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Abstract

Purpose: Surgical castration for metastatic prostate cancer is used less frequently than medical 

castration, yet costs less, requires less follow-up, and may be associated with fewer adverse 

effects. We sought to evaluate temporal trends and factors associated with the use of surgical 

castration.

Materials and Methods: This retrospective cohort study sampled 24,805 men with newly 

diagnosed (de novo) metastatic prostate cancer from a national cancer registry in the United States 

(2004–2016). Multivariable logistic regression assessed the association between 

sociodemographics and surgery. Multivariable Cox regression evaluated the association between 

castration type and overall survival.

Results: Overall, 5.4% of men received surgical castration. This decreased from 8.5% in 2004 to 

3.5% in 2016 (Per year later: OR 0.89, 95% CI 0.87–0.91,p<0.001). Compared to Medicare, 

private insurance was associated with less surgery (OR 0.73, 95% CI 0.61–0.87, p<0.001) while 

Medicaid or no insurance was associated with more surgery (OR 1.68, 95% CI 1.34–2.11, <0.001 

and OR 2.12, 95% CI 1.58–2.85, p<0.001, respectively). Regional median income >$63,000 was 

associated with less surgery (vs <$38,000: OR 0.61, 95% CI 0.43–0.85, p=0.004). After a median 

follow-up of 30 months, castration type was not associated with differences in survival (Surgical 

vs medical: HR 1.02, 95% CI 0.95–1.09, p=0.6).

Conclusion: In a contemporary, real-world cohort, use of surgical castration is low and 

decreasing despite its potential advantages and similar survival compared to medical castration. 

Men with potentially limited health care access receive more surgery, perhaps reflective of a 

provider bias towards the perceived benefit of permanent castration.
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Introduction

For decades, the mainstay of treatment for metastatic prostate cancer (PCa) has been to 

achieve castrate levels of testosterone in patients through androgen deprivation therapy 

(ADT).1 Men undergoing ADT most often receive medical castration—most commonly with 

repeat dosing of gonadotropin-releasing hormone (GnRH) analogues administered either 

subcutaneously or intramuscularly during a clinic visit every one to six months. Surgical 

castration represents another ADT option, accomplished through bilateral orchiectomy, a 

relatively minor, outpatient surgery. Regardless of type, ADT is associated with side effects 

including bone loss, metabolic syndrome, and cardiovascular events.2–4 However, recent 

data suggest surgical castration may carry certain advantages, including lower rates of some 

adverse effects,5 reduced cost over long-term follow-up,6 and, given its permanence, may 

minimize the effect of medication non-adherence—something associated with adverse 

oncologic outcomes.7

With the advent of GnRH analogues, the proportion of men with metastatic PCa managed 

with surgical castration decreased in the 1990’s and early 2000’s8, 9; notably, there were no 

reported differences in survival attributable to castration type to drive this change in practice.
10 Highlighting possible non-clinical drivers of ADT type, recent work has suggested an 

association between surgical castration, health insurance type, and other socioeconomics 

factors.11 Given the aforementioned potential benefits of surgery, there is a need to better 

understand contemporary utilization, the drivers of differential utilization, and outcomes for 

castration type using national data.

We used a large, national cancer registry to identify men with newly diagnosed metastatic 

PCa and evaluated temporal trends and factors associated with use of surgical castration. We 

hypothesized use of surgical castration would be associated with non-clinical factors 

suggesting these elements (e.g., patient/provider preferences, sociodemographics) may be 

associated with treatment choices. We also sought to evaluate the association between 

castration type and overall survival in a contemporary, real-world cohort of men with 

metastatic PCa.

