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Abstract
Background: Evidence-based consensus guidelines recommend only observation for men with low-risk prostate cancer and life expectancy 
less than 10 years. This report describes the incidence, drivers, cost, and morbidity of overtreatment of low-risk prostate cancer within the 
United States. Methods: The SEER-Medicare Program was used to identify 11,744 men aged 66 years or older diagnosed with low-risk pros-
tate cancer in 2004 through 2007. Overtreatment of prostate cancer was defined as definitive treatment of a patient with a life expectancy 
of less than 10 years. Expected survival was estimated using NCCN methodology. Costs were the amount paid by Medicare in years after 
minus year before diagnosis. Toxicities were relevant Medicare diagnoses/interventions. P values are 2-sided. Results: Of 3001 men with 
low-risk prostate cancer and a life expectancy of less than 10 years, 2011 men (67%) were overtreated. On multivariable logistic regres-
sion, overtreated men were more likely to be married (odds ratio [OR], 1.29; 95% CI, 1.05–1.59; P=.02), reside in affluent regions (P<.001), 
and harbor more advanced disease at diagnosis (P<.001). Two-year toxicity was greater in overtreated patients (P<.001). Relative to active 
surveillance/watchful waiting/observation, the median additional cost per definitive treatment was $18,827 over 5 years; the cumulative 
annual cost attributable to overtreatment in the United States was $58.7 million. The ability to avoid treating the 80% of men with low-
grade disease who will never die of prostate cancer would save $1.32 billion per year nationally. Conclusions: Overtreatment of low-risk 
prostate cancer is partially driven by sociodemographic factors and occurs frequently, with marked impact on patient quality of life and 
health-related costs. (J Natl Compr Canc Netw 2015;13:61–68)
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Background
As the most common malignancy affecting American 
men,1 prostate cancer has a substantial economic im-
pact, and the cost of its management is projected to 
increase at a rate greater than that of any other can-
cer.2 Prostate cancer is often overtreated in the United 
States, as the 10-year disease-specific mortality rate for 
appropriately selected patients managed with active 
surveillance approaches 0%,3–5 and a recently published 

randomized clinical trial showed no survival benefit to 
prostatectomy versus observation in patients with low-
risk disease.6

In recommending against prostate-specific antigen 
(PSA) screening for prostate cancer, the US Preventa-
tive Services Task Force (USPSTF) described overtreat-
ment of indolent disease as a major source of unnecessary 
harm from screening.7 In addition, the NCCN Clinical 
Practice Guidelines in Oncology (NCCN Guidelines) 
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for Prostate Cancer8 recommend active surveillance 
as an appropriate option for all men with low-risk 
prostate cancer (Gleason score ≤6, pretreatment 
PSA level <10 ng/mL, and clinical stage T1–T2a), 
a group that accounts for 35% to 70% of all patients 
with prostate cancer,9,10 and state that observation 
is the only appropriate option for men with low-risk 
prostate cancer and a life expectancy of less than 10 
years. 

The purpose of this study was to define, on a large 
scale, the incidence, risk factors, economic burden, 
and morbidity related to overly aggressive treatment 
of patients with low-risk prostate cancer and a short 
life expectancy in the United States. 

Subjects/Patients and Methods

Patient Characteristics and Study Design
A population-based study was conducted of patients 
with low-risk prostate cancer identified by the SEER-
Medicare Program11 who were diagnosed between 
2004 to 2007 and who were 66 years of age or older. 
Sponsored by the NCI, SEER captures approximate-
ly 97% of incident cancers and encompasses 26% to 
28% of the US population. SEER data have been 
linked to Medicare claims with a very high success 
rate.12 Patients were considered low risk if they pos-
sessed a clinical stage T2a or lower, Gleason score 
of 6 or lower, and PSA level less than 10 ng/mL, 
as defined by NCCN.8 From the original cohort of 
139,370 men with prostate cancer, patients were ex-
cluded if they were diagnosed at autopsy (n=3626), 
lacked pathologic confirmation (n=2760), were re-
ceiving Medicare benefits because of end-stage renal 
disease/disability (n=8827), had discrepancies in the 
date of death between SEER and Medicare (n=875), 
were younger than 66 years at diagnosis (n=30,438), 
had incomplete staging information or cancer that 
was more advanced than low-risk (n=73,720), were 
not enrolled in Medicare Part A or Part B or were 
enrolled in a managed care plan from 12 months be-
fore diagnosis to 12 months after diagnosis (n=7273), 
or had an unclear treatment plan (n=107), leaving 
11,744 men in the final cohort. Patients who under-
went radical prostatectomy, external-beam radiation 
therapy, brachytherapy, or cryotherapy within 12 
months of diagnosis were considered to have under-
gone definitive treatment. Definitive treatment of a 
patient with a life expectancy less than 10 years con-

