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1. INTRODUCTION:

Timing of androgen deprivation therapy (ADT) for biochemical recurrence (BCR) after definitive treatment of 
prostate cancer is controversial, given its morbidity and the dubious survival benefit of early ADT. Older and sicker 
men have higher risks of morbidity and mortality with ADT. Moreover, as the putative survival advantage 
associated with early ADT is not realized for many years, for older and sicker men, it is likely that any survival 
benefit of early ADT is markedly attenuated due to limited longevity.  The overall purpose of this study is to use a 
nationally representative dataset of men with recurrent prostate cancer across 8 VA medical centers to characterize 
the impact of age, comorbidities, and tumor-related variables on: (1) the timing of ADT; (2) long-term risks of dying 
of prostate cancer vs. other causes in men with BCR;  and (3) the benefits of early ADT vs. delayed/no ADT to 
improve survival. The reporting period for this study covers progress made toward Aims 1 and 2. 

2. KEYWORDS:

Androgen Deprivation Therapy; Health Services Research; Comorbidity; Age; Prostate Cancer

3. ACCOMPLISHMENTS:

§ What were the major goals of the project?

The specific aims of the projects are: 
Aim 1: To characterize variation in treatment regarding use of early vs. delayed hormonal therapy in men with 
recurrent disease across age, comorbidity, and tumor risk subgroups.  
Aim 2:  To determine the competing risks of long-term cancer-specific and other-cause mortality in men with 
recurrent disease across age, comorbidity, and tumor risk subgroups.  
Aim 3: To compare cancer-specific and overall mortality among men treated with early vs. delayed hormonal 
therapy across age, comorbidity, and tumor risk subgroups.  
This reporting period covers planned work in the SOW for months 24-36 of the award period: manuscript 
submission and data dissemination for Aim 2 and statistical analysis, data interpretation, manuscript preparation for 
Aim 3. 

§ What was accomplished under these goals?

(1) Objectives: Over this reporting period on the SOW, for Aim 1 we had planned to re-submit the manuscript for
publication.  For Aim 2 we had planned to finalize our manuscript (months 24-27), submit for peer-reviewed
publication (month 27), and present findings.  For Aim 3, we had planned to conduct statistical analysis (months 27-
30), interpret results (months 30-33), prepare a manuscript (months 33-36), and submit the manuscript (month 36).

(2) Major activities: Regarding Aim 1, in the last annual report, we had reported that we had submitted a manuscript
describing variation in use of ADT by age and comorbidity to a peer-reviewed journal.  Since that time, the
manuscript has been accepted and published at Urology Practice, one of the official peer-reviewed journals of the
AUA (article included as an attachment).  Regarding Aim 2, we finalized the manuscript, submitted it to a peer-
reviewed journal, published the results in Journal of Urology, the main peer-reviewed journal of the AUA, and
presented the results virtually at a podium session of the 2020 AUA Annual Meeting.  Regarding Aim 3, we
conducted the statistical analysis and interpreted results.  Unfortunately, we did not find our expected results due to
what we think is due to limitations related to our approach, so we applied for an NCE for 1 year to allow us further
time to conduct additional analyses to achieve our goals.

(3) Significant results:

• For Aim 1, our results are described in full in the attached published article in Appendix 1.  Key findings
from this analysis were:



 3 

o Across 2,097 men with biochemical recurrence after radical prostatectomy, median PSA at ADT 
initiation was 6.2ng/ml (95%CI 5.1–7.1) across all patients, but differed among those who 
received adjuvant/salvage radiation (3.6ng/ml, 2.8–4.3) and those who did not (12.1ng/ml, 9.6–
15.2) (p<0.001) (Appendix 1, Figure 1). 

o In multivariable Cox regression, advanced age (p=0.03) but not worse comorbidity (p=0.25) was 
associated higher PSA at initiation of ADT (Appendix 1, Table 2).  For example, PSA at ADT 
was lower among those <60 years (3.7ng/ml, 2.6–5.8) compared with those 60–64 (5.0ng/ml, 3.9–
6.6), 65–69 (6.6ng/ml, 4.9–8.8), 70–74 (8.8ng/ml, 6.1–12.3), and ≥75 (14.1ng/ml, 5.5–37.8) 
(Appendix 1, Figure 2a).  In contrast, PSA at ADT was similar among comorbidity subgroups 
(e.g. CCI0 (6.3ng/ml, 5.0–7.9) vs. CCI3+(5.6ng/ml, 4.1–7.4)) (Appendix 1, Figure 3a).  These 
results were consistent across men who received salvage XRT and those who did not (Appendix 
1, Figure 2bc, Figure 3bc). 

 
• For Aim 2, our results are described in full in the attached published article in Appendix 2.  Key findings 

from this analysis were: 
o Of the 1,225 men in our sample, 243 (20%) died of other causes, 68 (6%) died of prostate cancer 

over median follow up of 5.6 years (IQR 2.7, 9.1). 
o Multivariable competing risks regression showed that higher preoperative D’Amico tumor risk 

and PSA-DT at BCR <9 months were associated with both PC metastasis and mortality (all 
p£0.001). Advanced age and worse comorbidity burden were associated with other-cause 
mortality (both p£0.001) (Appendix 2, Table 1).   

o Competing risks regression plots showed cumulative incidence of prostate cancer metastasis and 
mortality over time by key clinical predictors. For example, men with PSA-DT at BCR < 9 
months had 16% and 9% cumulative incidence of metastasis and PC mortality at 10 years 
(Appendix 2, Figure 1). 

o Competing risks regression plots showed cumulative incidence of other-cause mortality over time 
by key clinical predictors. For example, cumulative incidence of 10-year other-cause mortality 
was substantially higher among men 70 years or older with CCI 1 (45%), 2 (40%), or 3+ (49%) 
compared with those with CCI 0 (20%) (Appendix 2, Figure 2).  

o Recursive partitioning analysis (RPA) identified optimal variable cutpoints for prediction of 
prostate cancer mortality (Appendix 2, Figure 3)—PSA at recurrence (<10 vs. ³10 ng/ml),  
D’Amico tumor risk (low/intermediate vs. high), and PSA doubling time (<9 vs. ³9 months)—
with the highest risk subgroup having 10-year PCSM of 22%.  RPA identified optimal variable 
cutpoints for prediction of other-cause mortality (Appendix 2, Figure 3)— age at BCR (<70 vs. 
³70 years), and CCI at BCR (for those <70,  CCI<2 vs. ³2; for those ³70,  CCI0 vs. ³1)—with the 
highest risk subgroup having 10-year OCM of 51% (Appendix 2, Figure 3). 

o We concluded that these competing risks estimates for prostate cancer metastasis and mortality as 
well as other-cause mortality could allow for more individualized prognosis assessment for 
patients with biochemical recurrence after radical prostatectomy.  
 

• For Aim 3, we investigated comparative effectiveness of early vs delayed ADT among age, comorbidity, 
and tumor risk subgroups, with the hypothesis that early ADT would be less effective in patients who were 
highly likely to die of other causes within 10 years and had low-risk tumors.  We conducted Cox regression 
analysis with sequential stratification (method used to account for selection bias) to compare survival 
outcomes in subgroups of age, comorbidity, and tumor risk.   Key findings from this analysis were:  

o Of 1,385 men in our sample, 336 (24%) received early ADT.  Overall, early ADT patients were 
younger (63 years vs. 65 years), more often had a lower PCCI score (PCCI ≤4 61% vs. 55%), 
more often had a high D’Amico risk (49% vs. 35%), more often received radiation (73% vs. 48%), 
and had longer follow-up time after recurrence (72.9 months vs. 64.2 months). (Appendix 3, 
Table 1, Figure 1) 

o We conducted sequential stratification to match each patient who received early ADT with 5 
patients who received delayed ADT at the same PSA level (<= 2.5 +/- 0.5 ng/ml), date of BCR 
(+/- 2 years), PCCI category (0-4, 5+), and D’Amico risk category (high, intermediate, and low 
risk).  After sequential stratification, the matched controls had similar distributions of year of 
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recurrence, PCCI group, D’Amico risk, and PSA at recurrence compared with those receiving 
early ADT.  (Appendix 3, Table 2) 

o At the end of the follow-up period, there were 74 deaths among the early ADT patients (n=336, 
median follow up time 58.4 months) and 206 deaths among the delayed ADT matches (n=1,680, 
median follow-up time 42.1 months).    

o We first attempted to compare risks of cancer-specific mortality between early ADT and matched 
delayed ADT groups, but we were unable to do this due to a limited number of prostate cancer 
deaths. We therefore decided to analyze overall mortality.  

o In the multivariable model looking at all patients, early ADT was associated with an increased risk 
of death from any cause (HR=1.49, 95% CI 1.07, 2.08, p=0.02).  In subgroup analysis, early ADT 
was associated with a statistically significant increase in risk of death from any cause among 
patients with PCCI ≤4 (HR=1.72, 95% CI 1.11-2.67, p=0.02) and trend towards an increase in risk 
of death from any cause in those with low/intermediate D’Amico risks (HR=1.49, 95% CI 0.99-
2.26, p=0.06). No statistically significant associations were found within PCCI ≥5 and high 
D’Amico risk subgroups, but direction and magnitude of effect were similar to those with lower 
PCCI scores.  (Appendix 3, Table 3) 

o We conducted analysis to confirm that 5 matches for each patient optimized stability of estimates 
compared with lower or higher number of matches. (Appendix 3, Figure 2, Supplementary 
Tables 1a-f) 

§ What opportunities for training and professional development has the project provided? 

• Mentorship in data analysis and manuscript preparation under Dr. Freedland 

• Development in mentorship skills to trainees in working with resident in Urology Dr. Ariel Moradzadeh 

(Cedars-Sinai) (Aim 1) and Masters in Biostatistics candidateàdegree designate Allison Reagan (Duke).  

• Presentation of results at AUA National meetings in 2018 and 2020.  

• Further development of skills in cutting edge techniques such as recursive partitioning analysis 

o How were the results disseminated to communities of interest? 
 
Results for Aim 1 were reported to the urologic community at the 2018 AUA Annual Meeting (Moderated Poster 
Session, General & Epidemiological Trends & Socioeconomics: Practice Patterns, Quality of Life, and Shared 
Decision Making Session, San Francisco, CA May 2018) and the 2018 LA Urological Society Annual Resident 
Research Forum (Los Angeles, CA; June 2018).  Results were published in the peer-reviewed journal Urology 
Practice.  
 
Results for Aim 2 were reported to the urologic community at the 2020 AUA Annual Meeting (Virtual podium 
presentation, Prostate Cancer: Epidemiology Session, May 2020). Results were published in the peer-reviewed 
Journal of Urology.  
 

o What do you plan to do during the next reporting period to accomplish the goals? 
 
In the next reporting period as part of our NCE, we plan to continue work on Aim 3, which involves testing 
comparative effectiveness of early vs. delayed ADT in reducing cancer-specific and overall mortality across 
groups of men most and least likely to benefit from early ADT identified in Aim 2.  We plan to further refine our 
models to better analyze cancer-specific outcomes; for example, we will use recursive partitioning to identify 
characteristics associated with benefit of early vs delayed ADT.   
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IMPACT:  

o What was the impact on the development of the principal discipline(s) of the project? 
 
For Aim 1:  In our study, we found that men with significant comorbid disease burdens who develop BCR after 
radical prostatectomy often receive ADT at relatively low PSAs. Though age appears to strongly affect timing of 
ADT—with older men receiving ADT at slightly higher PSA values than younger men—comorbidity has little 
effect on timing of ADT, even among men with lower tumor risk. Since men with significant comorbidity are 
most likely to be harmed by ADT, we hope that these data will help to spur clinicians to delay ADT in these men 
unless they are at high risk for progression.    

 
For Aim 2:  In our study, we quantified the long-term competing risks of prostate cancer metastasis/mortality and 
other-cause mortality in men with BCR after radical prostatectomy across their key clinical predictors.  We also 
empirically identified optimal risk stratification cutpoints for these key variables to define subgroups of men who 
are most likely to die of other causes and, conversely, prostate cancer. This information will improve precision of 
prognosis for men with BCR after radical prostatectomy and allow for more individualized prediction of 
metastasis and mortality across readily available clinical variables.  Importantly, it will also inform further study 
of efficacy of early versus delayed ADT in men who may be more or less likely to benefit from these therapeutic 
approaches; we believe that older men with comorbidity burden who are currently receiving early ADT may 
benefit from a delayed approach, given the protracted timecourse of survival benefit of early ADT and its 
immediate morbidity.   
 
For Aim 3, we had hoped to prove that early ADT is less beneficial for patients with higher risk of death from 
other causes and lower risk of death from prostate cancer.  However, limitations in event rate for prostate cancer 
deaths in subgroups of age, comorbidity, and cancer risk made assessment of cancer-specific outcomes unreliable 
with our planned methodology.  Analysis of overall mortality suggested no differences in overall mortality 
between those treated with early ADT vs delayed ADT in subgroups of comorbidity and tumor risk.  These 
results are contrary (or at least null) to our hypothesis, and we believe they may be related to our model structure.  
We plan to refine our approach over the coming year using an alternative method involving recursive partitioning 
analysis.  

o What was the impact on other disciplines? 

Nothing to report 

o What was the impact on technology transfer? 

Nothing to report 

o What was the impact on society beyond science and technology? 