Methods

Data source

The data source for this study was the PCa participant user file from the National Cancer 

Data Base (NCDB) from 2004 to 2016. The NCDB is a hospital-based cancer registry 

comprised of more than 1,500 treatment facilities accredited by the American College of 

Surgeons and American Cancer Society’s Commission on Cancer.12 In 2015, the NCDB 

captured approximately 53% of all new cases of PCa diagnosed in the United States.13, 14

Patients

All men with metastatic PCa at time of diagnosis who had documented receipt of any form 

of hormone therapy as one of their initial forms of treatment were included (n=55,097, 

100%). Men with missing sociodemographics information or treatment facility information 

were excluded (n=1,497, 2.7%). Men were also excluded if they lacked data on pretreatment 
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prostate-specific antigen (PSA; n=4,547, 8.3%), clinical T stage (n=15,062, 27.3%), or 

Gleason grade group (n=6,527, 11.8%). Facilities were excluded if they did not contribute at 

least one patient every year of the study period (n=2,659, 4.8%).

Outcomes

The primary outcome was use of surgical castration. Based on the Facility Oncology 

Registry Data Standards, surgical castration in the form of orchiectomy is recorded in the 

NCDB under the heading “Hematologic Transplant and Endocrine Procedure” when 

orchiectomy is part of the first course of treatment.15 Our secondary outcome was overall 

survival based on castration type.

Covariates

Patient characteristics included year of diagnosis (continuous variable), age at diagnosis 

(continuous variable), race and ethnicity (non-Hispanic White, non-Hispanic Black, 

Hispanic, or unknown/other), and Charlson comorbidity index (0, 1, or >1).16 Distance 

traveled to treatment facility was defined as distance from the center of the patient’s home 

zip code to that of the treatment facility. Patient county type was defined as metropolitan 

(population > 250,000) or urban/rural (population <250,000). Insurance type was defined as 

the primary payer, income was defined as the median household income within a patient’s 

home zip code, and education was defined as adult high school attainment within a patient’s 

home zip code.

Treatment facility characteristics included geographic location within the United States and 

facility type. Facility type was defined as comprehensive or academic facilities if they 

treated >500 cancer patients a year while community facilities treated >100 cancer patients a 

year. Academic facilities were those had at least four graduate medical education programs.

Finally tumor characteristics include Gleason grade group (1–5) with increasing grade 

representing increasing cancer aggressiveness,17 American Joint Committee on Cancer 

clinical T and M stage, and pretreatment PSA. Notably, PSA in the NCDB is recorded as 98 

if the value is 98 ng/mL or greater, so this variable was assessed as a categorical variable.

Statistical analysis

Chi-squared and Mann-Whitney U analyses were used for univariable comparisons of 

categorical and continuous factors, respectively. Multivariable logistic regression was also 

used to evaluate the relationship between covariates and castration type. This analysis was 

adjusted for clustering of patients within treatment facilities (n=1,057).18 Given the number 

of men excluded from this analysis based on missing data on tumor characteristics, we 

performed a sensitivity analysis including these men with “unknown” listed as the category 

for their missing data. Kaplan-Meier analyses were used to estimate median overall survival 

while Log-rank and multivariable Cox regression were used to assess the relationship 

between castration type and overall survival while accounting for potential confounders with 

the latter. All survival analyses were conducted using RStudio, Version 1.1.463 (Boston, 
MA) and all others were performed using Stata 13.0 (College Station, TX) and statistical 
significance was determined by two-sided p<0.05. This study was deemed exempt by the 
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Northwestern University Institutional Review Board as a retrospective review of de-

identified patient data.

Results

Patient characteristics

A total of 24,805 men diagnosed with metastatic PCa were included in the final analysis. Of 

these, 23,461 (94.6%) were treated with medical castration and 1,344 (5.4%) were treated 

with surgical castration. Median age at diagnosis was 69 years and 68% of the cohort was 

White (Supplemental table 1). Men who received surgical castration had higher pretreatment 

PSA, more clinical T3–4 disease, and more comorbidities (all p<0.001). Men who 

underwent surgical castration were also more likely to have Medicaid or no insurance 

(21.0% vs 11.2%; p<0.001) and reside in zip codes with lower median household incomes 

and high school attainment (both p<0.001).

