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Abstract

BACKGROUND—Brachytherapy has been shown to be an efficacious and cost-effective 

treatment among patients with localized prostate cancer. In this study, the authors examined trends 

in brachytherapy use for localized prostate cancer using a large national cancer registry.

METHODS—In the National Cancer Data Base (NCDB), a total of 1,547,941 patients with 

localized prostate cancer were identified from 1998 through 2010. Excluding patients with lymph 

node-positive or metastatic disease, the authors examined primary treatment trends focusing on the 

use of brachytherapy over time. Patients with available data (2004–2009) were stratified by 

National Comprehensive Cancer Network risk criteria. Controlling for year of diagnosis and 

demographic, clinical, and pathologic characteristics, multivariate analyses were performed 

examining the association between patient characteristics and receipt of brachytherapy.

RESULTS—In the study cohort, brachytherapy use reached a peak of 16.7% in 2002, and then 

steadily declined to a low of 8% in 2010. Of the 719,789 patients with available data for risk 

stratification, 41.1%, 35.3%, and 23.6%, respectively, met low, intermediate, and high National 

Comprehensive Cancer Network risk criteria. After adjustment, patients of increasing age and 

those with Medicare insurance were more likely to receive brachytherapy. In contrast, patients 
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with intermediate-risk or high-risk disease, Medicaid insurance, increasing comorbidity count, and 

increasing year of diagnosis were less likely to receive brachytherapy.

CONCLUSIONS—For patients with localized prostate cancer who are treated at National Cancer 

Data Base institutions, there has been a steady decline in brachytherapy use since 2003. For low-

risk patients, the declining use of brachytherapy monotherapy compared with more costly 

emerging therapies has significant health policy implications.
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INTRODUCTION

First performed in the 1960s, brachytherapy has been shown to be a clinically and cost-

effective treatment strategy in the management of localized prostate cancer.1 Although 

tumor registry studies using the National Cancer Data Base (NCDB) and Surveillance, 

Epidemiology, and End Results (SEER) data have documented increasing use trends after 

the adoption of an ultrasound-guided transperineal approach first described in 1983, the 

performance of brachytherapy has lagged behind other treatment options such as surgery, 

external beam radiotherapy, and intensity-modulated radiotherapy (IMRT).2–4

Primary treatment decision-making for patients presenting with localized prostate cancer has 

grown increasingly complex in recent years with the rapid introduction of new technologies 

including robotic surgery, IMRT, and proton therapy. As comparative effectiveness and 

cost-effectiveness research becomes increasingly emphasized under contemporary health 

care reform, the management of patients with prostate cancer has been highlighted as a 

prominent example of how the adoption of novel technologies has outpaced the evidence 

base defining the risks and benefits when compared with conventional treatments.5–7

The objective of the current study was to use the NCDB registry to examine recent trends in 

brachytherapy use for the treatment of patients with localized prostate cancer in comparison 

with alternative surgical and radiotherapy treatment modalities.

MATERIALS AND METHODS

The NCDB, a joint program of the American College of Surgeons Commission on Cancer 

(CoC) and the American Cancer Society, is a nationwide oncology outcomes database 

containing information regarding patterns of cancer care and treatment outcomes. The 

NCDB has been collecting data on newly diagnosed cancers since 1985 and now includes 

information regarding >29 million cancers from >1500 hospitals with CoC-accredited 

cancer programs in the United States and Puerto Rico.8 Approximately 70% of new cancer 

cases in the United States each year are diagnosed and treated at such hospitals and reported 

to the NCDB. The data collection methods for this database have been previously 

described.8

The NCDB was queried for all patients diagnosed with localized prostate cancer from 1998 

through 2010. Patients with lymph node-positive or metastatic disease were excluded from 
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this analysis. Due to limitations regarding the completeness of clinical staging data, a sub-

cohort of patients diagnosed from 2004 through 2009 was identified due to the availability 

of data regarding clinical T classification, prostate-specific antigen, and Gleason score to 

facilitate stratification by National Comprehensive Cancer Network (NCCN) risk grouping 

criteria.9 Information was not available for the percentage of involved biopsy cores, thereby 

preventing further stratification of the intermediate-risk group into favorable and 

unfavorable.10 Patients missing all 3 risk stratification variables (4364 patients; 0.6%) were 

excluded from the analysis. If data were missing for a given risk grouping, it was assumed 

that the unknown variable would not increase the risk category of the individual.

