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Abstract

Background: There is limited evidence supporting the use of local treatment (LT) for prostate
cancer (PCa) patients with clinically pelvic lymph node-positive (cN1) disease.
Objective: To examine the efficacy of any form of LT � androgen deprivation therapy (ADT) in
treating these individuals.
Design, setting, and participants: Using the National Cancer Database (2003–2011), we
retrospectively identified 2967 individuals who received LT � ADT versus ADT alone for
cN1 PCa. Only radical prostatectomy (RP) and radiation therapy (RT) were considered as
definitive LT.
Intervention: LT � ADT versus ADT alone.
Outcome measurements and statistical analysis: Instrumental variable analyses (IVA) were
performed using a two-stage residual inclusion approach to compare overall mortality (OM)-
free survival between patients who received LT � ADT versus ADT alone. The same method-
ology was used to further compare OM-free survival between patients who received RP �ADT
versus RT � ADT.
Results and limitations: Overall,1987 (67%) and 980 (33%) patients received LT � ADTandADT
alone, respectively. In the LT � ADT group, 751 (37.8%) and 1236 (62.2%) patients received
RP �ADT and RT � ADT, respectively. In IVA, LT � ADT was associated with a significant OM-
free survival benefit (hazard ratio = 0.31, 95% confidence interval [CI] = 0.13–0.74, p = 0.007),
when compared with ADT alone. At 5 yr, OM-free survival was 78.8% (95% CI: 74.1–83.9%)
versus 49.2% (95% CI: 33.9–71.4%) in the LT � ADT versus ADT alone groups. When comparing
RP �ADT versus RT � ADT, IVA showed no significant difference in OM-free survival between
the two treatment modalities (hazard ratio = 0.54, 95% CI = 0.19–1.52, p = 0.2). Despite the use
of an IVA, our study may be limited by residual unmeasured confounding.
Conclusions: Our findings show that PCa patients with clinically pelvic lymph node-positive
disease may benefit from any form of LT � ADTover ADT alone. While not necessarily curative
by itself, the use of RP or RT could be the first step in a multi-modality approach aiming at
providing the best cancer control outcomes for these individuals.
Patients summary: We examined the role of local treatment for clinically pelvic lymph node-
positive prostate cancer. We found that the delivery of radical prostatectomy or radiation
therapy may be associated with an overall mortality-free survival benefit compared with
androgen deprivation therapy alone.
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1. Introduction

With an estimated 161 360 new cases in 2017, prostate
cancer (PCa) is the most common malignancy in US men
[1]. Although the initiation of widespread prostate-specific
antigen screening in the early 1990s has resulted in a
dramatic drop in the incidence of metastatic disease over
the past few decades [2], approximately 12% of these
patients still present with clinically pelvic lymph node-
positive (cN1) disease at the time of diagnosis [1]. This rate
is likely to increase within the next few years, given the
greater utilization of advanced imaging [3], and the recent
United States Preventive Services Task Force recommenda-
tions against prostate-specific antigen screening [4,5].

Unfortunately, evidence to guide treatment decision-
making for patients with cN1 PCa remains highly limited.
Based on the assumption that cancer cells could have spread
concomitantly to the pelvic lymph nodes and other distant
sites throughout the body, the American Joint Committee on
Cancer groups cN1 and cM1 PCa together as stage IV disease
[6]. Accordingly, the current National Comprehensive
Cancer Network guidelines predominantly advocate the
use of androgen deprivation therapy (ADT) alone as first-
line treatment in individuals with such disease, regardless
of the metastases site [7].

As a result, care providersmay be reluctant to deliver any
form of local treatment (LT) to these patients. Nonetheless,
the paradigm of treating the primary tumor burden for
metastatic PCa is continuously evolving, with increasing
evidence suggesting a benefit of LT for menwith extrapelvic
lymph nodes, and/or bone/visceral involvement at initial
diagnosis [8,9]. Surprisingly, very few studies addressed this
research question in patients with nodal metastasis
confined to the pelvis [10–12]. It is noteworthy that these
reports exclusively assessed the role of radiation therapy
(RT), given that patients who received radical prostatec-
tomy (RP) were systematically excluded from the analyses.
Additionally, no attempt was made to adjust for potentially
unmeasured confounders, such as the granular general
condition, and/or the clinical extent of pelvic lymph node
involvement at initial diagnosis.

