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A B S T R A C T

Purpose
We examined whether the survival advantage of androgen-deprivation therapy with radiotherapy
(ADT plus RT) relative to ADT alone for men with locally advanced prostate cancer reported in two
randomized trials holds in real-world clinical practice and extended the evidence to patients poorly
represented in the trials.

Methods
We conducted nonrandomized effectiveness studies of ADT plus RT versus ADT in three groups
of patients diagnosed between 1995 and 2007 and observed through 2009 in the SEER-Medicare
data set: (1) the randomized clinical trial (RCT) cohort, which included men age 65 to 75 years and
was most consistent with participants in the randomized trials; (2) the elderly cohort, which
included men age � 75 years with locally advanced prostate cancer; and (3) the screen-detected
cohort, which included men age � 65 years with screen-detected high-risk prostate cancer. We
evaluated cause-specific and all-cause mortality using propensity score, instrumental variable (IV),
and sensitivity analyses.

Results
In the RCT cohort, ADT plus RT was associated with reduced cause-specific and all-cause mortality
relative to ADT alone (cause-specific propensity score–adjusted hazard ratio [HR], 0.43; 95% CI,
0.37 to 0.49; all-cause propensity score–adjusted HR, 0.63; 95% CI, 0.59 to 0.67). Effectiveness
estimates for the RCT cohort were not significantly different from those from randomized trials
(P � .1). In the elderly and screen-detected cohorts, ADT plus RT was also associated with
reduced cause-specific and all-cause mortality. IV analyses produced estimates similar to those
from propensity score–adjusted methods.

Conclusion
Older men with locally advanced or screen-detected high-risk prostate cancer who receive ADT
alone risk decrements in cause-specific and overall survival.

J Clin Oncol 33:716-722. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Although clinically localized prostate cancers often
present as indolent malignancies in the prostate-
specific antigen (PSA) era, locally advanced prostate
cancers are more aggressive tumors. Locally advanced
disease involves extension of tumor beyond the con-
fines of the prostate gland (clinical stage T3). Ten-year
cause-specific mortality approaches 25%.1,2

For decades, clinicians were uncertain as to
whether the addition of prostate radiotherapy (RT)
to systemic androgen-deprivation therapy (ADT)
improved survival for patients with locally advanced

cancers. Two recent landmark randomized clinical
trials (RCTs) demonstrated that ADT plus RT leads
to a large and significant reduction in overall and
cause-specific mortality compared with ADT
alone (Table 1).3,4 However, elderly men and pa-
tients with screen-detected high-risk cancers were
poorly represented in or excluded from the RCTs.
Screen-detected high-risk prostate cancer in-
volves poorly differentiated or undifferentiated
tumors detected by PSA screening (clinical stage
T1c; Gleason score 8 to 10) and, like locally ad-
vanced cancers, are associated with substantial
cause-specific mortality.1,2
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Despite these efficacy findings, ADT alone is a common treat-
ment for prostate cancer in the United States, particularly among
elderly patients in their 70s and 80s. Among men age � 75 years
diagnosed with locally advanced or high-risk screen-detected cancers,
40% receive ADT alone, even though it is not curative, and patients
risk debilitating adverse effects.5-7 Moreover, prostate cancer inci-
dence and aggressiveness increase with advancing age, and US demo-
graphic trends favor a shift in age distribution toward older men.8

The lack of evidence to guide prostate cancer treatment decisions
among older men and those with screen-detected high-risk tumors
stands as a special priority among the many evidence gaps in the
treatment of prostate cancer. Therefore, we conducted nonrandom-
ized observational studies to examine whether the strong survival
advantage of ADT plus RT relative to ADT alone reported in the two
efficacy trials holds in real-world clinical practice and to extend the
evidence to two prevalent subgroups of patients poorly represented in
the trials: (1) men age � 75 years with locally advanced prostate
cancer; and (2) men age � 65 years with screen-detected high-risk
prostate cancer.

METHODS

We conducted retrospective cohort studies using the SEER-Medicare database
(approved by institutional review board).9 We designed the primary cohort
(ie, RCT cohort) to be closest in composition to the eligibility criteria for the
two efficacy trials (Table 1). The RCT cohort included men age 65 to 75 years
with clinical stage T2 and moderately or poorly differentiated prostate cancer
(WHO grade 2 or 3, respectively) or clinical stage T3 and WHO grade 1, 2, or
3 prostate cancer. WHO grades 2 and 3 correspond to Gleason scores 5 to 7 and
8 to 10, respectively. We then identified two other cohorts: (1) men age 76 to 85
years with clinical stage T2 and WHO grade 2 or 3 prostate cancer or clinical
stage T3 and WHO grade 1, 2, or 3 prostate cancer (ie, elderly cohort); and (2)
men age 65 to 85 years with screen-detected (clinical T1c) high-risk (WHO
grade 3) prostate cancer (ie, screen-detected cohort). After exclusions (Appen-
dix Fig A1, online only), the final cohorts included 31,451 patients (RCT
cohort: ADT, n � 4,642; ADT plus RT, n � 8,282; elderly cohort: ADT, n �
8,694; ADT plus RT, n � 5,646; screen-detected cohort: ADT, n � 2,017; ADT
plus RT, n � 2,260).

