by decade)
Face/Nationality  21-30 3140 40-49 30-59 60-69 70-79 80-89

Caucasian® 1.05 1.41 193 3.09 489 6.77

African-

American 2.5 345 8.00 10.1

Japanese 2.03 346 4.63 3.66 .90
Chinese 1.20 1.21 123 235 3.20 3.39

Hispanic 2.1 43 6.0 6.6

* Caucausian population was virtually cancer free

Reprinted from Lubold HJ, Schindler JF, Rubben J Age-specific reference ranges for
prostate-specific antigen as a marvker for prostate cancer. EAU-EBU Update Series. 2007,
3 38-48.

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.>® 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™ 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.®°

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.%* 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.®
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In 2010, The Cochrane Library updated their 2006 review of PC screening.®® 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.®* Of the five studies, two were graded
with a low risk of bias, the ERSPC and the PLCO trials.®® 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.®® 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
CARP 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.”™ 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.®* ® ® 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.®’ The
Japanese Urological Association changed its position of ‘no recommendation for routine

PSA testing’ to ‘recommended’ for all men.% ®°

17



sreak QT 3E

(eap

6
“0TET1:09€:600T

sdnois Apnis €1°1 -onex 10 sisouSerp SJUEISISSE PR [ BUuT N
u2amiaq a1e1 (dnois IIDUED) JU43 uensAyd Tem Sutuaards
ApuesgusSts oquod) £ 1 a3 103 ysu 10 sasmu 13douEd-31eIsoxd
1333 LUpPIp (dnois 1e s1Ea2A-uosiad Ppagrenb, PaZIuopuEl
PUE moO[ Suruaaios) o1 pouad ‘suensAyd w0y symsaz
Araa sem D 0T awm uAlE Aq pa31onpuod AemoIN TE 19
wo PEIp  sIeaA -uosiad B wIsjuaal TIa ‘@ EWD SS sAng
Jo=exayy 000°0T Joqumu Dd 103 + = Taa ‘ps€ T QqruD
‘dn moqozyo wdiyiesp Jo onex s1e3k 6C-CC wiugt< 390 PUE 1531 ¥Sd @ pIoIMEID
s1eaKQ1-L IV Jo 2ousprou salEIIURAS paSe uajy wmaes wsd 9 CwWsd SN ‘IPuRcumyy Ela SuuaaIng 021d 1D I[oupuy
(060 RAEL
-9L°0°ID %<6 Asdoiq
78°0) Od juepenD
UEY] [EAIAS PpazZiuopuex
E12A0 3O ‘TurSu
SU P3sE3IIIP 0l < ¥VSd3Il
L5 s1 40N sSNdL
P21EDOSSE jeadax
sEa Tu/Su
Sutuaaidg < VSd3il e
saisdoiq
uonemdod papms
amus2 03 -sSNEL
paredwoose JuamIapun
(Arpanoadsaz ‘snaL ITHI9T°18T
€0'1-T6°0 0/ puE 26007 1IN [
1D %<6:860 eudsoy TIq uo -Apras Sutuaaids
PUE O+ [-€8°0 yinog sSurpuy 120uED 21831s01d
[BalamS  ID%S6:01°T wWoyR{20lg  [EUUOUqE pasequonemdod
MEI2A0 YY) [EAIAMS Jo EaIE Il e €30 dn
uo JPau3qE MEI2AOD JURLLUYDIIED Vsd Suruaaros MOOF IBIA-CT
pEY Surusazos 10 Dgwony [EAIAS s wm PUE SNYL ousa (SNYL ‘Q UOSSIEISTID
mqigauaq e3P JO SU MEI12A0 T ‘s1ieak gL pue ‘I Pes ‘FIA Vs reundsoy SN woquIol in
Sutuaazds yo uo Suruaards Aqeuow uorssaiSar CC U2amlaq UONEUNUEXS s1Eak uspamg Sutusazos ynog Sumuuopn (0 2DV
20uUapIAR ON JO193332 ON IEAP D4 T uosstog paSe sa[e]N istiesg <1 “WoYy{2 015 swm-|  wioyy201g Sy ueuppa 51
8 11E6€
00T "23EISOIg
‘[ pa[onuod
PaZIuUopuEl
uonemdod aanodadsoxd
PaURAS E W 22qand) 8861 23
Anqeuow Dg 3o dn-mofqoy 1Ea4
JO3sE3103P -11 -AqEuow
33 pAUNUE XS pausaIas 130uEd 31EIs01d
1EY] SapIs jou sa dnois EpPEUE) sasea1d3p
UEIURUUY paua3Ids ‘A1) daqend) JUSTA Sumuaaios Sutuaaidg
YUON w Aqepow ursIesk ISTIE TIA ou 03 (JsTA e 12 o 12SuERg
1230 irn  ogads-asned Aqeuowt [epowpIezey 08-S+ paSe i jzo 11 T9A “If Zawon
JUI]SISUOD 3O uononpal sgwads reuonzodoxd SI2104A [EWX N2 se uSu ep EUE ) (ANsI2 ATum) PuUE vsd) fquesn) g
21 symsaz %T -3snED X0D) pa13isEar 0€ “vSd 11 I2jusd-3Ewg Surusarng 23Qand) SEPUE) :J SUqE
SuoISNIU0) simsay syurodpuzx sIsA[euy syjuedonaeg sapaadoag (saeax) Sumag saojeaedmo) ameN uonedTqng
Apmig [e2nsneElg Suruaaadg smrp eHL
dn
-moqog

