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Abstract

Background: Multiple guidelines seek to alter rates of prostate-specific antigen (PSA)-based prostate cancer screening.
The costs borne by payers associated with PSA-based screening for men of different age groups—including the costs
of screening and subsequent diagnosis, treatment, and adverse events—remain uncertain. We sought to develop a
model of PSA costs that could be used by payers and health care systems to inform cost considerations under a range
of different scenarios.

Methods: We determined the prevalence of PSA screening among men aged 50 and higher using 2013-2014 data
from a large, multispecialty group, obtained reimbursed costs associated with screening, diagnosis, and treatment from
a commercial health plan, and identified transition probabilities for biopsy, diagnosis, treatment, and complications
from the literature to generate a cost model. We estimated annual total costs for groups of men ages 50-54, 55-69,
and 70+ years, and varied annual prostate cancer screening prevalence in each group from 5 to 50% and tested
hypothetical examples of different test characteristics (e.g., true/false positive rate).

Results: Under the baseline screening patterns, costs of the PSA screening represented 10.1% of the total costs; costs
of biopsies and associated complications were 23.3% of total costs; and, although only 0.3% of all screen eligible
patients were treated, they accounted for 66.7% of total costs. For each 5-percentage point decrease in PSA screening
among men aged 70 and older for a single calendar year, total costs associated with prostate cancer screening
decreased by 13.8%. For each 5-percentage point decrease in PSA screening among men 50-54 and 55-69 years old,
costs were 2.3% and 7.3% lower respectively.

Conclusions: With constrained financial resources and with national pressure to decrease use of clinically unnecessary
PSA-based prostate cancer screening, there is an opportunity for cost savings, especially by focusing on the
downstream costs disproportionately associated with screening men 70 and older.
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Background
Increasingly, health care systems are adopting risk-based
payment strategies in which they are responsible for the
health care costs incurred by their patients [1]. In this
setting, health care systems are under pressure to
provide evidence-based and efficient care for their
beneficiaries. One area in which health systems may
better align practice with evidence-based guidelines is
cancer screening. Research suggests that many patients,

including elderly patients and those with limited life
expectancies, routinely receive cancer screening when
they are unlikely to benefit [2]. The downstream costs of
screening and subsequent treatment are substantial [3].
Recent guidelines for prostate specific antigen (PSA)-

based prostate cancer screening have called for a reduc-
tion in the number of men who receive screening. The
United States Preventive Services Task Force (USPTF)
recommends against routine screening in all men
(though draft guidelines may modify this) whereas the
American Urological Association (AUA) advises against
screening in men aged 70 or higher, except in those in
the best health after shared decision making [4–6]. Early
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evidence suggests that the rate of PSA screening has de-
creased with a corresponding decline in prostate cancer
incidence [7–9]. Nonetheless, many men aged 70 and
higher continue to receive screening [10, 11]. While
health systems may have an incentive to reduce clinically
unnecessary PSA screening among their beneficiaries,
the financial costs—from a health care system perspec-
tive—have not, to our knowledge, been quantified.
In this study, we tested how varying the rates of

PSA screening among men of different age groups
may influence associated health care expenditures. To
do so, we generated a model using data from a large
network of primary care providers in Maryland and
Washington D.C. along with insurance claim data and
estimates from the medical literature. These data were
used to calculate the costs borne by payers associated
with screening, subsequent diagnosis, treatment, and
adverse events of prostate cancer. We then used our
model to test how a number of different scenarios
may impact costs including changing the prevalence
of PSA screening among men in different age groups,
increasing the proportion of men with low risk dis-
ease who undergo active surveillance, and changing
the positive and negative predictive value of the
screening test itself. By altering the rates of PSA
screening or unit costs, our model is adaptable to dif-
ferent healthcare systems and with institution specific
data, could be used to make cost conscientious deci-
sions for system, provider, and patient interventions
that seek to alter current patterns of PSA screening.

Methods
We conducted a retrospective study to create a model of
prostate cancer screening costs using data on (1) the
prevalence of prostate cancer screening; (2) the reim-
bursed costs using procedure and complication reim-
bursement claims; and (3) the probabilities of screened
patients developing and being treated for prostate cancer,
and experiencing adverse events.