Patient treatments were categorized by initial treatment received into surgery, all 

radiotherapy, hormone therapy, or no treatment. The radiotherapy group was then further 

stratified as brachytherapy (monotherapy), brachytherapy as a boost, and other radiotherapy 

(including 3-dimensional conformal radiotherapy, IMRT, and radiotherapy not otherwise 

specified). The NCDB does contain categories for low-dose rate brachytherapy or high-dose 

rate brachytherapy, but due to concerns regarding data fidelity these patients were excluded 

from the current analyses.

Covariates available for severity adjustment include race, Hispanic ethnicity, age, insurance, 

urban/rural status, median income, education, Charlson/Deyo comorbidity score, facility 

type, and geographic region. For comorbidity assessment, the Charlson/Deyo score is 

truncated to 0 (no comorbid conditions reported), 1, or 2 (> 1 comorbid conditions reported), 

and is available for all cases diagnosed after 2003. Each facility that reports cases to the 

NCDB is classified by 1 of 4 types: community cancer program, comprehensive community 

cancer program, academic/research program (includes National Cancer Institute-designated 

comprehensive cancer centers), or other. These classifications are made by the CoC over a 

3-year period based on facility type, services provided, and cases accessioned.

Using the full analytic cohort (1998–2010), we compared trends in primary treatment 

modality performance over time. Then, in a NCCN risk-stratified cohort (2004–2009), we 

compared demographic, clinical, and pathologic characteristics between patients treated with 

brachytherapy (standard or boost) versus alternative treatment methods using chi-square 

tests. We then tested the associations between available covariates and receipt of 

brachytherapy using multivariable logistic regressions adjusting for risk group, age, race, 

Hispanic ethnicity, insurance type, median income, education, urban setting, Charlson/Deyo 

score, year of diagnosis, and geographic region. Logistic regression analysis was also 

performed for each risk group separately (using the above covariates) and an interaction 

model was applied to assess differences attributed to year by risk group. To account for 

within-facility correlation, we used generalized estimating equations with robust standard 

errors to estimate regression parameters.11

RESULTS

In the NCDB, a total of 1,547,941 patients with localized prostate cancer were identified 

from 1998 through 2010. Overall, 13.4% of patients were treated with brachytherapy, with 

an additional 2.6% treated with brachytherapy boost, compared with 49.8% treated with 
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surgery, 26.3% with nonbrachytherapy radiotherapy, 24.1% who received hormone therapy, 

and 7.8% who received no treatment. The percentage of patients treated with brachytherapy 

as monotherapy changed significantly over this time period, rising to a peak of 16.9% of 

patients with localized prostate cancer in 2002 and then persistently declining to a low of 

8.2% in 2010 (P <.001) (Fig. 1). In the NCDB, brachytherapy as a boost was not counted 

separately from other radiotherapy until 2003. Since then, it has steadily declined from 5.4% 

of total cases to 2.5% in 2010 (P <.001). Although performance rates of alternative 

radiotherapy modalities remained consistent, rates of surgery markedly increased from 

46.1% in 1998 to 59.1% in 2010 (P <.001).

Of the 719,789 patients with available clinical staging information to facilitate NCCN risk 

stratification, 41.1% were stratified as low risk, 35.3% were stratified as intermediate risk, 

and 23.6% were stratified as high risk. Of these patients, 67.8% had complete data available, 

26.7% were missing 1 of 3 variables, and 5.5% were missing 2 of 3 variables. For patients 

receiving brachytherapy alone, low-risk patients exhibited the largest decrease of 9.4% 

(23.6% in 2004 to 14.2% in 2009), followed by intermediate-risk patients (−4.3%) and high-

risk patients (−2.6%) (Fig. 2a). Intermediate-risk patients had the greatest decrease of 4.1% 

for patients receiving a brachytherapy boost (7.8% in 2004 to 3.7% in 2009), followed by 

high-risk patients (−2.1%) and low-risk patients (−1.7%) (Fig. 2b). For low-risk patients, the 

use of non-brachytherapy radiotherapy remained relatively constant from 2004 through 2009 

(17.9%–18.5%; P = .04), whereas the rates of surgery (46.6%–53.8%; P <.001) and patients 

not receiving treatment (8.4%–12.2%; P <.001) both increased.

