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ABSTRACT	OF	THE	THESIS	

 

Long Term Assess of Adverse Cardiovascular Events in Men Receiving Androgen 
Deprivation Therapy Following Radical Prostatectomy  

by 

Joshua K. Tran 

Master of Science of Biomedical and Translational Sciences 

University of California, Irvine, 2022 

Professor Thomas Ahlering, Chair 

 

Introduction: Androgen deprivation therapy (ADT) or radiation therapy (RT) with ADT is 

frequently recommended for biochemical recurrence (BCR) following a radical 

prostatectomy (RP). Probably the most severe life-threatening complication of ADT is an 

adverse cardiovascular event (ACE) such as acute myocardial infarction, stroke, etc. Because 

the literature is conflicted as to whether ADT increase ACEs. This study seeks to assess 

relationship of ACE in men undergoing ADT following RP. 

Methods: Retrospective review of prospectively collected data (n = 1895) from patients who 

underwent robot-assisted radical prostatectomy (RARP) performed by a single surgeon. 308 

patients with a biochemical recurrence (BCR) and adequate follow-up data were analyzed 

for ACE. 189 men in the “treatment group” (TG) were managed with ADT or RT/ADT. The 

comparator group consisted of 119 men undergoing active observation (AO) with BCR but 

received no ADT or RT/ADT.  Differences between AO and TG were analyzed utilizing 

student t-test and chi-squared (Table 1). Logistic regression was used to find predictors of 

ACE. Kaplan-Meier survival curves were generated to find time to ACE event and the 

percentage of patients that did not have an event.  
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Results: At baseline, time of surgery, there was no significant difference in Charlson 

comorbidity index (CCI) but there was a trend in favor of AO (4.14 versus 4.38). In follow-up 

following BCR significant predictors of ACE in univariate analysis were age, CCI, body mass 

index (BMI), treatment status (AO vs TG), and smoking status (non-smoker vs previous 

smoker). 15-year Kaplan-Meier (KM) analysis showed a statistically significant increase in 

ACEs (TG 54.4% and AO 41.8%, p = 0.02). The driving factors for the increase in ACEs was 

coronary artery disease and arrhythmia. In the TG, there were no differences in ACE between 

ADT versus RT+ADT (55.4% versus 53.8%, p = 0.68). In adjusted multivariate logistic 

regression analysis, CCI and BMI were significant predictors for ACE with treatment status 

trending toward significance.  

Conclusions: There is an association between treatment for BCR and subsequent 

cardiovascular morbidity (as measured by ACE). Treatment may not undoubtedly cause ACE 

but that it may carry a higher risk of ACE. This effect may be attributed to time, or increasing 

the risk of particular types of ACE, but not to other types of ACE. We also saw the importance 

of BMI and CCI as a prognosticating tool for ACE, over treatment status. 	
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INTRODUCTION	
	

1.1 Background 

Prostate cancer (PC) is the most commonly diagnosed non-cutaneous cancer in men, with 

about 1.3 million incident cases in 2018. Prostate cancer is also the fifth most common cause of 

cancer death globally with an estimated 360,000 deaths in 20181.  

Current guidelines suggest that primary treatment of PC includes radiation or surgical 

therapy2. The most common surgical treatment for PC is a radical prostatectomy (RP). Following 

RP, patients with an elevated serum prostate specific antigen (PSA; 0.2ng/ml x2) are considered 

to have a biochemical recurrence (BCR). BCR following primary treatment is quite common and 

occurring in about 20-40% of patients3. Patients with BCR are frequently recommended to receive 

radiation therapy (RT) and/or androgen deprivation therapy (ADT).  

With technological and medical improvements occurring every year, physicians and patients are 

presented with a wide range of medication options for ADT. These medications can be 

separated into different classes depending on the pharmacokinetics of these medications. The 

main class of ADT are Gonadotropin-releasing hormone agonists4 which create castrate levels 

of testosterone. While these medications are effective in treating BCR, side effects due to no 

testosterone are associated with reduced muscle mass, increased belly fat and a host of 

harmful complications. Probably the most severe complication for patients taking ADT following 

RP are the effects of increasing cardiovascular disease (CVD). According to the CDC, heart 

disease is the leading cause of death for men in the United States5. Most prostate cancer 

patients with more advanced disease leading to BCR are already at a higher risk of CVD. 

