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Abstract

Background: Current recommendations regarding radiotherapy treatment for unfavorable
intermediate-risk prostate cancer (UIR-PCa) include external beam radiotherapy (EBRT) +
brachytherapy boost (BT) + androgen deprivation therapy (ADT). The ideal radiotherapy
treatment approach for UIR-PCa has not been well-defined. We hypothesized that
EBRT+BT+ADT is associated with improved overall survival (OS) relative to EBRT£ADT in
men with UIR-PCa.

Materials and Methods: The National Cancer Database (NCDB) was used to retrospectively
identify 32,246 men diagnosed between 2004-2015 with UIR-PCa who received EBRT
(n=13,265), EBRT+ADT (n=13,123), EBRT+BT (n=3,440), or EBRT+BT+ADT (n=2,418). OS
was the primary outcome. Inverse probability of treatment weighting was used to adjust for
covariable imbalances and weight-adjusted multivariable analysis (MVA) using Cox regression
modeling was used to compare OS hazard ratios.

Results: Median follow-up was 60 months (range: 3-168 months). EBRT+ADT correlated with
improved OS relative to EBRT alone on MVA (Hazard Ratio (HR): 0.92, [95% Confidence
Interval: 0.87-0.98], p=.005). Compared to EBRT+ADT, EBRT+BT (HR: 0.77 [0.69-0.85],
p=3x10"") and EBRT+BT+ADT (HR: 0.75 [0.67-0.83], p/=6x1078) were associated with
improved OS. 8-year OS for the EBRT+ADT versus EBRT+BT+ADT was 70% and 78%
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(p<.0001), which is similar to historical clinical trials (ASCENDE-RT 9-yr OS: 74% vs 78%,
p=.29). Relative to EBRT+BT, EBRT+BT+ADT was not associated with improved OS (HR: 0.99
[0.87-1.11], p=.82).

Conclusion: In a large retrospective cohort, the addition of brachytherapy to EBRT correlated
with improved survival in men with UIR-PCa. Men receiving EBRT+ADT+BT had improved OS
relative to EBRT+ADT. The addition of ADT to EBRT, but not to EBRT+BT, correlated with
improved OS.

Keywords

prostate cancer; brachytherapy; radiotherapy; radiation treatment; unfavorable intermediate-risk;
intermediate-risk

INTRODUCTION

Intermediate-risk prostate cancer is the largest and most heterogenous class of prostate
cancer and developing optimal treatment strategies remains challenging. Men with
intermediate-risk cancer are further stratified into favorable or unfavorable intermediate-risk
(UIR) disease, with UIR patients defined as men with primary Gleason 4 cancer, higher-
volume disease (= 50% positive biopsy cores) and one intermediate-risk factor, or more than
one intermediate-risk factor. Men with UIR cancers often having outcomes more similar to
high-risk disease than favorable intermediate-risk disease (1,2). Clinical trials have rarely
addressed treatment decisions in this cohort, with most trials grouping UIR patients with
either favorable intermediate-risk or high-risk disease. The NCCN currently recommends
three definitive treatment options for men with UIR prostate cancer: radical prostatectomy
+ pelvic lymph node dissection; external beam radiation therapy (EBRT) plus 4—6 months
of androgen deprivation therapy (ADT); or combination EBRT with a brachytherapy boost
(EBRT+BT) £ ADT (1).

Modern advances in EBRT precision have reduced toxicity and permitted dose-escalation
that is associated with improved disease control, but patients still frequently recur (3-5).
The addition of short-term ADT to EBRT is associated with improved overall survival and
is often recommended (6-9). In UIR and high-risk prostate cancer, low-dose rate (LDR)

or high-dose rate (HDR) brachytherapy is often added as a boost to EBRT, which permits
further dose escalation beyond doses that can be delivered routinely with EBRT. Three
randomized clinical trials have shown that adding BT to EBRT improves biochemical
progression-free survival, but none of these studies were able to show a metastasis-free
survival, cancer-specific survival, or overall survival benefit (10-12). The largest study was
the ASCENDE-RT trial, which showed improved biochemical control in men with UIR