Definition of Variables

ADT and ADT plus RT were assigned based on identification from
Medicare files.10,11 ADT was defined as orchiectomy or � one dose of a
gonadotropin-releasing hormone agonist within the first 9 months
of diagnosis.12

Patient characteristics included age, race, ethnicity, and marital status.
Clinical characteristics included American Joint Committee on Cancer T
stage, N stage, and WHO grade. Comorbidities were identified by classifying
inpatient and outpatient claims for the 12-month interval preceding prostate
cancer diagnosis into 17 categories.13 Demographic variables included diag-
nosis year, SEER registry location, county of residence population, and median
household income in census tract of residence (US$).

The primary outcomes were time to death resulting from any cause and
time to death resulting from prostate cancer (all-cause and cause-specific
mortality). Cause of death was determined from SEER. The observation time
for follow-up was the time from diagnosis until the Medicare date of death or
end of follow-up (December 31, 2009).

Statistical Analysis

Confounding by indication is an important concern for all observational
studies, but particularly for older men with prostate cancer treated in routine
clinical practice. Therefore, we used several complementary analytic ap-
proaches to account for measured and unmeasured confounding in the co-
horts under study.

In our propensity score approach, we estimated propensity scores
separately within the three analytic cohorts using multivariable logistic
regression, with receipt of ADT plus RT as the outcome of interest, adjust-
ing for all variables and, in addition, interactions among race, 17 comorbid
disease groupings, and age. Missing values were entered into models as a
separate category. This approach to missing data treats missing data as a
covariate, which can systematically differ in its distribution between treat-
ment groups.14,15 We used Cochran-Mantel-Haenszel tests to determine
whether covariates were balanced within propensity score quintiles and
found that all covariates were balanced (Table 2). In our final Cox adjusted
proportional hazards models, we included the propensity score as a con-
tinuous variable.16,17

We constructed multivariable Cox proportional hazards models to com-
pare cause-specific and all-cause mortality between ADT and ADT plus RT.
We used the Schoenfeld residuals test to evaluate for violations of the propor-
tional hazards assumption. Although the assumption was violated in some
models, the addition of an interaction between treatment and propensity score
substantially decreased deviation from the proportional hazards assumption;
the results of this interaction model were nearly identical to those of our
primary model. To account for the presence of competing risks of death in our
analysis of cause-specific mortality, we used a competing causes of death
approach (tabulating separately numbers of men alive, dead as result of pros-
tate cancer, and dead as result of other cause) via Fine and Gray semiparamet-
ric modeling.18,19

For presentation purposes, we present adjusted cumulative incidence
curves for the three cohorts using the Breslow estimator for the cumulative
hazard.20 We adjusted these curves for measured confounders by setting the
propensity score to 0.5. That is, the cumulative incidence curves graphically
represent the cumulative probability of death for patients equally likely to
receive ADT or ADT plus RT.

Instrumental Variable Analysis

We performed secondary analyses to compare all-cause mortality using
quasiexperimental instrumental variable (IV) methods, which serve as a tool
to simulate a randomized experiment in assigning patients to treatment
groups.21 We did not examine cause-specific mortality, because IV methods
for competing risks analyses have not been fully developed.

We formulated the IV as the local area treatment rate. The IV was created
by assigning patients with nonmetastatic prostate cancer in the SEER-
Medicare data set to hospital referral regions as defined by the Dartmouth
Atlas of Health Care on the basis of their zip code at diagnosis and then
dividing the number of patients who received aggressive treatment (either

Table 1. Overview of Two RCTs of ADT With or Without RT

Characteristic
NCIC CTG

(Warde et al,4 2011)
SPCG-7

(Widmark et al,3 2009)

Eligibility
Age, years � 80 � 76
Stage and WHO

grade
Clinical T2, grade 2/3 Clinical T1b-T2, grade 2/3
Clinical T3, grade 1-3 Clinical T3, grade 1-3

Primary end point All-cause mortality Cause-specific mortality
Sample size 1,205 875
Selected characteristics

Median age, years 70 66
Clinical stage T1, % 0 2
Clinical stage T3, % 83 78
WHO grade 3, %� 18 19
PSA � 20 ng/mL, % 37 60

Abbreviations: ADT, androgen-deprivation therapy; NCIC CTG, National Can-
cer Institute of Canada Clinical Trials Group; PSA, prostate-specific antigen;
RCT, randomized clinical trial; RT, radiotherapy; SPCG-7, Scandinavian Pros-
tate Cancer Group Study 7.