Although it is very intuitive that men are at risk of ACEs due to their disease status, this risk 

should be increased with secondary effects ADT. However, there is significant controversy 

surrounding this issue. 
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1.2 Conflicting Literature 

 There are several studies that have assessed the use of hormonal therapy and risks of 

cardiovascular mortality (CM). One of the most well-known publications on this topic is a science 

advisory from the American Heart Association, American Cancer Society, and American 

Urological Association that was published in 20106. Despite the growing literature on the 

relationship between PC patients on ADT and increased risk of CVD, the consensus states that 

“there may be a relationship” but does not believe that patients should be referred to additional 

specialists or perform any additional tests to ensure safety.  

In 2021, Zhang et al. analyzed 49,634 patients from the FDA adverse event reporting 

system and found that patients had a adverse cardiovascular event (ACE) rate of 12.6% on 

hormone monotherapy and 26.1% on combination therapy. They also found that patients utilizing 

second generation ARI in combination with GnRH antagonists were associated with higher rates 

of ACE7.  

The extent in which ADT is associated with CVD and CM are largely conflicting. This is 

especially true when large meta-analyses compare randomized control trials (RCT) and 

observational studies. Nguyen et al. in 2011, reported a meta-analysis of 11 RCTs that found no 

significant difference in CM between patients receiving ADT vs control8. They also found that ADT 

was associated with lower overall mortality (OM). These trials were not designed to ascertain 

CVD outcomes as exclusion criteria may remove patients common in PC patients (e.g. elderly or 

those with comorbidities). Observational studies are also able to examine CVD outcomes other 

than death. In order to address this, Bosco et al. in 2015 performed A meta-analysis on 

observational studies that found eight studies reporting on at least one type of ADT and a nonfatal 

or fatal CVD outcome. They found that observational studies consistently show a positive 

association between ADT use and risk of CVD [CITE]. These conflicting results show the need to 

further explore this topic.  
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1.3 Randomized Control Trials 

 RCTs have long been accepted as the “golden standard” for clinical research9. As such, 

we will first be reviewing several RCTs that include use of ADT in PC patients that reported CVD 

or CM.  

 In 2008, D’Amico et al. (DFCI 95-096) reported the results of an RCT between radiation 

therapy (RT) and RT+ADT10. Their study included 206 men with unfavorable-risk PC and had a 

median follow-up of 7.6 years. Over this time period, 44 deaths occurred in the RT group and 30 

deaths in the RT+ADT group. Of these, 13 patients in each group (26 total) were attributed to a 

CM. They found that the addition of ADT did not increase the overall rate of CM.  

 In a larger trial reported by Efstathiou et al. (RTOG 85-31) on CM was published in 200911. 

945 patients received either RT alone or RT+ADT with a median follow-up of 8.1 years. Both arms 

did not have any statistically different prevalence of cardiovascular disease (CVD), hypertension, 

or diabetes in their preoperative demographics. In their regression analysis, the addition of ADT 

to treatment was not significantly associated with increased risk of CM (p = 0.16). In a subgroup 

analysis of this trial, there were no differences in CM for patients with preoperative CVD or 

preoperative diabetes or age >70 years old. They confirmed that ADT did not increase CM in men 

with locally advanced PC.  

 Bolla Et al. (EROTIC 22863) analyzed 208 patients in the RT group and 207 in the 

RT+ADT group12. Of the 192 deaths in the trial, 39 were CM with 17 and 22 in the RT and RT+ADT 

group, respectively. In patients with previous CVD, CM was not significantly different in the RT 

(11/63) and RT+ADT (8/53) group (P=0.60). In patients without preexisting CVD, similar results 

were found between the two groups (6/145 and 14/154 in the RT and RT+ADT groups, 

respectively; p = 0.25).  