or high-risk prostate cancer receiving EBRT+BT+ADT versus dose-escalated EBRT+ADT
(11). On an unplanned subset analysis, EBRT+BT improved biochemical control versus
EBRT in the UIR cohort, but the addition of brachytherapy boost did not reduce distant
metastases or mortality. However, metastasis-free survival and overall survival were not the
primary endpoints of ASCENDE-RT, and the trial was not powered to detect any difference
in these endpoints. While there is data for high-risk patients that EBRT+BT is associated
with reduced distant metastases and improved prostate cancer-specific survival compared
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to EBRT, the benefit of EBRT+BT for UIR patients is less well-established. It is also
unclear whether the addition of ADT to EBRT+BT improves oncologic outcomes for men
with UIR disease. To address these questions, we investigated survival rates associated with
EBRT+BT versus EBRT alone in men with UIR prostate cancer using the National Cancer
Database (NCDB). We hypothesized that the addition of a brachytherapy boost would be
associated with an improvement in overall survival versus EBRT without brachytherapy
boost for men with UIR prostate cancer. We also hypothesized that the addition of ADT

to EBRT+BT would not be associated with an overall survival benefit in the setting of
dose-escalation with EBRT and brachytherapy boost for UIR disease.

Patient Cohort

The NCDB cancer registry was queried for men diagnosed from 2004 and 2015 with
adenocarcinoma of the prostate treated with definitive radiotherapy with curative intent.
Patients had to meet criteria for unfavorable intermediate-risk prostate cancer, defined as
intermediate-risk disease and either: primary Gleason 4 disease, 2 of 3 intermediate-risk
factors (cT2b-T2c, PSA: 10 < x < 20, Gleason 3+4 disease), or higher-volume disease (=
50% positive biopsy cores). Men meeting any of the following criteria were excluded: (/)
nodal or metastatic disease, (/) receipt of surgery, chemotherapy, or immunotherapy; (/)
unknown ADT status or missing information on the number of days after diagnosis when
ADT wias initiated, (/) ADT initiation > 180 days from diagnosis, (V) prior radiation to
the prostate or pelvis, (v7) missing information on the cumulative radiation dose, number
of fractions, or the numbers of days after diagnosis when radiotherapy was initiated:;

(vii) radiotherapy initiation > 180 days after diagnosis, and (v/7i) men with moderate-
to-severe medical comorbidities (Charlson-Deyo comorbidity index (CDCI) scores > 1)
(Supplemental Figure 1).

Radiotherapy and Covariables

Men were stratified into four treatment groups: (/) EBRT, (/) EBRT+ADT, (//j) EBRT+BT,
(/v) EBRT+ADT+BT. EBRT alone was delivered with conventional fractionation (= 72 Gy
in 1.8-2.0 Gy per fraction) or moderate hypofractionation (2.4-3.2 Gy per fraction with a
biologically equivalent dose (BED) > 120 Gy). Among EBRT alone patients, 98% received
conventional fractionated radiotherapy. EBRT plus brachytherapy boost was defined as
patients receiving EBRT to a total dose of 40-50.4 Gy, followed by high-dose rate (HDR) or
low-dose rate (LDR) brachytherapy. Information on RT fields was included in the analysis
and men were stratified into three groups based on NCDB coding: prostate only (code 41),
prostate + pelvic lymph nodes (Code 35 or 29), or unknown. Covariables included in the
analysis included age, race, ethnicity, CDCI score, insurance status, educational attainment
(divided into quartiles on the basis of residents in the patient’s zip code who did not graduate
high school), median income quartiles (divided into quartiles on the basis of zip code of
residence), treatment at an academic center, PSA as diagnosis, Gleason score, clinical T
stage, and year of diagnosis.
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Statistical Analysis

Results

Overall survival (OS) was the primary endpoint. Chi square and Student t-tests were used to
detect significant differences among categorical and continuous variables, respectively. The
Kaplan-Meier method was used to estimate OS and log-rank tests were used to compare
treatment arms. Multivariable (MVA) overall survival hazard ratios were estimated using
Cox regression analysis.