�WHO grade 3 is equivalent to Gleason score 8 to 10.
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Table 2. Distribution of Selected Characteristics Across Cohorts Before and After Propensity Score Adjustment

Characteristic

RCT Cohort Elderly Cohort Screen-Detected Cohort

ADT
ADT Plus

RT P ADT
ADT Plus

RT P ADT ADT Plus RT P

No. % No. % Before After No. % No. % Before After No. % No. % Before After

All patients 4,642 35.9 8,282 64.1 8,694 60.6 5,646 39.4 2,017 47.2 2,260 52.8
Age, years .066 .959 � .001 .921 � .001 .725

Mean 71.2 71.1 80.4 78.9 77.6 74.8
SD 3.0 2.9 2.7 2.5 5.2 4.8

Race � .001 .896 � .001 .981 � .001 .954
White 3,499 75.4 6,969 84.1 7,029 80.8 4,892 86.6 1,615 80.1 1,881 83.2
Black 732 15.8 801 9.7 695 8.0 338 6.0 250 12.4 233 10.3
All others 216 4.7 379 4.6 448 5.2 328 5.8 88 4.4 125 5.5
Unknown 195 4.2 133 1.6 522 6.0 88 1.6 64 3.2 21 0.9

Ethnicity � .001 .906 � .001 .990 � .001 .995
Non-Hispanic 4,050 87.2 7,599 91.8 7,648 88.0 5,276 93.4 1,839 91.2 2,118 93.7
Hispanic 362 7.8 521 6.3 469 5.4 251 4.4 94 4.7 109 4.8
Unknown 230 5.0 162 2.0 577 6.6 119 2.1 0 0.0 0 0.0

Marital status � .001 .960 � .001 .899 � .001 .900
Married 2,594 55.9 5,832 70.4 4,709 54.2 3989 70.7 1,168 57.9 1,626 71.9
Not married 1,077 23.2 1,668 20.1 1,787 20.6 1141 20.2 511 25.3 465 20.6
Unknown 971 20.9 782 9.4 2,198 25.3 516 9.1 338 16.8 169 7.5

T stage � .001 .563 � .001 .957 — —
T1 0 0.0 0 0.0 0 0.0 0 0.0 2,017 100.0 2,260 100.0
T2 4,329 93.3 7,435 89.8 8,283 95.3 5,168 91.5 — — — —
T3 313 6.7 847 10.2 411 4.7 478 8.5 — — — —

WHO grade � .001 .984 � .001 .829 — —
1 137 3.0 148 1.8 215 2.5 84 1.5 — — — —
2 2,992 64.5 5,236 63.2 5,206 59.9 3,262 57.8 — — — —
3 1,513 32.6 2,898 35.0 3,273 37.6 2,300 40.7 2,017 100.0 2,260 100.0

Comorbidities (present)
Congestive heart failure 551 11.9 750 9.1 � .001 .965 1,296 14.9 579 10.3 � .001 .929 344 17.1 246 10.9 � .001 .951
Valvular 488 10.5 872 10.5 .999 .962 1,309 15.1 763 13.5 .011 .991 313 15.5 309 13.7 .096 .986
Perivascular 668 14.4 1,005 12.1 � .001 .975 1,599 18.4 835 14.8 � .001 .912 375 18.6 346 15.3 .005 .955
Stroke 371 8.0 422 5.1 � .001 .962 736 8.5 311 5.5 � .001 .863 179 8.9 137 6.1 � .001 .962
Neurologic 302 6.5 324 3.9 � .001 .950 724 8.3 273 4.8 � .001 .687 165 8.2 118 5.2 � .001 .942
Psychiatric 361 7.8 417 5.0 � .001 .939 742 8.5 288 5.1 � .001 .763 183 9.1 122 5.4 � .001 .982
Electrolyte abnormality 403 8.7 516 6.2 � .001 .980 809 9.3 405 7.2 � .001 .924 201 10.0 166 7.3 .0027 .946
Arrhythmia 882 19.0 1619 19.5 .463 .978 2,460 28.3 1,425 25.2 � .001 .887 559 27.7 511 22.6 � .001 .974
Coronary artery disease 559 12.0 993 12.0 .952 .933 1,142 13.1 702 12.4 .230 .979 267 13.2 266 11.8 .160 .975
Hypertension 2,907 62.6 5,302 64.0 .119 .849 5,828 67.0 3,787 67.1 .975 .937 1,420 70.4 1,564 69.2 .413 .896
COPD 1,155 24.9 1,793 21.6 � .001 .959 2,185 25.1 1,201 21.3 � .001 .873 521 25.8 474 21.0 � .001 .977
Liver 239 5.1 328 4.0 .002 .968 327 3.8 239 4.2 .169 .964 84 4.2 107 4.7 .408 .926
Renal 272 5.9 355 4.3 � .001 .994 639 7.3 266 4.7 � .001 .866 172 8.5 138 6.1 .003 .950
Diabetes 1,209 26.0 2,037 24.6 .072 .960 2,033 23.4 1,314 23.3 .894 .946 548 27.2 644 28.5 .352 .993
Bleeding disorder 161 3.5 291 3.5 .933 .908 377 4.3 246 4.4 .986 .959 111 5.5 108 4.8 .315 .956
Weight loss 114 2.5 117 1.4 � .001 .987 276 3.2 123 2.2 � .001 .942 89 4.4 55 2.4 � .001 .931
Anemia 893 19.2 1,283 15.5 � .001 .931 1,858 21.4 1,102 19.5 .008 .956 468 23.2 470 20.8 .063 .896