stituted overtreatment, as specified by the NCCN 
Guidelines for Prostate Cancer.8 Notably, primary 
androgen deprivation therapy was defined as use of 
hormonal therapy in the absence of definitive ther-
apy, such as external-beam radiation, brachytherapy, 
or prostatectomy. 

Determination of Expected Survival
Expected survival was estimated using data from the 
2007 Social Security Life Table, updated in 2012.13 
The expected survival of patients in the upper and 
lower quartiles of comorbidity was increased and de-
creased by 50%, respectively, an approach stipulated 
by NCCN8 and validated by population-level data.14 
Comorbidity was determined using the Elixhauser 
Index,15 as updated by Quan et al.16 

Cost and Toxicity Analysis
Cost was determined by calculating the cumulative 
amount paid by Medicare for inpatient, outpatient, 
and physician services after a diagnosis of prostate 
cancer. Each patient was used as their own control 
and the cumulative medical cost incurred during the 
12 months before the diagnosis was subtracted from 
the cumulative medical cost each year after the di-
agnosis for a total of 5 years, an approach which al-
lowed the capture of costs related to both therapy and 
complications of therapy, in consensus with several 
previous reports.17 Men undergoing primary andro-
gen deprivation therapy were excluded from the cost 
analysis. All reported costs were adjusted to 2010 dol-
lars using the 2007 Annual Report of the Boards of 
Trustees of the Federal Hospital Insurance and Federal 
Supplementary Medical Insurance Trust Fund Table 
5.B.1 HI and SMI Average Per Beneficiary Costs (HI 
Part A; SMI Part B).17 Cost was only calculated in pa-
tients for whom Medicare was the primary insurer for 
the entirety of the follow-up period.

Thirty-day postoperative complications were re-
corded in patients undergoing prostatectomy. Long-
term genitourinary and gastrointestinal complica-
tions (defined as those occurring within 2 years of 
initiation of management) were recorded. Interven-
tions were identified using either Current Procedural 
Terminology (CPT) codes or diagnosis codes from 
the International Classification of Diseases, ninth 
revision (ICD-9). 

Statistical Analysis
Continuous and categorical baseline characteristics 
for patients with a life expectancy of 10 years or more 
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versus less than 10 years were compared using the 
Wilcoxon rank sum test and Chi-square test, respec-
tively. Multivariable logistic regression was performed 
to determine factors associated with use of definitive 
therapy in patients with a life expectancy of less than 
10 years. Long-term adverse effects in patients under-
going radical prostatectomy or radiation therapy were 
compared with active surveillance/watchful waiting/
observation using the Fisher exact test. All P values 
are 2-sided, and a threshold of .05 was used to deter-
mine significance. Statistical analyses were performed 
using SAS v9.3 (SAS Institute, Cary, NC). This study 
was approved by the Dana-Farber/Harvard Cancer 
Center Institutional Review Board, and a waiver for 
informed consent was obtained. 

Results

Patient Characteristics
Baseline patient characteristics in patients with an 
expected survival of 10 years or more versus less than 
10 years are presented in Table 1. Patients with a life 
expectancy of less than 10 years were older and had 
greater comorbidity than those with a life expec-
tancy of 10 years or more. Other baseline differences 
were either small in magnitude or nonsignificant.

Factors Associated With Overtreatment
Among the 3001 patients with a life expectancy of 
less than 10 years, 2011 (67%) underwent definitive 
treatment within 12 months of diagnosis. Notably, 
of patients with an expected survival of 10 years or 
more, 72% underwent definitive treatment within 
12 months of diagnosis. On multivariable logistic 
regression analysis of men with a life expectancy of 
less than 10 years (Table 2), patients who were over-
treated were more likely to be married (odds ratio 
[OR], 1.29; 95% CI, 1.05–1.59; P=.02), reside in af-
fluent regions, and harbor more advanced disease at 
diagnosis (P<.001). 