Against this backdrop, we sought to examine the
efficacy of LT(RP or RT) � ADT versus ADT alone in treating
PCa patients with cN1 disease. We relied on the National
Cancer Database (NCDB), and performed an instrumental
variable analysis (IVA) to account formeasurable, aswell as
unmeasurable confounders. We hypothesized that
LT � ADT confers more favorable overall mortality (OM)-
free survival outcomes in comparison to ADT alone.
Moreover, we hypothesized that OM-free survival out-
comes are similar in cN1 PCa patients treated with
RP �ADT versus RT � ADT.

2. Materials and methods

2.1. Data source

The NCDB is a joint program of the American College of Surgeons and the
American Cancer Society. Clinical oncological registry data are collected

from more than 1500 Commission on Cancer-accredited facilities and
represent approximately 70% of newly diagnosed cancer cases in the US.

2.2. Study population and definition of treatment groups

Using the American Joint Committee on Cancer classification and the
Collaborative Staging System, we identified 6599 individuals diagnosed
with clinically pelvic lymph node-positive PCa (International Classifica-
tion of Diseases-O-3 site code: C61.9) and no evidence of distant
metastasis, between 2004 and 2012. Further inclusion/exclusion criteria
are depicted in Figure 1. Our final study population consisted of
2967 patients, who were stratified based on treatment type: LT � ADT
group versus ADT alone group. We defined LT as the receipt of either RP
or RT with a total dose (regional + boost) �68.4 Gy delivered to the
prostate using external beammodality [13], both within 180 d following
initial diagnosis. Available covariates were categorized as indicated in
Table 1.

2.3. Endpoint

Our main endpoint was OM defined as the death from any cause as
reported by the NCDB. As such, survival time was calculated from the
time of initial diagnosis to the date of death from any cause or last follow-
up.

2.4. Statistical analyses

First, we examined the distribution of baseline characteristics between
the two treatment groups using a two-sample t test and a chi-square test
to compare continuous and categorical variables, respectively. Continu-
ous variables were presented using means and corresponding standard
deviations, while categorical variables were reported using frequencies
and proportions.

Second, to account for selection bias between patients who received
LT � ADT versus ADT alone, we used an IVA to account for measured
differences in baseline characteristics, as well as unmeasured con-
founders. After exploring several eligible instruments, the yearly
regional utilization rate of LT � ADT was selected to perform a two-
stage residual inclusion analysis [14,15]. This instrument was previously
used in the literature [16–19] and calculated for each of the nine United
States Census Division as follows:

LT � ADT cases=region=yr
ðLT � ADT cases=region=yrÞ þ ðADT alone cases=region=yrÞ

The F-statistic was computed to confirm its adequate correlation
with the receipt of LT � ADT, while the second IVA assumption was
assumed to be met, as the absence of correlation between the
instrument and the outcome of interest other than through the
exposure of interest cannot be formally tested. A multivariable logistic
regression was further used to identify the independent predictors of
receiving LT � ADT versus ADT alone in the first-stage model. The
residual, defined as the observed minus the predicted probability of
receiving LT � ADT was calculated and included in the second-stage
model to assess the impact of LT � ADT versus ADT alone on OM-free
survival using a multivariable Cox regression analysis with robust
standard errors clustered at the facility level. Results were compared
with those obtained froman inverse probability of treatmentweighting
(IPTW)-adjusted Cox model. We subsequently plotted instrumental
variable (IV)-adjusted Kaplan-Meier curves with their corresponding
95% confidence interval (CI) bands to depict OM-free survival in the two
treatment groups and compare 5-yr OM-free survival. In addition, we
assessed whether the treatment effect of LT � ADT versus ADT alone
varied according to available baseline clinical characteristics by using a
locally weighted regression method.
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