Size of urban area .011 .890 � .001 .829 .001 .992
� 1 million 2,512 54.1 4,259 51.4 4,496 51.7 3,140 55.6 1,114 55.2 1,316 58.2
250,000 to 1 million 832 17.9 1,604 19.4 1,689 19.4 1,096 19.4 352 17.5 434 19.2
� 250,000 1,298 28.0 2,419 29.2 2,509 28.9 1,410 25.0 551 27.3 510 22.6

Census tract median income, $ � .001 .940 � .001 .823 � .001 .924
0 to 25,000 752 16.2 956 11.5 1,159 13.3 445 7.9 289 14.3 195 8.6
25,000 to 40,000 1,645 35.4 2,634 31.8 2,958 34.0 1,728 30.6 635 31.5 591 26.2
40,000 to 60,000 1,371 29.5 2,733 33.0 2,788 32.1 1,891 33.5 634 31.4 708 31.3
� 60,000 815 17.6 1,821 22.0 1,679 19.3 1,480 26.2 445 22.1 727 32.2
Unknown 59 1.3 138 1.7 110 1.3 102 1.8 14 0.7 39 1.7

NOTE. Year, SEER registry, and urologist practice years were balanced within propensity score quintiles but are not shown for presentation purposes.
Abbreviations: ADT, androgen-deprivation therapy; COPD, chronic obstructive pulmonary disease; RCT, randomized clinical trial; RT, radiotherapy; SD,

standard deviation.
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surgery or RT) by the total number of patients with prostate cancer in the
hospital referral region.22 The IV, as a measure of local area treatment aggres-
siveness, captures regionally distinct structural care variation driven by factors
beyond patient characteristics.

The instrument was strongly associated with treatment assignment (F
statistic for RCT, elderly, and screen-detected cohorts, 23.3, 55.2, and 17.7,
respectively). When the analytic cohorts were divided across IV tertiles, prog-
nostically important covariates like age, tumor stage, grade, and comorbidities
were balanced. Patient race, ethnicity, and area-level median income remained
unbalanced (Appendix Table A1, online only). We used the two-stage residual
inclusion method for IV estimation (Appendix, online only).23

Our final effect estimates included unadjusted, propensity score–
adjusted, and IV-adjusted hazard ratio (HR) estimates of the effectiveness
of ADT plus RT relative to ADT. In the primary RCT cohort, we compared
our effectiveness results with the efficacy results of the two randomized
trials using Wald’s test (which compares estimators that are stochastically
independent).24 We also conducted secondary analyses of the screen-
detected cohort to evaluate effect estimates among patients age 76 to 85
years with T1 high-risk prostate cancer.

Sensitivity Analysis for Unmeasured Confounding

In addition to the IV analyses, we conducted sensitivity analyses to assess
how strong and imbalanced a binary unmeasured confounding variable would
need to be to change the significance of the estimated propensity score–
adjusted HRs. As an example, we hypothesized a distribution for performance
status, a variable that is not collected in the SEER-Medicare program and is a
plausible unmeasured confounder. We assumed that poor performance status
among the elderly would be associated with a hazard of death ranging from
1.25 to 3.5 (or higher) and prevalence estimates between 10% and 50%.25 We
assumed a higher prevalence of poor performance status in the ADT group
than ADT-plus-RT group. We varied imbalances in prevalence between the
treatment groups and the strength of the hazard associated with the example
unmeasured confounder to assess its influence on estimated HRs and their
statistical significance (ie, whether upper bound of 95% CI crossed 1.0). These
results would be applicable to other unmeasured binary confounders.

Statistical modeling was performed using R software (version
2.13.0; Vienna, Austria). Statistical significance was set at .05, and all
tests were two tailed.

RESULTS

Table 2 lists selected baseline characteristics of the ADT and ADT-
plus-RT groups in the RCT, elderly, and screen-detected cohorts.
Across cohorts, patients in the ADT-plus-RT groups were more likely
to have greater disease severity (higher-stage and -grade tumors) and

fewer comorbid conditions; some differences between treatment
groups were statistically significant but unlikely to be clinically mean-
ingful. In the elderly and screen-detected cohorts, patients in the
ADT-plus-RT groups were younger. In comparison with the pub-
lished RCTs (Table 1), the RCT cohort was of similar age but had
higher-grade and lower-stage cancer.

Table 3 lists HRs associated with ADT plus RT relative to ADT
from unadjusted, propensity score–adjusted, and IV analyses. In the
RCT cohort, in unadjusted Cox models, ADT plus RT was associated
with reduced cause-specific mortality (HR, 0.39; 95% CI, 0.34 to 0.45)
and all-cause mortality (HR, 0.57; 95% CI, 0.54 to 0.61). After adjust-
ing for measured confounders using propensity score methods, the
HRs were attenuated but remained significant (cause-specific propen-
sity score–adjusted HR, 0.43; 95% CI, 0.37 to 0.49; all-cause propen-
sity score–adjusted HR, 0.63; 95% CI, 0.59 to 0.67). IV analysis
produced similar survival estimates of ADT plus RT versus ADT
(all-cause HR, 0.65; 95% CI, 0.45 to 0.96). Effectiveness point esti-
mates of cause-specific and all-cause mortality for the RCT cohort
were not significantly different from the efficacy estimates from the
published RCTs (Wald’s P � .1 for all comparisons).