When comparing patients treated with brachytherapy with those who were not, significant 

differences were noted with regard to age, race, ethnicity, Charlson/Deyo score, NCCN risk 

group, payor group, urban/rural status, geographic region, facility type, median income, and 

education (all P values <.01) (Table 1). The Southeast region had the highest percentage of 

patients treated with brachytherapy (22.1%), whereas the West region had the lowest 

(11.6%). The percentage change in brachytherapy by facility type between 2004 and 2009 

was most dramatic for the academic/research programs (47.9% decrease) compared with 

comprehensive community, community, and unknown facility types (Fig. 3).

After adjustment, patients were less likely to be treated with brachytherapy if they were 

Hispanic (odds ratio [OR], 0.89; 95% confidence interval [95% CI], 0.84–0.94), met 

intermediate (OR, 0.67; 95% CI, 0.65–0.69) or high (OR, 0.40; 95% CI, 0.38–0.42) NCCN 

risk criteria, had elevated Charlson/Deyo scores (1: OR, 0.84 [95% CI, 0.80–0.88] or ≥2: 

OR, 0.64 [95% CI, 0.60–0.69]), had Medicaid insurance (OR, 0.88; 95% CI, 0.81–0.95), or 

received care in a non-rural setting (large metropolitan area: OR, 0.87 [95% CI, 0.79–0.96]; 

small metropolitan area: OR, 0.80 [95% CI, 0.75–0.85], and suburban: OR, 0.92 [95% CI, 

0.87–0.97]) (Table 2). Patients were more likely to receive brachytherapy with each increase 

in age category (51 years–60 years: OR, 1.65 [95% CI, 1.57–1.74], 61 years–70 years: OR, 

2.28 [95% CI, 2.13–2.44], and ≥ 71 years: OR, 2.30 [95% CI, 2.10–2.51]) and if covered by 

Medicare (OR, 1.10; 95% CI, 1.06–1.15). With each incremental increase in year of 

diagnosis, the odds of being treated with brachytherapy as primary treatment decreased by 

10% from 2004 through 2009 (OR, 0.90; 95% CI, 0.88–0.91). Results from the logistic 

regression analysis stratified by NCCN risk group demonstrated a similar effect per year 

Martin et al. Page 4

Cancer. Author manuscript; available in PMC 2015 July 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



across risk groups for low-risk (OR, 0.90; 95% CI, 0.88–0.91), intermediate-risk (OR, 0.91; 

95% CI, 0.89–0.92), and high-risk (OR, 0.91; 95% CI, 0.89–0.93) patients. The interaction 

model revealed no significant difference in the odds of being treated with brachytherapy by 

year when comparing different risk groups (low to intermediate risk: P = .15; and low to 

high risk: P = .07).

DISCUSSION

Prior studies examining rates of brachytherapy use for the treatment of patients with 

localized prostate cancer demonstrated the increased adoption of this modality through the 

early 2000s.3,4 Using SEER data, Jani et al4 demonstrated a steady increase in the use of 

radiotherapy overall from 1973 to 2004, with a dramatic rise in the use of brachytherapy 

from 1994 to 2004. Using NCDB data, Mettlin et al reported an increase in cases treated 

with brachytherapy from 1.4% to 3.0% (of all prostate cancer cases including metastatic 

disease) from 1992 through1996.3 Confirming an observation recently made by Mahmood et 

al12 using SEER data, our contemporary study examining treatment trends for all localized 

prostate cancer cases reported to the NCDB from 1998 through 2010 revealed that 

brachytherapy use increased to a peak in 2002 (16.7%) followed by a precipitous decline to 

8.0% in 2010.12

When comparing trends between the previously mentioned studies, careful attention must be 

paid to the number of patients and inclusion criteria impacting the denominator for direct 

comparison of results. Mahmood et al found that brachytherapy use decreased from 44.5% 

in 2005 to 38% in 2009 among all patients treated with radiotherapy.12 To make a direct 

comparison, when we limited the current study data to only patients treated with 

radiotherapy, we observed a similar decrease from 45.5% to 34% over the same time period. 

Although there is inherent value to validating trends in use with different tumor registry data 

sources, the results of the current analyses demonstrated that patients in the mid- to late 

2000s were more likely to be treated with surgery, which markedly increased, rather than 

other radiotherapy modalities, whose rates remained relatively constant over the same time 

period. The findings of the current study also demonstrated that patients receiving 

brachytherapy compared with alternative treatment types were younger, hade minimal 

comorbidity, and were more likely to have low-risk disease.