Trends in surgical castration

The overall rate of surgical castration was 5.4% (n=1,344). Use of surgical castration 

declined over time from 8.5% in 2004 to 3.5% in 2016 (Per year later OR 0.89, 95% CI 

0.87–0.91,p<0.001; Figure 1 and Table 1). Patient characteristics associated with increased 

receipt of surgical castration included increased comorbidity index (Table 1). Higher 

Gleason grade group, more advanced clinical T stage, and higher serum PSA were all 

associated with increased use of surgery. Treatment at an academic facility was associated 

with decreased receipt of surgical castration compared to community facility (OR 0.68, 95% 

CI 0.48–0.95, p=0.026).

Compared to those with Medicare insurance, private insurance was associated with lower 

odds of surgical castration (OR 0.73, 95% CI 0.61–0.87, p<0.001) while Medicaid or no 

insurance was associated with increased odds (OR 1.68, 95% CI 1.34–2.11, <0.001 and OR 

2.12, 95% CI 1.58–2.85, p<0.001, respectively). Regional high school attainment was not 

associated with castration type while those living in regions of income >$63,000 were less 

likely to undergo surgical castration compared to men living in regions of income <$38,000 

(OR 0.61, 95% CI 0.43–0.85, p=0.004).

Castration type and overall survival

Among 21,510 men with follow-up data included in the survival analysis (surgical 

castration: n=1,228, 5.7%), a total of 14,376 (67%) deaths occurred during a median 

(Interquartile range) follow-up of 30.4 (15.5–53.9) months following diagnosis of metastatic 

PCa. Kaplan-Meier estimates demonstrated a median survival of 31.0 months for men who 

underwent medical castration and 25.5 months for men who underwent surgical castration 

(unadjusted Log-rank p<0.001). After adjusting for covariates, multivariable Cox regression 

demonstrated castration type was not significantly associated with overall survival (Surgical 

vs medical: HR 1.02, 95% CI 0.95–1.09, p=0.6; Figure 2 and Supplemental table 2).
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Sensitivity analyses

In a sensitivity analysis including all men who were excluded from the primary analysis due 

to missing data on tumor characteristics, a total of 45,915 were assessed. A total of 5.0% 

(n=2,390) underwent surgical castration in this cohort. Surgical castration decreased from 

8.5% in 2004 to 2.9% in 2016 (Per 1 year later: OR 0.89, 95% CI 0.87–0.90,p<0.001). All 

previously significant markers of socioeconomics remained significant with similar ORs 

(Supplemental table 3). In 41,977 men with follow-up data, after adjusting for covariates, 

multivariable Cox regression demonstrated castration type was not associated with a 

differences in overall survival (Surgical vs medical: HR 1.00, 95% CI 0.95–1.05, p=0.9).

Discussion

In this retrospective analysis of a large cancer-registry, we assessed temporal trends and 

factors associated with use of surgical castration and compared overall survival by castration 

type in a contemporary cohort of men with de novo metastatic PCa. Overall 5.4% of patients 

received surgical castration which declined to 3.5% in 2016. Non-private insurance, no 

insurance, and lower income were associated with receipt of surgical castration. After 

accounting for tumor and patient characteristics, castration type was not associated with 

survival.

Prior work demonstrated castration type does not impact survival outcomes, however these 

data were from clinical trials that enrolled more than twenty years ago.10 Additionally, 

efficacy in a clinical trial may not always translate into real-world effectiveness in less 

controlled environments where non-clinical factors (e.g., socioeconomic or insurance status) 

can play a role.19 Data from the NCDB, with contemporary patients, suggests castration type 

is not associated with changes in overall survival in a cohort of men with metastatic PCa 

from a broad array of practice types across the United States. These findings should allay 

historical concerns related to oncologic outcomes based on castration type;20 however, we, 

along with others using various North American datasets 9, 11, 21 still show limited and 

declining utilization of surgical castration.

Despite low use, surgical castration is also associated with better non-oncologic outcomes. 