In the elderly cohort, ADT plus RT was associated with reduced
cause-specific mortality (propensity score–adjusted HR, 0.51; 95% CI,
0.44 to 0.59) and all-cause mortality (propensity score–adjusted HR,
0.63; 95% CI, 0.59 to 0.67). In the screen-detected cohort, ADT plus
RT was associated with reduced cause-specific mortality (propensity
score–adjusted HR 0.25; 95% CI, 0.19 to 0.33) and all-cause mortality
(propensity score–adjusted HR, 0.50; 95% CI, 0.45 to 0.55). In sec-
ondary analyses of the screen-detected cohort restricted to elderly men
age 76 to 85 years, results were similar to the main findings. For the
elderly and screen-detected cohorts, IV analyses produced HRs simi-
lar to those from propensity score–adjusted methods.

Table 4 lists adjusted cumulative incidence of cause-specific and
all-cause mortality for patients with equal likelihood of receiving ADT
or ADT plus RT (propensity score, 0.5) in the three cohorts. In the
RCT cohort, with a mean follow-up of 6.0 years in the ADT group and
6.5 years in the ADT-plus-RT group, the cumulative incidence at 7
years of cause-specific mortality was 9.8% (95% CI, 8.9% to 10.7%) in
the ADT group and 4.4% (95% CI, 3.9% to 4.9%) in the ADT-
plus-RT group; for all-cause mortality, it was 39.2% (95% CI, 37.6%
to 54.8%) in the ADT group and 24.6% (95% CI, 23.6% to 25.7%) in

Table 3. Unadjusted and Adjusted HRs Associated With ADT Plus RT Relative to ADT Alone

Observational Study Estimate

RCT Cohort Elderly Cohort Screen-Detected Cohort

Cause-Specific
Mortality

All-Cause
Mortality

Cause-Specific
Mortality

All-Cause
Mortality

Cause-Specific
Mortality

All-Cause
Mortality

HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Unadjusted� 0.39 0.34 to 0.45 0.57 0.54 to 0.61 0.42 0.37 to 0.49 0.53 0.50 to 0.56 0.20 0.16 to 0.26 0.41 0.37 to 0.46
Propensity score 0.43 0.37 to 0.49 0.63 0.59 to 0.67 0.51 0.44 to 0.59 0.63 0.59 to 0.67 0.25 0.19 to 0.33 0.50 0.45 to 0.55
Instrumental variable — — 0.65 0.45 to 0.96 — — 0.66 0.54 to 0.81 — — 0.42 0.28 to 0.64
Randomized trial estimates

NCIC CTG (Warde et al,4 2011) 0.54 0.27 to 0.78 0.77 0.61 to 0.98
SPCG-7 (Widmark et al,3 2009) 0.44 0.30 to 0.66 0.68 0.52 to 0.89

Abbreviations: ADT, androgen-deprivation therapy; HR, hazard ratio; NCIC CTG, National Cancer Institute of Canada Clinical Trials Group; RCT, randomized clinical
trial; RT, radiotherapy; SPCG-7, Scandinavian Prostate Cancer Group Study 7.

�Univariable comparison between ADT and ADT plus RT.
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the ADT-plus-RT group. The cumulative incidence of cause-specific
and all-cause mortality at 7 years for patients in the RCT cohort was
similar to findings in the published randomized trials. Figure 1 graph-
ically displays the adjusted cumulative incidence of cause-specific and
other-cause mortality for patients with equal likelihood of receiving
ADT or ADT plus RT in the three cohorts (Appendix Fig A2, online
only, shows all-cause mortality).

The sensitivity analysis for all-cause mortality (Appendix Table
A2, online only) shows, for example, that an extreme unmeasured
confounder (HR, 2.5) would eliminate the significant benefit of ADT
plus RT in the RCT and elderly cohorts if its prevalence in the ADT
and ADT-plus-RT groups were five-fold different. The unmeasured
confounder would have to be even more strongly associated with
death or have greater imbalance between treatment groups to affect
the significance of results in the screen-detected cohort. The sensitivity
analysis for cause-specific mortality was even less sensitive to unmea-
sured confounding than all-cause mortality (data not shown).

DISCUSSION

We conducted this study to assess whether the survival advantage of
ADT plus RT versus ADT alone for locally advanced prostate cancer
reported in two randomized trials holds in real-world practice and to
extend the evidence base to prevalent patient subgroups poorly repre-
sented in the trials. Among a cohort of patients in the SEER-Medicare
database whose patient characteristics were closest to the eligibility
criteria for the randomized trials, we found that ADT plus RT was
associated with a reduction in cause-specific and all-cause mortality,
commensurate with efficacy estimates observed in the randomized
trials. Furthermore, we found that ADT plus RT was associated with
survival benefits of similar magnitude in elderly men age 76 to 85 years
with locally advanced prostate cancer and older men age 65 to 85 years
with screen-detected high-risk prostate cancer.