Nothing to report 

o CHANGES/PROBLEMS:   

o Changes in approach and reasons for change 

 
For Aim 3, we had hoped to prove that early ADT is less beneficial for patients with higher risk of death from 
other causes and lower risk of death from prostate cancer.  However, limitations in event rate for prostate cancer 
deaths in subgroups of age, comorbidity, and cancer risk made assessment of cancer-specific outcomes unreliable 
with our planned methodology.  Analysis of overall mortality suggested no differences in overall mortality 
between those treated with early ADT vs delayed ADT in subgroups of comorbidity and tumor risk.  These 
results are contrary (or at least null) to our hypothesis, and we believe they may be related to our model structure.  
We plan to refine our approach over the coming year using an alternative method involving recursive partitioning 
analysis; specifically, we will empirically identify factors associated with improved cancer-specific survival 
among patients who received early ADT and those who received delayed ADT.   We hope to prove that age, 
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comorbidity, and tumor risk will emerge as predictive factors.  We believe that this method will not be as 
sensitive to the limitations on event rate that our former approach did.  

o Actual or anticipated problems or delays and actions or plans to resolve them 

Nothing to report 

o Changes that had a significant impact on expenditures 

Nothing to report 

o Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or select agents 

Nothing to report 

o Significant changes in use or care of human subjects 

Nothing to report 

o Significant changes in use or care of vertebrate animals. 

Not applicable. 

o Significant changes in use of biohazards and/or select agents 

Not applicable. 

o PRODUCTS:   
o Publications, conference papers, and presentations 

§ Conference publications.   
(1) Moradzadeh A, Howard L, Aronson W, Terris M, Cooperberg M, Amling C, Kane C, Freedland SJ, 
Daskivich TJ. " The impact of comorbidity and age on timing of androgen deprivation therapy in men with 
biochemical recurrence after radical prostatectomy."  Moderated Poster Presentation, General & Epidemiological 
Trends & Socioeconomics: Practice Patterns, Quality of Life, and Shared Decision Making Session, American 
Urological Association 2018 Annual Meeting, San Francisco, CA, May 2018. 
(2) Moradzadeh A, Daskivich TJ. " The impact of comorbidity and age on timing of androgen deprivation 
therapy in men with biochemical recurrence after radical prostatectomy."  Podium Presentation, Los Angeles 
Urological Society Annual Resident Research Forum, Los Angeles, CA, June 2018. 
(3) Daskivich TJ, Howard LE, Amling C, Aronson W, Cooperberg M, Kane C, Klaasen Z, Terris M, Freedland 
SJ.  “Long-Term Competing Risks of Mortality Among Men with Biochemical Recurrence after Radical 
Prostatectomy.”  Virtual podium presentation, Prostate Cancer: Epidemiology Session, American Urological 
Association 2020 Annual Meeting, Virtual Presentation, May 2020. 
 

§ Journal publications.   
 
Moradzadeh A, Howard LE, Freedland SJ, DeHoedt AM, Amling CL, Aronson WJ, Cooperberg M, Kane CJ, 
Terris MK, Daskivich TJ.  The Impact of Comorbidity and Age on Timing of Androgen Deprivation Therapy 
in Men with Biochemical Recurrence after Radical Prostatectomy.  In press, Urology Practice.  Accepted date 
August 4, 2020.  Planned publication date March 2021.  
 
Daskivich TJ, Howard LE, Amling CL, Aronson WJ, Cooperberg M, Kane CJ, Klaassen Z, Terris MK, 
Freedland SJ.  Competing Risks of Mortality Among Men with Biochemical Recurrence after Radical 
Prostatectomy.  J Urol. 2020 Sep;204(3):511-517. doi: 10.1097/JU.0000000000001036. Epub 2020 Apr 3. 
PMID: 32243242 

§ Books or other non-periodical, one-time publications.   

Nothing to report 
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§ Other publications, conference papers, and presentations.   
 
The following publication from our research team used methods similar to those used to accomplish Aim 2:  
 
Whitney CA, Howard LE, Freedland SJ, DeHoedt AM, Amling CL, Aronson WJ, Cooperberg M, Kane CJ, 
Terris MK, Daskivich TJ.  Impact Of Age, Comorbidity, And PSA Doubling Time On Long-Term Competing 
Risks For Mortality Among Men With Non-Metastatic Castration-Resistant Prostate Cancer.  Prostate Cancer 
and Prostatic Diseases. 2018, Oct. epub before print. doi: 10.1038/s41391-018-0095-0. PMID: 30279582. 
 
Our research team presented an abstract at the 2018 AUA Annual Meeting noting persistent overtreatment of 
men with limited life expectancy in the active surveillance era, despite decreased overtreatment of low-risk 
disease:  

 
Vaculik K, Luu M, Howard LE, Aronson W, Terris M, Kane C, Amling C, Cooperberg M, Freedland SJ, 
Daskivich TJ.  “Time trends in the surgical treatment of Prostate Cancer by Life Expectancy and Tumor Risk 
in a National VA Cohort.”  Moderated Poster Presentation, Prostate Cancer: Epidemiology Session, American 
Urological Association 2019 Annual Meeting, Chicago, IL. 

 

o Website(s) or other Internet site(s) 

Nothing to report.  

o Technologies or techniques 

Nothing to report 

o Inventions, patent applications, and/or licenses 

Nothing to report 

o Other Products 

Nothing to report 

o PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS 

o What individuals have worked on the project? 

 
Name: Timothy Daskivich, MD, MS 

Project Role: Principal Investigator 

Researcher 
Identifier (e.g. 
ORCID ID): https://orcid.org/0000-0002-7540-3272 
Nearest person 
month worked: 1.2 

Contribution to 
Project: 

Dr. Daskivich drafted and submitted the IRB application, ensurede regulatory compliance, 
directed the research team in collecting key data from the electronic medical record and 
cleaning the dataset, directed the research team in development of statistical models and 
interpretation of data, and drafted the manuscript. 

Funding Support: N/A 
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Name: Stephen Freedland, MD 

Project Role: Co- Investigator 

Researcher 
Identifier (e.g. 
ORCID ID):  https://orcid.org/0000-0002-8104-6419 
Nearest person 
month worked: 0.12 

Contribution to 
Project: 

Dr. Freedland participated in data analysis, interpretation of results, and manuscript 
preparation. He also oversaw activities relevant to the study at the Durham VA.  

Funding Support: N/A 

 

o Has there been a change in the active other support of the PD/PI(s) or senior/key personnel since the last 

reporting period? 

No. 

o What other organizations were involved as partners? 

Durham VA 

• Organization Name: Durham VA  

• Location of Organization: Durham, NC 

• Partner's contribution to the project  

o Collaboration: Study staff working on project are at the Durham VA, as mentioned in the grant application. 

o SPECIAL REPORTING REQUIREMENTS 

o COLLABORATIVE AWARDS:   

Not applicable. 

o QUAD CHARTS:   

Not applicable. 
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o APPENDICES:  
 
Appendix 1.  Published article for Aim 1.  “The Impact of Comorbidity and Age on Timing of Androgen 
Deprivation Therapy in Men with Biochemical Recurrence after Radical Prostatectomy” 
Appendix 2.  Published article for Aim2.  “Competing Risks of Mortality Among Men with Biochemical Recurrence 
after Radical Prostatectomy” 
Appendix 3.  Tables and Figures from analyses of Aim 3.  
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ABSTRACT 

Background: Older men with major comorbidities have higher risks of morbidity and 

mortality from androgen deprivation therapy (ADT), and benefits of immediate ADT after 

biochemical recurrence (BCR) in these men are unclear. We assessed variation in 

timing of ADT by age and comorbidity in a cohort of men with BCR after radical 

prostatectomy (RP). 

Methods: We analyzed 2,097 men with BCR after RP from 2000–2017 in the VA 

Shared Equal Access Regional Cancer Hospital (SEARCH) database. We ascertained 

age and Deyo-Charlson comorbidity index (CCI) scores at BCR. Kaplan Meier analysis 

and multivariable logistic regression were used to determine association of age and CCI 

with PSA at the initiation of ADT. 

Results: In Kaplan-Meier analysis with PSA at ADT as the outcome, median PSA at 

ADT initiation (95% CI) was 6.2ng/ml (5.1-7.1) across all patients, but differed among 

those who received adjuvant/salvage radiation (3.6ng/ml, 2.8-4.3) and those who did 

not (12.1ng/ml, 9.6-15.2) (p<0.001).  In multivariable Cox regression, advanced age 

(p=0.03) but not worse comorbidity (p=0.25) was associated higher PSA at initiation of 

ADT.  Across all patients, PSA at ADT was lower among those <60 years (3.7ng/ml, 

2.6-5.8) compared with those 60–64 (5.0ng/ml, 3.9-6.6), 65–69 (6.6ng/ml, 4.9-8.8), 70–

74 (8.8ng/ml, 6.1-12.3), and ≥75 (14.1ng/ml, 5.5-37.8).  In contrast, PSA at ADT was 

similar among comorbidity subgroups (CCI0(6.3ng/ml, 5.0-7.9) vs. CCI3+(5.6ng/ml, 4.1-

7.4)).  In general, these relationships were consistent among subgroups receiving 

adjuvant/salvage radiation.   
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Conclusions:  Men with comorbid disease at increased risk of morbidity and mortality 

with ADT often receive ADT at low PSA values.  

INTRODUCTION 

Androgen deprivation therapy (ADT) is commonly used to treat biochemical recurrence 

(BCR) after failure of local therapy for prostate cancer, but timing of ADT is controversial 

due to its uncertain clinical benefit and potential morbidity.  Early ADT—initiating ADT at 

low PSAs, such as <2.5 [1]—has not been consistently shown to improve survival 

compared with starting at higher PSA values in randomized trials [2, 3], and meta 

analyses have had conflicting conclusions about the effects of ADT on overall and 

prostate cancer-specific survival[4, 5], especially among older and sicker men who are 

at high risk for ADT-related morbidity[6, 7].  ADT also has substantial morbidity: in 

addition to fatigue, weight gain, hot flashes, decreased libido, and erectile 

dysfunction[8], ADT increases risk of cardiometabolic diseases (diabetes, coronary 

heart diseases), cardiac morbidity (e.g. myocardial infarction) [9-11], thromboembolic 

disease [12], depression[13], and cardiac mortality[5, 14-16].  Despite this, there are no 

clear guidelines on timing of ADT after BCR, which leaves the physician to balance the 

benefits and risks of ADT for the individual patient.  

Older men with major comorbidities are least likely to benefit and most likely to be 

harmed by early ADT[7].   Meta-analysis data suggest that the cancer control benefits of 

ADT may only be realized after many years[4], at which time older and sicker men will 
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have already died of causes other than prostate cancer[17, 18]. Observational studies 

have shown that comorbidity severity worsens in men with pre-existing cardiometabolic 

conditions such as diabetes [10, 11], and men with cardiovascular comorbidity are at 

higher risk of mortality even with short courses of adjuvant ADT[16].  For these reasons, 

experts have urged clinicians to be cautious in using ADT for men with pre-existing 

comorbidities[19].  However, there is a lack of data on variation in timing of ADT in men 

with BCR after definitive therapy across groups with varying age and health status to 

better define current practice patterns.  

In this study, we assessed variation in timing of ADT among men with BCR after radical 

prostatectomy across 6 VA medical centers in the Shared Equal Access Regional 

Cancer Hospital (SEARCH) database [20].  This cohort is well-suited to answer the 

question given the higher burden of comorbidities in the VA[21], the availability of 

longitudinal PSA data, and the minimization of economic influences on service 

utilization in this non-fee-for-service delivery system[22].  We hypothesized that the 

timing of ADT would be delayed in older men but not those with worse comorbidity, as 

has been observed with other health services for prostate cancer.   
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MATERIALS AND METHODS 

Study population 

The SEARCH database includes men with prostate cancer treated with radical 

prostatectomy from 1988 to 2017 across 8 VA Medical Centers (n=7,811)[23].  We 

identified men with BCR after RP (defined as: one PSA>0.2 ng/ml; two PSAs of 0.2 

ng/ml; or secondary treatment for a rising PSA) who had BCR between 2000–2018 

(n=2,475). We excluded men without a known PSA prior to ADT initiation (n=9); those 

with locally advanced prostate cancer (pT3/4) (n=17); and those with missing clinical 

stage (n=275), PSA at recurrence (n=10), PSA at diagnosis (n=42), or pathological 

stage (n=25). Our final study cohort included 2,097 men (Supplemental Figure 1).  The 

study received IRB approval (IRB #00044354). 

Variables 

Primary predictors 

Age at BCR was obtained by review of the electronic medical record and was coded 

categorically (<60, 60–64, 65–69, 70–74, and >75).  Deyo-Charlson comorbidity index 

score (CCI) at BCR (0, 1, 2, 3+) was calculated using inpatient and outpatient 

claims[24].  

Primary outcomes 

Categorization of PSA values at ADT in our descriptive characteristics were based on 

definitions from the literature[1], though PSA at ADT was considered as a continuous 
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variable in our main models. 

Covariates 

D’Amico tumor risk[25], clinical stage, pathologic characteristics (grade, stage, surgical 

margin, extracapsular extension, seminal vesicle invasion, lymph node involvement), 

PSA doubling time (PSADT) at BCR[26], and receipt of adjuvant/salvage XRT were 

ascertained by review of the electronic medical record. Sociodemographic information 

was also collected, including year of BCR and race/ethnicity.  

Statistical analysis 

Characteristics of our study population across categorizations of PSA at ADT were 

compared using Kruskal Wallis and chi-square tests for continuous and categorical 

variables, respectively.  

The association of CCI score and age with PSA at the time of ADT was analyzed using 

Cox proportional hazards regression.  Since we were interesting in the timing of ADT 

based on PSA value instead of calendar time, we used PSA as the time element in the 

survival analysis and ADT as the event. Patients who did not receive ADT were 

censored at their highest PSA value during follow-up. Backwards stepwise selection 

(removal threshold p=0.10, entry threshold p=0.05) was used to select covariates. Age 

at ADT and CCI were locked in the model. Candidate covariates are listed in Table 1. 

The Cox models were repeated in strata of men who did and did not use XRT, who had 
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negative lymph nodes, who had PSADT <9 or ≥9, and after including time to BCR as a 

covariate.  