Cost Analysis
At 5 years, the cumulative crude median cost per pa-
tient who was overtreated was $26,937, whereas the 
cumulative cost for patients who underwent active 
surveillance/watchful waiting/observation (includ-
ing the cost of definitive therapy after year one in 
patients for whom active surveillance/watchful wait-
ing/observation was discontinued) was $8110, for a 
net median difference of $18,827 per patient (Figure 
1). Newer, radiation-based therapies were the most 
costly (Table 3). Because SEER captures 26% of the 
US population, and assuming that the 38% of pa-
tients who either were enrolled in Medicare Advan-
tage, had another primary payer, or were not enrolled 

Table 1  Baseline Demographic and Clinical Characteristics*

Characteristic
Expected Survival ≥10 ya 
(N=8743)

Expected Survival <10 ya  
(N=3001) P Value

Age at diagnosis, N (%)
 66–69 y
 70–74 y
 ≥75 y

3269 (37)
3447 (39)
2027 (23)

621 (21)
728 (24)

1652 (55)

<.001

Comorbidities (Elixhauser), N (%)
 0
 1
 ≥2

4374 (50.0)
2611 (30.0)
1758 (20.0)

99 (3.3)
882 (29.0)

2020 (67.0)

<.001

Race, N (%)
 White
 Black
 Hispanic
 Asian
 Other

6971 (80.0)
758 (8.7)
505 (5.8)
284 (3.2)
225 (2.6)

2372 (79.0)
246 (8.2)
171 (5.7)
127 (4.2)
85 (2.8)

.11

Clinical stage, N (%)
 T1
 T2

7847 (90)
896 (10)

2660 (89)
341 (11)

.09

PSA, ng/mL, median (IQR) 5.5 (4.4–7.0) 5.6 (4.5–7.3) .10
Treatment, N (%) 
 AS/WW/O
 Prostatectomy
 Radiation

2418 (28.0)
1333 (15.0)
4992 (57.0)

990 (33.0)
238 (7.9)

1773 (59.0)

<.001

Abbreviations: AS, active surveillance; IQR, interquartile range; O, observation; PSA, prostate-specific antigen; WW, watchful waiting. 
aPercentages may not add up to 100% because of rounding.
*An expanded version of this table is available online, in this article, at JNCCN.org.
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Table 2   Univariable and Multivariable Logistic Regression for Overtreatmenta of  
Prostate Cancer*

Variable
Univariable OR  
(95% CI) P Value

Multivariable OR  
(95% CI) P Value

Race
 White
 Black
 Hispanic
 Asian

 
Ref
1.01 (0.75–1.36)
1.25 (0.84–1.80)
1.04 (0.70–1.55)

 
–

.96
.24
.84

 
Ref
0.92 (0.65–1.29)
1.43 (0.93–2.22)
1.05 (0.65–1.71)

 
–
.62
.11
.84

Marital status
 Unmarried
 Married

 
Ref
1.38 (1.14–1.68)

 
–

.001

 
Ref
1.29 (1.05–1.59)

 
–
.02

High school educationb 

 <75%
 75.00%–84.99%
 85.00%–89.99%
 ≥90%

 
Ref
1.12 (0.87–1.43)
1.06 (0.82–1.38)
0.95 (0.76–1.18)

 
      –

.39

.64

.95

 
Ref
1.08 (0.81–1.44)
0.93 (0.67–1.29)
0.70 (0.50–0.99)

 
–
.59
.65
.04

Median annual household incomeb

 <$35,000
 $35,000–$44,999
 $45,000–$59,999
 ≥$60,000

 
Ref
1.06 (0.86–1.32)
1.27 (1.02–1.59)
1.21 (0.96–1.53)

 
–

.58

.03

.11

 
Ref
1.20 (0.92–1.55)
1.61 (1.19–2.18)
1.87 (1.31–2.68)

 
–
.17
.002

<.001

Clinical stage
 T1
 T2

 
Ref
1.41 (1.07–1.84)