The inverse probability of treatment weighting (IPTW) was used to adjust for covariable
imbalance. The probability of receiving a treatment was estimated using a binomial logistic
regression model to generate propensity scores that included: age, CDCI score, PSA, clinical
T stage, Gleason score, year of diagnosis, insurance status, treatment at an academic center,
race, and ethnicity, educational attainment within the patient’s area of residence, and median
household income within the patient’s area of residence. Inverse propensity weights were
generated, with truncation of the most extreme weights as previously described (a = 0.0001)
(13), and a pseudo-sample population in which measured baseline covariables were balanced
between treatment groups was generated. Acceptable covariable balance among treatment
groups was verified using the standardized mean difference, with a standardized mean
difference less than 0.1 (10%) considered negligible (14). MVA was performed with weights
applied to the time-dependent Cox proportional hazard model to compare the effects of
EBRT plus brachy boost versus EBRT alone. Inverse propensity treatment weighted Kaplan-
Meier curves were generated as the weighted product limit estimator. All analysis was
performed in R software (Vienna, Austria). All tests were two-sided. P values < 0.05 were
considered statistically significant.

The study cohort included 32,246 UIR prostate cancer patients treated with: (/) EBRT (n =
13,265), (/f) EBRT+ADT (n = 13,123), (/i) EBRT+BT (n = 3,440), or (jv) EBRT+BT+ADT
(n = 2,418). Radiation dose and fractionation regimens for EBRT alone and EBRT+BT are
summarized in Supplemental Table 1. In the EBRT alone group, 98% of patients received
conventional fractionation. Among patients receiving a brachy boost, 2,807 patients (48%)
received LDR, 1,834 patients (31%) received HDR, and 1,217 patients (21%) received
brachytherapy, not otherwise specified (Supplemental Table 1). A total of 39% and 46%

of patients within the EBRT alone and EBRT+BT groups received prophylactic nodal
irradiation, respectively (Table 1). The distribution of baseline characteristics among men
stratified by treatment with EBRT alone or EBRT+BT is summarized in Table 1. The median
age was lower and the proportion of patients receiving ADT was higher in patients treated
with EBRT+BT. The median time to follow-up was 60 months (range: 3-168 months), and
the average time to follow-up was 62 months (standard deviation + 39 months).

Unadjusted MVA and weight-adjusted MVA of each treatment group is summarized in Table
2. Unadjusted Kaplan Meier and weight-adjusted Kaplan Meier curves are shown in Figure
1. Inverse probability of treatment weighting was used to balance covariables that influence
both treatment assignment and outcomes, and weight-adjusted Cox regression was used

to determine the effect of brachy boost on groups with balanced cofounders. EBRT+ADT
was associated with better OS than EBRT alone on MVA (Hazard Ratio (HR): 0.92, 95%
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Confidence Interval (95% CI): 0.87-0.98, p=0.005) (Table 2). Eight years after treatment,
70% of patients receiving EBRT+ADT were alive compared to 67% of patients receiving
EBRT+ADT (p<0.0001) (Figure 1A and 1B). Baseline characteristics of the EBRT+ADT
vs. EBRT+BT+ADT cohorts are summarized in Supplemental Table 2. Compared to
EBRT+ADT, tri-modality therapy (EBRT+BT+ADT) was associated with improved OS
(HR: 0.75, 95% CI: 0.67-0.83, p= 5.6 x 1078) on MVA (Supplemental Table 3). Eight
years after treatment, 78% of patients receiving tri-modality therapy were alive compared
to 70% of patients receiving EBRT+ADT (0 < 0.0001) (Figure 1A and 1B). Baseline
differences between men treated with EBRT+BT without ADT vs. EBRT+BT+ADT are
shown in Supplemental Table 4. Trimodality therapy was not associated with improved OS
compared to EBRT plus brachytherapy without ADT (HR: 0.99, 95% CI: 0.87-1.11, p=
0.82) (Supplemental Table 5). EBRT plus brachytherapy boost without ADT had improved
OS relative to patients treated with EBRT+ADT (HR: 0.77, 95% ClI: 0.69-0.85, p=2.9

x 1077) (Table 3). Eight years after treatment, 70% of patients receiving EBRT+ADT
were alive compared to 78% of patients receiving EBRT+BT without ADT (p < 0.0001)
(Figure 1A and 1B). We further evaluated whether patients receiving EBRT alone with
moderately hypofractionated radiotherapy versus EBRT+BT and found that brachy boost
was not associated with improved OS (HR: 0.91, ClI: 0.69-1.20, p = 0.50), though the
analysis was underpowered to detect a statistical difference.