Kaplan-Meier estimates with PSA at ADT as the outcome measure were graphed 

overall and stratified by XRT use, age, and CCI. Median PSA at ADT initiation was 

calculated from Kaplan-Meier estimates.  Using Kaplan-Meier analysis allows inclusion 

of all patients regardless of whether or not they received ADT. Subjects were censored 

at the time of their last PSA measurement.  

Statistical analyses were performed using Stata 15.0 (StataCorpLP, College Station, 

TX) and SAS. A two-sided p<0.05 denoted statistical significance. 

RESULTS 

Sample characteristics by PSA at ADT are noted in Table 1.  Forty percent of our 

sample received ADT (n=837, 40%).  In univariable comparisons, ADT tended to be 

started at lower PSAs among men who were younger and healthier, treated in later 

years, with positive surgical margins, higher rates of extracapcular extension, seminal 

vesicle invasion, and lymph node involvement, lower pre-surgical PSA, lower clinical 

stage, higher pathological grade group, lower PSA at BCR, slower PSADT at BCR, and 

among those receiving salvage XRT.   

In Kaplan-Meier analysis with PSA at ADT initiation as the outcome measure, median 

PSA at ADT (95% CI) was 6.2ng/ml (5.1-7.1) across all patients (Figure 1a).  However, 
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PSA at ADT differed among those who received adjuvant/salvage radiation (3.6ng/ml, 

2.8-4.3) and those who did not (12.1ng/ml, 9.6-15.2) (p<0.001) (Figure 1b).   

Multivariable Cox proportional hazards regression analyzing association of age and 

comorbidity at BCR with PSA at ADT showed that advanced age (p=0.03) but not worse 

comorbidity (p=0.25) was associated with higher PSA at initiation of ADT (Table 2).  

Kaplan-Meier analysis (Figure 2a) showed that across all patients, median (95% CI) 

PSA at ADT was lower among those <60 years (3.7ng/ml, 2.6-5.8) compared with those 

60–64 (5.0ng/ml, 3.9-6.6), 65–69 (6.6ng/ml, 4.9-8.8), 70–74 (8.8ng/ml, 6.1-12.3), and 

≥75 (14.1ng/ml, 5.5-37.8).  In contrast, PSA at ADT was similar among comorbidity 

subgroups (e.g. CCI0 (6.3ng/ml, 5.0-7.9) vs. CCI3+(5.6ng/ml, 4.1-7.4) (Figure 3a).  

These relationships were generally consistent among subgroups receiving 

adjuvant/salvage radiation (Figures 2b, 3b) and not receiving adjuvant/salvage radiation 

(Figure 2c, 3c).   

Similar associations were seen in subgroups of men who who had negative lymph 

nodes on surgical pathology, in subgroups of PSADT≥ or <9 months, and after including 

time to BCR as a covariate (Supplementary Tables 1 and 2). 

DISCUSSION 

There are currently no guideline recommendations regarding timing of ADT in men with 

BCR after radical prostatectomy, reflecting the difficulty balancing of known risks with 

uncertain benefit of early ADT initiation. However, it is clear that ADT increases risk of 
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cardiometabolic morbidity and possible even mortality, especially in older and sicker 

men[9-12, 14-16]. In this study, we showed that clinicians delay initiation of ADT based 

on advanced age but not worse comorbidity, despite adjustment for tumor risk variables 

such as PSADT, margins status, and PSA at recurrence. These results appeared to 

persist in subgroups of men who received or did not receive adjuvant/salvage radition 

therapy, though ADT was in general started at much earlier timepoints across the board 

in those receiving radiation therapy.  Since there is no consistently proven benefit of 

early ADT but known cardiometabolic harms, and the main cause of death in these 

populations is cardiovascular disease, we feel that timing of ADT should be more 

precisely prescribed based on a patient’s tumor risk and comorbidity profile.    

The morbidity associated with ADT has been well established in previous studies, 

showing higher risk of cardiometabolic morbiditiy and mortality that is potentiated in 

older men with comorbid disease burdens.  In retrospective studies, incidence of 

diabetes, coronary heart disease, myocardial infarction and sudden cardiac death were 

all found to be increased 1.2–1.4-fold among men being treated with ADT for advanced 

prostate cancer [10, 11].  Furthermore, even short-term ADT increased cardiometabolic 

disease severity for patients with pre-existing comorbidity[10, 11]. Even more 

concerning are the downstream effects on cardiac morbidity and mortality.  An analysis 

of SEER-Medicare data demonstrated a 20% increased risk of cardiovascular morbidity 

in men treated with ADT for at least 1 year[9]; this risk was potentiated in men with CCI 

scores of 1+ (vs. 0), who had 1.6-fold higher hazard of cardiovascular morbidity. Other 

work has shown that even 4 months of adjuvant ADT given with brachytherapy 

Copyright © 2020 American Urological Association Education and Research, Inc. Unauthorized reproduction of this article is prohibited.



increases risk of cardiovascular mortality among men with known coronary artery 

disease resulting in heart failure or myocardial infarction[16].  We feel the substantial 

health risks of ADT support a more cautioned approach to timing of ADT in men with 

underlying cardiac comorbidities.  

Whether early initiation of ADT has a benefit in terms of cancer control has not been 

consistently demonstrated in trials, and the bulk of the evidence suggests no benefit for 

older men.  A pooled meta-analysis of four randomized controlled trials evaluating early 

(at PSA<0.2) versus delayed ADT (at higher PSA value but before metastasis) showed 

no difference in cancer mortality[4].  There was no difference in overall survival 

observed until after 10 years, favoring early ADT (OR1.5, 95%CI 1.04–2.16), but few 

patients survived long enough to reap this benefit.  The recent TOAD trial, a 

randomized, non-blinded trial of immediate versus delayed ADT in men with BCR after 

definitive therapy (or in men unsuitable for definitive therapy), showed an overall 

survival benefit at 5 years favoring the immediate ADT arm (5-year overall survival 86% 

versus 91%, log-rank p=0.047) in the aggregate analysis[3]. However, results were not 

statistically significant in the BCR subgroup; cancer-specific mortality did not differ 

between study arms; and serious cardiac complications were higher in the immediate 

(9%) versus delayed (6%) arm. Moreover, in a pre-planned combined analysis with the 

ELAAT trial, there was no difference in all-cause mortality or cancer-specific mortality 

between men treated with immediate versus delayed ADT[2].  Indeed, as the authors of 

the latter study mention, further work is needed to identify who will benefit from early 
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versus delayed ADT, and many patients will die of causes other than cancer without 

having a complication related to their disease[2].   

Given the known harms and uncertain benefits of ADT in older men with significant 

comorbidity, we feel that clinicians should more strongly consider tailoring timing of ADT 

for BCR based on age/comorbidity and tumor risk features. In the historical literature 

describing natural history of PSA progression after RP, the median actuarial time from 

BCR to metastasis is 5 years, which has prompted some advocate withholding ADT 

until symptomatic disease progression appears in all patients [27]. However, we feel a 

more tailored approach balancing tumor risk with expected longevity shoud be 

considered, in order to minimize risk of treatment-related morbidity and maximize 

benefit.  Younger men with minimal comorbidity who have higher disease risk (e.g. short 

PSADT) may benefit most from early initiation of ADT, since data suggest that survival 

benefits of immediate ADT are not realized until many years later.  Conversely, older, 

sicker men may be best suited for delayed initiation of ADT unless high-risk tumor 

features (e.g. short PSADT) exist.  Comparative effectiveness studies are needed to 

determine cutpoints for appropriate triage of ADT based on age, comorbidity and tumor 

risk, but it seems reasonable to withhold ADT until a higher threshold for older, sicker 

men who are most likely to be harmed and least likely to benefit from therapy. 

Our study has some limitations. First, we did not capture details on ADT exposure (e.g. 

intermittent versus continuous, duration) or differentiate between ADT given as 

monotherapy versus adjuvant with salvage radiation.  However, even short courses of 
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adjuvant radiation have been associated with substantial morbidity, so we feel our 

endpoint to be justified[16].  Second, our cohort includes only men from the VA, which 

utilizes a non-fee-for-service payment model that may be less influenced by financial 

considerations than other payment models, though ADT is a low-cost and low-

reimbursement intervention. Third, our cohort included only men who underwent radical 

prostatectomy as primary treatment, which will result in selection of healthier men 

compared with radiation or observation. Because these healthier men would be 

expected to have longer longevity compared with age- and comorbidity-matched peers 

receiving other forms of therapy, it may bias towards earlier initiation of ADT.   

CONCLUSIONS 

In this study, we found that men with significant comorbid disease burdens who develop 

BCR after radical prostatectomy often receive ADT at relatively low PSAs. Though age 

appears to strongly affect timing of ADT—with older men receiving ADT at slightly 

higher PSA values than younger men—comorbidity has little effect on timing of ADT, 

even among men with lower tumor risk. Since men with significant comorbidity are most 

likely to be harmed by ADT, we hope that these data will help to spur clinicians to delay 

ADT in these men unless they are at high risk for progression.    
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Table 1. Sample Characteristics by Timing of ADT 

PSA <0.2 
(N=131) 

PSA 0.2-2.4 
(N=359) 

PSA 2.5-9.9 
(N=166) 

PSA >=10 
(N=85) 

At metastases 
(N=96) 

No ADT 
(N=1260) p value 

Age at BCR <0.0012 

 <60 38 (29%) 110 (31%) 27 (16%) 21 (25%) 13 (14%) 251 (20%) 

60-64 39 (30%) 100 (28%) 51 (31%) 20 (24%) 27 (28%) 284 (23%) 

65-69 36 (27%) 89 (25%) 46 (28%) 26 (31%) 36 (38%) 374 (30%) 

70-74 17 (13%) 46 (13%) 26 (16%) 15 (18%) 12 (13%) 221 (18%) 

≥75 1 (1%) 14 (4%) 16 (10%) 3 (4%) 8 (8%) 130 (10%) 

CCI at BCR 0.1362

 0 38 (29%) 118 (33%) 72 (43%) 30 (35%) 41 (43%) 401 (32%) 

 1 28 (21%) 77 (21%) 26 (16%) 16 (19%) 11 (11%) 262 (21%) 

 2 15 (11%) 50 (14%) 22 (13%) 12 (14%) 15 (16%) 205 (16%) 

 3 50 (38%) 114 (32%) 46 (28%) 27 (32%) 29 (30%) 392 (31%) 

Year of BCR 2013 (08-15) 2009 (04-13) 2005 (00-10) 2007 (02-11) 2008 (02-12) 2010 (03-14) <0.0011 

CCI at ADT 0.5202

 0 38 (29%) 86 (24%) 35 (21%) 17 (20%) 22 (23%) 0 (0%) 

 1 27 (21%) 70 (19%) 27 (16%) 15 (18%) 10 (10%) 0 (0%) 

 2 14 (11%) 53 (15%) 23 (14%) 12 (14%) 11 (11%) 0 (0%) 

 3 52 (40%) 150 (42%) 80 (48%) 41 (48%) 53 (55%) 1 (100%) 

Race 0.5142

 Non-black 85 (65%) 222 (62%) 115 (69%) 52 (61%) 62 (65%) 835 (66%) 

 Black 45 (35%) 136 (38%) 51 (31%) 33 (39%) 34 (35%) 421 (34%) 

Preoperative D'Amico risk group  <0.0012 

 Low 11 (9%) 47 (13%) 21 (14%) 7 (9%) 7 (8%) 323 (27%) 

 Intermediate 59 (46%) 137 (39%) 56 (36%) 29 (36%) 36 (40%) 525 (44%) 

 High 59 (46%) 170 (48%) 77 (50%) 44 (55%) 46 (52%) 336 (28%) 

Months from RP to BCR  <0.0011 

 Median 9.2 9.4 11.7 9.7 10.6 26.7 
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PSA <0.2 
(N=131) 

PSA 0.2-2.4 
(N=359) 

PSA 2.5-9.9 
(N=166) 

PSA >=10 
(N=85) 

At metastases 
(N=96) 

No ADT 
(N=1260) p value 

 Q1, Q3 5.2, 15.9 2.5, 27.8 2.3, 32.8 2.1, 37.0 2.8, 36.0 9.7, 57.4 

Post-op grade group  <0.0012 

 1 7 (5%) 34 (10%) 22 (14%) 8 (10%) 13 (14%) 283 (24%) 
 2 43 (33%) 120 (34%) 51 (32%) 28 (34%) 22 (24%) 499 (42%) 

 3 33 (26%) 85 (24%) 30 (19%) 20 (24%) 21 (23%) 249 (21%) 

 4 17 (13%) 48 (13%) 23 (15%) 13 (16%) 8 (9%) 93 (8%) 

 5 29 (22%) 70 (20%) 31 (20%) 13 (16%) 27 (30%) 78 (6%) 

Pathological stage  <0.0012 

 T0-T2 47 (36%) 155 (43%) 76 (46%) 38 (45%) 39 (41%) 836 (66%) 

 T3 71 (54%) 177 (49%) 78 (47%) 41 (48%) 50 (52%) 356 (28%) 

 T4 13 (10%) 27 (8%) 12 (7%) 6 (7%) 7 (7%) 68 (5%) 

Positive surgical margins  81 (62%) 214 (60%) 89 (54%) 37 (44%) 52 (56%) 688 (55%) 0.0862 

Extracapsular extension  62 (47%) 158 (45%) 73 (45%) 37 (46%) 45 (48%) 335 (27%) <0.0012 

Seminal vesicle invasion  44 (34%) 106 (30%) 48 (29%) 21 (25%) 33 (35%) 145 (12%) <0.0012 

Lymph node involvement  <0.0012 

 No 91 (69%) 239 (67%) 109 (66%) 61 (72%) 77 (80%) 846 (67%) 

 Yes 15 (11%) 51 (14%) 15 (9%) 10 (12%) 5 (5%) 20 (2%) 

 Not done 25 (19%) 69 (19%) 42 (25%) 14 (16%) 14 (15%) 394 (31%) 