 
–

.01

 
Ref
1.62 (1.22–2.15)

 
–

<.001

PSA (per 1 ng/mL increase) 1.02 (1.01–1.02) <.001 1.02 (1.02–1.02) <.001

Abbreviations: OR, odds ratio; PSA, prostate-specific antigen; Ref, reference.
aOvertreatment defined as definitive treatment of a low-risk patient with a life expectancy <10 years within 12 months of diagnosis.
bAs determined by 2000 US Census Tract; missing data for 1 patient.
*An expanded version of this table is available online, in this article, at JNCCN.org.

in Part A or Part B incurred similar costs and active 
surveillance/watchful waiting/observation rates as 
patients in the Medicare-based fee-for-service reim-
bursement schemes incorporated into the cost analy-
sis, the cumulative cost of unnecessary treatment of 
prostate cancer in men 66 years of age or older in the 
United States can be estimated to be $58.7 million/
annum. Because approximately 80% of men with 
prostate cancer and a Gleason score of 6 or less will 
not die of their disease,18 and given that 87,728 cases 
of localized prostate cancer and a Gleason score of 6 
or less were diagnosed in the United States in 2009 
(per SEER11 data after accounting for upgrading19–22 
at prostatectomy), better identification of men un-
likely to die of prostate cancer (and avoidance of 
upfront definitive therapy in these men) could allow 
for a savings of $1.32 billion/annum. 

Morbidity 
Thirty-day complications after prostatectomy and 
long-term complications after prostatectomy, radia-
tion, and active surveillance/watchful waiting/obser-
vation are presented in Table 4. Patients undergoing 

either prostatectomy or radiation experienced signifi-
cantly higher rates of long-term toxicity than those 
managed with active surveillance/watchful waiting/
observation (P<.001). Urinary, erectile, and bowel 
toxicity within 2 years occurred in 59% and 50%, 
48% and 20%, and 7.1% and 18.0% of patients who 
underwent prostatectomy and radiation, respectively. 

Discussion
In this study of patients with low-risk prostate cancer, the 
authors found that a high percentage (67%) of men with 
a life expectancy of less than 10 years undergo upfront 
definitive treatment. Interestingly, this percentage was 
only 5% lower than the 72% rate of definitive treatment 
in patients with a life expectancy of 10 years or more. 

Prospective series of low-risk patients managed 
with active surveillance report 10-year prostate  
cancer–specific survival rates of nearly 100%.3–5 Ad-
ditionally, the PIVOT trial showed that the 12-year 
prostate cancer–specific survival rates with observa-
tion and radical prostatectomy were both 97.7%.6 
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Therefore, NCCN considers definitive surgical or ra-
dio-therapeutic treatment of low-risk patients with a 
life expectancy of less than 10 years to be overtreat-
ment; these results suggest that significant overtreat-
ment of prostate cancer exists in the United States.

It is important to recognize that transrectal, ul-
trasound-guided prostate biopsies can undergrade19,23 
and understage24 patients with prostate cancer. Un-
like those with low-risk disease, patients with inter-
mediate-risk and high-risk cancer have a significant 
risk of death from prostate cancer within 10 years of 
diagnosis.25,26 Because of this risk, a significant per-
centage of patients eligible for active surveillance 
decide not to pursue it.27 Therefore, obtaining at 
least 12 cores during biopsy and considering the use 
of prostate MRI are important to attempt to better 
exclude the presence of more advanced or aggressive 
disease in patients with apparent low-risk prostate 
cancer.28,29 This may be particularly important in Af-
rican American patients, who are at increased risk 
of undergrading/understaging.24 More recently, mo-
lecular/genomic testing has preliminarily shown sig-
nificant promise in predicting the aggressiveness of 
prostate cancer beyond what can be achieved based 
on the typical prognostic factors.30–32 Although this 
testing holds significant promise for identifying more 
appropriate candidates for active surveillance, fur-
ther validation is required before molecular/genomic 
testing can be routinely used in clinical practice. 

