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Abstract

Androgen deprivation therapy is the gold standard for metastatic prostate cancer, which can be 

achieved either by surgical or medical castration. In this study of 33,585 patients in the National 

Cancer Database, there was significant decline in the trend of utilization of surgical castration 

from 8.6% in 2004 to 3.1% in 2014. However, there was no survival difference with surgical 

castration when compared with medical castration. Increasing the utilization of surgical castration 

could help reduce health care expenditures. Patients and physicians need to be aware of treatment 

options and their financial implications.

Background: Androgen deprivation therapy (ADT) is the gold standard for metastatic prostate 

cancer, which can be achieved either by surgical or medical castration. In this study, we evaluated 

the trends of utilization of surgical castration and also assess the survival differences of patients 

who underwent surgical castration when compared with those who underwent medical castration.

Materials and Methods: The National Cancer Database was used to identify patients with 

metastatic prostate cancer from 2004 to 2014. Cochran-Armitage tests were used to assess 

temporal trends in the proportion of patients receiving surgical castration relative to medical 

castration. Logistic and Cox regression models were utilized to estimate the odds of utilization of 

surgical castration and the effect of castration on overall survival (OS).

Results: A total of 33,585 patients with metastatic prostate cancer were identified; 31,600 

(94.1%) had medical castration, and 1985 (5.9%) underwent surgical castration. There was 

significant decline in the trend of utilization of surgical castration from 8.6% in 2004 to 3.1% in 

2014. On multivariable analysis, being of a non-Caucasian race, having lower median income 

levels, having non-private insurance, and earlier years of diagnosis were found to be associated 

with increased odds of choosing surgical castration over medical castration. Notably, the odds of 

surgical castration were lower at academic centers. On univariable analysis, a survival difference 
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between castration modality was evidenced (P < .01); 5-year OS for medical castration and 

surgical castration were 24.3% and 18.2%, respectively. However, on multivariable analysis, there 

was no OS difference between surgical castration and medical castration (P = .13).

Conclusions: In this large contemporary analysis, the utilization of surgical castration has 

declined over time, with no OS difference when compared with medical castration. Increasing the 

utilization of surgical castration could help reduce health care expenditures. With rising health care 

costs, patients and physicians need to be aware of treatment options and their financial 

implications.
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Introduction

Prostate cancer is the most common malignancy and second most common cause of cancer-

related death in men. In 2018, the American Cancer Society estimated about 164,690 new 

cases in United States. The incidence has steadily declined since its peak in the early 1990s, 

coinciding with changing recommendations from the United States Preventive Services Task 

Force on prostate cancer screening. This was primarily intended to avoid over-diagnosis of 

early stage and indolent prostate cancer.1,2

Localized prostate cancer is potentially curable with either radiation therapy or radical 

prostatectomy. Androgen deprivation therapy (ADT) is the gold standard for the treatment of 

newly diagnosed metastatic prostate cancer or recurrent cancer that cannot be cured with 

salvage therapy. This can be achieved either by surgical or medical castration. In the United 

States, surgical castration (bilateral orchiectomy or subcapsular orchiectomy) was the 

predominant modality of ADT until the late 1980s, and subsequently, this has gradually 

shifted to medical castration owing to the discovery of long-acting GnRH analogues 

(goserelin, leuprolide, triptorelin, and histrelin) and GnRH antagonist (degarelix). Both of 

these modalities are equally effective in achieving castration levels of testosterone (< 50 

ng/dL) and have similar efficacy in controlling the cancer.3,4 Medical castration can be 

achieved with continuous or intermittent dosing of GnRH analogues. Previous studies have 

shown improvement in quality of life and cost savings with intermittent dosing; however, 

this also led to an increase in prostate cancer-related deaths.5 Various national guidelines 

including the National Comprehensive Cancer Network, American Society of Clinical 

Oncology, and European Association of Urology recommend either medical or surgical 

modalities as effective therapies. There is no consensus for continuous versus intermittent 

ADT when using medical castration; however, it is recommended that intermittent dosing 

should be strongly considered to reduce side effects.6,7 Despite both surgery and medical 

castration being recommended by the guidelines, the utilization of surgical castration is low.