 An Australian-New Zealand study (TROG 96.01) reported on 818 men receiving either RT 

or RT+ADT13. At 10-year follow-up, they observed no differences in cardiac related death with 23 
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deaths in the RT alone group and 36 in the RT+ADT group. This study agrees with many 

previously published RCTs that show no differences of CM in patients receiving treatment.  

 All of the RCTs reported here, and many more not mentioned, all agree that ADT use does 

not increase CM in patients. The “golden standard” of medicine shows that there is no association 

between treatment and CM. While RCTs are considered one of the highest levels of evidence, 

the observational studies on this have differing results.  

1.4 Observational Studies 

Observational studies are more typically numerous in publications than RCTs but are 

considered a lower level of evidence. Despite this, an argument has been made that observational 

studies are more easily accessible and cheaper to look at safety and effectiveness9. Some have 

argued that observational studies more accurately reflect the “real clinical world” more so than 

RCTs.  

One of the larger studies that sparked the concern for ADT use and CVD was published 

in the mid-2000s14. Utilizing the Surveillance, Epidemiology and End Results (SEER) Medicare 

database, 73,196 patients were analyzed to assess diabetes, coronary heart disease (CHD), 

myocardial infarction (MI), and sudden cardiac death. They found that compared to no treatment, 

ADT use was significantly associated with incidence of diabetes, CHD, MI, and sudden CM.  

Another review of the SEER database by Hu et al. was reported and published in 2012, 

to identify the use of ADT and peripheral arterial disease and venous thromboembolism15. They 

found that treatment with ADT was significantly associated with both peripheral arterial disease 

and venous thromboembolism. This group also considered smoking status as a possible 

confounder based on previous reports. They concluded that the actual effect of smoking status 

depended too heavily on the prevalence of smoking status in both groups. Especially in the ADT 

group, with lower estimates being significantly different, but higher estimates would not be.  

A report on the Swedish national health care registers analyzed 41, 362 men with PC on 

ADT compared with an age-matched, PC-free comparison cohort16. They found that men on ADT 
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were at a higher risk of CVD compared to the comparison cohort. Patients with at least two 

cardiovascular events before therapy were at a higher risk of CVD during the first six months of 

ADT. While these results support pre-existing observational studies, it should be noted that the 

comparator group consisted of patients who were not diagnosed with PC.  

A multi-center, cross-sectional study from 30 Italian institutions reported on the occurrence 

of CVD (CHOICE study) in patients receiving ADT (concordant (n = 790) and discordant (n = 285) 

ADT groups)17. Cardiovascular complications were seen at a rate of 32.7%; Surprisingly, patients 

who were discordant (according to EAU guidelines) showed a greater probability of cardiovascular 

complication than concordant patients. The majority of discordant patients had a Charlson 

Comorbidity Index (CCI) >2 (81.8%). They suggest that the risk of side effects from ADT in this 

subgroup may “exceed clinical benefit”.  

30,923 patients with PC from the Norwegian health registry were analyzed for ADT use (n 

= 8,449) and subsequent CVD and overall mortality18. They reported an association between ADT 

and increased risk of CVD (MI, stroke, and heart failure). Patients who received ADT for a longer 

duration and those with some CVD risk factors at time of diagnosis were noted to have a stronger 

association with CVD events.  

1.5 Specific Aims and Objectives 

 It is apparent that there exists a divide between results on the association between ADT 

use and cardiovascular morbidity in PC patients. This divide has only been growing with EAU 

guidelines stating that level I evidence on both sides conclude conflicting results and therefore 

can only give advice on “non-specific measures such as loss of weight, increased exercise 

minimizing alcohol intake, and smoking cessation.” This study seeks to assess the relationship of 

adverse cardiovascular events (ACE) in men undergoing ADT and/or RT and men that did not, 

following a BCR post-RP.  
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PATIENTS	AND	METHODS	
	

2.0 Methods 

Retrospective review of prospectively collected data from patients who underwent robot-

assisted RP performed by a single surgeon at a single institution between June 2002 and 

September 2019. Data included preoperative demographics, oncologic information, and long-

term follow-up data on cardiovascular events were prospectively recorded in an anonymized, 

electronic database, under approved institutional review board protocol at the University of 

California, Irvine (HS#1998-84). All data collection was conducted in compliance with the Health 

Insurance Portability and Accountability Act and federal guidelines for informed consent were 

followed. 