"WSd 40J BuIusalds paulliexs 1eyl s1 Oy Jo Adewwns ‘9 ajgqel

18



ONEI3]EI 20UIPIOW " Y PUNOSENM [EIDISUED "SNP 130ued ajesord D4 (1521 Sutusards uaSnue oynads a1eisord -ygd SWEX? [B1031 RIS “TYA

19

Suruaa1ds

101 +¥°0 (uoneiques

PUE [oQjU0D KessE)

o} paredwod uSugyg

Suruaards w 1330 MO COOT

9<°0sEM D §33s DASIT

wioy IEIp PIpuUsnE IS0 L

JO onerajer sSurtuaazos JUSISISUOD

2%0+°0 3o (qu/Su
sweiSoxd semsiead  uwompodoxd ¢ 7 [eunuou) “TE-STLITT010T
Suruaazos +131E Dd ‘3ouspw nu/Su T09UQ 122UET
I30UED WO PIEIP JO od 6T SEM ‘Tem Surtuaa1ds
IS0 0]  UWORONPAI YSU  SAREMIUTD PIoysany 120uE>-33EIs0Id
arqereduwod 2 AgEMUWMD z 661 paseq-uonemdod
st D4 amjosqe Aeuow 8661 PasMUOPUET
103 Sutuaa1dg (dnois od PUE C661 Sutuaads S10q3j0n
ysSy oQuod)  sanEMIUMD oner u2amiaq ou 10 sy wony
sem ssouSerp 2578 ‘(dnois ut 211 AQrEUOW uapamg wSu g 3o Suruaaids ou SIMsa1 AJMEUOIA]
-1340 Surusazos uononpal 103 uorssarsax ‘S10Q210D  2N[EA 103102 sa(punosenm TE 12 5% MUEIBL]
nq /T~ 4q Yool T D e TOSSIOS 30 SJuBpIsar OHM) [FReruer) 2ds¥d S qEpSRg D
PIONpPAIsEM  13DWRPDUW D FANE[RIPUE ‘[Ealams 103 ‘s1E3k $9-0¢ wsu + ¢ uapamg ‘TIA “VSd) Jo =) ST 1§ UOSSHED
Sumuaards Dg 2ANEMWM)) 2IN[OSQE 1]  UOISSAISAI X0 paSeuajy  33oInd vsd 0z ‘I2juRd-3Ewmg Suuaards S10g310D if wossoSny
6ECTIP-TVE
8¢ 1 Aprus 1107 NG dn
sfonuod 3o EelsiE 35E -MO[[0F T34 Q7
pue dnois 103 Sunsnlpe Ayeuowt rem Sumusais
Sutuasrds ¢z 1 (Ddwomy sgwads 9661 PUE 120uED 21E1s01d
u2amiaq pesp) dnois -21€3501d uspamg €661 W ¥Sd PasTUOpuUEy]
ApuesgrusSts pau2212s 03 jusunean “Surdoxron JOouonuppe d UOSSHED 0
1233ipiou  dnois joguod PUE 2pEIS 30 A1 PUE I /A uEWgoT i [Psoy
PP Dd woxny Suueduwod ‘agels [EAlAIDS 2 W 59-0¢C 180t < uspamg s1eak ¢ A124a3 I ISIOYUSIE N
@EIP JO Y piezey 10U ogwads -Dg paSeuajy  33oInd VWS4 +1 ‘I33UR00 MmN Suruasis g Swurdoxuopn D WOIqPUES

