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Abstract
Purpose: The aim of this study is to describe the trends and factors that influence the initial treat-
ment of men with localized prostate cancer (PC) in the United States between 2004 and 2014.
Methods and materials: The National Cancer Institute’s Surveillance, Epidemiology and End Results
database was used to identify patients with primary prostate adenocarcinoma between 2004 and
2014. Patients were staged in accordance with the American Joint Committee on Cancer 7th edition
criteria and stratified according to the National Comprehensive Cancer Network guidelines risk group
classification. Descriptive statistics describing treatment patterns by year of diagnosis, age, risk group,
insurance status, and region were performed.
Results: A total of 460,311 male patients were identified with sufficient information to be cat-
egorized into National Comprehensive Cancer Network risk groups. Overall, 30.9% of patients had
low-risk disease, 38.1% were intermediate risk, 20.2% were high risk, 4.4% were very high risk,
1.6% were node-positive, and 4.7% had metastatic disease. During the study period, there was a
60% decrease in brachytherapy monotherapy utilization for patients with PC, and no definitive treat-
ment increased from 20.3% in 2004 to 26.3% in 2014. There were regional treatment variations
and discrepancies in treatment by age. Radical prostatectomy was performed on a greater propor-
tion of insured patients than patients with Medicaid or those who were uninsured, but radiation
therapy and no definitive treatment was administered to a greater proportion of uninsured and Med-
icaid patients.
Conclusions: PC treatment shows declining trends in brachytherapy utilization, increases in con-
servative management, and stability of surgical procedures over time. There is wide variation by
geographical region, age, and insurance status.
© 2018 The Author(s). Published by Elsevier Inc. on behalf of the American Society for
Radiation Oncology. This is an open access article under the CC BY-NC-ND license
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Introduction

The management of prostate cancer (PC) can vary from
monitoring interventions such as active surveillance (AS)
or expectant management to definitive treatment includ-
ing radical prostatectomy (RP), external beam radiation
therapy (EBRT), brachytherapy, androgen deprivation
therapy (ADT), or any combination of these. Risk strati-
fication on the basis of the local extent of disease and spread,
Gleason score (GS), and pretreatment prostate-specific
antigen (PSA) levels guides treatment recommendations and
informs prognosis. Guidelines such as the National Com-
prehensive Cancer Network (NCCN) provide treatment
recommendations on the basis of these risk strata.1 However,
there are multiple treatment options for any risk group and
no consensus regarding the superiority of the various treat-
ments within the risk groups.2-4 Thus, treatments are
ultimately based on factors that may include medical, de-
mographic, psychologic, logistic, and other factors.
Economic incentives may also drive treatment recommen-
dations for certain providers.5

The aim of this study is to describe the initial treat-
ment of localized PC in the United States between 2004
and 2014; assess how treatment was affected by NCCN risk
group, age, geography, and insurance status; and evaluate
treatment trends over time.

Methods and materials

Study population

Access to the National Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER) database was
granted to the authors after receipt of a signed data-use
agreement. The University institutional review board de-
termined that the data in this dataset do not rise to the level
of human subjects research per the federal Common Rule,
45 CFR, Part 46 and university policies; therefore, formal
institutional review board review was waived.

The statistical analysis software package SEER*Stat,
Version 8.3.4 was used to identify patients who were di-
agnosed between 2004 and 2014 with any stage of prostate
adenocarcinoma as their first malignancy. The patients were
staged clinically in accordance with the American Joint
Committee on Cancer (AJCC) 7th edition criteria. All sub-
jects with a derived AJCC 6th or 7th edition T1a, T1b, or
T1c stage were assumed to be clinically staged, and the
original derived AJCC stage was used. For all other pa-
tients, the Collaborative Staging (CS) Extension, Clinical
Extension Field was used to assign patients an AJCC T-stage.
CS lymph node data were used to assess AJCC N-stage,
and the “CS Mets at DX” data item was used to assess AJCC
M-stage. All patients with unknown N-stage and M-stage
were assumed to have N0 and M0 disease. CS site-specific

factor 1 was used to provide the PSA laboratory value at
diagnosis, and CS site-specific factors 7 and 8 were used
to determine the GS.