Figure 1. Inclusion and Exclusion Criteria for Patient Population 

 

1895 patients were included in the study (Figure 1). Patients were screened and excluded 

if they underwent simple prostatectomy (N=9) or cytoreductive prostatectomy (N=3), and if they 

had neuroendocrine or small cell adenocarcinoma (N=3). Inclusion criteria included patients who 
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had PC, received a primary treatment of RP, and subsequently experienced a BCR (N=407). After 

review of the patient's chart, 99 patients were excluded due to lack of follow-up. The final cohort 

(n=308) with a BCR either received treatment (TG; Treatment Group, N=189) or did not receive 

treatment (AO; Active Observation, N=119) (Table 1). The database was frozen for follow-up 

through March 29, 2021. 

The primary outcome was defined as the presence or absence of at least one adverse 

cardiovascular event (ACE). An “event” date was noted only if an ACE occurred post-RP in the 

AO group and post-ADT in the treatment group. ACE was transformed into a categorical variable 

with “1” defined as at least one ACE and “0” defined as no ACE. ACE was measured according 

to Zhang et al. based on the FDA Adverse Event Reporting System7 and the Charlson 

Comorbidity Index (CCI)19. ACE included coronary artery disease (CAD), arrhythmia, myocardial 

infarction (MI), ischemic stroke, congestive heart failure (CHF), deep venous thrombosis (DVT), 

pulmonary embolism (PE), and peripheral vascular disease (PVD). While some ACE are included 

in the CCI, these events were not counted unless an additional event was noted post-RP.  

 A CCI sum was calculated according to Charlson et al. The CCI analyzed age, MI, CHF, 

PVD, cerebrovascular accident, dementia, chronic obstructive pulmonary disease, connective 

tissue disease, peptic ulcer disease, liver disease, diabetes, hemiplegia, chronic kidney disease, 

solid tumor, leukemia, lymphoma, and AIDS19. The CCI sum was utilized as a discrete 

independent variable in our analysis along with other continuous and categorical variables 

described in Table 1.  

Clinically relevant data addressing aggressiveness and progression of PC includes 

pathological outcomes utilizing the Gleason grading system and the TNM staging system. The 

Gleason grade refers to how abnormal or differentiated PC cells look under a microscope. The 

Gleason grade group (GGG) represents 5 different levels of disease aggressiveness with 5 being 

the most aggressive. Grade is represented in pairs with the most common pattern of cells included 
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first followed by the second most common pattern (GGG; 1 = 3+3, 2 = 3+4, 3 = 4+3, 4 = 4+4, and 

5 = anything with a grade 5 disease). 

A backward stepwise logistic regression model was utilized to find independent predictor 

variables of ACE. Continuous variables in our model included age, preoperative PSA (pre-PSA), 

body mass index (BMI), and years of follow-up. Pathologic outcomes were transformed into 

categorical variables and included in our model; GGG and pathologic stage (pT2 = 0 and pT3 = 

1). Additional categorical variables in our model included ACE (0 = no ACE and 1 = at least one 

ACE) along with rounds of treatment (0 = only one round of treatment, number of events, and 1 

= more than one round of treatment) and smoking status (0 = non-smoker and 1 = current (N=16) 

or previous smoker (N=87)). Descriptive statistics of these variables included frequency and 

percentages for categorical variables and mean and standard deviations for discrete and 

continuous variables, as shown in Table 1.  
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Table 1. Descriptive statistics of AO (n = 119) and TG (n = 189) groups. 