Our results are consistent with and extend the findings of prior
studies that have examined the role ADT and RT in the treatment of
older men with locally advanced or high-risk prostate cancer. In the
efficacy literature (Table 1), the Scandinavian Prostate Cancer Group
Study 7 (SPCG-7) randomly assigned 875 men with a mean age of 66

years and demonstrated a large and significant reduction in cause-
specific and all-cause mortality with ADT plus RT.3 The National
Cancer Institute of Canada Clinical Trials Group (NCIC CTG) ran-
domly assigned 1,205 men with a median age of 70 years and also
confirmed a substantial reduction in mortality with ADT plus RT.4

Both trials were powered for survival outcomes.
The baseline characteristics of the population-based RCT cohort

reflect the heterogeneity of routine clinical practice. The age distribu-
tion of the RCT cohort was similar to that in the NCIC CTG trial,
which enrolled older patients than the SPCG-7. The clinical charac-
teristics of the RCT cohort were more similar to those of SPCG-7
participants (who had more favorable disease severity than those in
NCIC CTG trial). In subgroup analyses reported by the SPCG-7, the
benefits of RT held among patients age 67 to 75 years and those with
clinical stage T1b/T2 as well as T3 tumors.3 The weight of the evidence
from these efficacy trials and our effectiveness RCT cohort suggests
that ADT plus RT is a highly effective treatment for locally advanced
and high-risk prostate cancers.

In the observational literature, studies have consistently demon-
strated that elderly men with locally advanced or high-risk prostate
cancer benefit from treatment.1,2,5,6,26-28 A long-term analysis of men
in the Prostate Cancer Outcomes Study showed that elderly men with
high-risk prostate cancer had meaningful cause-specific mortality af-
ter adjusting for treatment (nearly 20% at 10 years among men age �
70 years) despite also having high other-cause mortality. Not surpris-
ingly, we also observed high other-cause mortality and comorbid
disease in the elderly and screen-detected cohorts.

In the screen-detected cohort, cause-specific mortality was
higher among patients treated with ADT alone than in the other
cohorts, which seems improbable and may have partially contributed
to the more marked effectiveness estimate of ADT plus RT among
men with screen-detected high-risk cancer. These findings held
among elderly men with screen-detected cancer as well. Despite our
attempts to control for hidden bias in this cohort, it is likely that
selection effects or clinical understaging are more pronounced among
older men with screen-detected cancer who receive ADT alone. Thus,
we echo previous calls for enhancements to the richness of available
data sets to conduct observational cancer comparative-effectiveness

Table 4. Adjusted Cumulative Incidence of Cause-Specific and All-Cause Mortality

Mortality

NCIC CTG (Warde
et al,4 2011)

SPCG-7 (Widmark et al,3

2009) RCT Cohort Elderly Cohort Screen-Detected Cohort

ADT ADT Plus RT ADT ADT Plus RT ADT ADT Plus RT ADT ADT Plus RT ADT ADT Plus RT

All patients 602 603 439 436 4,642 8,282 8,694 5,646 2,017 2,260
Mean follow-up, years 6.0 7.4 7.6 6.0 6.5 5.3 6.0 4.7 5.4
Cause specific

Events 89 51 79 37 482 367 840 265 317 83
7-year follow-up, % 19� 9� 9.9 6.3 9.8 4.4 9.8 5.0 17.0 4.1

95% CI 7.1 to 12.8 3.9 to 8.6 8.9 to 10.7 3.9 to 4.9 9.1 to 10.5 4.4 to 5.6 15.2 to 18.8 3.2 to 5.1
All cause

Events 175 145 132 94 2,035 2,315 5,005 2,060 1,134 629
7-year follow-up, % 34 26 20.1 16.5 39.2 24.6 54.5 33.2 58.8 29.7

95% CI 30 to 40 22 to 30 16.2 to 23.9 12.9 to 20.1 37.6 to 40.7 23.6 to 25.7 53.3 to 55.7 31.8 to 34.6 56.2 to 61.3 27.3 to 32.0

Abbreviations: ADT, androgen-deprivation therapy; NCIC CTG, National Cancer Institute of Canada Clinical Trials Group; RCT, randomized clinical trial; RT,
radiotherapy; SPCG-7, Scandinavian Prostate Cancer Group Study 7.

�95% CI not reported.
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research, because elderly patients will continue to be under-
represented in randomized trials.

Lacking randomization, our study is unable to confirm a causal
effect of ADT plus RT on reduced mortality within the three cohorts.

The significant reduction in other-cause mortality in all three cohorts
may be a marker of residual confounding by indication. However, the
main elements of the Hill29 model of causal inference offer some
reassurance in the validity of our findings. The survival benefit associ-
ated with ADT plus RT was strong across the three cohorts and robust
to unmeasured confounding; consistent across cohorts using both
propensity score and IV methods; coherent with findings from the
randomized trials for trial-eligible patients; and biologically plau-
sible, in that locally advanced and high-risk prostate cancers are
aggressive tumors regardless of age at presentation, and treatment
of the prostate with RT is hypothesized to slow the progression of
micrometastasic disease.30

Our study has other limitations. Cause of death may be misclas-
sified in tumor registries, although such misclassification is likely to be
nondifferential between treatment groups; thus, we would not expect
it to have a meaningful impact on effect estimates for cause-specific
mortality.31,32 We were unable to ascertain important clinical vari-
ables from SEER registry data, such as baseline PSA or radiation dose
or field. Although the IV results confirmed findings of the propensity-
score models, we caution that the IV balanced many but not all
observable variables. We adjusted for observable variables in IV mod-
els; however, we cannot verify that unmeasured confounders were
balanced using IV methods.33 Moreover, the IV itself, as a measure of
area-level health care aggressiveness, could be confounded by geo-
graphic variation in PSA screening rates.