Staging and group classification

Patients were grouped in accordance with the NCCN
Version 1.2015 guideline risk groups.1 The low-risk (LR)
group also included the NCCN very low-risk group due to
insufficient data in the SEER database to distinguish very
low-risk from LR patients. All patients with stage T1 not
otherwise specified (NOS) were placed in the LR group if
they had appropriate PSA levels and GS. All patients with
lymph-node-positive disease were placed in a node-
positive group, and patients with M1 disease were considered
metastatic.

Patients who could not be categorized due to unknown
AJCC T, N, or M stage; PSA levels; or GS were placed in
the unknown category. Patients with T2-NOS or T3-NOS
were also placed in the unknown category because they
could not be stratified into LR versus intermediate-risk (IR)
or high-risk (HR) versus very high-risk (VHR) groups. Pa-
tients were grouped by age at diagnosis into the following
categories: < 50, 50-64, 65-74, or ≥75 years old.

Treatment

The SEER program surgery codes were used to clas-
sify patients into the following cohorts: no surgery,
cryprostatectomy, hyperthermia, laser ablation, transure-
thral resection (TURP), TURP + other, local tumor
destruction/excision NOS, simple prostatectomy, prosta-
tectomy, surgery NOS, and unknown. For the purposes of
this study, TURP + other included patients with any com-
bination of TURP and cryosurgery, laser, or hyperthermia.
Simple prostatectomy included those who underwent a seg-
mental or simple prostatectomy, and prostatectomy included
those who received an RP, prostatectomy with resection in
continuity with other organs, or a prostatectomy NOS.

Radiation therapy (RT) was grouped into 5 categories:
no RT, EBRT, brachytherapy, EBRT + brachytherapy, and
unknown. Patients who received radioisotopes or radioac-
tive implants were placed in the brachytherapy group. The
unknown group consisted of patients who received RT NOS
or those whose RT status was not known.

Statistical analysis

Descriptive statistics including the demographic char-
acteristics of the study population and frequency distributions
of the cohorts were performed with Microsoft Excel 2016
and MedCalc, Version 13.0.6.

Advances in Radiation Oncology: April-June 2018 Prostate cancer patterns of care 171



Results

A total of 536,639 male patients were diagnosed with
primary PC between 2004 and 2014. Of these patients,
460,311 could be categorized into NCCN risk groups.
Table 1 provides the demographics for patients stratified
by NCCN risk group. A detailed distribution of all surgi-
cal and RT interventions within each risk group is available
in eTable 1; available as supplementary material online only
at www.practical.radonc.org).

The rates of treatment utilization from 2004 to 2014
among the patients with LR, IR HR, and VHR PC were
calculated (Fig 1). Radical prostatectomy was the most com-
monly performed procedure (37% of patients), with

utilization peaking in 2010. A progressive decline in
brachytherapy utilization occurred between 2004 and 2014,
with a 63% decrease noted for brachytherapy monotherapy
(BM) and a 29% decrease for EBRT + brachytherapy. A
concomitant increase in no definitive treatment (NDT) over
this time period was also noted.

Rates of utilization of treatment modalities varied
significantly across geographic areas (Fig 2.) The Los
Angeles and Iowa registries showed the greatest utiliza-
tion of RPs (approximately 40% of patients), whereas
northern California and rural Georgia registries had the
lowest RP rates (18%-27%). The lowest regional use of
EBRT monotherapy was in Utah (7%), compared with
the highest regional use in New Jersey (27%). BM was
greatest in Utah (15%) and lowest in Los Angeles (2%).

Figure 1 The distribution of surgical and radiation therapies among patients with National Comprehensive Cancer Network low-,
intermediate-, or high-risk prostate cancer, stratified by year of treatment. The colors represent each treatment group: radical prosta-
tectomy (red), other surgical therapy including cryotherapy, transurethral resection, laser ablation, and high-intensity focal ultrasound
(black), no definitive therapy, which may include active surveillance, expectant management, or primary androgen deprivation therapy
(purple), brachytherapy monotherapy (green), external beam radiation therapy (blue), and external beam radiation + brachytherapy (yellow).
The patterns represent National Comprehensive Cancer Network risk groups: high risk (solid color), low risk (dark cross-hatch), and
intermediate risk (light cross hatch). Androgen deprivation therapy status is unknown. The percentiles in the data table reflect the pro-
portion of the identified therapy-risk group combination for each year. RP, radical prostatectomy.
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Table 1 Demographic characteristics of all risk-grouped patients with prostate cancer in the surveillance, epidemiology, and end results database from 2004 to 2014