 

 

2.1 Statistical Methods 

Table 1 displays the demographics between the TG and AO groups. Student’s t-tests were 

utilized for continuous and discrete variables (age, pre-PSA, CCI sum, BMI, and follow-up years) 

with significance defined as p-value <0.05. Categorical variables (GGG, p-stage, rounds of 
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treatment, patients with at least 1 cardio event, number of events, smoking status) were analyzed 

using chi-squared to evaluate differences between AO and TG. 

Logistic regression analysis was used in determining predictors of the primary outcome 

(ACE). In our multivariate models, independent variables were initially chosen a priori - based on 

clinical practice and/or current literature. A backwards logistic regression model was performed 

where variables were first inputted into the multivariate model and then eliminated one at a time 

based on the largest p-value. This was re-run until a final model was reached with only statistically 

significant variables along with our primary exposure variable(s). The initial multivariate model 

included preoperative age, Pre-PSA, CCI sum, and BMI along with oncologic covariates such as 

GGG and p-stage. The primary exposure variable was treatment status (1 = TG vs 0 = AO).  

Subsequent analysis included smoking status and subgroup analysis of only the TG. 

These analyses utilized logistic regression analysis utilizing the same predictors, or independent 

variables, as the primary analysis with additional covariates - smoking status or rounds of 

treatment. Secondary analysis of smoking status included smoking status as an additional 

independent variable. Thus, the primary exposure variables in this secondary analysis consisted 

of smoking status and treatment status. Subgroup analysis included only patients that received 

treatment with primary exposure variable as rounds of treatment. 

Another secondary analysis was performed in comparing the type of ACE between the TG 

and AO groups. This analysis focused on separating each classification of ACE. Chi-squared 

analysis was utilized in interpreting any statistical difference between the two groups. ACE 

included in this analysis consisted of CAD, arrhythmia, MI, ischemic stroke, CHF, DVT, PR, and 

PVD (Table 6).  

15-year cardiac event survival assessment was performed with Kaplan-Meier analysis and 

stratified between the TG and AO groups. Patients were censored at the last known follow-up or 

death. Further analysis was performed utilizing Kaplan-Meier analysis stratified by type of 

treatment (ADT vs ADT+RT). Statistical significance was defined as a p-value <0.05 for all 
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statistical testing. All statistical tests and figures were conducted and produced in R statistical 

package (R Foundation for Statistical Computing, Vienna, Austria). 
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RESULTS	
	

3.0 Results of Analysis  

 Table 1 displays the demographic results of AO versus TG and no differences were 

observed other than pre-PSA, GGG, and p-stage.  Table 2 describes the univariate regression 

models of predictors for ACE. In the univariate models, age, CCI, BMI, treatment status, and 

smoking status were statistically significant predictors of ACE. Conversely, GGG, pre-PSA, 

rounds of treatment (only for treatment patients), and p-stage, were not statistically significant 

predictors of ACE. Results showed that for every year of increased age, patients had 8% higher 

odds of an ACE. For every unit increase in CCI sum, patients had 67% increased odds of an ACE. 

When compared to AO, patients on treatment were 76% more likely to have an ACE. Further, 

patients who were previous or current smokers were 2.06 times more likely to have a ACE, when 

compared to non-smokers.   
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Table 2. Univariate logistic regression model for ACE and independent variables  

 

 In multivariate analysis (Table 3), the final model indicated that CCI sum and BMI were 

significant predictors of ACE. All other independent variables fell out of the model according to 

the backward stepwise regression analysis. The Pearson correlation coefficient for CCI sum and 

BMI was not significant (p = 0.8334). It is important to note that although treatment status was not 

statistically significant in the final model, the variable was trending toward significance (p = 0.10). 
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Table 3. Multivariate logistic regression model of ACE, adjusting for covariates that affect 

aggressiveness of disease and cardiovascular morbidity.  