In a retrospective analysis of SEER-Medicare, surgical castration was associated with lower 

risks of fractures (HR 0.77), peripheral arterial disease (HR 0.65), and cardiac events (HR 

0.74) compared to medical castration.5 Similarly, a population-based study from Denmark 

suggested while medical castration was associated with increased risk of myocardial 

infarction (HR 1.31, 95% CI 1.16–1.49) or stroke (HR 1.19, 95% CI 1.06–1.35), surgical 

castration was not.22 Additionally, although both forms of ADT have been found to be 
similar in terms of costs within the first year of PCa treatment, 5 a previous analysis 
suggested surgical castration was more cost-effective per quality-adjusted life years over 
time, 6 reflective of the upfront costs of surgery compared to the compounded costs of 
additional medication dosage with GnRH analogues. The cumulative costs of medical 

castration will become more relevant as men with metastatic PCa live longer with recent 

advances in therapeutics.23
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From a patient perspective, those with private or Medicare insurance might not see these 

added costs if the expenditures are all covered. In the NCDB, men with Medicaid or no 

insurance were much more likely to get surgery compared to those with Medicare insurance. 

Previous work has also shown use of surgery decreased as reimbursement for medical 

castration increased in the years prior to our study period, suggesting a financial incentive 

for physicians as well.24 Additionally, surgical castration’s permanence may be appealing to 

providers who care for patients with limited health care access and poor follow-up. Finally, 

although not discernable in the NCDB, it is possible those of higher socioeconomic status 

may more forcefully advocate for medical castration to avoid surgery.

Thus, absent differences in clinical outcomes and despite potentially improved outcomes 

with surgical castration, we hypothesized differential use may be due to provider or patient 

factors. In order to better evaluate this, we fit regression models to further understand factors 

associated with surgical castration use. We found even after adjusting for clinical covariates, 

increased receipt of surgery was noted for men without insurance (11%) or Medicaid 

coverage (8%) and among men from areas of lower median income.

Taken together, these findings warrant future investigation into the individual patient- and 

provider-level factors that affect choice of castration type. Additionally, prospective 

evaluation of longitudinal quality-of-life and costs in a contemporary era following either 

medical or surgical castration would be valuable to counsel patients on their options. If 

evidence continues to accumulate demonstrating similar long-term efficacy and quality-of-

life along with reduced costs associated with surgery, providers should likely begin to 

advocate for more surgical castration. In addition, payment reform to reduce the financial 

incentives for medical castration may be indicated.

Our study found no difference in castration type based on patient race/ethnicity. In an 

analysis from a California cancer registry, Hispanic men were more likely to receive surgery 

compared to white men.11 Among Medicare patients who received any ADT, black men 

were more likely than white men to receive surgery (14% vs 7%).25 The differences in 

results based on race/ethnicity between our study and these previous works may be reflective 

of more limited study populations in the previous works (single state or elderly Medicare 

population) versus a national patient sample from the NCDB or other unmeasured factors.

Similarly, in the NCDB, men with more comorbidities were less likely to receive surgery. 

This is contrary to data from a California cancer registry which also used the Charlson 

comorbidity index.11 Prior work has shown the Charlson comorbidity index does not 

correlate well with treatment aggressiveness among men with localized disease26 which 

suggests future work on this topic should consider evaluation of indices which are better 

predictive of mortality in a general adult population or in men with PCa.27, 28

The findings of this study should be considered in the context of several limitations. First, 

the NCDB is not population-based; therefore, the results may not be generalizable to all 

practices. Second, the NCDB can only account for men who received surgical castration as a 

first form of treatment and cannot account for men who underwent surgical castration after a 

duration of medical castration. We may, as a result, underestimate use of surgical castration. 
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Third, approximately 40% of men with metastatic PCa in the NCDB over the study period 

were excluded due to missing information on tumor characteristics, which may bias the 

reported results in indiscernible ways. However, with similar findings in our sensitivity 

analysis including these patients, our sense is the influence of these unknown characteristics 

is unlikely to change our conclusions.