In this study, we evaluate the trends of utilization of surgical castration and also compare its 

efficacy with medical castration in 33,585 patients in the National Cancer Database 

(NCDB). Additionally, we will discuss financial implications of both these modalities in the 

setting of rising health care costs and its impact on the economy.
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Materials and Methods

Data Source

The NCDB is a jointly sponsored cancer database of the American College of Surgeons and 

the American Cancer Society. The database is one of the largest cancer databases, with more 

than 34 million records. It collects hospital registry data from more than 1500 Commission 

on Cancer (COC)-accredited facilities. More than 70 percent of newly diagnosed patients 

with cancer are represented in this database.8 The data provides several variables including 

treatment received and overall outcomes, which can be analyzed to identify factors 

impacting patients’ survival. The data requested from NCDB was provided as the participant 

user data file, which contains the Health Insurance Portability and Accountability Act-

compliant de-identified patient-level data. The most recent data that was available during the 

time of analysis was from 2004 to 2014.

Cohort Selection

We identified 1,380,357 men based on the International Classification of Disease for 

Oncology, 3rd edition, code C61.9 (Prostate gland; Prostate, not otherwise specifiec [NOS]) 

in the database. We included 33,585 adult men with age ≥ 18 years diagnosed with 

metastatic prostate cancer after excluding patients with localized disease, multiple primary 

malignant tumors, those who did not receive ADT, and those with incomplete treatment or 

follow-up information. The histologies included were metastatic adenocarcinoma, ductal 

carcinoma, acinar cell carcinoma, and adenocarcinoma with mixed subtypes. Transitional, 

small-cell, pseudosarcomatous, and large-cell carcinoma histologies were excluded from the 

study. Staging from year 2004 to 2009 was based on the American Joint Committee on 

Cancer (AJCC) 6th edition, and for men from 2010 to 2014 was based on the AJCC 7th 

edition. Although there was a change in staging for early stage prostate cancer in AJCC 7th 

edition when compared with the 6th edition, there was no significant change for metastatic 

prostate cancer.9 Patients with early stage disease who progressed to have metastatic disease 

later were excluded from the study as the date of progression was not available. The cohort 

includes patients who have received chemotherapy and those who received radiation therapy 

or underwent surgery for the primary tumor. The information regarding the specific type of 

chemotherapy agent (such as docetaxel, cabazitaxel, and mitoxantrone) and anti-androgen 

therapy (abiraterone and enzalutamide) is not available in the database. We believe the lack 

of this specific information is unlikely to impact the study measures. Figure 1 shows the 

study population who met the inclusion criteria.

Measures

Cancer registrars documented the modality of castration as surgical castration or medical 

castration. In the database, surgical castration was defined as endocrine surgery either after 

bilateral orchiectomy, orchiectomy for a single remaining testicle, or irradiation of both 

testicles. The remaining patients who did not undergo orchiectomy or who had irradiation of 

testicles received hormonal therapy for castration. We noted some patients who underwent 

surgical castration have also received hormonal therapy initially. This, we think, is a 

standard practice as patients are generally started on hormonal therapy and then, over the 

course of time, decide to undergo surgical castration.
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Covariates

The covariates that were collected are broadly grouped as demographic, socioeconomic, and 

clinical characteristics. The specific covariates included age, race, facility type, location, 

primary payer, census median income quartiles, rurality (rural, urban or metro), Charlson-

Deyo score, surgery of primary site, receipt of radiation, receipt of chemotherapy, status of 

patients, and year of diagnosis. The patients were grouped based on age as < 65 and ≥ 65 

years. The race is distributed as white, black, and others. The insurance providers were 

categorized as Medicare, Medicaid, private insurance, and uninsured. Income quartiles are 

divided into < $38,000, $38,000 to $47,999, $48,000 to $62,999, and ≥ $63,000 median 

household income, estimated using patients’ ZIP codes. The patients were categorized into 

rural or urban based on their county of residence as per United States Department of 

Agriculture ruralurban continuum codes.10 The comorbidities of the patients were assessed 

based on Charlson/Deyo comorbidity score, which is grouped as 0, 1, 2, or > 2.11 The 

treating facilities are divided as academic and non-academic based on criteria delineated by 

the CoC.12 The patients were sorted based on the geographic location into Mountain-Pacific, 

Central, and New England-Atlantic regions, respectively.