PSA at recurrence (ng/ml)  0.1 (0.1-0.2) 0.3 (0.2-0.5) 0.5 (0.3-1.5) 0.6 (0.3-4.7) 0.4 (0.2-1.1) 0.2 (0.2-0.3) <0.0011 

PSADT at recurrence (mo)  <0.0012 

 ≥9 3 (2%) 99 (28%) 63 (38%) 27 (32%) 26 (27%) 606 (27%) 

 <9 1 (1%) 60 (17%) 47 (28%) 26 (31%) 29 (31%) 106 (30%) 

 Not calculable 127 (97%) 200 (56%) 56 (34%) 32 (38%) 41 (38%) 548 (43%) 

Salvage XRT 109 (83%) 262 (73%) 100 (60%) 34 (40%) 32 (33%) 710 (56%) <0.0012 
1Kruskal Wallis 2Chi-Square 
Continuous variables show median 
(25th percentile, 75th percentile) 
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Table 2: Cox Multivariable Regression Association Between Covariates and Timing of ADT* 

All patients 
(N=2,097) 

No XRT 
(N=850) 

XRT 
(N=1,247) 

HR 95% CI p HR 95% CI p HR 95% CI p 
CCI 0.25 0.70 0.11 

0 Ref. Ref. Ref. 
1 0.89 0.73-1.08 1.10 0.76-1.57 0.81 0.63-1.03 
2 0.90 0.72-1.13 1.19 0.81-1.75 0.75 0.57-0.99 
3+ 0.83 0.70-1.00 0.94 0.67-1.33 0.81 0.65-1.01 

Age 0.03 0.16 0.21 
<60 Ref. Ref. Ref. 
60-64 0.89 9.73-1.08 0.68 0.46-1.00 0.98 0.78-1.22 
65-69 0.73 0.60-0.89 0.67 0.46-0.98 0.78 0.61-0.99 
70-74 0.84 0.67-1.07 0.90 0.61-1.33 0.82 0.59-1.12 
≥74 0.73 0.52-1.04 0.72 0.45-1.15 0.88 0.47-1.66 

* Higher hazard ratio indicates association with lower PSA at initiation of ADT; Lower hazard
ratio indicates association with higher PSA at initiation of ADT
Model is adjusted for year of BCR, PSA doubling time, salvage radiation, surgical center, PSA
at surgery, PSA at recurrence, clinical stage, pathological stage, and positive lymph nodes
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Figure 1. Cumulative Incidence of ADT Utilization according to PSA* (A) across All 
Patients and (B) Stratified by Receipt of Radiation Therapy 

(A) All Patients

(B) Stratified by Receipt of Radiation Therapy

* Highest PSA used as censor time for patients who did not receive ADT
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Figure 2. Cumulative Incidence of ADT Utilization according to PSA Stratified by Age at 
Biochemical Recurrence  

(A) All Patients

(B) Received Radiation Therapy

(C) Did not Receive Radiation Therapy
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Figure 3. Cumulative Incidence of ADT Utilization according to PSA Stratified by 
Charlson Comorbidity Index at Biochemical Recurrence  

(A) All Patients

(B) Received Radiation Therapy

(C) Did not Receive Radiation Therapy
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Bnlodshmf Phrir neLnqsWkhsw Wlnmf Ldm vhsg AhnbgdlhbWk
Pdbtqqdmbd Wesdq PWchbWkOqnrsWsdbsnlw

Shlnsgw I-C Zrihuhbg*) KZtpdm D-G nvZpc*Bgphrsnogdp K-: lkhmf*VhkkhZl I-: pnmrnm*
LZssgdv P-Bnnodpadpf*Bgphrsnogdp I-JZmd*YZbgZpw JkZZrrdm*LZpsgZ J-Sdpphr
Zmc Rsdogdm I-EpddckZmc

Epnl sgd Chuhrhnm neTpnknfw �SIC)RIE()AdcZpr,RhmZhLdchaZkAdmsdp)Knr -mfdkdr)AZkhenpmhZ)Chuhrhnm neTpnknfw �KDG)RIE()CtpgZl UdsdpZmr -eeZhpr LdchaZkAdmsdp)

CtpgZl)Mnpsg AZpnkhmZ)Ctid AZmadpHmrshstsd �KDG()Ctid Tmhudprhsw RagnnkneLdchahmd)CtpgZl)Mnpsg AZpnkhmZ)CdoZpsldmsneTpnknfw �AK-()Npdfnm GdZksg

Rahdmadr Tmhudprhsw)OnpskZmc)Npdfnm)Chuhrhnm neTpnknfw �VI-()VdrsKnr -mfdkdr UdsdpZmr -eeZhpr LdchaZkAdmsdp)Knr -mfdkdr)AZkhenpmhZ)CdoZpsldmsneTpnknfw

�LPA()Tmhudprhsw neAZkhenpmhZ)RZm EpZmahran)AZkhenpmhZ)CdoZpsldmsneTpnknfw �AIJ()Tmhudprhsw neAZkhenpmhZ)RZm Chdfn)RZm Chdfn)AZkhenpmhZ)CdoZpsldmsneRtpfdpw

�WJ)LJS()Rdashnm neTpnknfw)-tftrsZ Tmhudprhsw)-tftrsZ)FdnpfhZ)Zmc Chuhrhnm neTpnknfw �LJS()AgZpkhd Mnpvnnc UdsdpZmr -eeZhpr LdchaZkAdmsdp)-tftrsZ)

FdnpfhZ

Otqonrd7Ldm vhsg ahnbgdlhbXk qdbtqqdmbd Xesdq qXchbXk oqnrsXsdbsnlx mddc
hmenqlXshnm nm bnlodshmf qhrjr ne lnqsXkhsx sn hmenql oqnfmnrhr Xmc fthcd
sqdXsldms-Vd ptXmshzdc sgd qhrj neoqnrsXsd bXmbdq ldsXrsXrhr Xmc lnqsXkhsx)
Xmc nsgdq bXtrd lnqsXkhsx Xbqnrr jdx bkhmhbXkoqdchbsnqr-

LWsdqhWkr Wmc Ldsgncr7Vd XmXkxydc 0)114 ldm vhsg ahnbgdlhbXk qdbtqqdmbd
Xesdq qXchbXk oqnrsXsdbsnlx eqnl 1//0 sn 1/06 hm sgd U; RD;QBF cXsXaXrd-
LtkshuXqhXakd bnlodshmf qhrjr qdfqdrrhnm vXr trdc sn hcdmshex oqdchbsnqr Xmc
ptXmshex btltkXshud hmbhcdmbd neldsXrsXrhr)oqnrsXsd bXmbdq rodbhzb lnqsXkhsx
Xmc nsgdq bXtrd lnqsXkhsx-Qdbtqrhud oXqshshnmhmf XmXkxrhr vXr trdc sn hcdmshex
noshltl uXqhXakd bts onhmsr enq oqdchbshnm neoqnrsXsd bXmbdq rodbhzb lnqsXkhsx
Xmc nsgdq bXtrd lnqsXkhsx-

Pdrtksr7Ctqhmf X ldchXm enkknvto ne 4-5 xdXqr Xesdq ahnbgdlhbXk qdbtqqdmbd
’HPQ 1-6D8-0()132 ’1/�(ldm chdc nensgdq bXtrdr Xmc 57 ’5�(chdc neoqnrsXsd
bXmbdq- LtkshuXqhXakd bnlodshmf qhrjr qdfqdrrhnm rgnvdc sgXs ghfg C%;lhbn
stlnqqhrj Xmc oqnrsXsd rodbhzbXmshfdm cntakhmf shld XsahnbgdlhbXkqdbtqqdmbd
kdrr sgXm 8 lnmsgr vdqd XrrnbhXsdc vhsg ldsXrsXrhr Xmc oqnrsXsd bXmbdq rodbhzb
lnqsXkhsx ’o þ/-//0(-Sdm,xdXq oqnrsXsd bXmbdq rodbhzb lnqsXkhsx vXr 03� Xmc
8� enq sgnrd vhsg ghfg qhrj stlnqr Xmc oqnrsXsd rodbhzb Xmshfdm cntakhmf shld
kdrr sgXm 8 lnmsgr) qdrodbshudkx- ;cuXmbdc Xfd Xmc vnqrd bnlnqahchsx vdqd
XrrnbhXsdc vhsg nsgdq bXtrdlnqsXkhsx ’o þ/-//0(-Sdm,xdXqnsgdq bXtrd lnqsXkhsx
vXr ghfgdq Xlnmf ldm 6/ xdXqr nkc nq nkcdq vhsg Xmx BgXqkrnm bnlnqahchsx
’0D2�(’3/� sn 38�(bnloXqdc sn sgnrd vhsg mnmd ’1/�(-Qdbtqrhud oXqshshnmhmf
XmXkxrhr hcdmshzdc noshlXkuXqhXakd bts onhmsr enq oqdchbshnm neoqnrsXsd bXmbdq
rodbhzblnqsXkhsx Xmc nsgdqbXtrdlnqsXkhsx)vhsg 0/,xdXqoqnrsXsd bXmbdqrodbhzb
lnqsXkhsx qXmfhmf eqnl 2� sn 48� Xmc 0/,xdXq nsgdq bXtrd lnqsXkhsx qXmfhmf
eqnl 06� sn 4/� Xbqnrr qhrj rtafqntor-

Bnmbktrhnmr7;lnmf ldm vhsg ahnbgdlhbXk qdbtqqdmbd Xesdq qXchbXk oqnrsXsdb,
snlx)sgdqd hr rhfmhzbXms gdsdqnfdmdhsx hm oqnfmnrhr sgXs bXm ad dwokXhmdc ax
XuXhkXakd bkhmhbXkuXqhXakdr-Ldm hm sgdhq6/rvhsg Xmx lXinq bnlnqahchsx Xqd 1 sn
0/ shldr lnqd khjdkx sn chd nensgdq bXtrdr sgXm neoqnrsXsd bXmbdq-

Idw Vnqcr7bnlnpahchsw*Zfd fpntor*opnrsZshb mdnokZrlr*phri*rtpuhuZk
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CDROHSD ahnbgdlhbXk qdbtqqdmbd Xesdq qXchbXk oqnr,
sXsdbsnlx adhmf dwbddchmfkx bnllnm) vhsg Xm
XmmtXk T-R- hmbhcdmbd ne XooqnwhlXsdkx 18)///
bXrdr)0D2 sgdqd hrX oXtbhsx neqhrj rsqXshzbXshnm cXsX
sn hmenql oqnfmnrhr Xmc sqdXsldms rsqXsdfhdr hm
sgdrdldm-OqduhntrcXsX gXud rgnvm sgXsldm vhsg
ABQ Xqd tmkhjdkx sn chd nesgdhq chrdXrd)vhsg 4)0/
Xmc 04,xdXq bXmbdq rodbhzb lnqsXkhsx qXsdr ne nmkx
2�)00�)Xmc 10�)qdrodbshudkx-3 Fnvdudq)qXsdr ne
oqnrsXsd bXmbdq ldsXrsXrhr Xmc oqnrsXsd bXmbdq
rodbhzb lnqsXkhsx ax jdx bkhmhbXkoqdchbsnqr Xr vdkk
Xr hmenqlXshnm nm sgd bnlodshmf qhrj nensgdq bXtrd
lnqsXkhsx Xqd kXbjhmf- Hloqnudc qhrj rsqXshzbXshnm
enq sgdrd bnlodshmf qhrjr bXm gdko ldm vhsg ABQ
adssdq tmcdqrsXmc sgdhq oqnfmnrhr Xmc lXx hcdmshex
fqntor sgXs Xqd lnqd nq kdrr khjdkx sn admdzs eqnl
hmsdmrhud sqdXsldms rsqXsdfhdr-
Bnlodshmf qhrjr hmenqlXshnm hr oXqshbtkXqkx qdkd,

uXms sn sgd ptdrshnm neshlhmf neXmcqnfdm cdoqhuX,
shnm sgdqXox hm ldm vhsg ABQ Xesdq rtqfdqx-
HlldchXsd hmhshXshnm ne;CS Xesdq ABQ ’Xr noonrdc
sn vXhshmf tmshkghfgdq OR; nq bkhmhbXkoqnfqdrrhnm(
gXr mns addm bnmrhrsdmskx rgnvm sn hloqnud
ntsbnldr)4D7 Xmc ldsX,XmXkxrhr cXsX rtffdrs sgXs
admdzsr lXx ad cdkXxdc tmshk 0/ xdXqr Xesdq sqdXs,
ldms-8 AdbXtrd ldm vhsg ABQ Xesdq rtqfdqx sdmc sn
ad nkcdq ’fhudm sgd shld kXf Xesdq qXchbXkoqnrsXsdb,
snlx(Xmc gXud bnlnqahchsx atqcdmr)sgdx lXx mns
gXud rtezbhdms knmfduhsx sn qdXo rtquhuXkadmdzsr ne
dXqkx ;CS)vghbg hrrtoonqsdc ax onrsgnbXmXkxrhrne
qXmcnlhydc sqhXkrbnloXqhmf dXqkx urcdkXxdc ;CS-0/