Prostate cancer screening
We determined the annual prevalence of PSA screening
among men aged 50 and higher who received primary
care from a large, multispecialty group of ambulatory
practices from April 1, 2013 to March 31, 2014 using
electronic medical record data. Men with a known his-
tory of prostate cancer based on Internal Classification
of Diseases (ICD)-9 code were excluded. The multispeci-
alty group encompasses urban, suburban, and rural set-
tings from an academic healthcare network in Maryland
and Washington DC with over 39 clinic locations and
240,000 patients seen in the past year.

Identification of procedure and complication costs
We estimated costs associated with screening and subse-
quent diagnosis, treatment, and complications using
reimbursement claims data from a large, self-insured
health plan in the mid-Atlantic region. Events of PSA
screening, prostate biopsy, and treatment (radical prosta-
tectomy and radiation) were identified by Current
Procedural Terminology (CPT) codes (Additional file 1)
in the claims database. The cost associated with each
claim was the payment from the insurance carrier to
the healthcare provider and does not include patients’
out-of-pocket, co-pay and secondary insurance pay-
ments. Data from 2004-2013 was employed to ensure
enough patients for stable cost estimates; the time
period ended in 2013 based on data availability at the
time of analysis.
We estimated the costs and rate of short-term com-

plications resulting from prostate biopsy, radical pros-
tatectomy, and prostate-targeted radiation therapy by
identifying patients who utilized healthcare resources
within 30 days (biopsy, radiation) or 90 days (prosta-
tectomy) of the procedure and had ICD-9 diagnosis
codes consistent with a complication for the proced-
ure of interest (Additional file 2). The rates of com-
plication were calculated by dividing the number of
patients with a complication by the number of
patients who had the procedure. To make our costs
of complications less sensitive to outliers, we removed
5 patients whose costs were greater than 2 standard
deviations from the mean. After outliers were re-
moved, the average cost of treatment for complica-
tions from prostate biopsy, and prostate targeted
radiation therapies from 2004-2013 was determined
and inflated to 2013 dollars.

Transition probabilities from prostate cancer screening to
diagnosis and treatment
A node diagram (Fig. 1) was created to model a
patient’s experience beginning with prostate cancer
screening through treatment. For node 1, PSA screen-
ing practice data from patients treated by the multi-
specialty group on April 1, 2013 to March 31, 2014
was used to model screening prevalence. At each
node, literature probabilities were used to determine
the proportion of patients, by age group, who moved
forward to the next node. The specific nodes that
were modeled included the proportion of men who
had a PSA greater than 4 ng/dl (node 2) [12], propor-
tion of men who had a biopsy (node 3) [13], propor-
tion of men who had a positive biopsy (node 4) [13],
proportion of men classified by prostate cancer risk (node
5) [14], and proportion of men classified by treatment re-
ceived (node 6) [14].
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Table 1 Patient Stratification by Prostate Cancer Risk and Treatment Modality with Treatment and Complication Costs for Radical
Prostatectomy and Radiotherapy

Active
Surveillance

Radical
Prostatectomy

Radiotherapy Cryotherapy Primary Androgen
Deprivation Therapy

%

Low 9.2% 56.8% 23.3% 3.1% 7.6%

Intermediate 4.8% 52.9% 25.8% 4.5% 11.9%

High 3.2% 32.2% 25.6% 6.1% 32.8%

Unknown 9.9% 42.2% 26.3% 2.6% 18.9%

N

Low 5 28 11 2 4

Intermediate 2 26 13 2 6

High 1 6 5 1 7

Unknown 2 7 4 0 3

Total 10 67 33 5 20

Total cost by treatment as a percentage of total cost of screening
and treatment

31.3% 32.0%

Complication rate 17.0% 1.6%

Total complication cost by treatment as a percentage of total cost
of screening and treatment