There are multiple possible explanations for the decline in brachytherapy use for the 

treatment of patients with localized prostate cancer demonstrated in the current study. 

Significant trends in the adoption of new more costly technologies in the management of 

localized prostate cancer have been demonstrated and have attracted significant attention 

from the media as well as policymakers.7 The change in clinical practice with the greatest 

impact is likely the substantial increase in the number of prostatectomies performed, as 

indicated in the data from the current study as well as in several other articles.13–15 To the 

best of our knowledge, the first report of a robot-assisted laparoscopic prostatectomy was 

published in 2001, and despite the absence of level I evidence supporting a benefit over 

conventional open prostatectomy, this technique has been widely adopted across the United 

States.16 The current study data demonstrated that surgery accounted for approximately 44% 
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of treatment among patients with localized prostate cancer before the introduction of robotic 

prostatectomy in the early 2000s, and has since risen to 60% of patients in 2010.

The landscape of managing patients with clinically localized prostate cancer has 

dramatically changed over the past decade. With growing concerns regarding the 

overtreatment of patients with low-risk disease, overuse of new technologies, and little 

forthcoming level 1 data to influence practice, the challenge to urologists and radiation 

oncologists is now not only how best to treat but who to treat with the least negative impact 

on quality of life.7,17,18 For men with low-volume low-risk disease wishing to defer the 

potential side effects of primary treatment, active surveillance has become an increasingly 

used management strategy.19

Prostate brachytherapy has been demonstrated to be as effective as surgery or external beam 

radiotherapy for based on primary treatment by Wilson et al reached a similar conclusion, 

finding costs to be lowest for brachytherapy ($35,143), second only to watchful waiting.23 

Because of the documented efficacy, acceptable toxicity profile, and relative cost efficiency 

in the treatment of patients with low-risk disease, we find it surprising and concerning that 

rates of brachytherapy use are declining compared with those of other primary treatment 

options.9,24,25

For men with unfavorable intermediate-risk or high-risk prostate cancer, brachytherapy may 

be incorporated into their treatment as a boost, but is not recommended as monotherapy.9 

Unfortunately, we were unable to parse the patients in the intermediate-risk group into 

favorable or unfavorable categories due to the lack of information regarding the percentage 

of positive biopsy cores in the database. Results from the current study have demonstrated a 

small decline in the already limited use of brachytherapy monotherapy for men with 

intermediate-risk (11.4% in 2004 to 7.1% in 2009) and high-risk (5.7% in 2004 to 3.1% in 

2009) disease, which would be appropriate with current NCCN recommendations.9 

However, a large decrease in brachytherapy monotherapy for patients with low-risk disease 

was noted from 2004 through 2009 (23.6% vs 14.2%;, P <.001). Although a component of 

this decline may be attributed to the appropriate use of active surveillance (percentage of 

patients receiving no treatment increased from 8.4% to 12.2%; P <.001), it is also likely due 

to the increased rates of use of nonbrachytherapy radiotherapy and surgery also noted over 

the same time period (63.3% to 71.4%; P <.001).

The limitations of the current study include concerns generic to secondary analyses using 

tumor registry data, most notably selection biases, incomplete data, and coding errors. For 

patients with missing information regarding NCCN risk stratification, the assumption that 

the missing information would not change their risk stratification introduces a threat to 

inference. Furthermore, brachytherapy dose and whether the treatment was given with a 

low-dose rate or high-dose rate technique were not coded consistently enough to facilitate 

inclusion in the current analysis. Perhaps most important, the usefulness of the current study 

findings is restricted to hospitals reporting cases to the NCDB, which should not be 

interpreted as generalizable to community practices in the United States. Hospitals reporting 

to the NCDB are all CoC-designated cancer programs and have been shown to be larger, 

more frequently located in urban locations, and to have more cancer-related services 
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available when compared with non–CoC-approved hospitals.26 NCDB data are hospital-

based and therefore will be missing patients who are referred directly for outpatient external 

beam radiotherapy or brachytherapy performed at nonhospital sites. This could lead to 

concerns that NCDB data may be missing a higher percentage of patients treated with radio-