Statistical Analysis

The Cochran-Armitage test was used to assess temporal trends in the proportion of patients 

receiving surgical castration relative to medical castration. Logistic regression was used to 

estimate the effects of sociodemographic and clinical variables on receipt of endocrine 

therapy (surgical vs. medical castration). Cox regression models were utilized to estimate the 

effect of treatment on overall survival (OS) while adjusting for the potential confounding 

effects of sociodemographic, clinicopathologic, and other treatment characteristics. 

Covariates used in the analysis were selected based on previous literature, clinical 

knowledge, and availability. To account for the possible dependency between patients seen 

at the same facility, generalized estimating equations with a compound symmetry structure 

and a robust sandwich variance estimate were used for the logistic and Cox regression 

models, respectively. Estimated covariate effects are reported as odds ratios or hazard ratios 

along with 95% confidence intervals. All tests were 2-sided and assessed for significance at 

the 5% level using SAS v9.4 (SAS Institute, Cary, NC).

Results

Study Population

A total of 33,585 men with metastatic prostate cancer were identified during the 2004 to 

2014 period; of these, 31,600 were treated with medical castration, and 1985 underwent 

surgical castration. Among the men who underwent surgical castration, 846 (42.6%) also 

received hormonal therapy. Table 1 summarizes their characteristics based on type of 

castration for different covariates analyzed.

The overall trend in the utilization of surgical castration has significantly (P < .01) declined 

from 2004 to 2014. Specifically, it was 8.6% in 2004 and declined to 3.1% by 2014. The 

trends along with absolute values are depicted in Figure 2.
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Of the 1985 men who underwent surgical castration, the majority were white (73.2%), above 

65 years (66.9%), had no comorbidities (73%), and were living in an area with an annual 

income of less than $63,000 (80.9%). Additionally, 79.8% of men from metropolitan areas 

underwent surgical orchiectomy when compared with men from urban or rural areas. A 

higher proportion (75.6%) of men treated at non-academic facilities underwent surgical 

castration when compared with those treated at academic centers.

Odds of Surgical Castration

The univariable and multivariable analyses, as outlined in Table 2 and Figure 3, show that 

the odds of patients choosing surgical castration over medical castration are higher in non-

Caucasians, men living in an area with an annual household income less than $63,000, and 

those with non-private insurance (Medicare, Medicaid, or uninsured). Interestingly, the odds 

of undergoing orchiectomy are lower in academic centers. Compared with the New England-

Atlantic regions, men in the Central and Mountain-Pacific zones have higher odds of 

undergoing orchiectomy. The age of the patient (< 65 vs. ≥ 65 years) and their location (ie, 

metro vs. nonmetro) did not influence the odds of choosing orchiectomy. Patients with a 

Charlson-Deyo morbidity score of 1 have higher odds of choosing surgical castration. 

However, beyond the score of 1, the comorbidity index did not show any significant 

influence on the odds of choosing one procedure over the other relative to patients with no 

comorbidities. Odds of surgical castration decreased with an increase in year of diagnosis, 

which is consistent with the declining trend of the surgical castration over the years.

Survival Analysis

The 5-year OS in patients undergoing medical and surgical castration was 24.3% and 18.3%, 

respectively. A significant difference between castration type was found in terms of OS on 

univariable analysis (P < .01). However, after multivariable analysis, the difference was no 

longer significant (P = .13) (Figure 4).

In addition to castration, we also assessed other variables affecting the survival. We noted 

significantly lower survival in patients with age ≥ 65 years, in non-academic programs, from 

areas with relatively low household income (< $48,000), and with non-private payor status 

(Medicare, Medicaid, or uninsured) (Table 3, Figure 5). Compared with patients with no 

comorbidities, patients with comorbidities had worse outcomes. Patients who received 

chemotherapy had lower survival in the multivariable analysis.