10.4% 0.11%

Total treatment cost as a percentage of total screening and
treatment cost

66.6%

Source of cost estimate is insurance claim data from a commercial health plan in the mid-Atlantic
Active surveillance, cryotherapy, and primary androgen deprivation therapy are not included in total cost amount as they are not primary modalities of active
therapy, which we focused our analysis on

Fig. 1 Node diagram of prostate cancer screening, diagnosis, and treatment pathway indicating the percentage of screen eligible patients who
move through each node. a PSA screening practice data from a large, multispecialty group from April 1, 2013 to March 31, 2014 was used to
model screening prevalence for age groups 50-54, 55-69, and 70+ years. b D’Amico low risk: PSA less than or equal to 10, a Gleason score less
than or equal to 6, or are in clinical stage T1-2a. c. D’Amico intermediate risk: PSA between 10 and 20, a Gleason score of 7, or are in clinical stage
T2b. d. D’Amico high risk: PSA more than 20, a Gleason score equal or larger than 8, or are in clinical stage T2c-3a. Note: Prostate Specific Antigen
(PSA), Prostate Cancer (PC), Hormone Therapy (HT)
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Statistical analysis
For men who underwent screening during the 12-month
period, we calculated the number of men who would be
expected to progress through each node of the diagram.
For each node, the per patient costs were multiplied by
the total number of patients to determine the final costs
of prostate cancer screening and treatment in the
current scenario. We report the costs of the different
lines of service/nodes as percentages of the total costs.
To understand the cost impact of changes in the

prevalence of PSA-based prostate cancer screening, we
developed scenarios in which we changed the screening
prevalence during the 12 months among men of differ-
ent age groups. In particular, we assessed PSA screening
prevalences ranging between 5-50% in each age group
(50-54, 55-69, 70+ years). We next sought to evaluate
the impact of changing current patterns of treatment.
With studies suggesting that older men with low risk
disease frequently do well without active treatment [15],
we modeled the cost implications of having more men
70+ with low risk disease (defined as PSA less than or
equal to 10, a Gleason score less than or equal to 6, or
are in clinical stage T1-2a by D’Amico criteria [16] and
as modeled in node 5) move from radical prostatectomy
to active surveillance.
Finally, new tools for prostate cancer screening are on

the horizon which have the potential to (a) reduce the
number of men without prostate cancer who undergo
prostate biopsies (e.g., reduce the false positive rate of
the screening test) and (b) increase the number of men
with prostate cancer who screen positive (e.g., increase
the true positive rate of the screening test). We modeled
the potential cost implications of each scenario using a
10% reduction in the false positive rate and a 10%
increase in the true positive rate as estimates of what a
novel test may achieve. To estimate the total number of
patients with prostate cancer for this analysis, we used
literature estimates to determine the percentage of PSA
screen positive patients with prostate cancer that may be
missed by biopsy and also the percentage of patients
with a negative PSA screen that may have prostate can-
cer. We assume that first biopsy misses 25% of positive
prostate cancers [17] and that 15.2% of men with a nega-
tive PSA screen have prostate cancer [18].

Results
We identified 34,817 men treated by the multispecialty
group who were eligible for PSA-based prostate cancer
screening; approximately 18% were ages 50-54, 52% were
ages 55-69, and 30% were ages 70 and older. Of these,
8,213 (23.6%) were screened. The prevalence of screen-
ing varied by age group with men between the ages of
55-69 being the most likely to be screened (28.5%). In

comparison, 17.8% of men ages 50-54 and 18.4% ages 70
and older were screened.
Based on current patterns of screening, we estimated

that the costs of the PSA screening represented 10.1% of
the total costs of screening, diagnosis, treatment, and
complications for eligible patients. The costs of biopsies
and associated complications were 23.3% of the total
costs whereas the cost of treatment and associated com-
plications were 66.6% of the total costs (Table 1). Al-
though only 0.3% of all screen eligible patients were
treated, they accounted for two thirds of all costs in the
screening, diagnosis, treatment, and associated compli-
cations pathway. Complications from radical prostatec-
tomy accounted for 10.4% of the treatment costs,
whereas radiotherapy complications accounted for 0.1%
and biopsy complications accounted for 5.4% of treat-
ment costs. In the Additional file 3, we present the
model we generated for the above analysis, which other
health systems can use to estimate and partition costs.
The following parameters can be modified: population
size, screening rate among men of different age groups,
and costs of treatment and associated complications.
In Fig. 2, we show how different screening prevalences