 

 Table 4 illustrates a subgroup analysis of only TG patients that examined the impact of 

the number of rounds of ADT treatment on ACE. Backwards regression analysis showed that CCI 

sum and BMI were the only significant predictors of ACE in our final model. 
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Table 4. Multivariate logistic regression model of ACE stratified by patients on treatment, 

adjusting for covariates that affect aggressiveness of disease and cardiovascular morbidity.  

 

 Table 5 is an analysis adding smoking status to the existing covariates and the risk ACE. 

An interim model was included during this analysis in order to outline a significant trend between 

age and CCI sum. While the final model had CCI sum fall out, it was close to statistical significance 

and should remain an important factor to consider. The final model for this analysis with age and 
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BMI remaining significant predictors or ACE with treatment status trending, but no longer being a 

statistically significant predictor. 

Table 5. Multivariate logistic regression model of ACE, adjusting for covariates that affect 

aggressiveness of disease and cardiovascular morbidity. Initial multivariate model with smoking 

status. Interim multivariate model. Final Multivariate Model.  
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 Figure 2 illustrates the 15-year Kaplan-Meier curve for ACE between AO and TG 

groups.  There was a statistically significant higher ACE incidence 54.4% TG versus 41.8% AO 

(p = 0.026).  

Figure 2.  15-year Kaplan-Meier analysis of ACE survival between AO and TG. Time to ACE 

calculated from time of RP.  

 

 Figure 3A demonstrates a subgroup analysis of ACE stratified by treatment types of the 

TG post-RP. This Kaplan-Meier analysis showed no significant differences between ADT and 

ADT + radiation therapy (RT) (p = 0.68). In order to account for any lead time bias, a secondary 

Kaplan-Meier analysis was performed that calculated the time to ACE after treatment (Figure 3B). 

This analysis continued to show that there was no significant difference between the two 

treatment cohorts (p = 0.68).  
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Figure 3A. 15-year Kaplan-Meier analysis of ACE survival stratified by treatment types of ADT 

versus ADT + RT. Time to ACE calculated from time of RP.  
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Figure 3B. 15-year Kaplan-Meier analysis of ACE survival stratified by treatment types ADT 

versus ADT + RT. Time to ACE calculated from time of treatment.  

 

 

 Table 6 outlines the differences between AO and TG based on the type of ACE. No 

statistical differences were found in MI, ischemic stroke, CHF, DVT, PE, and PVD. A statistically 

significant difference was observed in CAD (p = 0.0009) and arrhythmia (p = 0.05).  
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Table 6. Type of ACE stratified by AO versus TG.  
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DISCUSSION	
 

4.0 ADT and Adverse Cardiovascular Event 

 According to guidelines, patients are recommended systemic treatment following a serial 

elevation of PSA (BCR)2. Systemic treatments normally consist of ADT or ADT + RT. EAU 

guidelines state that several studies have shown that ADT is associated with an increased risk of 

cardiovascular morbidity. They cite several studies that expand on the conflicting results between 

trials and observational studies. While a concern is noted, their recommendations defer to the 

FDA consensus paper from the American Heart Association, American Cancer Society, and 

American Urological Association6. They concede that there may exist a relationship between ADT 

and ACE, but there is no definitive determination. 

 Despite the growing literature since the release of the consensus paper, no definitive 

answer can be supported by both parties. We believe that our study lends well to bridging this 

divide as our results have aspects that support both sides. Initial comparison of ACE between AO 

and TG showed no difference between the groups with TG patients at a higher risk (Table 1). This 

result was contrasted with univariate analysis showing treatment status to be a statistically 

significant predictor of ACE (Table 2). This result is in agreement with previously established 

observational studies14–18.  

 Utilization of multivariate logistic regression analysis models our study closer to a RCT as 

we are controlling for significant risk factors such as age, CCI, and BMI. In secondary analysis, 

we also controlled for smoking status as it is an important factor for cardiovascular morbidity20.  