Age cohort (y) Race

<50 50-64 65-74 >75 American Indian/
Alaska Native

Asian or Pacific
Islander

Black Unknown White

NCCN risk group Row total (%) Row total (%)

High (n) 1880 32,285 34,889 23,975 93,029 (17.3%) 391 5610 15,167 2183 69,678 93,029 (17.3%)
Row percentile per risk group 2.00% 34.70% 37.50% 25.80% 0.40% 6.00% 16.30% 2.30% 74.90%
Column percentile per risk group 11.20% 14.70% 17.60% 23.70% 19.90% 22.20% 19.00% 11.80% 17.00%
Overall percentile 0.40% 6.00% 6.50% 4.50% 0.07% 1.00% 2.80% 0.40% 13.00%

Intermediate (n) 5827 76,021 66,375 27,215 175,438 (32.7%) 591 8191 27,815 3516 135,325 175,438 (32.7%)
Row percentile per risk group 3.30% 43.30% 37.80% 15.50% 0.30% 4.70% 15.90% 2.00% 77.10%
Column percentile per risk group 34.70% 34.60% 33.40% 26.90% 30.00% 32.30% 34.80% 19.00% 32.90%
Overall percentile 1.10% 14.20% 12.40% 5.10% 0.10% 1.50% 5.20% 0.70% 25.20%

Low risk (n) 5742 66,798 53,585 16,312 142,437 (26.5%) 422 5834 19,287 3833 113,061 142,437 (26.5%)
Row percentile per risk group 4.00% 46.90% 37.60% 11.50% 0.30% 4.10% 13.50% 2.70% 79.40%
Column percentile per risk group 34.20% 30.40% 27.00% 16.10% 21.40% 23.00% 24.10% 20.70% 27.50%
Overall percentile 1.10% 12.40% 10.00% 3.00% 0.08% 1.10% 3.60% 0.70% 21.10%

Metastatic (n) 538 6476 6531 8130 21,675 (4.0%) 147 1217 4137 182 15,992 21,675 (4.0%)
Row percentile per risk group 2.50% 29.90% 30.10% 37.50% 0.70% 5.60% 19.10% 0.80% 73.80%
Column percentile per risk group 3.20% 2.90% 3.30% 8.00% 7.50% 4.80% 5.20% 1.00% 3.90%
Overall percentile 0.10% 1.20% 1.20% 1.50% 0.03% 0.20% 0.80% 0.03% 3.00%

Node Positive (n) 282 3708 2660 765 7415 (1.4%) 42 343 1059 57 5914 7415 (1.4%)
Row percentile per risk group 3.80% 50.00% 35.90% 10.30% 0.60% 4.60% 14.30% 0.80% 79.80%
Column percentile per risk group 1.70% 1.70% 1.30% 0.80% 2.10% 1.40% 1.30% 0.30% 1.40%
Overall percentile 0.05% 0.70% 0.50% 0.10% 0.01% 0.06% 0.20% 0.01% 1.10%

Unknown 1969 25,989 27,257 21,113 76,328 (14.2%) 273 2985 9614 8503 54,953 76,328 (14.2%)
Row percentile per risk group 2.60% 34.00% 35.70% 27.70% 0.40% 3.90% 12.60% 11.10% 72.00%
Column percentile per risk group 11.70% 11.80% 13.70% 20.80% 13.90% 11.80% 12.00% 45.90% 13.40%
Overall percentile 0.40% 4.80% 5.10% 3.90% 0.05% 0.60% 1.80% 1.60% 10.20%

Very high (n) 559 8552 7416 3790 20,317 (3.8%) 102 1143 2924 246 15,902 20,317 (3.8%)
Row percentile per risk group 2.80% 42.10% 36.50% 18.70% 0.50% 5.60% 14.40% 1.20% 78.30%
Column percentile per risk group 3.30% 3.90% 3.70% 3.70% 5.20% 4.50% 3.70% 1.30% 3.90%
Overall percentile 0.10% 1.60% 1.40% 0.70% 0.02% 0.20% 0.50% 0.05% 3.00%

Column Total 16,797 219,829 198,713 101,300 536,639 1968 25,323 80,003 18,520 410,825 536,639
Column percentile 3.1% 41.0% 37.0% 18.9% 0.4% 4.7% 14.9% 3.5% 76.6%
χ2 P-value P < .0001 P < .0001

NCCN, National Comprehensive Cancer Network.
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NDT ranged from a low of 19% (Kentucky) to a high of
37% (New Mexico).