Implications of these results are substantial. De-
finitive treatment of patients with prostate cancer is 
known to be associated with significant genitourinary 

and gastrointestinal toxicity,33 and active surveillance 
is believed to be associated with improved quality of 
life compared with definitive therapy.9 These data sug-
gest that overtreatment of men exposes them to un-
necessary toxicity, as evidenced by the high rates of 
short- and long-term toxicity seen in this study.

The cost associated with the management of 
prostate cancer in the United States is substan-
tial and likely reflects the rapid adoption of newer, 
more expensive therapies, such as minimally inva-
sive radical prostatectomy and intensity-modulated 
radiation therapy.17 One recent study suggested 

Table 3  Adjusted Median Costa of Each Management Modality for Prostate Cancer
Management Modality    N    Costb          IQR

Radical retropubic/perineal prostatectomy 143 13,868 10,629–21,203

Minimally invasive radical prostatectomy 88 14,157 9849–20,188

Brachytherapy 937 16,883 11,482–28,105

External-beam radiation therapy 145 18,592 13,105–24,713

Image-guided radiation therapy/stereotactic radiation therapy 116 26,930 22,263–36,260

Intensity-modulated radiation therapy 445 29,616 23,664–40,271

Proton therapy 21 42,772 35,214–53,176

Cryotherapy 64 12,516 9816–16,517

AS/WW/O 760 2766 518–7806

Primary androgen deprivation therapy 195 7070 3231–13,409
 
Abbreviations: AS, active surveillance; IQR, interquartile range; O, observation; WW, watchful waiting.
aCosts were the amount paid by Medicare in the year after minus the year before diagnosis in patients with a life expectancy <10 years.
bAs measured per patient in 2010 $USD.
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Figure 1  Cost of definitive therapy relative to AS/WW/O at 5 years 
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finitive therapy (reflecting crossover from active surveillance to surgery 
or radiation) are presented at the bottom of the figure. Vertical black 
lines represent the interquartile range. Each annual dollar amount was 
discounted to time zero.  
Abbreviations: AS, active surveillance; O, observation; WW, watchful 
waiting.
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that, even among men with low-risk prostate can-
cer or a limited life expectancy, the use of these 
more expensive technologies is increasing.34 Ac-
tive surveillance/observation allows for avoidance 
of expensive therapeutic modalities in at least 40% 
to 60% of patients at 10 years,3,4,35 and this percent-
age seems to be much higher in the present study’s 
population of men with a short life expectancy. 
Results of this study showed that improved adher-
ence to NCCN Guidelines in avoiding treatment of 
low-risk disease in men whose life expectancy is less 
than 10 years would save $58 million annually. Fur-
thermore, no perfect test currently exists to distin-
guish the 20% of patients with low-grade (Gleason 
score ≤6) prostate cancer who will succumb to their 
untreated disease versus the 80% whose disease will 
not be fatal despite lack of treatment (molecular/
genomic testing holds promise in this regard), but 

if such a test existed and could spare the 80% from 
treatment, the annual savings would be $1.32 bil-
lion, an amount greater than 25% of the entire 
NCI’s annual budget for 2012.36 

Nationally, only 5% to 9% of patients with 
low-risk prostate cancer undergo active surveil-
lance/watchful waiting/observation; the remainder 
are treated definitively.37 The underlying reason for 
overtreatment of prostate cancer is unknown but is 
likely related to the poor ability of physicians to as-
sess life expectancy,38–40 overestimation of the benefit 
of definitive therapy,41 and the presence of physician 
bias.41–43 Interventions to avoid overtreatment of 
prostate cancer should entail provisions to improve 
physician awareness of life expectancy, national 
guidelines, and the potential harms caused by over-
treatment in elderly men with significant comorbid-
ity. Higher physician reimbursement associated with 

Table 4   Acute and Long-Term Complications and Adverse Effects in Patients With a Life Expectancy 
of Less Than 10 Years

Complication
AS/WW/O 
(N=990)

Radical 
Prostatectomy 
(N=238) P Valuea

Radiation 
Therapy 
(N=1773) P Valueb

Heterologous blood transfusion, N (%) – 30 (13) –

30-d postoperative complications, N (%) 
 Overall
 Cardiopulmonary
 Genitourinary/wound
 Vascular
 Miscellaneous medical
 Miscellaneous surgical