Therefore, we are able to utilize the benefits of both RCT and observational studies. The nature 

of our study design (retrospective review of prospectively collected data) lends to the 

elimination, or reduction, of confirmation bias when interpreting the data. This allows us to 

control for one of the largest biases associated with observational and retrospective studies.  
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4.1 Interpretation 

In multivariate modeling when controlling for age, adjusted GGG, adjusted Pre-PSA, 

adjusted p-stage, CCI sum, BMI and the primary exposure variable (treatment status), only BMI 

and CCI sum were significant predictors of ACE (Table 3). While treatment status was no longer 

significant, it was still trending toward significance. Therefore, treatment status no longer lends to 

a conclusive outcome, but would still outline the importance for physicians to consider when 

managing a patient’s care. Correlation analysis utilizing the Pearson correlation coefficient for CCI 

sum and BMI showed no statistically significant results (p = 0.8334); reinforcing that CCI sum and 

BMI are independent predictors of ACE. 

Another important outcome observed in the analysis was outlined in Table 5. The interim 

multivariate regression modeling that included smoking status displayed age, CCI sum, and 

treatment status as trending toward significance (Table 5B). When adjusting for smoking status, 

covariates age, CCI sum, treatment status, and BMI were all significant or very close to statistical 

significance. This result outlines the importance of considering all of the covariates as important 

predictors of ACE in patients post-RP. In our final model, age was a more important predictor. 

Smoking status is shown to be an important factor for physicians to consider when managing a 

patient's treatment plan, despite the lack of statistical significance.  

None of our regression models were able to associate disease aggressiveness (GGG, 

Pre-PSA, p-stage) with the primary outcome. While there was a statistical difference in these 

variables, our analysis reflects that the differences in patient’s demographics are not a 

contributing factor to ACE. Despite our results, treatment status may be a mediator between 

disease aggressiveness and ACE. This is outside the scope of this study but poses a fascinating 

direction for future studies.  

Patients in the treatment group (TG) were more likely to experience CAD and arrhythmia 

(Table 6). The differences in event type between the two groups are quite large. While we are 

able to identify a definitive difference in event type between the two groups, there were only a few 
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overall events when compared to the sizes of each group, so it is possible that these results could 

be confounded by the small total number of these events. With the major differences in events 

seen mostly in CAD and arrhythmia, these would significantly affect a patient’s quality of life but 

may not be reflected in larger studies where the primary endpoint is mortality. This may explain 

why there are negative results from large RCTs where mortality is the primary endpoint8.  

A 15-year Kaplan-Meier analysis showed a statistical significance for ACE between AO 

and TG (Figure 2). When considering previous analysis, treatment status was often no longer 

statistically significant in our final regression models. Figure 2 shows that there may be a time-

varying component to the outcome variable that is not included in regression analysis. The 

Kaplan-Meier curve displays a growing difference between AO and TG patients' ACE survival as 

time increases. Emphasizing this result is paramount as patients often live beyond 10-years post-

RP and do not die from PC21. Our analysis showed a statistically significant difference in ACE 

incidence at 12.5 years post-RP (P=0.017) with a difference of 19.3% (Supplemental Figure 1). 

Patients that are expected to live longer than 10-years post-RP are at a significantly higher risk 

of experiencing an ACE if they have received treatment. 

Results from the Kaplan-Meier analysis may explain why there is such a stark difference 

in results between RCT and observational studies. RCTs, especially those funded by grants, are 

not often designed to follow patients beyond several years. Our model shows that patients are 

more likely to experience an ACE beyond 10 years and this risk increases as time continues. As 

stated above, there may also be a fundamental issue with the design of RCTs as their primary 

endpoint is often mortality.  

In our subgroup analysis of treatment patients, rounds of treatment were not a significant 

predictor of ACE (Table 4). This regression model reinforced the necessity and driving force 

behind CCI sum and BMI. A concern our study team had was the effect of the different types of 

secondary treatments a patient can receive and its effects on ACE. Figures 3A-B show that there 

is no statistical difference between ADT alone and ADT + RT when adjusting for time to ACE. 
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This result shows that hormonal therapy (ADT) is the main driving force behind cardiovascular 

morbidity in patients. While RT may affect other aspects of a patient’s quality of life, it may not 

influence the cardiovascular system. If there is an effect, it may be overshadowed by ADT’s effect 

on ACE. We are not able to differentiate between these two possible results.  