Treatment utilization varied greatly by age and NCCN
risk group in patients with nonmetastatic PC (Fig 3). In pa-
tients aged <65 years, RP was the most common treatment
modality. However, in patients aged ≥65 years, RT was the
most common treatment modality, followed by NDT and
then RP. Utilization of RP decreased as the risk group in-
creased, whereas the use of EBRT was lowest in the LR
group and highest in the HR group. There was also some
variability in treatment on the basis of marital status that
was also age-dependent. The highest utilization of RP was
found among men aged <65 years who were married (61%),
whereas the utilization for men aged <65 years who were
widowed, single, or divorced was equivalent to approxi-
mately 45% (eFig 1; available as supplementary material
online only at www.practical.radonc.org).

For patients aged <65 years, 56.55% of insured pa-
tients received a RP but only 33.46% and 37.86% of
Medicaid and uninsured patients, respectively, received an
RP (Fig 4). Only 23.5% of insured patients aged < 65 years
received a form of RT (brachytherapy, EBRT, or
EBRT + brachytherapy), whereas 32.7% and 25.1% of Med-
icaid and uninsured patients aged <65 years, respectively,
received a form of RT. In patients aged ≥65 years, a slightly
greater proportion of insured patients received RP and RT
compared with Medicaid and uninsured patients. However,
a smaller proportion of insured patients received NDT com-
pared with Medicaid or uninsured patients.

Additional variability was observed when considering
race and insurance status (eFig 2; available as supplemen-
tary material online only at www.practical.radonc.org). Black
race was associated with the lowest utilization of RP in all
insurance cohorts (uninsured, Medicaid, or insured)

Figure 2 The distribution of surgical and radiation therapies among all patients in the Surveillance, Epidemiology, and End Results
database stratified by region and age <65 or 65 + years. The colors represent each treatment group: radical prostatectomy (red), other
surgical therapy including cryotherapy, transurethral resection, laser ablation, and high-intensity focal ultrasound (black), no definitive
therapy, which may include active surveillance, expectant management, or primary androgen deprivation therapy (purple), brachytherapy
monotherapy (green), external beam radiation therapy (blue), and external beam radiation + brachytherapy (yellow). The solid colors
represent patients aged <65 years, and the patterned color represents patients aged ≥65 years. Androgen deprivation therapy status is
unknown. The percentiles in the data table reflect the proportion of the identified therapy-age group combination for each region. RP,
radical prostatectomy; EBRT, external beam radiation therapy.
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compared with white, Asian, and Native American pa-
tients. The lowest utilization of RP was found in black
patients with Medicaid insurance (27.7%), whereas the
second highest RP utilization was in white patients with
insurance (44.9%). The highest utilization of RP was in un-
insured Asian patients (45.5%). In all insurance cohorts,
black patients had the lowest use of prostatectomy but had
a higher utilization of radiation therapies compared with
white patients.

No clear trends were discerned when analyzing the dis-
tribution of therapies by median income or educational level
(eFigs 3 and 4; available as supplementary material online
only at www.practical.radonc.org). However, the utiliza-
tion of brachytherapy was highest, and surgery lowest, in
patients from geographic locations where the median house-
hold income was less than $25,000 per year in 2008.

Discussion

The management of localized PC in the United States
is undergoing increased scrutiny by patients, providers, and
payers. With mature randomized trials calling into ques-
tion the merits of both screening6,7 and treatment8,9 on cause-
specific and overall survival (OS), one would anticipate shifts
in care patterns across the United States. Nevertheless, trial
data supporting oncologic outcomes do not necessarily shift
practice patterns. Numerous other factors, such as re-
gional access to treatment centers, consultation with a
multidisciplinary team, insurance coverage, bias of pro-
viders, and economic incentives, may also affect treatment.