–
–
–
–
–
–

53 (22.0)
18 (7.6)
12 (5.0)
16 (6.7)
19 (7.9)
13 (5.5)

–
–
–
–
–
–

Stricture, N (%) 50 (5.1) 25 (11.0) .004 102 (6.0) .49

Long-term toxicity, any, N (%)
 Diagnosis 
 Procedure
 Either/bothc

430 (43)
273 (28)
513 (52)

185 (78)
87 (37)

189 (79)

<.001
.007

<.001

1029 (58)
691 (39)

1160 (65)

<.001
<.001
<.001

Long-term toxicity, urinary, N (%)
 Diagnosis 
 Procedure
 Either/bothc

286 (29)
273 (28)
403 (41)

129 (54)
80 (34)

141 (59)

<.001
.07

<.001

686 (39)
685 (39)
887 (50)

<.001
<.001
<.001

Long-term toxicity, bowel, N (%)d

 Diagnosis 
 Either/bothc

106 (11)
106 (11)

17 (7.1)
17 (7.1)

.12

.12
314 (18)
316 (18)

<.001
<.001

Long-term toxicity, erectile, N (%)d

 Diagnosis 
 Either/bothc

130 (13)
130 (13)

113 (47)
114 (48)

<.001
<.001

349 (20)
349 (20)

<.001
<.001

Abbreviations: AS, active surveillance; O, observation; WW, watchful waiting.
aP value reflects comparison of radical prostatectomy to AS/WW/O.
bP value reflects comparison of radiation therapy to AS/WW/O.
cRefers to either a diagnosis or a procedure, or both.
dSuppressed data related to patients undergoing procedures for this toxicity to avoid cells with < 11 patients, as recommended by SEER-Medicare 
Program.
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definitive therapy as opposed to active surveillance/
observation may incentivize overtreatment.44 In a 
landmark study, Mitchell and Sunshine45 showed 
that the practice pattern of non–radiation oncolo-
gists referring patients for radiation therapy at cen-
ters in which they have ownership is associated with 
an approximate 46% increase in costs relative to 
nonconflicted practices. Of concern, estimates show 
that approximately 20% of radiation oncology cen-
ters are owned by referring physicians, resulting in 
the overuse of expensive management modalities.46 
Restructuring of payment models and further limita-
tions on self-referral specified by the Stark Law may 
combat the incentivizing of definitive therapy.47

The USPSTF recently recommended against 
PSA-based screening for prostate cancer because of the 
risks of overdiagnosis and overtreatment.7 Although 
the European Randomized Screening Trial for Prostate 
Cancer showed a 20% relative reduction in prostate 
cancer mortality with screening, the USPSTF believed 
that the ratio of 1055 needed to screen to 37 needed 
to treat to prevent 1 death at 11 years was too high a 
price.48 However, rather than eliminating screening al-
together, another strategy is to continue screening but 
limit treatment only to those who need it. 

Certain limitations of the present study warrant 
discussion. Because complete managed care claims 
data are largely not available, the cohort only com-
prised patients in fee-for-service programs.49 Second, 
because SEER generally reports the highest Gleason 
score obtained at either biopsy or prostatectomy, 
patients upgraded at prostatectomy may not have 
been captured, thereby resulting in artificially low 
estimates of overtreatment. Third, although patients 
undergoing primary androgen deprivation therapy 
were not included because this study focused on de-
finitive local therapy, primary androgen deprivation 
therapy can be considered one of the most severe 
forms of overtreatment in low-risk patients, because 
it is not curative as a monotherapy and has a signifi-
cant side effect profile. Lastly, the cost estimates used 
in this study were based on Medicare reimbursement 
rates; patients younger than 66 years, who were not 
captured in this study, may have private insurance, 
which often reimburses at higher rates than Medi-
care, thus underestimating the cost estimates report-
ed in this study. 

Despite these limitations, this study indicates 
that overtreatment of men with low-risk prostate 

cancer and limited life expectancy is very common in 
the United States, and seems to be driven partially by 
sociodemographic factors. The impact of overtreat-
ment on quality of life and health care cost is substan-
tial. Efforts toward patient and physician education 
and improvements in care delivery models are likely 
needed to reduce overtreatment, which is one of the 
major sources of harm from PSA screening.
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