e Su

00130330

N2 VS pes

13s B1EP [EULQ

W papnpur

s1eak /9 aram
-€¢< ‘puEIL ‘P66T-1661 8
weE3p Dd s1EaL 69-¢¢ oy BIEP -0TET1:09€°600T
OI+'T SNN suojuaaaxd PUEHSZILAG wmiSEg PAA [ Bug N
waw Q0’1 0] U2212s s1Eak wsu g+ -Aprys ueadomyg
radypesp 1.0 01papaau [-¢curedg (33oImd wsd PazZnuopuEl
J20U1333P U ‘SPUEHSIIRN  SPUEHIISN € w Aqeuow
sisouSep NSU2IN[OSqQE Jo I3quumu ‘Arelr “Arelr Sutuaazos 120UEI-21EIs0Id
I2A0 M 080 (SNN) UoOnEZIUOPUED ‘wmiSeg ‘puEIL ou 10 pue Surusaing
paiewosse  :dnois jonuod u23I2S 1E SIE3A ¢ ‘umiBeg Suruaards ou TE 12 ig ONEID
SEmINg 907 sa dnoxs olpapaau  dnois a8e ‘aus -0¢ ‘uspamg (s123u20 sa(punosenm ‘1] E[FUnUE]
£q pqwoyg Surueards raquumy :7 Aqpagnens Anus Apnysie Isow) [EI3ISUED N 10qooy
2JEIPEP W IEp Aeowx uorssaiga SIBRA 69-CC wsSug ¢ adomyg ‘TIA VSd) if uossoSnyg
pP3dnpar vsd JO OREISIEI MEeI2a0 1] uosstog paSeualy  33oInd vWsd 6 ‘IUROOMIA Sutuaards PELT: f SHI 1I3poIyag
SUOISN[IU0)) symsay syurodpuy SISA[eUy syjueddnaeg sapaadoag (saeax) sSumag saojeaedmo) ameN uonedrqng

Apmg [ed2nspeg Suuaaidg suny el

*(PJU0Y) VS 10} UTUIIIS PIUTWEX? Jey) SLDY Jo Arewwing 9 d[qe ],



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.”” "t 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.”* ™ 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.” 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.®® > 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’”® ’" 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.”®

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.>* 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.”®"® % Additionally, unnecessary PC treatment often carries a

psychological and financial toll for patients.”®®

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.®" 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.®> 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 50.2% 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.”
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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.’® 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 (VVOI) 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.?* %
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.”®® Patients rely greatly on psychic value and planning value
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while providers and payers place more value on medical value.®® \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.® 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.” 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
VOlI, 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.®® 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.®

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.’
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.® 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.*

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.* 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(EyNB) of a therapy (tx)) with uncertain parameters, 0, is the expected health
outcomes multiplied by the willingness-to-pay threshold, A, minus the costs associated

with the therapy. %

Equation 1. EgNB(tx,0) = A+ EqO(tx,0) — Co(tx,0)
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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 ®. 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 (EVI) from research on a per person basis can be described by the

generalized equation below.**

Equation 2. EVI = E;ymaxEe;NB[6,tx] — max,EqNB[0, tx]

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 EV1 is the discount rate to future populations of
current technology.® Discounting is vital because future cohorts may value today’s
technology less than those currently benefiting from the technology. This discount rate,
Bt, will be categorized as 0<f; < 1. The population EVI (pEVI) can be characterized by
including the durability, implementation, incidence, population, EVI, and the discount

rate.®

Equation3.
PEVI = B; x durability, x implementation; x incidence,; x population;x X
EVI

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.?" 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.® 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.

Equation 4. EVPI = (Egmax,NB [tx,0]) — (max,E¢gNB[0, tx]).

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.®” 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.”® % 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

2% Given the current

funding be best prioritized across alternative technologies
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. 8" # %% 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.® The full
modeling approach to VOI is time-consuming, complex, and often too burdensome for
practical applications.®® 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.®® 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 VVOI estimates.®® 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.®

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.® The most often reported outcome in applied VVOI 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.®®

The method of MMA has several limitations. The largest of which is the
application of MMA to VVOI 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..28 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.®®

33



Table 7. Modeling Approaches to Value of Information Calculations

Data Clinical Advantages (+) and
Approaches Definitions 2 VOI Calculations Requir t Applicati Disadvantages (-)
Full Modeling Full characterization of Simulation/bootstrapping, Data on all ® Chronic + Detailed uncertainty
the disease/treatment parametric and/or model conditions analysis and VOI
using a decision model nonparametric equation-  parameters e Complex estimates, including
or other simulation based computation, conditions calculation of EVPPI
model of relevant parametric - Complex and time-
health state consuming modeling
exercises
No modeling  Direct replication or Simulation/ Distribution of e Acute + No need for
direct calculation of bootstrapping, parametric comprehensive conditions complex and time
(incremental) effectson and/or nonparametric health e End-oflife consuming modeling
comprehensive health equation-based outcomes or treatments + Complementary to
outcomes (i.e. QALYs computation, parametric ~ QALYsand/or & Direct adaptive clinical trial
and/or net benefits) net benefits measurement design - Requires
of final health clinical trial that can
outcomes provide
comprehensive
measure of net
benefit
- No comprehensive
uncertainty analysis
and VOI estimates
(EVPPI)
Limited/ Anv modeling Simulation/bootstrapping, Intermediate ® Acute + Reduced need for
Minimal necessary (i.e. parametric and/or measures for conditions complex and time-
Modeling modeling of patient nonparametric equation-  health & End-oflife consuming modeling
survival, mapping of based computation, outcomes or treatments + Complementary to

treatment effect to
utilities or aggregate
approximation of costs)
without using a
decision model or other
simulation methods of
relevant health sates

parametric

QALYs, costs,
and/or NB,

survival data

adaptive clinical trial
design

- Requires clinical trial
that can require only
modeling of survival
or other limited
modeling to generate
comprehensive
measure of net
benefit