In conclusion, our findings suggest ADT plus RT reduces both
overall and cause-specific mortality in patients with locally advanced
prostate cancer treated in routine practice who meet the eligibility
criteria for two pivotal RCTs as well as two prevalent patient sub-
groups not represented in the RCTs (ie, elderly patients and those with
screen-detected high-risk prostate cancer). The absence of random-
ized evidence comparing ADT plus RT with ADT alone in these
subgroups remains an evidence gap. However, our findings raise a
provocative hypothesis that in the United States, men age � 75 years
with locally advanced prostate cancer or men age � 65 years with
high-risk screen-detected prostate cancer who receive ADT alone risk
decrements in cause-specific and overall survival.
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GLOSSARY TERMS

androgen-deprivation therapy (ADT): treatment that
suppresses or blocks the production or action of male hormones.

comparative-effectiveness research: the generation and
synthesis of evidence that compares the benefits and harms of

alternative methods to prevent, diagnose, treat, and monitor a clinical
condition or to improve the delivery of care. The purpose of compara-
tive effectiveness research is to assist consumers, clinicians, purchasers,
and policy makers to make informed decisions that will improve health
care at the individual and population levels.
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Appendix

Detailed Review of Instrumental Variable Analyses

We conducted instrumental variable (IV) analyses using the two-stage residual inclusion method that involves fitting two regression
models. The first model examines the association between exposure (ie, treatment assignment [androgen-deprivation therapy (ADT) v
ADT plus radiotherapy]) as the dependent variable and the IV (ie, local area treatment rate) as the independent variable, controlling for
all baseline covariates. The second model examines the outcome as the dependent variable and uses, as the independent variables,
exposure, residuals (differences between predicted and observed responses) from the first model, and covariates that do not appear
balanced by the IV. In our approach, we included the propensity score in the second-stage model. This procedure theoretically yields
asymptotically unbiased estimates of the effect of exposure on outcome, whether confounders are measured or not, provided three
assumptions are met (Zohoori N et al: Ann Epidemiol 7:251-257, 1997; Brookhart MA et al: Pharmacoepidemiol Drug Saf 19:537-554,
2010; Rassen JA et al: Am J Epidemiol 169:273-284, 2009).21,33

The first assumption is that the IV is correlated with exposure, which is testable with standard methods of correlation association. If
instruments are poor predictors of treatment, they are considered weak instruments, at risk of contributing to bias in observational studies
(Staiger D et al: Econometrica 65:557-586, 1997; Small D et al: J Am Stat Assoc 103:924-933, 2008; Hennessy S et al: J Clin Epidemiol
61:1285-1288, 2008). We assessed the strength of each candidate IV on the basis of the F statistic. F statistic values � 10 indicate weak
instruments. The second assumption is that the instruments should not be directly associated with outcomes except through treatment
assignment. The third assumption is that the association between instruments, treatment assignment, and outcomes should not be
confounded by unmeasured variables that may themselves be associated with outcome.

To assess the second and third conditions, termed the independence and exclusion assumptions, we examined means and frequen-
cies of observed covariates (eg, age, comorbid disease, grade, race) across levels of the IV (Appendix Table A2). The purpose was to gain
an understanding of covariate balance and the potential for confounding of the IV itself through empiric evaluation of the relationships
among instruments, measured confounders, treatment assignment, and outcomes (Hernán MA et al: Epidemiology 17:360-372, 2006). It
is important to note that the last two assumptions are fundamentally unverifiable, because it is impossible to determine with any statistical
testing whether candidate IVs are themselves unconfounded (Rassen JA et al: J Clin Epidemiol 62:1226-1232, 2009). These two
assumptions can be defended based on the theoretic argument that the IV (treatment aggressiveness of broad geographic region where
patient lives) is independent of the patient’s unmeasured risk factors that may affect outcome independent of treatment.