among men from different age groups influence costs.
Increasing the prevalence of screening from the ob-
served baseline in the multispecialty group (where the
baseline prevalence is represented by the point each line
intersects with the x-axis) is associated with increased
costs from the current scenario. As the groups increased
in age, there was a greater effect on overall cost from
varying screening rate with the highest costs associated
with changing screening amongst the oldest men. For
each 5-percentage point increase in PSA screening
among men 70 years and older, the total costs to the
health care system increased by 13.8%. A 5-percentage
point increase in PSA screening among men age 50-54
and 55-69 resulted in a smaller increase in total costs: 2.
3% and 7.3% increase in total costs from the current
scenario, respectively.
In assessing the cost impact of men age 70 and older

with low risk prostate cancer choosing active surveil-
lance instead of radical prostatectomy, we used $3,782
[19] as the cost of active surveillance over a 1-year time
frame in contrast to the 30 day-time frame (radiation)
and 90-day time frame (prostatectomy) used to
determine the costs of active treatment. In our initial
scenario, only 7.7% of the 26 men over 70 diagnosed
with low risk disease were estimated to receive active
surveillance. For every 10-percentage point increase in
the proportion of low risk men 70+ who elect active
surveillance, there would be a resulting 2.1% reduction
in costs treating men in this age group and a more
modest 1.1% reduction in total costs compared to the
current scenario.
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To determine the cost implications of a reduction in
the false positive rate for a new theoretical prostate can-
cer screening test, we used a false positive proportion of
42.1% for PSA screening (assuming a cutoff of 4 ng/ml
is used to determine patients who receive biopsy) [20].
For a 10-percentage point reduction in the false positive
proportion, we would expect savings that equate to 14.
7% of the overall cost of biopsies and 3.4% of overall
screening, diagnosis, treatment and associated complica-
tion costs of the population under study, which would
be realized by preventing unnecessary diagnostic biop-
sies and subsequent treatment and complications. These
estimates do not include the potential costs of the new
screening test and assume the number of true men iden-
tified with prostate cancer remain unchanged, irrespect-
ive of the screening tool that is used. Conversely,
increasing the true positive rate of the screening test
would lead to additional costs to the health system. We
estimated that the true positive rate for PSA screening is
28% (e.g., 28% of men with prostate cancer are identified
by a PSA cutoff of 4 ng/ml). For a 10-percentage point
increase in the PSA screen true positive rate for the
study sample, we can expect the cost increase to equate
to 35.4% of the overall cost of treatment and 23.6% of
the overall cost of screening and treatment compared to
the current scenario.

Discussion
Screening, diagnosis, treatment and associated complica-
tion costs from the payer perspective among men 70 years
old or older—the group least likely to benefit from the
practice [4]—amounted to nearly two thirds of the overall
cost. Notably, men in this age group make up less than
one third of the patient population in the multispecialty
group. Correspondingly, a decrease in screening rate by 5

percentage points in men 70 years and older would result
in the largest percent decrease in cost when compared to
other age groups. Given that a significant proportion of
men in this age group who are screened and are diagnosed
with low risk prostate cancer will receive aggressive ther-
apy with questionable benefit, there may be an opportun-
ity to be more selective in patients that receive screening
and aggressive treatment [4, 21].
In light of revised national guidelines from the United

States Preventive Services Task Force and the American
Urological Association combined with the move towards
risk-based payment strategies nationally [22–24], health
systems and payers are incentivized to align practice
with evidence based guidelines. Inputs from our
model—including the age distribution of the population,
rates of screening, and unit costs—may be easily adapted
to be employed by other health care systems.
The increased overall cost to screen and treat men

aged 70 years and older are driven by higher incidence
of cancer in this population among men who are
screened [12]. Ma et al. also found that screening and bi-
opsy for older age groups, particularly the 75-99-year-
old age group, in the Medicare population resulted in
higher costs, but were not able to assess the cost impli-
cations of treatment across age groups [25]. Additionally,
the complication rates for biopsy and prostate cancer
treatments are substantial, and although the rates of
complication are not well characterized by age group, it
is reasonable to expect that they may be higher in older
populations given higher rates of complicating comor-
bidities [26, 27], which could be an additional cost driver
for this age group.
Ninety percent of costs were attributable to post-

screening diagnosis and treatment. With new tests on
the horizon that may reduce false positive screens and