Lnqdnudq)sgd onsdmshXklnqahchsx ne;CS)hmbktchmf
dkduXsdc qhrj nebXqchnldsXankhb chrdXrd Xmc lnqsXk,
hsx) hm sgdrd ldm hr rtarsXmshXkkx ghfgdq sgXm hm
xntmfdq) gdXksghdq ldm-00)01 Fdmbd) tmcdqrsXmchmf
vgn hr lnrskhjdkx sn khud knmf dmntfg sn ad gXqldc
ax sgdhq bXmbdq hr X bqhshbXkcdsdqlhmXmssgXsrgntkc
ad bnmrhcdqdc vgdm okXmmhmf sqdXsldms-
Vd cdsdqlhmdc sgd jdx oqdchbsnqr ne knmf,sdql

oqnrsXsd bXmbdq ldsXrsXrhr) OBRL Xmc NBL
Xlnmf ldm vhsg ABQ Xesdq QO-Vd sgdm ptXmshzdc
knmf,sdql ldsXrsXrhr Xmc lnqsXkhsx qXsdr Xbqnrr
sgdrd jdx oqdchbsnq uXqhXakdr-Sn cn sghr)vd trdc
sgd RD;QBF cXsXaXrd) vghbg hmbktcdr ldm vgn
tmcdqvdms QO Xbqnrr 7 U; ldchbXkbdmsdqr-02 Sghr
cXsXaXrd hr tmhptdkx rthsdc sn Xmrvdq sghr ptdrshnm
rhmbd RDDQ ’RtqudhkkXmbd)Dohcdlhnknfx) Xmc Dmc
Qdrtksr(,LdchbXqd Xmc sgd MXshnmXk BXmbdq CXsX,
aXrd kXbj jdx cXsX dkdldmsr ’df knmfhstchmXkOR;)
OR;CS Xs ABQ) cdsXhkdc rsXfd Xmc fqXcd cXsX)
bXtrd ne cdXsg( sgXs oqnghahs bgXqXbsdqhyXshnm ne
oqhlXqx oqdchbsnqr nq ntsbnldr-Vd gxonsgdrhydc
sgXs rtafqntor bntkc ad hcdmshzdc sgXs gXud ghfg
qhrj neNBL Xmc knv qhrj ne bXmbdq lnqsXkhsx ’Xmc
uhbd udqrX(- Sgdrd cXsX bntkc ad trdc sn hmenql
oqnfmnrhr Xmc sqdXsldmshm ldm vhsg ABQ XesdqQO)
Xmc Xkrn odqlhs etqsgdq rstcx ne shlhmf ne;CS hm

onrs gnb XmXkxrdr ne qXmcnlhydc bnmsqnkkdc sqhXkr
bnloXqhmf dXqkx ur cdkXxdc ;CS-

L: SDPH: KR : MC LDSF NC R

Rstcw OnotkWshnm
Sgd RD;QBF cXsXaXrd hmbktcdrldm vhsg oqnrsXsd bXmbdq
sqdXsdc vhsg QO eqnl 0877 sn 1/06 Xbqnrr 7 U; ldchbXk
bdmsdqr ’6)700(-02 Vd hcdmshzdc ldm vhsg ABQ Xesdq QO
’cdzmdc Xr0 OR; fqdXsdqsgXm /-1 mf.lk)1 OR;rne/-1 mf.
lk)nq rdbnmcXqx sqdXsldms enq X qhrhmf OR;(03 adsvddm
1//0 Xmc 1/07 ’xdXq qXmfd aXrdc nm XuXhkXahkhsx ne bn,
lnqahchsx cXsX( ’rXlokd rhyd 0)370(- Vd dwbktcdc ldm
vhsg oXsgnknfhbXkmncd onrhshud oqnrsXsd bXmbdq ’80()Xmc
sgnrd vhsg lhrrhmf bkhmhbXk rsXfd ’7() qXbd ’01() lXqfhm
rsXstr ’8() oXsgnknfhbXk fqXcd fqnto ’14() oqdnodqXshud
C%;lhbn qhrj bXsdfnqx ’0/7(nq OR; Xsqdbtqqdmbd ’2(-Ntq
zmXk rstcx bngnqs hmbktcdc 0)114 ldm ’rtookdldmsXqx
zf-0)gssor9..vvv-itqnknfx-bnl(-Sgd rstcx qdbdhudc HQA
XooqnuXk’HQA Mn-Oqn///33243(-

U WqhWakdr
OodcebsmoPVoeVaidr�;fd XsABQ ’kdrr sgXm 54)54 sn 58)6/
xdXqr nkc nq nkcdq(vXr nasXhmdc ax qduhdv nesgd dkdbsqnmhb
ldchbXk qdbnqc- Cdxn,BgXqkrnm bnlnqahchsx hmcdw rbnqd Xs
ABQ ’/) 0) 1) 2�( vXr bXkbtkXsdc trhmf hmoXshdms Xmc
ntsoXshdms bkXhlr-04 C%;lhbn stlnq qhrj)05 bkhmhbXk rsXfd)
oXsgnknfhbXk bgXqXbsdqhrshbr ’fqXcd) rsXfd) rtqfhbXk lXqfhm)
dwsqXbXortkXq dwsdmrhnm) rdlhmXk udrhbkd hmuXrhnm) kxlog
mncd hmunkudldms()OR; cntakhmf shld XsABQ06 Xmc qdbdhos
neXcituXms.rXkuXfd WQS vdqd XrbdqsXhmdc ax qduhdv nesgd
dkdbsqnmhb ldchbXk qdbnqc- RnbhncdlnfqXoghb hmenqlXshnm
vXr Xkrn bnkkdbsdc)hmbktchmf xdXq neABQ Xmc qXbd-

OoelVou .tsbmldr�AXrdkhmd enq Xkk rtquhuXk ntsbnldr
vXrsgd cXsd neABQ-BXtrd necdXsg vXrcdzmdc XrOBRL
nq NBL aXrdc nm dkdbsqnmhb ldchbXkqdbnqc bgXqs qduhdv-
Ldm vdqd bnmrhcdqdc sn gXud chdc neOB hesgdx gXc oqn,
fqdrrhud oqnrsXsd bXmbdq ldsXrsXrdr qdrhrsXms sn bXrsqX,
shnm Xmc cdXsg vhsgnts Xmnsgdq oqnaXakd bXtrd) Xkrn
sXjhmf hmsn Xbbntmshesgdx gXc qdmXkeXhktqd vhsg tqdsdqXk
narsqtbshnm Xmc gxcqnmdogqnrhr) gXc knbXkkx XcuXmbdc
chrdXrd Xmc.nq gXc dmsdqdc gnrohbd enq OB-MnmcdbdXrdc
oXshdmsr vdqd enkknvdc sn cXsd ne kXrs bnmsXbs vhsg sgd
U; FdXksg Rxrsdl-

RsWshrshbWk: mWkwrhr
AXrdkhmd bgXqXbsdqhrshbr rsqXshzdc ax BgXqkrnm bnlnqahc,
hsx hmcdw vdqd bnloXqdc trhmf bgh,rptXqdc sdrsr enq bXs,
dfnqhbXkuXqhXakdrXmc IqtrjXk,VXkkhrsdrsr enqbnmshmtntr
uXqhXakdr-
Bnlodshmf qhrjrlncdkrvdqdtrdc sndrshlXsdrtagXyXqc

qXshnrenqNBL Xmc OBRL)vhsg sgd nsgdqntsbnldXbshmf Xr
sgd bnlodshmf qhrj-Sgd XmXkxrhrvXrXkrn bXqqhdc ntsenqsgd
ntsbnld ne ldsXrsXrhr)vhsg NBL Xr sgd bnlodshmf qhrj-
UXqhXakdr vdqd rdkdbsdc trhmf aXbjvXqc rsdovhrd rdkdbshnm
vhsg XkogX�/-/4 enq dmsqx Xmc XkogX�/-0/ enq qdlnuXk-
BXmchcXsd uXqhXakdr hmbktcdc Xfd XsABQ)BgXqkrnm bnlnq,
ahchsx hmcdw Xs ABQ)OR; Xs qdbtqqdmbd ’knf sqXmrenqldc()
OR;CS Xs ABQ) oXsgnknfhbXk fqXcd fqnto) oqdnodqXshud
C%;lhbn qhrj fqnto)rtqfhbXklXqfhm rsXstr)qXbd)rXkuXfd
qXchXshnm ’shld cdodmcdms()rtqfhbXk bdmsdq Xmc xdXq ne
ABQ- HmsdqXbshnmr adsvddm Xfd Xmc bnlnqahchsx vdqd

4.1 AHNBFDLHB�I PDBTPPDMBD �ESDP P�CHB�I OPNRS�SDBSNLU
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sdrsdc Xmc vdqd mns rhfmhzbXms enq Xmx ntsbnld-Btlt,
kXshud hmbhcdmbd btqudr eqnl sgd ltkshuXqhXakd lncdkr
vdqd fqXogdc-
Vd sgdm odqenqldc qdbtqrhud oXqshshnmhmf aXrdc nm ntq

rtquhuXklncdkr sn dlohqhbXkkx rnqsoXshdmsr hmsn fqntor ne
rhlhkXqqhrj-Qdbtqrhud oXqshshnmhmf hr X rsXshrshbXkldsgnc
sgXs noshlhydr qhrj rsqXshzbXshnm ax dlohqhbXkkx hcdmsh,
exhmf noshlXkuXqhXakdrXmc uXqhXakd btsonhmsr)tkshlXsdkx
bqdXshmf X cdbhrhnm sqdd vhsg sdqlhmXk aqXmbgdr qdoqd,
rdmshmf fqntor ne oXshdmsr vhsg rhlhkXq qhrj- Sgd lhmh,
ltl bqhsdqhnm enq chuhchmf X fqnto vXr o þ/-0/-IXokXm,
Ldhdq oknsr vdqd bqdXsdc sn rgnv sgd cheedqdmbdr hm rtq,
uhuXkadsvddm sgd qhrj fqntor-
RsXshrshbXkXmXkxrdr vdqd odqenqldc trhmf RsXsX! 04-/

Xmc Q u2-4-2 ’Q EntmcXshnm enq RsXshrshbXk Bnlotshmf)
UhdmmX);trsqhX(-; cntakd,rhcdc o �/-/4 cdmnsdc rsXshr,
shbXkrhfmhzbXmbd-

PDRTKSR
LdchXm enkknvto Xesdq ABQ vXr 4-5 xdXqr ’HPQ
1-6D8-0(-Nesgd 0)114 ldm hm ntq rXlokd 132 ’1/�(
chdc ne nsgdq bXtrdr Xmc 57 ’5�( chdc ne oqnrsXsd
bXmbdq-LdchXm Xfd Xs ABQ Xbqnrr ntq rXlokd vXr
51 xdXqr ’HPQ 47D55(-Ldm hm ntq rXlokd sdmcdc sn
gXud rtarsXmshXkbnlnqahchsx atqcdmr)vhsg 4/� ne
oXshdmsr gXuhmf BgXqkrnm rbnqdr ne 1 nq fqdXsdq-
Sgnrd vhsg vnqrd bnlnqahchsx atqcdmr sdmcdc sn ad
sqdXsdc kdrr nesdm vhsg rXkuXfd WQS Xmc sdmcdc sn
gXud knmfdq OR;CS ’rtookdldmsXqx sXakd 0)gssor9..
vvv-itqnknfx-bnl(-
LtkshuXqhXakd bnlodshmf qhrjr qdfqdrrhnm vhsg

aXbjvXqc rsdovhrd rdkdbshnm hcdmshzdc uXqhXakdr
sgXs vdqd rhfmhzbXmskx XrrnbhXsdc vhsg OBRL)
ldsXrsXrhr Xmc NBL ’rdd sXakd(- UXqhXakdr sgXs
vdqd rhfmhzbXmskx XrrnbhXsdc vhsg ghfgdq qhrj ne
ldsXrsXrhr Xmc OBRL vdqd ghfgdq oqdnodqXshud
C%;lhbn stlnqqhrj)ghfgdqOR; XsABQ Xmc rgnqsdq
OR;CS ’Xkko þ/-//0(-UXqhXakdr rhfmhzbXmskx Xrrn,
bhXsdc vhsg ghfgdq qhrj neNBL vdqd XcuXmbdc Xfd
Xs ABQ ’o �/-//0()BBH Xs ABQ ’o �/-//0()dXqkhdq
xdXq ne ABQ ’o �/-//0() rtqfdqx bdmsdq ’o�/-/0(
Xmc mn trd nerXkuXfd WQS ’o �/-//0(-
LtkshuXqhXakd bnlodshmf qhrjr qdfqdrrhnm lncdkr

hmbktchmf XkkrsXshrshbXkkx rhfmhzbXms uXqhXakdr vdqd
sgdm trdc sn oqnidbsbtltkXshud hmbhcdmbd drshlXsdr
enq OBRL)ldsXrsXrhr ’zf-0:oXqsr / Xmc A nerto,
okdldmsXqx sXakd 1)gssor9..vvv-itqnknfx-bnl()Xmc
NBL ’zf- 1) oXqs B ne rtookdldmsXqx sXakd 1)
gssor9..vvv-itqnknfx-bnl( Xbqnrr rtafqntor ne jdx
XbshnmXakd oqdchbsnq uXqhXakdr ’oqdnodqXshud
C%;lhbn stlnq qhrj Xmc OR;CS Xs ABQ enq bXmbdq
ldsXrsXrhr Xmc lnqsXkhsx: Xfd Xmc BBH rbnqd enq
NBL(- Qhrj ne bXmbdq ldsXrsXrhr Xmc lnqsXkhsx
hmbqdXrdc hm rsdovhrd eXrghnm vhsg ghfgdq stlnq
qhrj Xmc knvdq OR;CS Xs ABQ- BtltkXshud hmbh,
cdmbd ne oqnrsXsd bXmbdq ldsXrsXrhr Xmc lnqsXkhsx
enq ldm vhsg OR;CS Xs ABQ kdrr sgXm 8 lnmsgr
vdqd 05� Xmc 8� Xs 0/ xdXqr Xesdq ABQ)

qdrodbshudkx ’rtookdldmsXqx sXakd 1) gssor9..vvv-
itqnknfx-bnl(- BtltkXshud hmbhcdmbd ne NBL
hmbqdXrdc vhsg Xfd Xmc bnlnqahchsx atqcdm-Fnv,
dudq)nemnsd)0/,xdXqNBL vXrrtarsXmshXkkx ghfgdq
Xlnmf ldm 6/ xdXqrnkc nqnkcdqvhsg BBH0 ’34�()1
’3/�( nq 2� ’38�( bnloXqdc sn sgnrd vhsg BBH
/ ’1/�(- RhltksXmdntr cdohbshnmr ne NBL Xmc
OBRL ax Xfd Xmc BBHXqd rgnvm hm rtookdldmsXqx
zftqd 1 ’gssor9..vvv-itqnknfx-bnl(-
Qdbtqrhud oXqshshnmhmf XmXkxrhr vXr trdc sn

dlohqhbXkkx hcdmshex noshlXk uXqhXakd qhrj rsqXshz,
bXshnm bts onhmsr enq oqdchbshnm ne OBRL ’rtookd,
ldmsXqx zf- 2) /) gssor9..vvv-itqnknfx-bnl( Xmc
NBL ’rtookdldmsXqx zf- 2) A) gssor9..vvv-
itqnknfx-bnl(- Sgd aqXmbgonhmsr hcdmshzdc sn