therapy than more generalizable data such as the SEER registry. Nonetheless, the findings of 

the current study are closely aligned with recently reported SEER trend data that alleviate 

these concerns.12

Conclusions

In hospitals reporting to the NCDB, there has been a consistent decline in the use of 

brachytherapy for the treatment of patients with localized prostate cancer since 2002. Under 

contemporary health care reform, there is renewed interest in providing high-quality and 

cost-effective care.27 Prior studies have consistently demonstrated that brachytherapy is 

among the most cost-effective treatment options for patients with localized prostate 

cancer.1,28,29 Identifying barriers to the use of brachytherapy may be an attractive alternative 

to emerging technologies for patients with low-risk and intermediate-risk prostate cancer 

who are poor candidates for or who are not interested in active surveillance.
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Figure 1. 
Initial therapy for patients with newly diagnosed localized prostate cancer is shown as a 

percentage. Brachy indicates brachytherapy.
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Figure 2. 
(a) Percentage of patients treated with brachytherapy alone by year from 2004 through 2009 

is shown stratified by National Comprehensive Cancer Network risk grouping. (b) 

Percentage of patients treated with brachytherapy boost by year from 2004 through 2009 is 

shown stratified by National Comprehensive Cancer Network risk grouping.
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Figure 3. 
Receipt of prostate brachytherapy is shown by type of facility. Comp. Comm. indicates 

comprehensive community cancer program.
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TABLE 1

Patient Characteristics and Univariate Chi-Square Analysis for Predictors of Receiving Prostate 

Brachytherapy

Characteristic
Patients Not Receiving 

Brachytherapy Patients Receiving Brachytherapy Chi-Square P

Risk group <.0001

 Low 77.8% 22.2%

 Intermediate 84.7% 15.3%

 High 90.6% 9.4%

Race <.0001

 White 83.2% 16.8%

 African American 82.8% 17.2%

Ethnicity <.0001

 Hispanic 87.5% 12.5%

 Non-Hispanic 82.9% 15.3%

Age, y <.0001

 <50 92.5% 7.5%

 51–60 87.5% 12.5%

 61–70 82.2% 17.8%

 ≥71 80.5% 19.5%

Charlson/Deyo comorbidity index <.0001

 0 82.8% 17.2%

 1 85.3% 14.7%

 2 88.4% 11.6%

Facility type <.0001

 Community cancer program 82.7% 17.3%

 Comprehensive community cancer program 80.5% 19.5%

 Academic/research program 87.2% 12.8%

 Other 86.6% 13.4%

Insurance <.0001

 Private/HMO 85.2% 14.8%

 Medicaid 88.1% 11.9%

 Medicare 80.4% 19.6%

 None/other/unknown 85.7% 14.3%

Urban setting <.0001

 Large metropolitan 82.9% 17.1%

 Small metropolitan 84.2% 15.8%

 Suburban 81.4% 18.6%

 Rural 84.0% 16.0%

Median income quartile .0012

 <$30,000 83.2% 16.8%

 $30,000–$35,000 83.0% 17.0%

 $35,000–$45,999 83.3% 16.7%
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Characteristic
Patients Not Receiving 

Brachytherapy Patients Receiving Brachytherapy Chi-Square P

 >$46,000 83.4% 16.6%

% in region without high school diploma <.0001

 >29% 83.5% 16.5%

 20%–28.9% 82.5% 17.5%

 14%–19.9% 82.8% 17.2%

 <14% 83.9% 16.1%

Region <.0001

 Northeast (CT, MA, ME, NH, RI, and VT) 85.4% 14.6%

 Atlantic (NJ, NY, and PA) 81.3% 18.7%

 Southeast (DC, DE, FL, GA, MD, NC, SC, VA, and 
WV)

77.9% 22.1%

 Great Lakes (IL, IN, MI, OH, and WI) 83.9% 16.1%

 South (AL, KY, MS, and TN) 84.7% 15.3%

 Midwest (IA, KS, MN, MO, ND, NE, and SD) 87.0% 13.0%

 West (AR, LA, OK, and TX) 88.4% 11.6%

 Mountain (AZ, CO, ID, MT, NM, NV, UT, and WY) 86.1% 13.9%

 Pacific (AK, CA, HI, OR, and WA) 85.9% 14.1%

Abbreviation: HMO, health maintenance organization.
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