Fig. 2 Change in the percentage of total costs of prostate cancer screening, diagnosis, treatment, and associated complications as a function of
PSA screening prevalence among eligible men. Observed screening prevalence at the multispecialty group is represented by the point each line
intersects with the x-axis
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increase true positive screens specifically for lethal pros-
tate cancer, we explored their theoretical post screening
financial impact. Reducing the false positive proportion
of the PSA screen would result in modest savings on
clinically unnecessary biopsies, but perhaps more im-
portantly, allow patients to avoid the anxiety from falsely
positive results and risk of undergoing procedures. In-
creasing the true positive proportion of screening tests
may increase costs as more patients would move into
the treatment pathway for the prostate cancer diagnosis.
A number of nomograms, molecular biomarkers, and
genetic markers currently under study may prevent the
need for clinically unnecessary biopsies and treatments
as well as better identify which patients would be most
likely to benefit from active treatment and which pa-
tients would benefit from active surveillance [28–31].
The development and implementation of screening tests
that are able to identify potentially lethal prostate cancer
will be important in allowing us to more optimally allo-
cate resources in constrained healthcare systems.
This study was designed to determine the costs associ-

ated with PSA-based prostate cancer screening in a pri-
mary care practice group associated with a large health
system in the United States. However, the model we devel-
oped is flexible and can use inputs (age distribution of the
screen-eligible population, the prevalence of screening,
and screening, diagnosis, treatment and associated
complications costs) tailored to other health care systems
(see online Additional file 3). So while the costs of chan-
ging PSA screening practices are specific to our popula-
tion, our approach and model may be more broadly
applied when making decisions regarding the appropriate
use of resources. With rising healthcare costs, this tool
may provide the potential to use cost data as one piece of
evaluating the value of PSA screening and downstream
treatments as part of healthcare system clinical practice
guidelines. In line with this trend, national clinical organi-
zations such as the American Society of Clinical Oncolo-
gists and the American Heart Association have begun to
use cost data as one part of evaluating the value of treat-
ments [32, 33].
This study has several possible limitations that warrant

discussion. First, our costs reflect reimbursement costs,
and while they are an accurate reflection of costs from
the payer perspective, they do not take into account
other direct and indirect costs that influence total
healthcare costs. These other costs include patient out-
of-pocket costs, time off from work, and travel costs.
Nonetheless, focusing on the payer perspective is
important because it may impact how they consider
different financial opportunities for interventions.
Additionally, we recognize that there are many aspects
to the costs associated with evaluating patients with an
elevated PSA and treating patients with diagnosed