Discussion

In this study of unfavorable intermediate-risk prostate cancer patients, we examined the
comparative effectiveness of the preferred definitive radiotherapy treatment strategies for
UIR disease listed in the NCCN guidelines. We confirmed that EBRT+ADT is associated
with improved OS compared to EBRT alone. Furthermore, we found that the addition of
brachytherapy to EBRT was associated with superior OS compared to both EBRT alone

and EBRT+ADT. The addition of ADT to EBRT+BT had no impact on OS compared to
EBRT+BT (HR = 0.99), though the limitations of the database do not allow us to assess
whether the addition of ADT had an impact on biochemical recurrence or distant metastases
in patients treated with EBRT+BT. This data provides important evidence that EBRT+BT is
associated with a statistically significant improvement in OS compared to EBRT+ADT in

a large cohort of patients with UIR, supplementing results from smaller prospective studies
that reported only a biochemical control benefit for EBRT+BT (11). While a recent NCDB
analysis examining UIR and high-risk patients treated as per the ASCENDE RT trial with
EBRT+ADT versus EBRT+BT+ADT reported an OS benefit associated with brachytherapy,
the study did not separately report results for UIR disease (15).

This study is consistent with and extends prior research on radiotherapy treatment for

UIR. At 8-years, IPTW-adjusted OS was significantly different at 78% versus 70% in the
EBRT+BT+ADT versus the EBRT+ADT alone arms. This is comparable to ASCENDE

RT, which reported a 9-year OS of 78% vs 74% in the EBRT+BT+ADT and EBRT+ADT
arms, but was not statistically significant (P=.29) (11). While ASCENDE-RT showed no OS
benefit, the trial reported a statistical correlation between biochemical-BFS and increased
all-cause mortality (HR: 6.30, P<.001). Taken together, this suggests that ASCENDE RT,
which enrolled 398 men, was likely not powered for a 20-25% difference in biochemical-
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PFS to translate into an OS benefit. Thus, it is not unreasonable to assume that this large

of an absolute improvement in biochemical control could ultimately translate into an OS
improvement in a much larger patient cohort of 32,246 men drawn from the NCDB. In
addition, prior studies have shown that the use of ADT with EBRT improves OS and DSS
in men with intermediate-risk prostate cancer (6,7). Similarly, in patients with high-risk
prostate cancer or Gleason 9-10 disease, prior retrospective studies have reported a disease-
specific survival benefit associated with adding ADT to EBRT+BT (trimodality therapy)
(6,16). Moreover, a recent clinical trial showed that men with predominantly high-risk
disease receiving EBRT+BT derived a metastasis-free survival benefit from longer ADT
duration (17). Since macroscopic disease often extends beyond the prostate capsule in

men with high-risk prostate cancer (18,19), ADT can enhance radiation-induced cell death,
thereby improving locoregional control. However, UIR disease is less aggressive and more
likely to be confined to the prostate. To our knowledge, few studies have evaluated the role
of ADT in UIR patients treated with EBRT+BT. The role of ADT for patients treated with
EBRT+BT are largely extrapolated from studies using mixed cohorts of UIR and high-risk
patients. A recent retrospective, single-institution study by Mendez et a/. did investigate this
question for UIR disease and reported that the addition of ADT to EBRT+BT was associated
with a statistically significant improvement in biochemical failure-free survival with no
improvement in metastasis-free survival in a matched cohort of 156 patients. A metanalysis
using combined cohorts of high- and intermediate-risk patients drawn from 9 clinical