Geographic location of the facility did not significantly influence survival. Blacks have no 

significant difference in outcomes compared with whites, but other races had significantly 

better outcomes in comparison with whites. Multivariable analysis shows that urban areas 

have improved survival in comparison with metropolitan areas, but no significant difference 

was found in rural areas in comparison with the metropolitan areas. Surgery of the primary 

site or radiation therapy did not have a significant influence on survival. As the year of 

diagnosis increases, patients had significantly improved outcomes.

Garje et al. Page 5

Clin Genitourin Cancer. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Discussion

Over the past 2 decades, the treatment paradigms have evolved for metastatic prostate cancer 

with the introduction of potent but rather expensive second-generation anti-androgens such 

as abiraterone and enzalutamide and with the chemotherapeutic drugs, docetaxel and 

cabazitaxel. In addition to these agents, the patients also require long-term ADT to lower the 

testosterone, which could be achieved by a cost-effective surgical castration or expensive 

hormonal therapy. The effects of continuous ADT with either modality include hot flashes, 

loss of libido, bone loss, muscle atrophy, and decrease in physical activity. The use of 

medical ADT allows the option of intermittent dosing. This may reduce costs and side 

effects but results in a higher prostate cancer-related mortality and is not uniformly 

recommended for all patients.

Surgical Castration

The efficacy of surgical castration in patients with advanced prostate cancer was first 

reported by Huggins et al in 1941.13 This discovery was the foundation of prostate cancer 

management for several decades. Bilateral orchiectomy is a simple, cost-effective outpatient 

procedure. Also, castration levels of testosterone are reached within 3 to 12 hours as the 

biological half-life of testosterone is 45 minutes.14 Severe complications are very rare except 

for minor issues such as wound infection, hematoma, and pain. There is a concern for 

emotional impact on the mens’ health with the procedure; however, this could be overcome 

by testicular prosthesis placement or subcapsular orchiectomy.

Medical Versus Surgical Castration

In late 1980s, the advent of GnRH analogues such as goserelin, leuprolide, and triptorelin, 

and eventually GnRH antagonists such as degarelix as an alternative to surgical castration, 

led to a surge in medical castration. With GnRH agonists, it is estimated that about 1% to 

12.5% of patients do not achieve testosterone levels < 50 ng/mL.15–17

In a systemic review and meta-analysis of more than 6600 patients with advanced prostate 

cancer, GnRH agonists and anti-androgen therapies were compared with orchiectomy. There 

was no difference in the 2-year OS between both groups.18 In our analysis as well, there is 

no significant difference in OS between the 2 groups, which is consistent with the above 

meta-analysis. Overall, either surgical or medical castration have similar efficacy in 

advanced prostate cancer.

In 1989, a prospective survey of 159 patients with advanced prostate cancer was conducted 

regarding their preference of castration with either orchiectomy or a GnRH analog, 

goserelin. Of the 140 patients who completed the survey, 78% preferred goserelin primarily 

owing to the avoidance of surgery, as well as the success and convenience of the drug. On 

the other hand, 22% of patients preferred orchiectomy for castration for the convenience of 

one-time surgery.19 In concordance to this survey, this trend continues, as is evident in our 

study where the overall utilization of surgical castration is less than 9%. The odds to prefer 

surgical castration continues to decline annually. This could be attributed to the perception 

of orchiectomy as a too-drastic measure with an added emotional impact when compared 
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with medical castration, which has similar efficacy.19,20 Also, it is unknown if patients are 

provided with these options as equally efficacious with significant cost differences by their 

physicians.

In our study, we observed that the patients who underwent surgical castration were mostly 

non-Caucasian, had non-private insurance, lived in lower income (< $63,000) areas, and 

received care at non-academic centers.

One likely explanation for this observation is that men with low income and government 

insurance fear the high expenses associated with long-term hormonal therapy and likely 

prefer orchiectomy. However, this needs to be further validated with prospective surveys of 

patients and physicians.