cancer that are joint and may include fixed facility fees,
salaried staff costs, and the like. We were unable to ac-
curately assess these joint costs and have not included
them in our estimates. In future study, we aim to include
both a direct assessment of our own systems costs with
screening, diagnosis, and treatment and also evaluation
of joint costs. Second, we included costs associated with
active treatment for prostate cancer, specifically radi-
ation therapy and radical prostatectomy; in our main
scenario, we did not include costs of active surveillance,
cryotherapy, or hormone therapy in this analysis due to
insufficient claims data to obtain precise cost estimates.
With nearly three quarters of patients receiving radiation
and/or radical prostatectomy, it is unlikely that exclud-
ing these treatments would significantly impact cost
projections. Third, the cost of complications was limited
to those that occurred shortly after treatment and did
not include costs of follow-up visits outside this time
frame and intermediate and long-term complications
(e.g., erectile dysfunction and urinary incontinence).
Given that surgical therapies have higher upfront
complications and radiotherapy higher delayed com-
plications, our 90- and 30-day complication windows
for surgery and radiotherapy respectively likely under
reports overall costs for radiotherapy. Fourth, the
2013-2014 prevalence of PSA screening in screen-
eligible men seeking primary care at the physician
group were lower than national averages and the rate
of PSA screening has changed in recent years follow-
ing new guidelines [8, 9]. Our model is adaptable to
other health care settings and inputs can be adjusted
based on institution specific data [34]. In addition, we
do not have data on whether men in the sample had
been previously screened for prostate cancer, which
may impact their likelihood of having a positive/nega-
tive test and interval of next screen. Expanding our
timeline of analysis may have accounted for these var-
iations in screening but we did not have available
data to do so. We also lack data to accurately assess
transition probabilities of our sample by racial group
and co-morbidity but in future studies hope to
include sensitivity analysis across racial groups and
different co-morbidity groups [35]. Fifth, in the ana-
lysis in which we varied the accuracy of theoretical
new prostate cancer screening tests, we did not know
the number of patients with true prostate cancer and
thus used literature estimates to determine the num-
ber of patients undergoing a PSA screen (positive or
negative) with true prostate cancer. Though we chan-
ged the sensitivity and specificity of theoretical tests,
we did not test scenarios in which new tests preferen-
tially identified potentially lethal prostate cancer
which may improve the value of screening and subse-
quent treatment. Lastly, it should be noted that the
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decision to screen and treat a man for prostate can-
cer, particularly a man aged 70 years or older, is an
individual patient- and provider-level decision and
that the assertions from our study cannot be blindly
applied without thorough decision-making conversa-
tions regarding the pros and cons of PSA screening.

Conclusions
In a healthcare system with constrained financial
resources and national pressure to decrease the rate of
PSA screening, there is an opportunity for cost savings
by more appropriately identifying patients that will most
benefit. To move towards this opportunity, we highlight
the importance that targeting men of different age
ranges can have on overall costs, in particular by focus-
ing on the downstream costs of potential diagnosis,
complications and procedures that may be dispropor-
tionately associated with screening older patients.

Additional files

Additional file 1: Cost model used for our calculations and a
generalizable model for other healthcare systems. (XLSX 16 kb)

Additional file 2: Appendix - ICD codes used in cost model as
described in methods. (PDF 464 kb)

Additional file 3: Appendix – Description of source data from literature
sources used in Node Diagram as part of cost model. (PDF 14 kb)

Abbreviations
AUA: American Urological Association; CPT: Current Procedural Terminology;
ICD: Internal Classification of Diseases; PSA: Prostate specific antigen;
USPTF: United States Preventative Task Force

Acknowledgments
We thank the members of the Optimizing Cancer Screening in Hopkins
Covered Lives Working Group.

Funding
Dr. Rao’s effort was supported by the Johns Hopkins Dean’s Research
Fellowship. Dr. Pollack’s salary is supported by the National Cancer Institute
and Office of Behavioral and Social Sciences (K07 CA151910). Cancer Center
Support Grant (P30 CA006973, Nelson WG). Pilot funding was from the Johns
Hopkins Individualized Health Initiative (Platz EA).

Availability of data and materials
All data and materials can be obtained by contacting the corresponding
author.

Authors’ contributions
HBC, KR, EAP, CEP, and NB conceived of and designed the study. SL, MC, KM,
NB, MCA, and KR acquired the data. KR, SL, MC, CEJ, KM, NB, WGN, HBC,
MCA, EAP, and CEP were involved in analysis and interpretation of data. KR
drafted the initial manuscript. KR, SL, MC, CEJ, KM, NB, WGN, HBC, MCA, EAP,
and CEP critically revised the manuscript draft. All authors have read and
approved the final manuscript.