CtkshuRphRakd bnlodshmf phrir lncdkr opdchbshmf shld epnl
ABM sn cdRsg epnl opnrsRsd bRmbdp�opnrsRsd bRmbdpldsRrsRrhr
Rmc cdRsg epnl nsgdpbRtrdr

RGP 84� BH o U]ktd

CcPsf eomi D.
R]ku]fd q]ch]shnm .-34 .-17D.-62 .-..0
Cz@lhbn qhri fqnto9 �.-..0
Knv Pdedqdmbd
Hmsdqldch]sd 0-51 .-57D2-70
Ghfg 3-0. 0-76D8-.0

OR@ ]s ABP 0-50 0-27D0-76 �.-..0
OR@CS %lnr(]s ABP9 �.-..0
8 nqLnqd Pdedqdmbd
Kdrr sg]m 8 1-35 0-11D3-85
Tmimnvm 2-30 0-8.D5-01

D. icsPrsPrhr
Cz@lhbn qhri fqnto9 .-..0
Knv Pdedqdmbd
Hmsdqldch]sd 1-16 0-07D3-25
Ghfg 2-24 0-62D5-37

OR@ ]s qdbtqqdmbd 0-45 0-22D0-71 �.-..0
OR@CS %lnr(]s ABP9 .-..0
8 nqLnqd Pdedqdmbd
Kdrr sg]m 8 1-17 0-30D2-6.
Tmimnvm 0-86 0-18D2-.2

Onrsno fq]cd fqnto9 .-.02
0 Pdedqdmbd
1 0-35 .-61D1-85
2 0-76 .-78D2-83
3D4 1-63 0-20D4-60

CcPsf eomi msfco aPtrcr
@fd ]s ABP9 �.-..0
Xntmfdq sg]m 54 Pdedqdmbd
54D58 0-2. .-81D0-71
6. nq Nkcdq 1-.7 0-41D1-72

BBH]s ABP9 �.-..0
. Pdedqdmbd
0 0-50 0-.7D1-3.
1 0-48 0-.2D1-34
2j 1-3. 0-57D2-33

Xq ne ABP .-81 .-78D.-85 �.-..0
Rtqfdqx bdmsdq9 .-.0.
Vdrs K@ Pdedqdmbd
O]kn @ksn .-55 .-28D0-0.
R]m Eq]mbhrbn .-4. .-15D.-88
@tftrs] .-65 .-35D0-17
Ctqg]l 0-21 .-76D0-87
R]m Chdfn .-82 .-51D0-3.
@rgduhkkd 0-28 .-80D1-01
Onqsk]mc .-52 .-21D0-13

R]ku]fd WPS .-31 .-21D.-43 �.-..0
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oqdchbsOBRL vdqd OR; Xsqdbtqqdmbd ’kdrr sgXm 0/
ur 0/ mf.lk nq fqdXsdq()C%;lhbn stlnq qhrj ’knv.
hmsdqldchXsd ur ghfg(Xmc OR;CS ’kdrr sgXm 8 ur 8

nq lnqd lnmsgr( ’rtookdldmsXqx zf- 2)/) gssor9..
vvv-itqnknfx-bnl(- BtltkXshud hmbhcdmbd btqudr
mnshmf OBRL Xbqnrr sgdrd rtafqntor rgnvdc sgXs

Ehftqd .’BtltkZshud hmbhcdmbd neOBRL ’,(Zmc ldsZrsZrhr ’A(aw OR: C S ZsABP Zmc C �: lhbn opdnodpZshud phri bZsdfnpw

Ehftqd 1’BtltkZshud hmbhcdmbd nensgdp bZtrd lnpsZkhsw aw Zfd Zmc BBH
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ldm vhsg OR; XsABQ 0/ mf.lknq fqdXsdq)C%;lhbn
ghfg qhrj Xmc OR;CS kdrr sgXm 8 lnmsgr ’nq tm,
jmnvm( gXc X 0/,xdXq OBRL ne 10� ’zf- 2) /(-
Bnmudqrdkx)aqXmbgonhmsr sn oqdchbsNBL vdqd Xfd
Xs ABQ ’kdrr sgXm 6/ ur 6/ xdXqr nkc nq nkcdq( Xmc
BBH Xs ABQ ’enq sgnrd kdrr sgXm 6/ xdXqr nkc)BBH
kdrr sgXm 1 ur 1 nq fqdXsdq:enq sgnrd 6/ xdXqr nkc nq
nkcdq) BBH / ur 0 nq lnqd(- IXokXm,Ldhdq btqudr
mnshmf NBL Xbqnrr sgdrd rtafqntor rgnvdc sgXs
ldm 6/ xdXqr nkc nq nkcdq vhsg Xmx BgXqkrnm
bnlnqahchshdr gXc X 0/,xdXq NBL ne4/� ’zf-2)A(-

C HRBTRRHNM
Sghr rstcx ptXmshzdr sgd bnlodshmf qhrjr neOBRL)
NBL Xmc ldsXrsXrhrXlnmf ldm vhsg ABQ XesdqQO
Xbbnqchmf sn sgdhq lXhm bkhmhbXk oqdchbsnqr- Knmf,
sdql btltkXshud hmbhcdmbd ne oqnrsXsd bXmbdq
ldsXrsXrhr Xmc lnqsXkhsx vdqd knv dudm Xlnmf
sgnrd Xsghfgdrsqhrj-Enq dwXlokd)0/,xdXq oqnrsXsd
bXmbdq ldsXrsXrhr Xmc OBRL vdqd 05� Xmc 03�)
qdrodbshudkx) Xlnmf sgnrd vhsg ghfg oqdnodqXshud
C%;lhbn stlnq qhrj-Bnmudqrdkx)sgd bnlodshmf 0/,
xdXq qhrj neNBL vXr Xkrn knv ’kdrr sgXm 1/�(enq
sgd lXinqhsx ne oXshdmsr)dwbdos enq sgnrd 6/ xdXqr
nkc nq nkcdq vhsg Xmx cdfqdd ne bnlnqahchsx ’34�)
3/� Xmc 38� enq sgnrd vhsg BBH 0) 1 Xmc 2�)
qdrodbshudkx(- Vd dlohqhbXkkx uXkhcXsdc sgdrd qhrj
rsqXshzbXshnmr vhsg qdbtqrhud oXqshshnmhmf XmXkxrhr)
hcdmshexhmf rtafqntor XsghfgdrsXmc knvdrsqhrj enq
OBRL ’hd ldm vhsg ghfg oqdnodqXshud C%;lhbn
stlnq qhrj Xmc OR;CS kdrr sgXm 8 lnmsgr nq tm,
jmnvm(Xmc NBL ’hd ldm 6/ xdXqr nkc nq nkcdqvhsg
BBH rbnqdr ne 0 nq ghfgdq(- Cdzmhmf knmf,sdql
bnlodshmf qhrjr drshlXsdr hm sgdrd ldm hr bqhshbXk
sn hmenql chrbtrrhnm ne oqnfmnrhr) rhmbd sgdx lXx
gXud sgd lhrbnmbdoshnm sgXs sgdx Xqd ghfgkx khjdkx
sn chd ne sgdhq chrdXrd) drodbhXkkx he sgdx gXud
Xcudqrd chrdXrd qhrj bgXqXbsdqhrshbr-Sghr hmenqlX,
shnm hr Xkrn drrdmshXk sn hmenql bnloXqXshud deedb,
shudmdrr rstchdr hm sghr onotkXshnm) Xr oXshdmsr Xs

ghfg qhrj enq NBL Xmc knv qhrj enq OBRL lXx ad
lnqd khjdkx sn admdzseqnl cdkXxdc ;CS nqcdqhud mn
admdzs eqnl hmsdmrhzdc Xmcqnfdm aknbjXcd-
Vghkd hshrXkqdXcx jmnvm sgXsedv ldm vhsg ABQ

Xesdq QO XbstXkkx chd ne oqnrsXsd bXmbdq)ntq rstcx
oqnuhcdr fqdXsdq cdsXhkqdfXqchmf qhrj rsqXshzbXshnm
nebXmbdq ldsXrsXrhr Xmc lnqsXkhsx ntsbnldr Xbqnrr
oqdchbsnq uXqhXakdr)Xkknvhmf enq lnqd oqdbhrd drsh,
lXsdr ne oqnfmnrhr enq Xm hmchuhctXk oXshdms- Hm X
oqduhntrkx otakhrgdc bngnqs ne 114 T-R- udsdqXmr
vhsg OB vgn tmcdqvdms QO)sgd 4)0/ Xmc 04,xdXq
btltkXshud hmbhcdmbd ne ABQ Xesdq oqnrsXsdbsnlx
vXr23�)26� Xmc 26�)atssgd btltkXshud hmbhcdmbd
neOBRL Xlnmf sgnrd vhsg qdbtqqdmbd vXr nmkx 2�)
00� Xmc 10� Xs4)0/ Xmc 04 xdXqr)qdrodbshudkx-3 Hm
ntq rstcx ptXmshzbXshnm ne qhrj ne OBRL Xbqnrr
OR;CS XsABQ Xmc oqdnodqXshudC%;lhbn stlnqqhrj
odqlhsr X lnqd odqrnmXkhydc XooqnXbg sn oqnfmnrhr
Xrrdrrldms- Enq dwXlokd) sgd 0/,xdXq btltkXshud
hmbhcdmbd ne OBRL qXmfdr eqnl 2-5� sn 03-0�
cdodmchmf nm C%;lhbn stlnq qhrj Xmc 2-7� sn 8-1�
aXrdc nm OR;CS XsABQ-
AdbXtrd oqnrsXsd bXmbdq Xeedbsr lXhmkx nkcdq

ldm) Xrrdrrldms ne oqnfmnrhr Xmc sqdXsldms cd,
bhrhnmr ltrs Xkrn bnmrhcdq sgd qhrj ne NBL hm
Xcchshnm sn qhrj necdXsg eqnl oqnrsXsd bXmbdq-Hm ntq
rstcx sgd bnlodshmf qhrj neNBL vXrXooqdbhXakd hm
ldm 6/ xdXqr nkc nq nkcdq vhsg Xmx cdfqdd ne bn,
lnqahchsx) XooqnXbghmf 3/� sn 4/� Xs 0/ xdXqr-
Sghr hmenqlXshnm hr qdkduXmsenq shlhmf neXmcqnfdm
cdoqhuXshnm sgdqXox hm sgdrd ldm)adbXtrd rtquhuXk
admdzsr eqnl hlldchXsd hmhshXshnm ne ;CS gXud
addm rgnvm sn cdudkno nudq X oqnsqXbsdc shld gnqh,
ynm ’hd 0/ xdXqr( Xmc lXx mns Xbbqtd ctqhmf sgdhq
khedshld-8 Etqsgdqlnqd);CS lXx hmbtqghfgdqqhrjr
ne lXinq rhcd deedbsr hmbktchmf bXqchnuXrbtkXq
lnqahchsx Xmc lnqsXkhsx00)01 hm sgdrd ldm bnloXqdc
vhsg sgdhq xntmfdq Xmc gdXksghdq oddqr-07)08 Hm sgd
OR; dqX ogxrhbhXmr gXud adftm hmhshXshmf ;CS
dXqkhdq hm sgd chrdXrd bntqrd ’hd hlldchXsdkx Xs sgd
shld neABQ()Xmc vd gXud entmc hm sgd RD;QBF