- No comprehensive
uncertainty analysis
and VOI estimates
(EVPPI)

VOI: Value of Information; EVPPI: Expected Value of Partial Perfect Information; NB: Net Benefit; *: All approachesseek to address specific treatment or

coverage decisions, characterize decision uncertainty, and establish VOI estimates

Reprnted from: Meltzer DO, et al. Minimal modeling approaches to value of information analysis for health research. Med Decis Making. 2011731 EI-

E2

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;*"® 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
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2010 metanalysis on PC screening will not be used due to high risk of bias.”® *® 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;
lowa; 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.'*" %

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.*® 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.'%

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.’® 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"

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.
Variable Data Set Source from SEER-Medicare
Cases Controls

Demographic Variables

Age PEDSF SUMDENOM
Race PEDSF SUMDENOM
Urban Location PEDSF SUMDENOM
SEER-Registry Area PEDSF SUMDENOM
State Buy-in PEDSF SUMDENOM

Analysis Variables

Last Observation Date

Reason for Censoring
Clinical Variables

Charlson Comorbidity Index

PSA Screening Definition

Preventive Services

Prior Primary Care Provider Relationship

DME, HHA, HOSPICE, MEDPAR, NCH,

OUTPT, PDE
PEDSF

DME, HHA, HOSPICE, MEDPAR, NCH,

OUTPT, PDE

DME, HHA, HOSPICE, MEDPAR, NCH,

OUTPT, PDE

DME, HHA, HOSPICE, MEDPAR, NCH,

OUTPT, PDE
DME, NCH

DME, HHA, HOSPICE, MEDPAR, NCH,
OUTPT, PDE

SUMDENOM

DME, HHA, HOSPICE, MEDPAR, NCH,
OUTPT, PDE

DME, HHA, HOSPICE, MEDPAR, NCH,
OUTPT, PDE

DME, HHA, HOSPICE, MEDPAR, NCH,
OUTPT, PDE

DME, NCH

DME: Durable Medical Equipment, HHA: Home Health Agency, HOSPICE: Hospice Provider, MEDPAR: Medicare Provider Analysis and Review, NCH:
National Carrier Claims, OUTPT: Qutpatient Claims, PDE: Part D Events
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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.'® Literature reviews also include race as an important variable associated

105

with diagnosis of PC.™ African-Americans tend not to seek preventive can (i.e. PSA

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

1% and have different test characteristics that may

non-African-American counter parts,
affect appropriate treatment of suspected PC.** *°” 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'®

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.'®
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

Operationalization of Covariates

Reference
Covariate Cases Controls Category
Age Age in 5§ year increments at cancer diagnosis Age was calculated by subtracting days of age 65-69
(i.e. 65-69 =2, 70-47 = 3, 75-79 = 4, 80-84 = from date of Medicare birth from last month
5, 85-89 =6, 90-94 = 7, 95+ =8) of observation of the study and dividing by 12
(converting days of age into years of age)
Age in 5 year increments at cancer diagnosis
(i.e. 65-69 =2, 70-47 =3, 75-79 =4, 80-84 =
5, 85-89 =6, 90-94 = 7, 95+ = §)
Race Defined as white = 1, black = 2, other =0 Defined as white = 1, black = 2, other = 0 White
Reason for Censoring  Defined as Censored/End of Study: 0, Lossof  Censoring variable corresponded with episode N/A
Medicare Part A and B or gained Medicare of eligibility
Part C: 1,2, Death from any cause: 4 Defined as Censored/End of Study: 0, Loss of
This variable also made up survival censoring  Medicare Part A and B or gained Medicare
variable where death = 1 and censoring = 0 Part C: 1,2, Death from any cause: 4
This variable also made up survival censoring
variable where death = 1 and censoring = 0
SEER-Registry Area  Made into a dichotomous for each SEER Made into a dichotomous for each SEER Connecticut
region: San Francisco, Connecticut, Detroit, region: San Francisco, Connecticut, Detroit,
Hawaii, lowa, New Mexico, Seattle, Utah, Hawaii, Iowa, New Mexico, Seattle, Utah,
Atlanta, San Jose, Los Angles, rural Georgia, Atlanta, San Jose, Los Angles, rural Georgia,
greater California, Kentucky, Louisiana, New  greater California, Kentucky, Louisiana, New
Jersey Jersey
State Buy-in 0-12, defined asl if any state buy-in; 0-12, defined as] if any state buy-in; 0

Urban Location

otherwise 0

Recoded into dichotomous variable:

otherwise 0

Recoded into dichotomous variable:

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. CCl is useful in
that it classifies comorbidities based on their risk of mortality.'® This variable was
defined by using the macro texts available on NCI’s website.™*° 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

HCPCS Definition ICD-9*:-* Definition
PSA G0103  Prostate Cancer Screening — V7644 Screening for malignant
screening Prostate Specific Antigen neoplasms of prostate
exam Test

*: codes included were captured if in any position on the claim
=: for PSA screening tests, ICD-9 V-code is required as an ordering diagnosis code