Ethics approval and consent to participate
The present study was approved by the Johns Hopkins Medicine Institutional
Review Board on September 2, 2015.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Johns Hopkins University School of Medicine, Baltimore, MD, USA. 2Financial
Analysis Unit, Johns Hopkins Health System, Baltimore, MD, USA.
3Department of Epidemiology, Johns Hopkins Bloomberg School of Public
Health, Baltimore, MD, USA. 4Sidney Kimmel Comprehensive Cancer Center
at Johns Hopkins, Baltimore, MD, USA. 5Johns Hopkins Health Care, Glen
Burnie, Baltimore, MD, USA. 6Department of Urology and the James
Buchanan Brady Urological Institute, Johns Hopkins University School of
Medicine, Baltimore, MD, USA. 7Department of Environmental Health
Sciences, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD,
USA. 8Johns Hopkins Community Physicians, Johns Hopkins Medical
Institutions, Baltimore, MD, USA. 9Department of Medicine, Johns Hopkins
University School of Medicine, 2024 E. Monument Street, Suite 2-519,
Baltimore, MD 21287, USA.

Received: 29 March 2017 Accepted: 19 April 2018

References
1. The Advisory Board Company. 2013 Accountable Payment Survey.
2. Eckstrom E, Feeny DH, Walter LC, et al. Individualizing cancer screening in

older adults: a narrative review and framework for future research.
J Gen Intern Med. 2013;28:292–8.

3. Wilson LS, Tesoro R, Elkin EP, et al. Cumulative cost pattern comparison of
prostate cancer treatments. Cancer. 2007;109:518–27.

4. Moyer VA, U.S. Preventive Services Task Force. Screening for prostate cancer;
U.S. Preventive Services Task Force recommendation statement. Ann Intern
Med. 2012;157:120–34.

5. Carter HB, Albertsen PC, Barry MJ, et al. Early detection of prostate cancer:
AUA Guideline. J Urol. 2013;190:419–26.

6. Bibbins-Domingo K, Grossman DC, Curry SJ. The US Preventive Services Task
Force 2017 Draft Recommendation Statement on Screening for Prostate
Cancer. JAMA. 2017;317(19):1949–50.

7. American Cancer Society. Cancer Facts & Figures 2017. Atlanta: American
Cancer Society; 2017.

8. Jemal A, Ma J, Siegel R, et al. Prostate Cancer Incidence Rates 2 Years After
the US Preventive Services Task Force Recommendations Against Screening.
JAMA Oncology. 2016;2(12):1657.

9. Jemal A, Fedewa SA, Ma J, et al. Prostate Cancer Incidence and PSA Testing
Patterns in Relation to USPSTF Screening Recommendations. JAMA.
2015;314(19):2054–61.

10. Sammon JD, Abdollah F, Choueiri TK, et al. Prostate-Specific Antigen
Screening After 2012 US Preventive Services Task Force Recommendations.
JAMA. 2015;315(19):2077–9.

11. Drazer MW, Huo D, Eggener SE. National Prostate Cancer Screening Rates
After the 2012 US Preventive Services Task Force Recommendation
Discouraging Prostate-Specific Antigen-Based Screening. J Clin Oncol.
2015;33(22):2416–23.

12. Welch HG, Schwartz LM, Woloshin S. Prostate-specific antigen levels in the
United States: implications of various definitions for abnormal. J Natl Cancer
Inst. 2005;97:1132–7.

13. Andriole GL, Levin DL, Crawford ED, et al. Prostate cancer screening in the
prostate, lung, colorectal and ovarian (PLCO) cancer screening trial: findings
from the initial screening round of a randomized trial. J Natl Cancer Inst.
2005;97:433–8.

14. Cooperberg MR, Broering JM, Carroll PR. Time trends and local variation in
primary treatment of localized prostate cancer. J Clin Oncol. 2010;28:1117–23.

15. Tosoian JJ, Mamawala M, Epstein J, et al. Intermediate and longer-term
outcomes from a prospective active-surveillance program for favorable-risk
prostate cancer. J Clin Oncol. 2015;33:3379–85.

16. D'Amico AV, Whittington R, Malkowicz SB, et al. Biochemical outcome after
radical prostatectomy, external beam radiation therapy, or interstitial
radiation therapy for clinically localized prostate cancer. JAMA.
1998;280:969–74.