Ehftqd 2’BtltkZshud hmbhcdmbd btpudr aZrdc nm pdbtprhud oZpshshnmhmf rtafpntor enp OBRL ’,(Zmc NBL ’A(
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onotkXshnm sgXs 4/� ne ldm 6/ xdXqr nkc nq nkcdq
qdbdhud ;CS Xs OR; kdrr sgXm 7-7 mf.lk ’tmota,
khrgdc cXsX(-AXrdc nm sgdhq ghfg qhrj neNBL)sgd
lncdrskhjdkhgnnc nesqdXsldmsadmdzsXmc sgd ghfg
khjdkhgnnc nesqdXsldmslnqahchsx)sgdrdldm lXx ad
adssdq rthsdc sn rsXqshmf ;CS kXsdq-
HcdmshzbXshnm ne rtafqntor neldm vgn Xqd kdrr

khjdkx sn chd neoqnrsXsd bXmbdqXmc lnqd khjdkx sn chd
ne nsgdq bXtrdr ctqhmf X 0/,xdXq odqhnc ’Xmc uhbd
udqrX(lXx gdko sn eXbhkhsXsd bnloXqXshud deedbshud,
mdrr rstchdr ne ;CS shlhmf hm ldm vhsg ABQ Xr
admdzsr ne dXqkx sgdqXox XoodXq sn ad cdkXxdc sghr
knmf- ; onnkdc ldsX,XmXkxrhr ne 3 qXmcnlhydc
bnmsqnkkdc sqhXkr duXktXshmf dXqkx ’Xs OR; kdrr sgXm
/-1 mf.lk(ur cdkXxdc ;CS ’Xsghfgdq OR; uXktd ats
adenqd ldsXrsXrhr( hm ldm vhsg ABQ rgnvdc sgXs
nudqXkk rtquhuXk admdzsr ne dXqkx ;CS vdqd mns
nardqudc tmshk Xesdq 0/ xdXqr ’NQ 0-4) 84� BH
0-/3D1-05()ats edv oXshdmsr rtquhudc knmf dmntfg
sn qdXo sghr admdzs-8 Lnqdnudq) X qdbdms onrs gnb
XmXkxrhr ne1/5 ldm nm X bkhmhbXksqhXkvgn gXc ABQ
Xesdq cdzmhshud qXchXshnm sgdqXox) ABQ vXr mns
khmjdc vhsg Xm hmbqdXrdc qhrj ne OBRL hm oXshdmsr
vhsg lncdqXsd nq rdudqd bnlnqahchsx)hm bnmsqXrssn
ldm vhsg mn nqlhkc bnlnqahchsx hm vgnl ABQ vXr
khmjdc vhsg OB cdXsg-0/ Hs hr onrrhakd sgXs onrs gnb
XmXkxrdr ne dwhrshmf qXmcnlhydc bnmsqnkkdc sqhXkr
bnloXqhmf knmf,sdql lnqsXkhsx XrrnbhXsdc vhsg
dXqkx ur cdkXxdc ;CS lXx rgnv cheedqdmshXkdeedbsr
hm sgnrd kdXrskhjdkx sn admdzs’hd ldm nkcdq sgXm 6/
xdXqrvhsg BBHrbnqdrne0 nqghfgdqXmc OR;CS 8 nq
lnqd lnmsgr vhsg oqdnodqXshud knv.hmsdqldchXsd
C%;lhbn qhrj( Xmc sgnrd lnrs khjdkx sn admdzs ’hd
sgnrd xntmfdq sgXm 6/ nq nkcdq sgXm 6/ vhsg mn
lXinq bnlnqahchshdr Xmc OR;CS kdrr sgXm 8 lnmsgr
vhsg ghfg oqdnodqXshud C%;lhbn qhrj( aXrdc nm
bnlodshmf qhrjr oqnzkdr-

Sgdqd Xqd rdudqXk khlhsXshnmr ne ntq XmXkxrhr-
RtquhuXkcXsX eqnl sgd U; lXx mns chqdbskx sqXmr,
kXsd sn mnmU; rdsshmfr) fhudm cheedqdmbdr hm rnbhn,
cdlnfqXoghbr Xmc bnlnqahchsx atqcdm- Fnvdudq)
oqhnq vnqj bnloXqhmf rtquhuXkntsbnldr hm sgd U;
vhsg RDDQ,LdchbXqd onotkXshnmr gXr rgnvm khsskd
cheedqdmbd-1/)10 Hm Xcchshnm)knmf,sdql rtquhuXklXx
ad hloqnudc mnv bnloXqdc vhsg 1//0 sn 1/07)Xr X
mtladq ne mnudksgdqXodtshbr ’rdbnmcXqx Xmcqnfdm
Xwhr hmghahshnm)dXqkx bgdlnsgdqXox)hlltmnsgdqX,
odtshbr) qXchnogXqlXbdtshbXkr( sgXs hmbqdXrd rtq,
uhuXk gXud rhmbd dldqfdc-RtquhuXk drshlXsdr lXx
mns ad fdmdqXkhyXakd sn onotkXshnmr vgn qdbdhudc
nsgdq enqlr ne cdzmhshud sqdXsldms ’hd qXchXshnm
sgdqXox(-EhmXkkx)sgdqd vXr mn rdsoqnsnbnkenq OR;
rtqudhkkXmbd Xesdq rtqfdqx) vghbg lXx Xeedbs tmh,
enqlhsx nesghr uXqhXakd-

BNMBKTRHNMR
Sghr rstcx ptXmshzdr sgd knmf,sdql bnlodshmf qhrjr
neoqnrsXsd bXmbdqldsXrsXrhrXmc lnqsXkhsx Xmc NBL
hm ldm vhsg ABQ Xesdq QO Xbqnrr jdx bkhmhbXk oqd,
chbsnqr-Vd Xkrn dlohqhbXkkx hcdmshzdc noshlXk qhrj
rsqXshzbXshnm bts onhmsr sn cdzmd rtafqntor neldm
vgn Xqd lnrs khjdkx sn chd ne nsgdq bXtrdr Xmc)
bnmudqrdkx) oqnrsXsd bXmbdq- Sghr hmenqlXshnm hl,
oqnudr oqdbhrhnm neoqnfmnrhr enqldm vhsg ABQ Xesdq
QO Xmc Xkknvr enq hmchuhctXkhydc oqdchbshnm ne
ldsXrsXrhr Xmc lnqsXkhsx Xbqnrr qdXchkx XuXhkXakd
bkhmhbXk uXqhXakdr- HlonqsXmskx) hs vhkk Xkrn hmenql
etqsgdq rstcx nedezbXbx nedXqkx ur cdkXxdc ;CS hm
ldm vgn lXx ad lnqd nq kdrr khjdkx sn admdzs eqnl
sgdrd sgdqXodtshb XooqnXbgdr-Vd adkhdud sgXs nkcdq
ldm vhsg bnlnqahchsx atqcdm vgn Xqd btqqdmskx
qdbdhuhmf dXqkx ;CS lXx admdzs eqnl X cdkXxdc
XooqnXbg)fhudm sgd oqnsqXbsdc shldbntqrd nertquhuXk
admdzsnedXqkx ;CS Xmc hsr hlldchXsd lnqahchsx-

PDEDPDMBDR

0- GtkkFV*P]aa]mhE*@aa]r E ds]k9B]mbdqbnmsqnk
vhsg q]chb]k oqnrs]sdbsnlx ]knmd hm 0*...
bnmrdbtshud o]shdmsr�I Tqnk1..1:0569 417-

1- G]m L* O]qshm @V* Ontmc BP ds ]k9 Knmf,sdql
ahnbgdlhb]k chrd]rd,eqdd ]mc b]mbdq,rodbhehb
rtquhu]k enkknvhmf ]m]snlhb q]chb]k qdsqnotahb
oqnrs]sdbsnlx- Sgd 04,xd]q Ingmr Gnoihmr
dwodqhdmbd�TqnkBkhm Mnqsg @l 1..0:179 444-

2- @lkhmf BK*Aktsd LK*Adqfrsq]kg DI ds ]k9Knmf,
sdql g]y]qc ne oqnfqdrrhnm ]esdq q]chb]koqnrs],
sdbsnlx enq bkhmhb]kkx knb]khydc oqnrs]sd b]mbdq9
bnmshmtdc qhri ne ahnbgdlhb]k e]hktqd ]esdq 4
xd]qr�I Tqnk1...:0539 0.0-

3- Tbghn DL*@rk]m L*Vdkkr BJ ds ]k9 Hlo]bs ne
ahnbgdlhb]k qdbtqqdmbd hm oqnrs]sd b]mbdq
]lnmf TR udsdq]mr�@qbg Hmsdqm Ldc 1.0.:06�9
028.-

4- Rstcdq TD*Vgdk]m O* @kaqdbgs V ds ]k9 Hlld,
ch]sd nq cdedqqdc ]mcqnfdm cdoqhu]shnm enq o],
shdmsr vhsg oqnrs]sd b]mbdqmnsrths]akd enqknb]k
sqd]sldms vhsg btq]shud hmsdms9 Dtqnod]m Nqf],
mhr]shnm enq Pdrd]qbg ]mc Sqd]sldms ne B]mbdq
%DNPSB(Sqh]k2.780�I Bkhm Nmbnk1..5:139 0757-

5- Rbgq�ncdq EG* Jtqsg JG* Enrr] RC ds ]k9 D]qkx
udqrtr cdk]xdc dmcnbqhmd sqd]sldms ne S1,S2
oM0,2 L. oqnrs]sd b]mbdq vhsgnts knb]k sqd]s,
ldms ne sgd oqhl]qx stlntq9 ehm]k qdrtksr ne
Dtqnod]m Nqf]mhr]shnm enq sgd Pdrd]qbg ]mc
Sqd]sldms ne B]mbdq oqnsnbnk 2.735 ]esdq 02
xd]qr ne enkknv,to %] q]mcnlhrdc bnmsqnkkdc
sqh]k(�Dtq Tqnk1..8:449 03-

6- Ldchb]k Pdrd]qbg Bntmbhk Oqnrs]sd B]mbdq
Vnqihmf O]qsx Hmudrshf]snqr Fqnto9 Hlldch]sd
udqrtr cdedqqdc sqd]sldmsenq]cu]mbdc oqnrs]shb

b]mbdq9 hmhsh]k qdrtksr ne sgd Ldchb]k Pdrd]qbg
BntmbhkSqh]k�Aq I Tqnk0886:689 124-

7- Ctbgdrmd FL*Vnn GG*A]rrdssIJ ds]k9Shlhmf
ne]mcqnfdm,cdoqhu]shnm sgdq]ox hm o]shdmsr vhsg
oqnrs]sd b]mbdq vhsg ] qhrhmf OR@ %SPNF .2-.5
]mc UBNF OP .0,.2 YSN@C[(9 ] q]mcnlhrdc*
ltkshbdmsqd* mnm,akhmcdc* og]rd 2 sqh]k� K]mbds
Nmbnk1.05:069 616-

8- M]hq A*Vhks S*L]bCnm]kc P ds ]k9D]qkx udqrtr
cdedqqdc ]mcqnfdm rtooqdrrhnm hm sgd sqd]sldms
ne ]cu]mbdc oqnrs]shb b]mbdq� Bnbgq]md C]s],
a]rd Rxrs Pdu 1..1:BC..24.5-

0.- Fh]b]knmd MI*Vt I*Bgdm LG ds ]k9 Oqnrs]sd,
rodbhehb ]mshfdm e]hktqd ]mc qhri ne cd]sg vhsghm
bnlnqahchsx rtafqntor ]lnmf ldm vhsg
tme]unq]akd,qhri oqnrs]sd b]mbdq sqd]sdc hm ]
q]mcnlhydc sqh]k�I Bkhm Nmbnk1.05:239 2670-

4.5 AHNBFDLHB�I PDBTPPDMBD �ESDP P�CHB�I OPNRS�SDBSNLU

Anouphfgsz 0.0. 2ldphbUm RpninfhbUi2rrnbhUshnm CctbUshnm Umc IdrdUpbg�Emb,RmUtsgnphydc pdopnctbshnm ne sghr Upshbid hr opnghahsdc,



00- R]hf]k BR*Fnqd IK* Jqtorih SK ds ]k9@mcqnfdm
cdoqhu]shnm sgdq]ox hmbqd]rdr b]qchnu]rbtk]q
lnqahchsx hm ldm vhsg oqnrs]sd b]mbdq� B]mbdq
1..6:00�9 0382-

01- M]mc] @* Bgdm LG* Aq]bbhnenqsd LG ds ]k9
Gnqlnm]k sgdq]ox trd enq oqnrs]sd b]mbdq ]mc
lnqs]khsx hm ldm vhsg bnqnm]qx ]qsdqx chrd]rd,
hmctbdc bnmfdrshud gd]qs e]hktqd nq lxnb]qch]k
hme]qbshnm�I@L@ 1..8:2�19 755-

02- Uhc]k@B*Gnv]qc KD*Rtm RW ds ]k9Nadrhsx ]mc
oqnrs]sd b]mbdq,rodbhehb lnqs]khsx ]esdq q]chb]k
oqnrs]sdbsnlx9 qdrtksr eqnl sgd Rg]qdc Dpt]k
@bbdrr Pdfhnm]k B]mbdq Gnrohs]k %RD@PBG(
c]s]a]rd� Oqnrs]sd B]mbdq Oqnrs]shb Chr 1.06:
1�9 61-

03- Eqddck]mc RI* Oqdrsh IB* @lkhmf BK ds ]k9 Shld
sqdmcr hm ahnbgdlhb]k qdbtqqdmbd ]esdq q]chb]k

oqnrs]sdbsnlx9qdrtksr ne sgd RD@PBG c]s]a]rd�
Tqnknfx 1..2:509 625-

04- Cdxn P@*Bgdqihm CB ]mc BhnkL@9@c]oshmf ]
bkhmhb]kbnlnqahchsx hmcdw enqtrd vhsg HBC,8,BL
]clhmhrsq]shud c]s]a]rdr�I Bkhm Dohcdlhnk0881:
349 502-

05- Cz@lhbn @U*Vghsshmfsnm P*L]kinvhby RA ds ]k9
Ahnbgdlhb]k ntsbnld ]esdq q]chb]k oqnrs]sdb,
snlx* dwsdqm]kad]l q]ch]shnm sgdq]ox* nq hmsdq,
rshsh]k q]ch]shnm sgdq]ox enq bkhmhb]kkx knb]khydc
oqnrs]sd b]mbdq�I@L@ 0887:17�9 858-

06- Eqddck]mc RI*Gtlogqdxr DA*L]mfnkc K@ ds ]k9
Phri ne oqnrs]sd b]mbdq,rodbhehb lnqs]khsx
enkknvhmf ahnbgdlhb]k qdbtqqdmbd ]esdq q]chb]k
oqnrs]sdbsnlx�I@L@ 1..4:1839 322-

07- Eqndgmdq L ]mc Vhqsg LO9Vnqcr ne vhrcnl-
Pd9]rrnbh]shnm ne ]mcqnfdm cdoqhu]shnm sgdq]ox
vhsg b]qchnu]rbtk]q cd]sg hm o]shdmsr vhsg
oqnrs]sd b]mbdq9 ] lds],]m]kxrhr ne q]mcnlhydc
sqh]kr�Dtq Tqnk1.01:519 24.-