IV approaches have often been used in the context of a linear regression model, which yields risk differences rather than risk ratios, but
have been extended to multiplicative models such as logistic regression and Cox proportional hazards models (Zohoori N et al: Ann
Epidemiol 7:251-257, 1997). Although such extensions are approximations, they have been shown to produce IV-adjusted odds ratios or
hazard ratios with low bias and good precision (Rassen JA et al: Am J Epidemiol 169:273-284, 2009; Kahn J et al: Health Serv Res
44:862-879, 2009).23

The IV analysis compares the effect on outcome for a given patient resulting from changes in treatment induced by the IV. Thus, the
treatment effect produced by IV analysis applies to what has been called the marginal or complying patient population, defined as patients
whose treatment status depends strongly on the instrument. In the case of a local area treatment effect IV, the marginal population is
defined as patients who would receive ADT plus radiotherapy in geographic regions with higher but not lower treatment rates.
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Table A2. Sensitivity Analysis Estimating Effect of UC on HR of All-Cause Mortality After ADT Plus RT

Cohort Prevalence of UC in ADT-Plus-RT Group Prevalence of UC in ADT Group UC HR Treatment HR Adjusted for UC 95% CI

RCT cohort�

0.20 0.40 2.00 0.73 0.69 to 0.78
0.10 0.50 2.00 0.86 0.81 to 0.91
0.10 0.70 2.00 0.97 0.91 to 1.04

0.20 0.40 2.50 0.77 0.73 to 0.82
0.10 0.50 2.50 0.96 0.90 to 1.02

0.20 0.40 3.00 0.81 0.76 to 0.86
0.10 0.40 3.00 0.94 0.89 to 1.01

0.10 0.40 3.50 1.01 0.95 to 1.07

Elderly cohort†
0.20 0.40 2.00 0.73 0.69 to 0.78
0.10 0.50 2.00 0.86 0.81 to 0.91
0.10 0.70 2.00 0.97 0.92 to 1.03

0.20 0.40 2.50 0.77 0.73 to 0.82
0.10 0.50 2.50 0.96 0.91 to 1.01

0.20 0.40 3.00 0.81 0.77 to 0.86
0.10 0.40 3.00 0.94 0.89 to 1.00

0.10 0.40 3.50 1.01 0.95 to 1.07

Screen-detected
cohort‡

0.10 0.50 2.00 0.68 0.61 to 0.75
0.10 0.70 2.00 0.77 0.69 to 0.85
0.10 0.90 2.00 0.86 0.77 to 0.96
0.10 0.70 2.50 0.89 0.80 to 0.99
0.10 0.90 2.50 1.02 0.91 to 1.13

0.10 0.50 3.00 0.83 0.74 to 0.92
0.10 0.70 3.00 0.99 0.89 to 1.11

0.10 0.50 3.50 0.89 0.80 to 1.00

NOTE. Bold font indicates situations where UC was strong enough to influence significance of results (ie, upper bound of 95% CI crossed 1).
Abbreviations: ADT, androgen-deprivation therapy; HR, hazard ratio; RCT, randomized clinical trial; RT, radiotherapy; UC, unmeasured confounder.
�Propensity score all-cause mortality HR, 0.63; 95% CI, 0.59 to 0.67.
†Propensity score all-cause mortality HR, 0.63; 95% CI, 0.59 to 0.67.
‡Propensity score all-cause mortality HR, 0.50; 95% CI, 0.45 to 0.55.
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Pathologically confirmed prostate cancer,
16 SEER registries, 1995-2007

(N = 446,432)

Excluded
   Younger than age 65 years at diagnosis
   History of previous malignancy or > 1 malignancy in first 9 months 
      after diagnosis
   Pathology not consistent with prostate carcinoma or its variants
   Invalid diagnosis month or diagnosis obtained at autopsy
   Without matching HRR

 
   (n = 113,926)

(n = 32,721)

(n = 13,863)
(n = 2,775)

(n = 54)

Excluded
   With HMO coverage over 6-month window after diagnosis
   Without Part A/B Medicare coverage over 6-month window after diagnosis

 
   (n = 68,849)

(n = 24,158)

Excluded
   Unstaged tumors or metastatic stage (AJCC 6th ed M1)
   T1N0M0 and well-differentiated grade
   Received other primary treatments, including surgery, brachytherapy, 
      or expectant management

 
   (n = 14,970)

(n = 14,279)
(n = 124,385)

Excluded
   Older than age 85 years
   HRR location has fewer than 50 patients
   Distance to radiation facility unknown
   Died within 9 months
   Urban classification unknown

 
   (n = 3,641)

(n = 277)
(n = 315)
(n = 672)

(n = 6)

Patients eligible for cohort inclusion
(n = 283,093)

Patients assignable to treatment
(n = 190,086)

Final cohort
(n = 31,541)

Patients age 65 years or older with stage T2/T3,
moderately to poorly differentiated or stage T1c,

poorly differentiated prostate cancer who received
ADT or ADT + RT

(n = 36,452)

ADT
(n = 8,694)

ADT + RT
(n = 5,646)

Elderly cohort

ADT
(n = 4,642)

ADT + RT
(n = 8,282)

RCT cohort

ADT
(n = 2,017)

ADT + RT
(n = 2,260)

Screen-detected cohort

Fig A1. Definition of study cohort. ADT, androgen-deprivation therapy; AJCC, American Joint Committee on Cancer; HMO, health maintenance organization; HRR,
hospital referral region; RCT, randomized clinical trial; RT, radiotherapy.
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Fig A2. Adjusted cumulative incidence of all-cause mortality for (A) randomized clinical trial (RCT) cohort, (B) elderly cohort, and (C) screen-detected cohort. ADT,
androgen-deprivation therapy; RT, radiotherapy.
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