In the SEER database, treatment options differed by year,
region of the country, age, and insurance status. Approxi-

Figure 3 The distribution of surgical and radiation therapies among patients with National Comprehensive Cancer Network low-,
intermediate-, or high-risk prostate cancer stratified by age for men treated between 2004 and 2014. The colors represent the treatment
group: no radiation (black), brachytherapy monotherapy (green), external beam radiation therapy (blue), and external beam radia-
tion + brachytherapy (yellow). The patterns represent the National Comprehensive Cancer Network risk groups: high (solid color), low
(dark cross-hatch), and intermediate (light cross hatch) risk. Androgen deprivation therapy status is unknown. The percentiles in the
data table reflect the proportion of the identified therapy risk-group combination for each column. The heights of all columns com-
bined equal 100% (ie, entire cohort of National Comprehensive Cancer Network low-, intermediate-, and high-risk patients, n = 410,904).
Men with very high risk National Comprehensive Cancer Network status (20,317 patients) are excluded for clarity. RP, radical prostatectomy.
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mately one-third of the patients had LR, one-third had IR,
one-fifth had HR disease, and only a small proportion had
VHR or metastatic disease, which is consistent with other
population studies.10,11 In general, RP accounted for the great-
est proportion of localized PC treatment, with 43.4% of
subjects receiving an RP; this is slightly lower than the
CaPSURE and National Cancer Data Base (NCDB) data
that showed that nearly half of all patients with PC re-
ceived an RP.10,11

Trends in treatment for PC between 2004 and 2014 in-
cluded a decline in brachytherapy use, both as BM and in
combination with EBRT, an increase in NDT, and no sub-
stantial change in RP or EBRT use. The greatest change
was the decrease in BM use by approximately 50% in all
NCCN risk and age groups. Prior studies evaluating the use
of BM over time showed increased utilization from 1994
to 2004.12,13 Since then, several other studies have shown
a decrease in brachytherapy use.11,12,14 In the NCDB, the

use of brachytherapy for nonmetastatic PC peaked at 16.7%
in 2003 and steadily declined to 8.2% in 2010.11 The
CaPSURE database showed a linear decline in BM use
between 1999 and 2011.12 The SEER database also showed
a decline in BM between 2004 and 2009.14 A drop in BM
in the HR group could be explained by studies showing in-
ferior results with BM for HR patients,2,15,16 and BM is not
recommended by 2 national guidelines.17,18 In the IR group,
there is no consensus on BM. Studies have shown mixed
results with the use of BM,2,15,16,19,20 and the current na-
tional guidelines recommend BM for select groups of IR
patients.17,20

Despite the lack of consensus on the role of
brachytherapy, a recently published randomized trial, An-
drogen Suppression Combined with Elective Nodal and Dose
Escalated Radiation Therapy (ASCENDE-RT), demon-
strated superior biochemical failure-free survival for patients
with unfavorable IR and HR PC who received brachytherapy

Figure 4 The distribution of surgical and radiation therapies among patients stratified by insurance coverage for men treated between
2004 and 2014. The colors represent the treatment groups: radical prostatectomy (red), other surgical therapy including cryotherapy,
transurethral resection, laser ablation, high-intensity focal ultrasound (black), no definitive therapy, which may include active surveil-
lance, expectant management, or primary androgen deprivation therapy (purple), brachytherapy monotherapy (green), external beam
radiation therapy (blue), and external beam radiation + brachytherapy (yellow). The percentiles in the data table reflect the proportion
of the identified therapy risk group combination for each column. The heights of all columns combined equals 100%.
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in addition to EBRT and ADT.21-23 In the current study, the
outcomes data are through 2014, but the official publica-
tion of the ASCENDE-RT trial was in January of 2017.
Therefore, it remains to be seen whether this important ran-
domized trial will change management.

Additionally, biochemical failure as an endpoint is un-
dergoing increased scrutiny; as yet, there is no significant
difference in metastasis-free survival, cause-specific sur-
vival, or OS in the ASCENDE-RT trial, although future
results should be forthcoming. The Radiation Therapy On-
cology Group 0232 trial is evaluating whether BM alone
is equivalent to EBRT + brachytherapy for select IR pa-
tients, but the results have not yet been reported.