Conclusion

In a national cohort of contemporary men with de novo metastatic PCa, use of surgical 

castration is low and decreasing despite potential advantages and similar survival compared 

to medical castration. Men with potentially limited healthcare access were more likely to 

receive surgical castration, perhaps reflective of provider preference for a permanent form of 

ADT for these patients. Given the potential benefits over medical castration, increasing the 

use of surgical castration may represent an opportunity to improve outcomes and reduce 

costs for men with metastatic PCa. Further work is needed to understand patient and 

provider level factors driving treatment decisions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Temporal trends in surgical castration for men with newly diagnosed metastatic prostate 

cancer

Error bars represent 95% confidence intervals
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Figure 2: 
Adjusted overall survival based on castration type

Survival over time based on multivariable Cox regression in supplemental table 2
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Table 1:

Multivariable logistic regression for factors associated with surgical castration for men with newly diagnosed 

metastatic prostate cancer

Covariate OR (95% CI) p

Year of diagnosis   

Per one year later 0.89 (0.87–0.91) <0.001

Age   

Per 10 year increase 1.07 (1.00–1.15) 0.051

Race/Ethnicity   

White Reference  

Black 1.09 (0.91–1.31) 0.3

Hispanic 1.28 (0.95–1.72) 0.107

Unknown/other 0.97 (0.72–1.31) 0.9

Gleason grade group   

5 Reference  

4 0.94 (0.81–1.08) 0.4

3 1.15 (0.95–1.39) 0.161

2 1.08 (0.86–1.37) 0.5

1 0.69 (0.50–0.95) 0.023

Pretreatment PSA, ng/dl   

Greater than or equal to 98 Reference  

50 to less than 98 0.55 (0.46–0.66) <0.001

20 to less than 50 0.55 (0.46–0.66) <0.001

Less than 20 0.37 (0.31–0.44) <0.001

Clinical T stage   

T4 Reference  

T3 0.83 (0.71–0.97) 0.019

T2 0.73 (0.62–0.84) <0.001

T1 0.47 (0.31–0.73) 0.001

Clinical M stage   

M1c Reference  

M1b 1.09 (0.89–1.33) 0.4

M1a 0.84 (0.58–1.20) 0.3

M1NOS 0.86 (0.68–1.07) 0.174

Comorbidities   

0 Reference  

1 1.40 (1.18–1.65) <0.001

>1 1.43 (1.14–1.79) 0.002

Geographic Location   

North East Reference  
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Covariate OR (95% CI) p

North Central 1.22 (0.89–1.66) 0.2

South 1.40 (1.04–1.88) 0.027

West 1.45 (1.00–2.09) 0.048

Facility Type   

Community Reference  

Comprehensive 1.22 (0.89–1.67) 0.2

Academic 0.68 (0.48–0.95) 0.026

Other 1.35 (0.94–1.93) 0.104

Insurance Type   

Medicare Reference  

Private 0.73 (0.61–0.87) 0.001

Medicaid 1.68 (1.34–2.11) <0.001

Uninsured 2.12 (1.58–2.85) <0.001

Other 1.24 (0.90–1.71) 0.180

Distance traveled to treatment facility   

≤60 miles Reference  

60–120 miles 0.75 (0.50–1.12) 0.157

>120 miles 0.80 (0.45–1.41) 0.4

Patient’s county type   

Metropolitan Reference  

Urban/Rural 1.13 (0.86–1.47) 0.4

Median income in patient’s zip code   

<$38,000 Reference  

$38,000–47.999 0.87 (0.69–1.08) 0.2

$48,000-$62,999 0.88 (0.69–1.14) 0.3

$63,000+ 0.61 (0.43–0.85) 0.004

Non-high school educated in patient’s zip code   

≥21% Reference  

13–20.9% 1.11 (0.88–1.38) 0.4

7–12.9% 1.11 (0.84–1.47) 0.5

<7% 1.13 (0.83–1.54) 0.4

Adjustments for clustering based on treatment facility were made. Bold indicates significance. Abbreviations: CI, confidence interval; OR, odds 
ratio; PSA, prostate-specific antigen.
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