08- Ak]miehdkc PO9@mcqnfdm cdoqhu]shnm sgdq]ox enq
oqnrs]sd b]mbdq]mc b]qchnu]rbtk]qcd]sg�I@L@
1.01:2�69 0141-

1.- C]rihuhbg SI* Bg]lhd J* Jv]m K ds ]k9 Bnlnq,
ahchsx ]mc bnlodshmf qhrir enq lnqs]khsx hm ldm
vhsg oqnrs]sd b]mbdq�B]mbdq 1.00:0069 3531-

10- C]rihuhbg SI*Khsvhm LR ]mc R]hf]kB9Pdokx sn
Bg]qkrnm rbnqd ]mc bnlodshmf lnqs]khsx�B]mbdq
1.03:01�9 3..2-
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Appendix 3:   
Aim 3 Tables and Figure 



Table 1: Patient Characteristics of Study Cohort by Early ADT Status 

Patient Characteristics by Early ADT Status 

PSA ≤ 2.5 
(N=336) 

PSA > 2.5 or No ADT 
(N=1049) 

Standardized 
Differences, % 

Age at recurrence -32.7
 Median 63 65 
 Q1, Q3 59, 67 61, 70 

Race 8.2 
 Non-black 213 (63%) 706 (67%) 
 Black 123 (37%) 343 (33%) 

Year of recurrence -4.0
 Median 2010 2010 
 Q1, Q3 2006, 2014 2006, 2014 

PSA at recurrence -17.6
 Median 0.3 0.3 
 Q1, Q3 0.2, 0.6 0.2, 0.5 

PCCI at recurrence 11.8 
 ≤ 4 206 (61%) 582 (55%) 
 ≥ 5 130 (39%) 467 (45%) 

D'Amico Risk 28.3 
 Low/Intermediate risk 171 (51%) 679 (65%) 
 High risk 165 (49%) 370 (35%) 

XRT -52.5
 No 92 (27%) 548 (52%) 
 Yes 244 (73%) 501 (48%) 

Follow-up from recurrence 
(in months) 

19.5 

 Median 72.9 64.2 
 Q1, Q3 38.0, 121.9 30.0, 105.8 



Table 2: Patient Characteristics of Early ADT Patients and 5 Matched Controls 

Patient Characteristics of Early ADT Patients and 5 Matched Controls 

Early ADT Patient 
(N=336) 

Matched Control 
(N=1,680) 

Standardized 
Differences, % 

Age at recurrence -23.9
 Median 63 65 
 Q1, Q3 59, 67 60, 69 

Race 8.3 
 Non-black 213 (63%) 1131 (67%) 
 Black 123 (37%) 549 (33%) 

Year of recurrence 1.4 
 Median 2010 2010 
 Q1, Q3 2006, 2014 2006, 2014 

PSA at recurrence -3.4
 Median 0.3 0.3 
 Q1, Q3 0.2, 0.6 0.2, 0.4 

PCCI at recurrence 0 
 <=4 206 (61%) 1030 (61%) 
 >=5 130 (39%) 650 (39%) 

D'Amico Risk 0 
 Low/Intermediate risk 171 (51%) 855 (51%) 
 High risk 165 (49%) 825 (49%) 

XRT -31.3
 No 92 (27%) 707 (42%) 
 Yes 244 (73%) 973 (58%) 

Follow-up from start of 
ADT or matched PSA 

13.5 

 Median 58.4 42.1 
 Q1, Q3 27.7, 108.7 14.1, 94.0 

* 796 unique patients



Table 3: Sequential Stratification Stratified Cox Model, 5 matches per early ADT patient 

Univariable Multivariable 
#Deaths/# 
Early ADT 

#Deaths/ 
#Total 

HR 95% CI P HR 95% CI P 

All 74/336 280/2016 1.26 (0.93, 1.71) 0.14 1.49 (1.07, 2.08) 0.018 
PCCI at BCR 
≤ 4 42/206 138/1236 1.40 (0.92, 2.10) 0.11 1.72 (1.11, 2.67) 0.015 
≥ 5 32/130 142/780 1.13 (0.72, 1.77) 0.60 1.28 (0.80, 2.08) 0.31 
D’Amico Risk at dx 
Low/Intermediate 41/171 160/1026 1.24 (0.83, 1.84) 0.30 1.49 (0.99, 2.26) 0.058 
High 33/165 120/990 1.29 (0.81, 2.07) 0.29 1.62 (0.93, 2.82) 0.090 

Patients matched on PCCI, D’Amico Risk, Date of BCR +/- 2 years, PSA +/- 0.5 ng/mL 
Multivariable models adjusted for race (black vs other), log PSA at BCR, Radiation, and time from Recurrence to ADT (early ADT 
patient)/Recurrence to PSA date (matched patients) 



Figure 1: Consort Diagram 

• No recurrence (n=5,096)
• Recurrence due to treatment

(n=498)
• Recurrence due to metastases (n=5)
• Missing recurrence data (n=30)

Search Database RP 1988-2017
N=7,811

• Biochemical recurrence date is
missing or prior to 2001 (n=703)

Biochemical Recurrence
N=2,169

• Missing PSA at recurrence (n=11)
• Missing race (n=3)
• Missing D'Amico Risk (n=66)
• Missing ADT date (n=1)

Biochemical Recurrence 
2001-2018

1,466

Analysis Cohort
1,385



Figure 2: Strata Size vs. Magnitude and Precision of Estimates 

Mode % of matches 
that are repeats HR 95% CI 

Time Dependent 
Cox - 1.03 (0.78, 1.36) 

3 Matches 40% 1.19 (0.83, 1.72) 

5 Matches 53% 1.49 (1.07, 2.08) 

≤10 Matches 69% 1.26 (0.93, 1.70) 

≤40 Matches 89% 1.04 (0.78, 1.39) 

≤58 Matches 92% 1.01 (0.76, 1.35) 

≤82 Matches 93% 1.01 (0.76, 1.33) 

All Matches (≤142) 94% 1.01 (0.76, 1.34) 



Supplementary Table 1a: Patient Characteristics of Early ADT Patients and 3 Matched 
Controls  

Patient Characteristics of Early ADT Patients and 3 Matched Controls 

Early ADT Patient 
(N=336) 

Matched Control 
(N=1,008) 

Standardized 
Differences, % 

Age at recurrence -22.6
 Median 63 65 
 Q1, Q3 59, 67 60, 69 

Race 5.8 
 Non-black 213 (63%) 667 (66%) 
 Black 123 (37%) 341 (34%) 

Year of recurrence 2.2 
 Median 2010 2010 
 Q1, Q3 2006, 2014 2005, 2014 

PSA at recurrence 1.8 
 Median 0.3 0.3 
 Q1, Q3 0.2, 0.6 0.2, 0.4 

PCCI at recurrence 0 
 <=4 206 (61%) 618 (61%) 
 >=5 130 (39%) 390 (39%) 

D'Amico Risk 0 
 Low/Intermediate risk 171 (51%) 513 (51%) 
 High risk 165 (49%) 495 (49%) 

XRT -27.9
 No 92 (27%) 408 (40%) 
 Yes 244 (73%) 600 (60%) 

Follow-up from start of 

ADT or matched PSA 

16.6 

 Median 58.4 40.0 
 Q1, Q3 27.7, 108.7 13.6, 93.3 



Suplementary Table 1b: Patient Characteristics of Early ADT Patients and up to 10 Matched 
Controls  

Patient Characteristics of Early ADT Patients and up to 10 Matched Controls 

Early ADT Patient 
(N=336) 

Matched Control 
(N=3,357) 

Standardized 
Differences, % 

Age at recurrence -26.7
 Median 63 65 
 Q1, Q3 59, 67 61, 69 

Race 6.8 
 Non-black 213 (63%) 2237 (67%) 
 Black 123 (37%) 1120 (33%) 

Year of recurrence 0.9 
 Median 2010 2010 
 Q1, Q3 2006, 2014 2006, 2014 

PSA at recurrence -2.8
 Median 0.3 0.3 
 Q1, Q3 0.2, 0.6 0.2, 0.4 

PCCI at recurrence 0.07 
 <=4 206 (61%) 2057 (61%) 
 >=5 130 (39%) 1300 (39%) 

D'Amico Risk 0.09 
 Low/Intermediate risk 171 (51%) 1710 (51%) 
 High risk 165 (49%) 1647 (49%) 

XRT -33.9
 No 92 (27%) 1455 (43%) 
 Yes 244 (73%) 1902 (57%) 

Follow-up from start of 

ADT or matched PSA 

13.8 

 Median 58.4 42.1 
 Q1, Q3 27.7, 108.7 13.9, 93.1 



Supplementary Table 1c: Patient Characteristics of Early ADT Patients and up to 40 Matched 
Controls  

Patient Characteristics of Early ADT Patients and up to 40 Matched Controls 

Early ADT Patient 
(N=336) 

Matched Control 
(N=12,522) 

Standardized 
Differences, % 

Age at recurrence -26.5
 Median 63 65 
 Q1, Q3 59, 67 60, 69 

Race 8.2 
 Non-black 213 (63%) 8428 (67%) 
 Black 123 (37%) 4094 (33%) 

Year of recurrence -4.6
 Median 2010 2010 
 Q1, Q3 2006, 2014 2006, 2014 

PSA at recurrence -1.5
 Median 0.3 0.3 
 Q1, Q3 0.2, 0.6 0.2, 0.4 

PCCI at recurrence -1.8
 <=4 206 (61%) 7784 (62%) 
 >=5 130 (39%) 4738 (38%) 

D'Amico Risk 5.0 
 Low/Intermediate risk 171 (51%) 6688 (53%) 
 High risk 165 (49%) 5834 (47%) 

XRT -34.7
 No 92 (27%) 5480 (44%) 
 Yes 244 (73%) 7042 (56%) 

Follow-up from start of 

ADT or matched PSA 

22.2 

 Median 58.4 36.1 
 Q1, Q3 27.7, 108.7 12.0, 84.3 



Supplementary Table 1d: Patient Characteristics of Early ADT Patients and up to 58 Matched 
Controls  

Patient Characteristics of Early ADT Patients and up to 58 Matched Controls 

Early ADT Patient 
(N=336) 

Matched Control 
(N=16,314) 

Standardized 
Differences, % 

Age at recurrence -24.8
 Median 63 65 
 Q1, Q3 59, 67 60, 69 

Race 8.5 
 Non-black 213 (63%) 10998 (67%) 
 Black 123 (37%) 5316 (33%) 

Year of recurrence -10.0
 Median 2010 2011 
 Q1, Q3 2006, 2014 2007, 2014 

PSA at recurrence -2.9
 Median 0.3 0.3 
 Q1, Q3 0.2, 0.6 0.2, 0.4 

PCCI at recurrence -3.7
 <=4 206 (61%) 10296 (63%) 
 >=5 130 (39%) 6018 (37%) 

D'Amico Risk 10.1 
 Low/Intermediate risk 171 (51%) 9125 (56%) 
 High risk 165 (49%) 7189 (44%) 

XRT -34.1
 No 92 (27%) 7093 (43%) 
 Yes 244 (73%) 9221 (57%) 

Follow-up from start of 

ADT or matched PSA 

24.8 

 Median 58.4 35.0 
 Q1, Q3 27.7, 108.7 11.2, 83.0 



Supplementary Table 1e: Patient Characteristics of Early ADT Patients and up to 82 Matched 
Controls  

Patient Characteristics of Early ADT Patients and up to 82 Matched Controls 

Early ADT Patient 
(N=336) 

Matched Control 
(N=19,408) 

Standardized 
Differences, % 

Age at recurrence -22.8
 Median 63 65 
 Q1, Q3 59, 67 60, 69 

Race 7.8 
 Non-black 213 (63%) 13026 (67%) 
 Black 123 (37%) 6382 (33%) 

Year of recurrence -13.5
 Median 2010 2011 
 Q1, Q3 2006, 2014 2007, 2014 

PSA at recurrence -2.7
 Median 0.3 0.3 
 Q1, Q3 0.2, 0.6 0.2, 0.4 

PCCI at recurrence -6.5
 <=4 206 (61%) 12511 (64%) 
 >=5 130 (39%) 6897 (36%) 

D'Amico Risk 16.9 
 Low/Intermediate risk 171 (51%) 11505 (59%) 
 High risk 165 (49%) 7903 (41%) 

XRT -33.1
 No 92 (27%) 8340 (43%) 
 Yes 244 (73%) 11068 (57%) 

Follow-up from start of 

ADT or matched PSA 

27.2 

 Median 58.4 34.5 
 Q1, Q3 27.7, 108.7 10.7, 80.4 



Supplementary Table 1f: Patient Characteristics of Early ADT Patients and All Potential 
Matched Controls  

Patient Characteristics of Early ADT Patients and All Potential Matched Controls 

Early ADT Patient 
(N=336) 

Matched Control 
(N=21,221) 

Standardized 
Differences, % 

Age at recurrence -20.8
 Median 63 65 
 Q1, Q3 59, 67 60, 69 

Race 7.4 
 Non-black 213 (63%) 14203 (67%) 
 Black 123 (37%) 7018 (33%) 

Year of recurrence -14.0
 Median 2010 2011 
 Q1, Q3 2006, 2014 2007, 2014 

PSA at recurrence -5.1
 Median 0.3 0.3 
 Q1, Q3 0.2, 0.6 0.2, 0.4 

PCCI at recurrence -11.6
 <=4 206 (61%) 14190 (67%) 
 >=5 130 (39%) 7031 (33%) 

D'Amico Risk 23.9 
 Low/Intermediate risk 171 (51%) 13297 (63%) 
 High risk 165 (49%) 7924 (37%) 

XRT -32.9
 No 92 (27%) 9097 (43%) 
 Yes 244 (73%) 12124 (57%) 

Follow-up from start of 

ADT or matched PSA 

27.5 

 Median 58.4 35.2 
 Q1, Q3 27.7, 108.7 10.7, 80.4 
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