In LR patients, BM is an effective2,15 and cost-efficient
form of treatment.24,25 The decline in the use of BM may
be related to numerous factors.26 First, the acceptance of
AS as an appropriate treatment option7,9 for eligible LR1

patients during this time period would remove a propor-
tion of patients who otherwise could have received BM.
Second, the negative publicity highlighting poor patient out-
comes from improperly placed prostate seed implants could
be driving both patients and providers away from
brachytherapy.27 Third, insufficient training in brachytherapy
procedures during residency contributes further to the
decline11,28 due to a lack of trained specialists. Lastly, the
development and increased utilization of more highly re-
imbursed treatment methods, such as minimally invasive
radical prostatectomy (MIRP), intensity modulated radia-
tion therapy (IMRT), and proton therapy (PT),29-35 may be
incentivizing physicians to not utilize brachytherapy. The
decline in BM has been found to correlate with a transi-
tion of 3-dimensional conformal radiation therapy (CRT)
to IMRT, open RP to MIRP, and a surge of PT to treat
PC.31,32,35-37 Cost analysis studies have shown BM to be
among the least expensive, and therefore less lucrative, initial
treatments for PC.24,25

Although we did not find a significant increase or de-
crease in RP utilization, others have shown a significant
increase in the use of RP.11,38 Data from the NCDB showed
a marked increase in the overall use of RP, from 46.1% in
1998 to 59.1% in 2010.11 Regardless of overall trends,
3-dimensional CRT and open RP largely have been re-
placed by newer technologies, including MIRP, IMRT, and
PT.29,32,35,36 Both IMRT and MIRP are costlier than the al-
ternatives, with a mean incremental increase in cost of
$10,986 for IMRT versus 3-dimensional CRT and $293 for
MIRP versus open RP.29,30 PT also comes with a higher cost,
with Medicare reimbursing approximately $13,000 more
for PT compared to other standard PC treatments.35,39

The cohort of patients with NDT included AS, expect-
ant management, and primary ADT because SEER did not
discriminate between these forms of therapy. As a group,
NDT increased between 2004 and 2014. LR and IR pa-
tients had the greatest increase in NDT, which is consistent
with other reports from Medicare datasets that found that
no active therapy increased from 16% to 23% between 1999

and 200736 and the SEER-Medicare database that showed
an increase from 9.7% in 2004 to 15.3% in 2007 in pa-
tients undergoing AS.40

In the Scandinavian trial of RP versus AS, patients re-
ceiving an RP had improved OS, but this was only significant
in men aged <65 years.9 The Prostate Cancer Intervention
versus Observation Trial found that RP did not signifi-
cantly reduce OS or PC mortality compared with AS,
although a reduced OS in subjects with IR and HR tumors
was noted in subset analyses.8

Most recently, the landmark PROTECT trial has been
reported and demonstrated no difference in OS or PC-
specific mortality for patients undergoing EBRT + ADT
versus radical prostatectomy versus AS41 in a largely LR
and favorable IR group of patients. Nevertheless, the
PROTECT trial did show a difference in metastasis-free
survival that was greater in the AS cohort, which has in-
troduced a debate on whether AS is indeed inferior to
definitive therapy. Currently, this increased risk of metas-
tasis has not resulted in observable differences in OS or
PC-specific mortality, but the conclusions of the study could
change with additional follow-up. As a whole, the results
in LR patients undergoing AS are consistent with those from
randomized trials showing no OS benefit to RP8,9; EBRT
+ADT41 has been included in national guidelines,19 which
may explain the increased utilization of NDT seen in our
study.

Nationally, we observed significant regional heteroge-
neity in treatment practice patterns for patients with PC.
Iowa treated more than twice the number of patients with
PC with RP compared with rural Georgia. Utah had the
lowest proportion of patients with PC receiving EBRT but
was the leader in BM treatment. New Jersey had the great-
est fraction of patients with PC receiving EBRT; however,
it was one of the regions least likely to recommend NDT.