17. Shariat SF, Roehrborn CG. Using biopsy to detect prostate cancer. Rev Urol.
2008;10:262–80.

Rao et al. BMC Urology  (2018) 18:38 Page 7 of 8

https://doi.org/10.1186/s12894-018-0344-5
https://doi.org/10.1186/s12894-018-0344-5
https://doi.org/10.1186/s12894-018-0344-5


18. Thompson IM, Pauler DK, Goodman PJ, et al. Prevalence of prostate cancer
among men with a prostate-specific antigen level ≤4.0 ng per milliliter.
N Engl J Med. 2004;350:2239–46.

19. Keegan KA, Dall’Era MA, Durbin-Johnson B, et al. Active surveillance for
prostate cancer compared with immediate treatment: an economic analysis.
Cancer. 2012;118:3512–8.

20. Daneshgari F, Taylor GD, Miller GJ, et al. Computer simulation of the
probability of detecting low volume carcinoma of the prostate with six
random systematic core biopsies. Urology. 1995;45:604–9.

21. Roth JA, Gulati R, Gore JL, et al. Economic analysis of prostate-specific
antigen screening and selective treatment strategies. JAMA Oncol.
2016;2(7):890–8.

22. Emanuel E, Tanden N, Altman S, et al. A systematic approach to containing
health care spending. N Engl J Med. 2012;367:949–54.

23. Burwell SM. Setting value-based payment goals – HHS efforts to improve U.
S. health care. N Engl J Med. 2015;372:897–9.

24. Press MJ, Rajkumar R, Conway PH. Medicare’s new bundled payments:
design, strategy, and evolution. JAMA. 2016;315:131–2.

25. Ma X, Wang R, Long JB, et al. The cost implications of prostate cancer
screening in the Medicare population. Cancer. 2014;120:96–102.

26. Loeb S, Vellekoop A, Ahmed H, et al. Systematic review of complications of
prostate biopsy. Eur Urol. 2013;64:876–92.

27. Simoneau A. Treatment and disease related complications of prostate
cancer. Rev Urol. 2006;8(Suppl):56–67.

28. Gurel B, Iwata T, Koh CM, et al. Molecular alterations in prostate cancer as
diagnostic, prognostic, and therapeutic targets. Adv Anat Pathol.
2008;15:319–31.

29. Choudury AD, Eeles R, Freedland SJ, et al. The role of genetic markers in the
management of prostate cancer. Eur Urol. 2012;62:577–87.

30. Salagierski M, Schalken JA. Molecular diagnosis of prostate cancer: PCA3
and TMPRSS2:ERG gene fusion. J Urol. 2012;187:795–801.

31. Ankerst DP, Xia J, Thompson IM Jr, et al. Precision medicine in active
surveillance for prostate cancer: development of the Canary-Early Detection
Research Network Active Surveillance Biopsy Risk Calculator. Eur Urol.
2015;68(6):1083–8.

32. Anderson JL, Heidenreich PA, Barnett PG, et al. ACC/AHA statement on
cost/value methodology in clinical practice guidelines and performance
measures: a report of the American College of Cardiology/American Heart
Association Task Force on Performance Measures and Task Force on
Practice Guidelines. Circulation. 2014;129:2329–45.

33. Schnipper LE, Davidson NE, Wollins DS, et al. American Society of Clinical
Oncology Statement. A conceptual framework to assess the value of cancer
treatment options. J Clin Oncol. 2015;33:2563–77.

34. Drazer MW, Huo D, Schonberg MA, et al. Population-based patterns and
predictors of prostate-specific antigen screening among older men in the
United States. J Clin Oncol. 2011;29:1736–43.

35. Sundi D, Kryvenko ON, Carter HB, et al. Pathological examination of radical
prostatectomy specimens in men with very low risk disease at biopsy
reveals distinct zonal distribution of cancer in black American men. J Urol.
2014;191:60–7.

Rao et al. BMC Urology  (2018) 18:38 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Prostate cancer screening
	Identification of procedure and complication costs
	Transition probabilities from prostate cancer screening to diagnosis and treatment
	Statistical analysis

	Results
	Discussion
	Conclusions
	Additional files
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	Author details
	References