Costs of Medical Versus Surgical Castration

In the realm of rising health care expenditure, the financial burden of similarly efficacious 

treatment options should be considered prior to determining the choice of long-term 

androgen suppression. Surgical castration expenditures include costs of bilateral 

orchiectomy, anesthesia, complications of surgery, and follow-up care. Most of these costs 

will be incurred within the first 6 months postoperatively.21 ADT is one of the costliest 

treatments for metastatic prostate cancer.22 Whereas costs are incurred mainly within a 

limited postoperative period in surgical castration, medical castration often requires years of 

ongoing medication, administration costs, and costs from complications of therapy. The 

average wholesale price for leuprolide depot is about $1859 per month, and with an annual 

cost of about $22,300. The average selling price varies from $2500 to $7500 annually.23 A 

study by Sun et al using the Surveillance, Epidemiology, and End Results (SEER) program 

showed that total expenditures 1 year after diagnosis of metastatic prostate cancer was 

$8478.46 with medical castration and $9726.98 after orchiectomy.24 Although the study by 

Sun et al did not find a financial advantage to orchiectomy, this can be attributed to the 

limited 12-month follow-up period. Other studies have found that direct treatment costs 

associated with medical castration range from 6 to 20 times the cost of surgical castration.23 

Our study had a 5-year survival rate of 24.3% for those treated with medical castration. 

Using the previous SEER data, most patient expenditures would be expected to exceed 

$40,000 within 5 years for this group. Meanwhile, most costs associated with surgical 

castration would be limited to the $9726.98 incurred within the first year from surgery. 

Additionally, the study from Sun et al shows a significant increase in fractures, peripheral 

arterial disease rates, and cardiac-related complications among the medical castration group 

compared with those undergoing orchiectomy. Overall, surgical castration is an 

underutilized, safe, and cost-effective approach for metastatic prostate cancer.

Limitations

Although our study has a large number of strengths, it is not entirely devoid of limitations. 

The primary limitation is its retrospective study design, which is inherently prone to bias. 

Patient-level data on factors influencing in choosing a castration modality was not available, 

which is an important limitation of our study. Also, the database does not provide details of 

individual prostate cancers such as the metastatic burden and does not provide the actual 
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agent or the duration of use for medical castration. The cause of death is not available in the 

database, which limits cancer-specific survival analysis.

Conclusion

In conclusion, surgical castration is an underutilized, cost-effective treatment for metastatic 

prostate cancer. In this large contemporary analysis, the utilization of surgical castration has 

declined over time with no OS difference when compared with medical castration. With 

rising health care costs, changing the practice by utilizing surgical castration can help reduce 

health care expenditures. Patients and physicians need to be educated on the financial 

implications of treatment options. Prospective and patient-level studies should be conducted 

to identify factors leading to the decline of surgical castration.
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Clinical Practice Points

• Prostate cancer is the most common malignancy in men.

• Metastatic prostate cancer is treated with ADT, which can be achieved either 

by surgical castration or medical castration.

• In this large contemporary analysis, the utilization of surgical castration has 

declined over time with no survival difference when compared with medical 

castration.

• Increasing the utilization of surgical castration could help reduce health care 

expenditures. With rising health care costs, patients and physicians need to be 

aware of treatment options and their financial implications.
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Figure 1. Consolidated Standards of Reporting Trials (CONSORT) Diagram for Cohort 
Selection
Abbreviation: NCDB = National Cancer Database.
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Figure 2. 
Between 2004 and 2014, a Significant Decline in the Utilization of Surgical Castration 

Relative to Medical Castration was Evidenced (P < .01)
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Figure 3. Multivariable Analysis: Odds of Castration
Abbreviations: CI = confidence interval; OR = odds ratio.
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Figure 4. Univariable Analysis of Overall Survival
Abbreviations: CI = confidence interval; OS = overall survival.
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Figure 5. Survival Analysis
Abbreviations: CI = confidence interval; HR = hazard ratio.
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