trials reported a survival benefit associated with trimodality therapy (20). In this study by
Jackson et al., the authors argued that ADT should not be omitted in patients treated with
brachytherapy boost. The study was primarily in high-risk patients and included few patients
with intermediate-risk disease treated with EBRT+BT without ADT [21 patients from a
single-institution trial plus a minority of the 48 intermediate-risk disease patients treated
with EBRT+BT on the Hoskin trial, since 77% received ADT] (10,12). The Jackson et al.
study demonstrates the value of ADT for high-risk disease treated with EBRT+BT, but the
small size of the UIR cohort (<50 patients) treated with EBRT+BT without ADT greatly
limits the study’s ability to address the question for UIR disease. Other retrospective studies
failed to show a benefit with adding ADT to EBRT+BT in these mixed patient populations
(21,22). These interpretations are confounded by the inclusion of high-risk patients, making
it difficult to determine if UIR patients receiving EBRT+BT benefit from ADT. We believe
our study helps to address this question by limiting the analysis to UIR patients and with

a sufficiently large sample size to detect a survival difference, if such a difference exists.
While we show in this study that ADT provides a clinically meaningful and statistically
significant survival advantage in patients receiving EBRT alone, which is consistent with
prior studies (7,23), the addition of ADT to EBRT+BT was not associated with a survival
advantage. Further research is warranted regarding the benefits of ADT in the setting of
EBRT+BT, given the significant quality-of-life and toxicity considerations of ADT, which
include vasomotor symptoms, weight gain, dyslipidemia, erectile dysfunction, osteoporosis,
and depression, and increased risk of cardiovascular disease (24). Our results are consistent
with current NCCN guidelines that lists EBRT + BT with or without ADT as acceptable
options (1).
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Our study has several important limitations. As a retrospective, hon-randomized study, the
results are hypothesis-generating and require confirmation in randomized trials. In addition,
data on other important endpoints including biochemical control, metastasis-free survival,
and cancer-specific survival are missing from the NCDB. It is very likely that the addition
of ADT to EBRT+BT improves biochemical control to some degree and possibly even
distant metastatic control for UIR patients. However, given the large size of the cohort,

we would have expected at least a small trend toward improved OS for patients treated
with EBRT+BT+ADT, if the addition of ADT had a significant impact on reducing distant
disease, and not the observed HR of 0.99. While we adjusted for measured confounders
using MVA and IPTW, we cannot account for unmeasured confounders (i.e., duration

of ADT therapy, HDR dose, performance status). It is possible that ADT duration was

very short for some patients treated with EBRT+BT and prescribed primarily to help
shrink the size of the prostate prior to brachytherapy implantation, which could reduce

the observed oncologic benefit of standard-duration ADT. The study is also limited by
selection biases inherent to retrospective studies, most notably that patients selected to
undergo brachytherapy, which is generally performed under anesthesia, may have better
performance status than patients treated with EBRT without brachytherapy. We restricted the
analysis to otherwise healthy patients with few medical comorbidities (CDCI of 1 or less
with a CDCI score of 0 meaning no comorbidities) to help address the selection bias issue.
While the comorbidity index (CDCI) was equally balanced between groups, CDCI scores
are a surrogate for performance status and not a true measure of overall performance status.
However, prior surgical series have shown that adding ASA/ECOG performance scores to
models already containing the CDCI to address confounding did not yield improvements in
risk adjustment models for comparative assessment of cancer outcomes (25). Even though
the cohort treated with brachytherapy boost + ADT is more homogeneous than comparisons
of EBRT vs. EBRT+BT, there was still selection bias in the choice of whether to prescribe
ADT, with physicians more likely to prescribe ADT to patients with more aggressive
disease. We think that our model contains relevant clinical and pathologic variables to help
account for such differences, but unmeasured confounders could still potentially impact on
the overall results. Lastly, given that only a small subset of patients in the EBRT alone arm
were treated with moderate hypofractionated radiotherapy, we cannot assess if EBRT+BT
improves outcomes compared to patients treated with hypofractionated EBRT.

In conclusion, our study of approximately 33,000 men with UIR prostate cancer found that
EBRT+BT is associated with improved OS compared to EBRT alone, with the addition of
ADT to EBRT+BT providing no additional survival benefit, though our study is not able

to assess the impact of ADT on biochemical control or distant metastasis in the EBRT+BT
cohort. These results provide additional data supporting the use of dose-escalated treatment
with brachytherapy boost, an NCCN-approved treatment approach for UIR disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure. 1:
(A) Unweighted and (B) IPTW weight-adjusted Kaplan-Meier curves stratified by treatment

with EBRT, EBRT+ADT, EBRT+BT, and EBRT+BT+ADT. Shading corresponds to 95%
confidence intervals. Abbreviations: ADT, androgen deprivation therapy; BT, brachytherapy;
EBRT, external beam radiation therapy.
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Table 1.