Use of preventive services was another key covariate in these analyses. Medicare
identifies which preventive services for which it provides coverage.** 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

"2 10 help identify billing codes, the

Reference Information: Preventive Services,
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

46



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

Preventive HCPCS Definition BETOS ICD-9*
Service
Medicare 1. G0402 1.  “Welcome to Medicare Preventive Visit’ V700
Wellness Exam 2. G0403 2. “Welcome to Medicare Preventive Visit’
3. G0404 3. “Welcome to Medicare Preventive Visit’
4. G0405 4. “Welcome to Medicare Preventive Visit’
5. G0438 5. Codes used primarily after ACA (c. 2011)
6. G0439 6.  Codes used primarily after ACA (c. 2011)
7. 99387 7. Preventive visit, age 65 and older
8. 99397 8.  Preventive visit, age 65 and older
9. 99429 9. “Unlisted Preventive Medicine Service’
Colorectal 1. GO0328, 82270, 1. ‘Fecal Occult Blood Test’ V7651
Cancer Screening G0107
2. G0104, GO106 2. Flexible sigmoidoscopy
3. GO0105, G0121, 3. Colonoscopy
0066T
4. GO0120, G0122 4. Baenema
Flu Shot 4037F, 4274F, 90470, Influenza Virus Vaccine 01G V0481
90653, 90654, 90655, C066
90656, 90657, 90658,
90659, 90660, 90661,
90662, 90663, 90664,
90666, 90667, 90668,
90672, 90685, 90686,
90687, 90688, G8482,
G8636, G8639, G9141,
G9142, Q0034, Q2034,
Q2035, Q2036, Q2037,
Q2038, Q2039
G0008 Administration
Pneumonia Shot 1. 90670 1. ‘Pneumonoccocal Conjugate Virus’ V0382
2. 90732 2. ‘Pneumonoccal Polysaccharide Vaccine’ C066
3. G0009 3. Administration

* codes included were captured if in any position on the claim

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

Claim file variable
HCFASPEC Definition

Primary Care 1 01 1.  General Practice
Provider 2. 08 2. Family Practice
3. 11 3. Internal Medicine
4 38 4. Geriatric Medicine
5 84 5.  Preventive Medicine

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 (X?) 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.

Men with Prostate Cancer Men without Prostate Cancer
(Cases) (Controls)

v v

Applying Universal Criteria

1 Rnown digrosts date Applying Eligibility Criteria
’ S0 1. Enrolled in Medicare Parts A &B but
3. At least one episode of PC tinC
4. Enrolled in Medicare Parts A & B notin
but not C
I Exclude Men Younger than 65 Years of Age |
v v
| Exclude Men with End Stage Renal Disease |
v v
Exclude Men without Prostate Cancer without an Assigned Index Date
v v
Matched Prostate Cancer Cases to No Prostate Cancer Controls
*  5-Year Age Group * Use of Preventive Services*
*  Race *  State Buy-in
e  Registry

* The preventive services variable is defined as having at least one of the following procedures in the
year prior to cancer diagnosis for cases and index date for controls, vaccination for influenza,
vaccination for pneumonia, colorectal cancer screening ( at least one of fecal occult blood test, flexible
sigmoidoscopy, barium enema, or colonoscopy, or a billing code for colorectal cancer screening), or a
Medicare wellness exam.

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.* The generic equation that encompasses the Cox assumptions is written as
the following equation:

Equation 5. hi (t) = Aot * exp(ﬁlxil + -+ [i’lkxik)

Equation 5 generally defines the hazard for the ith individual at time t as the product of
an unspecified, non-negative function, A,t, and an exponentiated linear function that is a
set of fixed variables (i.e. k). The unspecified, non-negative function,A,t, 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.

; h;(t)
Equation 6. m = exp{ﬁl(xil - le) + o+ Br(xi — x]-k)

In Equation 6, the term A,t cancels out in the numerator and denominator, leaving the
constant ratio of the hazards.**® 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, lowa 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,'* 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.'** 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.*? 1> Some researchers define the initial and terminal phase as a six
month period as opposed to a 12 month period.*® 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), ™ 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.*® '8
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™ 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'***?° 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:

2

Equation 7. @ = Mean
9 "7 standard deviation?
. standard deviation?
Equation 8. f =

mean

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 A) 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.*** The WTP for
cancer screening modalities is typically $50,000. The types of cancer screening using this
WTP includes cervical cancer screening,'?? human papillomavirus screening,'?® breast
cancer,'?* skin cancer,'® colorectal cancer,'?® and prostate cancer via the PSA screening
test.*?” Among these, two studies used a $50,000 to $100,000 WTP threshold as a form of
sensitivity analysis.*?* **® 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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AS A survival

10,000 Bootstrapped replicates

Net Monetary Benefit per
replicate

P ——> Output mean

(avg) NMB .« NMB ...