Socioeconomic factors may explain some of the re-
gional variability. Several studies have reported lower rates
of RP in the African-American population, and a prior SEER
study found that a majority of African-American men with
PC were located in the Atlanta and San Francisco/Oakland
region.42-46 We also observed a lower rate of RP use in
African-American men, which was sensitive to the insur-
ance status of the patient. Curiously, the lowest utilization
of RP in our study was in African Americans who were
covered by Medicaid, which was far lower than the utili-
zation in the uninsured population. Other studies have
correlated income, education, and marital status to treat-
ment decisions.45,47

Additionally, regional variations in PC treatment may
be related to patient access to treatment centers. For example,
New Jersey had the highest rate of EBRT use, which may
be related to the fact that the state has one of the highest
number of urology-owned RT centers in the United States.
Urology-owned RT centers have substantially increased their
use of IMRT compared with urologists who do not own
linear accelerators.5,48,49 However, multidisciplinary care
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strongly influences the treatment patients ultimately receive.
A SEER-Medicare study found that patients who only met
with a urologist were most likely to receive an RP over RT.
Yet, if the patient was referred to a radiation oncologist and
a urologist, the patient was more likely to receive RT.50 In
our income analysis, RP use declined and BT use in-
creased in households from areas with the lowest median
income. When household incomes exceeded $50,000, no
meaningful changes in practice patterns could be dis-
cerned, with the exception of very low utilization of
EBRT + brachytherapy in the wealthiest ZIP codes.

Age played a large role in the treatments that patients
received. In patients aged <65 years, RP was more com-
monly used than RT, even though RP and dose-escalated
RT have been found to result in equivalent outcomes in
young patients.51-55 Prior to the dose-escalated RT era, bio-
chemical disease-free survival in younger men was
suboptimal,56 and this earlier experience may be contrib-
uting to the longstanding trend of treating younger patients
with RP.42,57

Furthermore, a training bias may exist among urolo-
gists purporting that incidence of late toxicity from radiation
accelerates over time. Despite this bias, long-term com-
parative effectiveness data comparing EBRT, RT, and RP
do not show increased toxicity for the radiation
modalities.37,58 In patients aged ≥65 years, RT was the most
common treatment, followed by no treatment and RP. One
factor that may increase EBRT use over RP in this popu-
lation is the increased morbidity associated with RP in older
men.59 The majority of LR PC in patients aged <65 years
was treated with RP, and the majority of patients aged ≥65
years were treated with a form of RT. AS, which is in-
cluded in NDT, appears to be underutilized in both patients
aged <65 and ≥65 years.

Patients aged <65 years with insurance received a greater
proportion of RP compared with patients without insur-
ance. CaPSURE data has also showed that patients who
received RP were more likely to have private insurance com-
pared with Medicare with or without supplementation,
Veteran Affairs funding, or unknown coverage.60 In pa-
tients of all ages, RT and NDT were administered to a greater
proportion of uninsured and Medicaid patients than pa-
tients with insurance. This is an interesting finding, and
although one might be able to explain a greater propor-
tion of uninsured men receiving NDT because of financial
pressures, this does not explain the increase in RT use.

The limitations of the SEER database can confound
aspects of the analysis. These limitations include no in-
formation on medical comorbidities or patient performance
status, which could influence treatment recommenda-
tions, no data on ADT or chemotherapy use, no records of
EBRT dose and fields, and no classification of brachytherapy
administration (high vs low dose rate). In addition, one-
fourth of the patients were missing information on PSA level,
GS, or clinical extent of the disease and thus could not be
categorized into a risk group. Despite these shortcom-

ings, the SEER database still provides a large population
of patients with PC from multiple cancer registries across
the United States and allows for a reflection of practice pat-
terns throughout the nation.

Conclusions

Practice patterns for localized PC were not found to be
strictly influenced by outcomes data and varied signifi-
cantly by patient age, insurance status, financial models,
regional biases, and socioeconomic factors. This study may
serve as a comparator for researchers evaluating trends in
practice patterns in the future and against other datasets.
As the national discussion shifts to value in medical care,
these trends, along with outcomes data, could be useful to
legislators and payers in crafting policies going forward.

Supplementary data

Supplementary material for this article (https://
doi.org/10.1016/j.adro.2017.12.008) can be found at
www.practicalradonc.org.
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