Baseline characteristics of patients treated with EBRT alone versus EBRT plus brachytherapy boost.

" =T§t2?1246) %E?Eégggf EBRT+BT b
B (n=5,858)
Average Follow-up, months (SD) 62 (39) 59 (38) 72 (43)
Age, Mean (SD) 69 (7.5) 70 (7.4) 67 (7.4) <1x10716
Race
White 25626 (79) 20,985 (79) 4641 (79)
Black 5,736 (18) 4,662 (18) 1074 (18) 016
Other 884 (3) 741 (3) 143 (3)
Spanish or Hispanic Origin
Non-Spanish, Non-Hispanic 29,218 (91) 23,862 (90) 5,356 (91) 0.02
Spanish or Hispanic 3,028 (9) 2,526 (10) 502 (9)
Insurance
Uninsured 435 (1) 375 (1) 60 (1)
Private Insurance 8,854 (28) 6,602 (25) 2,252 (38)
<2x10716
Medicare 20,849 (65) 17,583 (67) 3,266 (56)
Medicaid/Other Government 1,641 (5) 1,425 (5) 216 (4)
Other 467 (1) 403 (2) 64 (1)
Income Level
< 38,000 6,207 (19) 5118 (20) 1,089 (19)
38,000-47,999 7,602 (24) 6,162 (23) 1,440 (25) L5 105
48,000-62,999 8,388 (26) 6,997 (27) 1,391 (24)
> 63,000 9,918 (31) 8,003 (30) 1,915 (33)
Unknown 131 (0) 108 (0) 23(0)
Education 7
<7% 7,752 (24) 6,262 (24) 1,490 (25)
7-12.9% 10724(33)  8874(34)  1850(3) . .o,
13-20.9% 8,500 (27) 7,003 (26) 1,497 (26)
>21% 5,156 (16) 4,157 (16) 999 (17)
Unknown 114 (0) 92 (0) 22 (0)
Treatment at Academic Center
No 23152 (72)  18,885(72) 4,267 (73) 0.052
Yes 9,094 (28) 7,503 (28) 1,591 (27)
Year of Diagnosis
2004-2007 8,690 (28) 6,611 (25) 2,349 (40) ppx 105
2008-2010 14,171 (44) 11,858 (45) 2,313 (40)
2011-2015 9,115 (28) 7,919 (30) 1,196 (20)
CDCI (Comorbidity)
0 28,052 (87)  22,970(87) 5,082 (87) 055
1 f 4,194 (13) 3,418 (13) 776 (13)
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_Total EBRT Alone EBRT+BT
(n = 32,246) (n = 26,388) P
’ (n =5,858)
PSA, Mean (SD) 8.4 (4.3) 8.5 (4.3) 7.9 (4.2) <1x10716
Gleason Score
3+3 1,367 (4) 1,184 (4) 183 (3)
2.0x1076
3+4 14,057 (44) 11,544 (44) 2,513 (43)
4+3 16,822 (52) 13,660 (52) 3,162 (54)
Clinical T Stage
<cT2a 22,591 (70) 18,638 (70) 3,953 (67)
2.6x107°
T2b-T2c 8,609 (27) 6,862 (26) 1,747 (30)
T2, NOS 1,046 (3) 888 (4) 158 (3)
ADT
No 16,705 (52) 13,265 (50) 3,440 (59) <2.2x 1076
Yes 15,541 (48) 13,123 (50) 2,418 (41)
Radiation Fields
Pelvic 18,921 (59) 15,786 (60) 3,135 (53)
<2.2x 10716
Pelvis + Pelvic LNs 13,070 (40) 10,390 (39) 2,680 (46)
Unknown 255 (1) 212 (1) 43 (1)

Summary statistics are represented as mean (standard deviation [SD]) for continuous variables and No. (%) for categorical variables.

fProportion of adults in the patient’s zip code who did not graduate from high school.