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.® '° 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.*® 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,*?® 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,** ** 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 A 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.
335,242 men with Prostate 274,133 men without Prostate
Cancer Cancer
Excluded v v
1. 2674 Applying universal criteria
2. 3.013 1. Known diagnosis date Applvi liibili L.
: 4 . : - pplying eligibility criteria
3. 9 € ‘;‘ ﬁl]we atPC d1agm;sns fPC Enrolled in Medicare Parts A &B butnotin C  f==3p] Excluded 88,022
4 166 342 - east ulne epls.o € O men
= - 4. Enrolled in Medicare Parts A & B but not
172,038 .
men v
163,204 men met inclusion/exclusion 186,111 men met inclusion/exclusion
criteria criteria
Excluded 7,754 v v 3
xelueed 7, 6' Exclude men younger than 65 years of age I—) Excluded 37,259
men 07 Vv men
155,450 men met inclusion/exclusion 148,852 men met inclusion/exclusion
criteria criteria
Excluded 571 ¥ ¥
men 6' Exclude men younger than End Stage Renal Disease I—) Excluded 779 men

v

154,879 men met inclusion/exclusion
criteria

148,073 men met inclusion/exclusion
criteria

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.

SEER-Medicare Male Beneficiaries
From 2000-2007 PEDSF and

1999-2009 SUMDENOM files
Receipt of PSA Screening No Receipt of PSA Screening
Exam Exam
Diagnosed with Not Diagnosed with Diagnosed with Not Diagnosed with
Prostate Cancer Prostate Cancer Prostate Cancer Prostate Cancer
n=57,596 n= 70988 n=977283 n=76,724
Group 1 Group 2 Group 3 Group 4

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.

Group 1 Group2? Group 3 Group 4

Method (n=57.596) (n=71,349) (n=97,283) (n="76,724)

Match on:

1) Year of Last Observation
2) Month of Last Observation
3) Reason

n = 70,988 n=76,724

Dropped from cohort due to -
lack of matching index date:

Match on:

1) Year of Last Observation

2) Quarter of Last n=71,185 n=76,724
Observation

3) Reason

Dropped from cohort due to

lack of matching index date: ) 164 ) )

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.

Days from prostate cancer diagnosis Frequency Percent (l‘;:‘l::;:ll::cv; C;T;l:;itve
PSA screen is greater than 180 days from prostate cancer diagnosis 82,905 69.75 118,861 100.00
PSA screen is 91 to 180 days from prostate cancer diagnosis 8,139 6.85 35,956 30.25
PSA screen is 61 to 90 days from prostate cancer diagnosis 4,888 4.11 27,817 23.40
PSA screen is 31 to 60 days from prostate cancer diagnosis 9,109 7.66 22,929 19.29
PSA screen is 15 to 30 from prostate cancer diagnosis 7,624 6.41 13,820 11.63
PSA screen is 8 to 14 from prostate cancer diagnosis 3264 2.75 6,196 5.21
PSA screen is 1 to 7 days from prostate cancer diagnosis 2,594 2.18 2,932 247
PSA screen is 0 days from prostate cancer diagnosis 338 0.28 338 0.28

Data in table contain multiple PSA screens per person from the inclusion cohort.

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® in any position on an
administrative claim; 2) not having a PC diagnosis® 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.

# HCPCS code G0103 (Prostate cancer screening; prostate specific antigen test, total) and 1ICD-9 code
/7644 (Screening malignant neoplasm of the prostate)
®1CD-9 code 185 (malignant neoplasm of the prostate )
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Table 15. Frequency of PSA Screens in the Final Analytical Cohort.

Days from prostate cancer diagnosis Frequency Percent (lj;:gz:ll:;icv; Cl;,t::cl::tve
PSA screen is 15 to 30 from prostate cancer diagnosis 7,624 6.77 7,624 6.77
PSA screen is 31 to 60 days from prostate cancer diagnosis 9,109 8.09 16,733 14.85
PSA screen is 61 to 90 days from prostate cancer diagnosis 4,888 4.34 21,621 19.19
PSA screen is 91 to 180 days from prostate cancer diagnosis 8,139 7.22 29,760 26.41
PSA screen is greater than 180 days from prostate cancer diagnosis 82,905 73.59 112,665 100.00

Data in table contain multiple PSA screens per person from the inclusion cohort and exclude screens that occur within 14 days or less of PC diagnosis

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%); lowa, 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