4.2 Limitations 

As mentioned above, a limitation of this study was inability to isolate the effect of RT on 

cardiovascular morbidity. Further subgroup analysis is required in order to determine definitive 

effects of RT.  

Another limitation of this study is the large number of patients that had missing follow-up 

(n = 99) (Figure 1). While unlikely, it is possible that the patients lost to follow-up may have had 

more ACE. While we were still able to follow and analyze the majority of the patients (n = 308), 

we cannot discount the possibility that the results could have been impacted if the missing data 

had been available for inclusion in the study. 

The particular effects of treatment and the subsequent types of ACE are not fully 

characterized in our analysis. For example, we were unable to determine if or how treatment may 

affect PVD or PE. While we did observe an association and significant difference in the occurrence 

of CAD and arrhythmia, there was an overall small occurrence of such events in the AO patients. 

Future studies are required to first determine if treatment affects specific types of ACE and 

secondly how it is affected to definitely prove a causal relationship.  

The last limitation of this study is the inability to analyze the effect of AO and TG on 

cardiovascular related mortality. Our cohort experienced a relatively low number of mortality 

(14.6%) and an even lower number of cardiovascular related mortality (2.6%) (Supplement Table 

1.). Future studies would be needed in order to determine treatment effects on cardiovascular 

related mortality.  
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4.3 Future Directions 

 Future studies are required to fill the gaps of our limitations. While our work has concluded 

an importance on predictors of ACE, many aspects of our study can be utilized as the basis for 

future studies. Possible future studies may wish to look at different thresholds for BMI, CCI, and 

age. Analysis of thresholds may lend to advising physicians of what may be considered a “high” 

risk patient. Grouping these patients into different groups may also change the outcome of similar 

analyses performed in this study.  

 Another possible future direction is to utilize a combined aggregate or composite for 

cardiovascular events. An example is to use major adverse cardiovascular events (MACE) 

composite outcome or a similar tool in order to measure ACE.  

 It might also be pertinent to further study the interactions between RT and ADT. As our 

analysis combined all treatments of hormonal therapy into one group, the addition of radiation 

therapy may have a combined effect with ADT that is not reflected in our analysis.  
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5.0 Conclusion 

 The present study establishes that there is an association between treatment for 

biochemical recurrence following radical prostatectomy in PC patients and subsequent 

cardiovascular morbidity (as measured by ACE). Significant predictors of ACE are established 

illustrating the importance of BMI and CCI sum in relation to our primary exposure variable. 

Treatment status remains an important risk factor, as it continues to be trending toward statistical 

significance in most of our models. Utilizing these predictors, we can stratify patients into different 

risk groups for ACE based on information collected at time of RP. These patients would need to 

be carefully examined in order to determine if the risks of disease progression outweigh the risks 

of cardiovascular morbidity. A previous study by Huang et al. shows that a subset of patients can 

be observed without need for treatmens22. If patients fall into this group and are at a higher risk 

of cardiovascular morbidity, it may be more advantageous for that subgroup of patients to not 

receive treatment.  

The current literature is divided between trusting the “golden standard” of RCT or following 

recommendations offered by observational studies. Our study positions itself in between the two 

and offers that treatment may not undoubtedly cause ACE but that it may carry a higher risk of 

ACE. This effect can be related to time or increasing the risk of particular ACE, such as CAD and 

arrhythmia, but may not increase the risk of the other types of ACE examined in our study. Future 

work is required to rigorously inform potential modifications to guidelines for prognosticating the 

effect of treatment on patients to help inform physicians of the possible risks of post-treatment 

ACE.  

Similar to many previous studies on the effects of ADT on cardiovascular morbidity (as 

measured by ACE) we did not find evidence supporting ADT increasing risk of ACE and CM. After 

extensive evaluation we conclude that If there is an effect of ADT on ACE and CM, it is a small 

effect, or only affecting a small subset of patients. 
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