JtA CDCI score of 1 means that an individual has a history of one of the following: myocardial infarction, congestive heart failure, peripheral

vascular disease, cerebrovascular disease, dementia, chronic pulmonary disease, rheumatologic disease, peptic ulcer disease, mild liver disease,
diabetes.

Abbreviations: ADT, androgen deprivation therapy; BT, brachytherapy; CDCI, Charlson-Deyo Comorbidity Index; EBRT; external beam
radiotherapy; LN, lymph nodes; PSA, prostate specific antigen.
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Multivariable analysis comparing EBRT alone to EBRT+ADT, EBRT+BT, and EBRT+BT+ADT using
unweighted Cox regression model (left) or using inverse probability of treatment weighted hazard ratios

Table 2.

(right)
Unweighted M VA |PTW-Weighted MVA
HR [95% ClI] P HR [95% ClI] P
Age ¥ 1.05[1.04-1.05] <2x10716 1.05[1.04-1.06] <2 x 10716
Race

White 1.0 - 1.0 -

Black 0.98 [0.91-1.06] 0.68 0.96 [0.86-1.06] 0.40

Other 0.72 [0.60-0.86] 0.0004 0.75 [0.58-0.99] 0.04
Spanish or Hispanic Origin

Non-Spanish, Non-Hispanic 1.0 - 1.0 -

Spanish or Hispanic 0.94 [0.87-1.02] 0.12 0.86 [0.77-0.97] 0.01
Insurance

Uninsured 1.0 - 1.0 -

Private Insurance 0.97 [0.75-1.27] 0.84 1.03[0.77-1.37] 0.83

Medicare 1.21 [0.93-1.57] 0.15 1.17 [0.88-1.56] 0.27

Medicaid/Other Government  1.29 [0.97-1.72] 0.08 1.23[0.89-1.69] 0.21
Income Level

< 38,000 1.0 - 1.0 -

38,000-47,999 0.93 [0.86-1.00] 0.06 0.96 [0.86-1.08] 0.54

48,000-62,999 0.87 [0.80-0.94] 0.001 0.88 [0.78-1.00] 0.04

> 63,000 0.83[0.75-0.91] 1.1x 1074 0.82[0.71-0.94] 0.005
Education 4

<7% 1.0 - 1.0 -

7-12.9% 1.14[1.06-1.23] 58x 104  1.17 [1.06-1.29] 0.002

13-20.9% 1.12 [1.03-1.22] 0.01 1.13[1.01-1.28] 0.046

>21% 1.17 [1.06-1.31] 0.003 1.21[1.04-1.42] 0.01
Treatment at Academic Center ~ 0.97 [0.92-1.03] 0.32 1.0 [0.92-1.07] 0.93
Year of Diagnosis

2004-2007 1.0 - 1.0 -

2008-2010 1.04 [0.99-1.11] 0.11 1.02 [0.95-1.11] 0.58

2011-2015 0.96 [0.86-1.08] 0.50 0.97 [0.81-1.16] 0.75
CDCI (Comorbidity)

0 1.0 - 1.0 -

1 7 1.43[1.33-1.53] <2x10716 1.40[1.28-1.54] 59x 10713
psa ¥ 1.02[1.01-1.03] 6.4x10712 1.02[1.01-1.03] 4.3x10°6
Gleason Score

3+3 1.0 - 1.0 -

3+4 0.95 [0.84-1.08] 0.46 0.98 [0.83-1.17] 0.73
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Unweighted MVA |PTW-Weighted MVA
HR [95% ClI] P HR [95% ClI] P
4+3 0.98 [0.86-1.11] 0.73 1.02 [0.85-1.22] 0.99
Clinical T Stage
<cT2a 1.0 - 1.0 -
T2b-T2c 1.13[1.07-1.20] 1.6x10°  1.09 [1.01-1.18] 0.03
T2, NOS 1.18 [1.04-1.34] 0.01 1.12 [0.94-1.32] 0.20
Radiation Fields
Pelvic 1.0 - 1.0 -
Pelvic + Pelvic LN 1.03 [0.98-1.09] 0.15 1.09 [1.02-1.16] 0.009
Treatment
EBRT 1.0 - 1.0 -
EBRT + ADT 0.92 [0.87-0.97] 0.003 0.92 [0.87-0.98] 0.005
EBRT + BT 0.71[0.64-0.77] 7.6x 10714 0.71[0.64-0.78] 8.7 x 1012
EBRT + BT + ADT 0.69 [0.63-0.76] 1.0x 10713 0.69[0.62-0.76] 2.9 x 10712