No PSA Screening PSA Screening Exam
N % N %
Prostate Cancer Diagnosis <0.01
No 36,954 409 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 26,053 539
75-79 27,381 53.73 23577  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 5299 3761
Caucasian 76,546  50.6 74,738 494
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 2,382 457 2,830 543
Connecticut 4,136 36.51 7,192  63.49
Detroit 6,377 508 6,177  49.2
Greater California 19,676 56.34 15,246  43.66
Hawaii 1,560 49.43 1,596  50.57
lowa 4,767 3713 8,071  62.87
Kentucky 7,526 48 8,152 52
Los Angeles 9,299 68.79 4,219 3121
Louisiana 5,893 4241 8,001 57.59
New Jersey 14,622  58.57 10,342 4143
New Mexico 3,046  58.53 2,158  41.47
Rural Georgia 208 437 268  56.3
San Francisco 4511 7255 1,707  27.45
San Jose 2,538  63.07 1,486  36.93
Seattle 4976  46.6 5,702 534
Utah 3,089 51.24 2,939 48.76
Primary Care Provider <0.01
No Prior Relationship with a Prlr.nzilry 34306  68.51 15772 31.49
Care Physician
Prior Relationship with a Prlr_ne_lry 60300 4617 70314 53.83
Care Physician
Use gf Preventive <001
Services
No 58,534  61.04 37,368  38.96
Yes 36,072 4254 48,718  57.46

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
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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

No PSA Screening PSA Screening

N % N %
Wellness Screen = 0.01
No 92438 5302 81918 46098
Yes 2168 3422 4.168 65.78
Colorectal Cancer Screen = (.01
No 88772 5272 79608 4728
Yes 5834 47 38 6478 52.62
Influenza Vaccine = (.01
No 67859 35817 48790 4183
Yes 26,747 41.76 37.296 5824
Prneumonia Vaccine = (.01
No 92,011 52.56 83046 4744
Yes 2595 46.05 3040 53.95

Indiviudals could have any preventive service

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.
No PSA Screening PSA Screening
N ) N Yo
Tumor Grade = 0.01
Poorly or
Undifferentiated 21,706 60.00 14,473 40.00
Well or
Moderately
Differentiated 35,946 66.36 18,221 3364
Extent of Disease = 0.01
Distant 4,460 T77.27 1,312 2273
Local or
Regional 49,390 62.26 29938 37.74
In situ
Unstaged 3,772 7243 1,436 27.57
Stage = 0.01
0
1 13,070 75.33 4,281 24.67
2 19723 51.28 18,741 48.72
3 2,184 65.80 1,135 34.20
4 5516 76.06 1,736 2394
5 17,109 71.59 6,788 28.41

WNE-Due to data requirements from SEER-Medicare, numbers not shown due to low M

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% ClI: 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%Cl: 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%Cl: 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.**!
Two common methods that weight costs to address censoring include Bang and Tsiatis’
132 and Lin’s™* 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.*** This
approach is commonly described by researchers at NCI in estimating their cost
projections for various cancers.™® 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

Hazard 95% Hazard Ratio
Parameter Ratio Confidence Interval
PSA Screen No Reference
Yes 0.608% 0.596 - 0.620
Preventive Service No Reference
Yes 09257 0.887 - 0965
DPrior Relationship with
DPrimary Care Provider No Reference
Yes 1.192= 1.148 - 1238
Urban Location No Reference
Yes 0.959+ 0.930 - 0989
5-Year Age Group 65-69 Raference
T70-74 1.286* 1.230 - 1344
75-79 1.769* 1.695 - 1 845
80-85 2. 804= 2775-3018
85-90 4.691* 4492 - 4 898
90-94 7.548% 7.174-7942
o5+ 12.080% 11.113-3.132
Charlson Comorbidity Index 0 Reference
1 1631% 1.596 - 1.667
2+ 2.775% 2714 - 2 836
Race White Reference
Black 1.157= 1.122-1.193
Other 0.680% 0.655 - 0.707
State Buv In No Reference
Yes 1.587= 1.547-1.628
SEER-Registrv Area Connecticut Reference
San Francisco 0.739= 0.697 - 0.783
Detroit 0.941% 0.899 - D 986
Hawaii 1.026 0947 -1.112
Iowa 1.048 0.999 -1.099
New Mexico 0911+ 0.856-0.970
Seattle 09367 0.891-0984
Utah 0975 0.919-1.033
Atlanta 1.009 0948 - 1.075
San Jose 0.721% 0.672-0.772
Los Angeles 0.671* 0.640 - 0.704
Rural Georgia 0.996 0845-1174
Greater California 0.860% 0.826 - 0895
Kentucky 1.044 0.997 -1.0093
Louisiana 1.0637 1.015-1.113
New Jersey 0.845* 0.811 - 08B0

*:p-value< 0.001; +: pvalue=0.01;

§:p-value<0.03
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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.
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months 1- 12 after index months after Initial Phase months 1- 12 before
$7.000 - date and before Terminal Phase last observation
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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.

Phase of Care Mean Median Minimum Maximum
Entire Cohort

Initial 11.45 12.00 1.00 12.00
Continuing 59.50 58.00 1.00 108.00
Terminal 10.49 12.00 1.00 12.00
No PSA Cohort

Initial 11.26 12.00 1.00 12.00
Continuing 56.61 54.00 1.00 108.00
Terminal 10.36 12.00 1.00 12.00
PSA Cohort

Initial 11.66 12.00 1.00 12.00
Continuing 62.27 60.00 1.00 108.00
Terminal 10.81 12.00 1.00 12.00

Note: Phases of care are not mutually exclusive.