¥\ariable evaluated as a continuous variable.

fProportion of adults in the patient’s zip code who did not graduate from high school.

t

Page 14

A CDCI score of 1 means that an individual has a history of one of the following: myocardial infarction, congestive heart failure, peripheral

vascular disease, cerebrovascular disease, dementia, chronic pulmonary disease, rheumatologic disease, peptic ulcer disease, mild liver disease,

diabetes.

Abbreviations: 95% CI, 95% confidence interval; ADT, androgen deprivation therapy; BT, brachytherapy; CDCI, Charlson-Deyo Comorbidity

Index; EBRT; external beam radiotherapy; HR, hazard ratio; LN, lymph nodes; PSA, prostate specific antigen.
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Multivariable Cox regression analysis of EBRT with ADT versus EBRT plus brachy boost using inverse

probability of treatment weighted hazard ratios.

Table 3.

HR[CI] P

Age v 1.05[1.04-1.06] <2x 10716
Race

White 1.0 -

Black 0.98 [0.84-1.13] 0.74

Other 0.78 [0.55-1.10] 0.15
Spanish or Hispanic Origin

Non-Spanish, Non-Hispanic 1.0 -

Spanish or Hispanic 0.88 [0.75-1.03] 0.12
Insurance

Uninsured 1.0 -

Private Insurance 0.92 [0.62-1.37] 0.68

Medicare 1.03 [0.70-1.53] 0.86

Medicaid/Other Government ~ 1.15 [0.72-1.83] 0.55
Income Level

< 38,000 1.0 -

38,000-47,999 0.87 [0.74-1.02] 0.09

48,000-62,999 0.82 [0.69-0.97] 0.02

> 63,000 0.70 [0.57-0.85] 3.3 x 1074
Education 7

<7% 1.0 -

7-12.9% 1.05[0.91-1.21] 0.99

13-20.9% 1.00 [0.84-1.19] 0.72

221% 1.04 [0.84-1.29] 0.57
Treatment at Academic Center ~ 0.86 [0.77-0.98] 0.02
Year of Diagnosis

2004-2007 1.0 -

2008-2010 1.07 [0.96-1.20] 0.23

2011-2015 0.99 [0.78-1.27] 0.96
CDCI (Comorbidity)

0 1.0 -

X 1.37[1.20-1.57] 5.1 x 1076
psa ¥ 1.01 [0.99-1.02] 0.11
Gleason Score

3+3 1.0 -

3+4 0.88 [0.68-1.14] 0.34

4+3 0.88 [0.67-1.15] 0.36

Clinical T Stage
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HR[CI] P
<cT2a 1.0 -
T2b-T2c 1.07 [0.96-1.20] 0.21

Radiation Fields
Pelvic 1.0 -
Pelvic + Pelvic LN 1.06 [0.96-1.16] 0.22
Treatment
EBRT + ADT 1.0 -
EBRT + BT 0.77[0.69-0.85] 2.9 x 1077

1/fVariabIe evaluated as a continuous variable.

7LProportion of adults in the patient’s zip code who did not graduate from high school.

IA CDCI score of 1 means that an individual has a history of one of the following: myocardial infarction, congestive heart failure, peripheral

vascular disease, cerebrovascular disease, dementia, chronic pulmonary disease, rheumatologic disease, peptic ulcer disease, mild liver disease,
diabetes.

Abbreviations: 95% CI, 95% confidence interval; ADT, androgen deprivation therapy; BT, brachytherapy; CDCI, Charlson-Deyo Comorbidity
Index; EBRT; external beam radiotherapy; HR, hazard ratio; LN, lymph nodes; PSA, prostate specific antigen.
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