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.

Phase of Standard
Care Mean Median Minimum Maximum Deviation

Entire Cohort
Initial 59.604 $3.271 S0 $426.214 514,874
Continuing 534,387 $16.690 S0 $2.342.667 $30.639
Terminal 528,384 $18.066 S0 464,903 $35.754
PSA Cohort
Initial 58.445 $2.261 S0 $312.773 $13.748
Continuing $34.612 17,329 50 $1.570,933 549,163
Terminal $31.030 $21.594 S0 $377.888 $35.747
No PSA Cohort
Initial $10.733 $3.113 50 $426.214 $15.813
Continuing $34.360 $15.937 50 52.342.667 532,136
Terminal 527483 516,912 S0 5464903 535,713

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
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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

Phase of Care Case Control

N (%) N (%)
Entire Cohort
Initial 81.286 (48.05) 87.901 (51.95)
Continuing 71,864 (46.27) 83,449 (53.73)
Terminal 14,465 (85.54) 2.445 (14.46)

Note: Phases of care are not mutually exclusive.

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

Phase of Care Case Control

N (%) N (%)
PSA Cohort 32,6904 (37.98) 53,392 (62.02)
No PSA Cohort 57,652 (60.94) 36,954 (39.04)

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

Entire Cohort Died Censored
N (%) N (%)

Phase of Care

Initial 43.019 25.43 126,168 74.57

Continuing 35.183 22.65 120,130 77.35

Terminal 16.910 100.00 - =

Note: Phases of care are not mutually exclusive.

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

Phase of Care Died Censored

N (%) N (%)
PSA Cohort 16,151 (18.76) 69,935 (81.24)
No PSA Cohort 38.373 (40.56) 56,233 (59.44)

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.
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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,
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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

Standard
Mean Median Deviation o B

PSA Cohort

Initial Phase S8445 52,261 £13.748 5038 $£22382
Contiming Phase 334,612 $17.329 $49.163 50.50 $69. 832
Terminal Phase 531.030 521,595 535747 50.75 541,182
No PSA Cohort

Initial Phase 310,733 35,114 315,813 30.46 $23.208
Continiing Phase 534,561 $15.937 552,136 50.44 578,649
Terminal Phase 527 483 516912 535713 50.59 546407
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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

Initial phase Continuing phase Terminal phase
PSA Cohort
Maximum Value $131.634 54093 .833 $322.033
Mean Value 58,297 535,565 531,268
No PSA Cohort
Maximum Value §172.175 $530,530 $382.219
Mean Value 511,103 534,630 527 517

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 A, and sensitivity analyses A thresholds are reported for each aim.

82



Table 28. Incremental Costs and Survival Simulations Used in VOI Calculations

Incremental Costs  Incremental Life-years

from Gamma from Gamma
Maximum Vale 5543859 1.138
Mean Vale 51 880 0983
*: pstimates obtamed from mcremental calculations of the 10,000 simulated

replicates

The EVI at the base case A threshold was $518,233 (Table 29) and $515,842 and

$522,216 for A thresholds of $20,000 and $100,000, respectively.

Table 29. Expected Value of Information at Various Lambda Thresholds

}

NMEB 520,000 550,000 5100000
Maximum
Value $533.630 5565522 S618.674
Mean Value 517,788 547,289 596,458

Expected Value of
Information $515 8412 $518.233 5522216
A Willingness-to-Pay Threshold

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.

83



Table 30. Base Case Parameter Values for pEVI Calculations

Incidence of PC
per 100,000 Medicare Population  Discount Rate Durability Implementation

Race
African American 1.319 4,040,000 3% 1.0 1.0
Caucasian 892 33,532,000 3% 1.0 1.0

Age

65-74 839 17.372,000 3% 1.0 1.0
75+ 978 16,160,000 3% 1.0 1.0

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 A 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 A 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

}

Population 520,000 550,000 5100,000
Race

African American 5824M S828M 5834M
Caucasian 54 631M 54 652M 54 688M
Age

65-74 vears of age 52.255M 52.265M 52.283M
75+ vears of age 52.444M 52.455M 52.474M

Eesults shown above reflect Durability and Implementation values of 1.0
A: Willingness-to-Pay Threshold
M Millions

Table 32 shows the EVPI for the base cases analysis, a A 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

}

NMB 520,000 550,000 5100,000
Maximum Value 5634.775 5664.324 $713.631
Mean Value 518.354 547.861 $97.039

Expected Value of
Perfect Information 5616421 $616,463 5616592

Ao Willingness-to-Pay Threshold
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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.>® 14 135138 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;*>® 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.,"*® 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® 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.%" 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.** 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 pEV1 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.'%?

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.**?*" 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 RCTSs), 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. ldeally, the cohort match among all
cases and controls could be obtained with a 1:many match but overall there were more

cases than controls.
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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%.° 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;**? 1 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.*** 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.*'® 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,? 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.’® * 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
(Equation3d). 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 EV1 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.** 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. *** 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.
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