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Abstract

Background: Clinically lymph node–positive (cN+) prostate cancer (PCa) is an often-fatal disease. Its optimal management 
remains largely undefined given a lack of prospective, randomized data to inform practice. We sought to describe modern 
practice patterns in the management of cN+ PCa and assess the effect of adding radiation therapy (RT) to androgen 
deprivation therapy (ADT) on survival using the National Cancer Data Base.

Methods: Patients with cN+ PCa and without distant metastases diagnosed between 2004 and 2011 were included. Five-
year overall survival for patients diagnosed between 2004 and 2006 and treated with ADT alone or ADT+RT were compared. 
Propensity score (PS) matching was used to balance baseline characteristics, and Cox multivariate regression analysis was 
used to estimate hazard ratios (HRs) for all-cause mortality.

Results: Of 3540 total patients, 32.2% were treated with ADT alone and 51.4% received ADT+RT. Compared with ADT alone, 
patients treated with ADT+RT were younger and more likely to have private insurance, lower comorbidity scores, higher 
Gleason scores, and lower PSA values. After PS matching, 318 patients remained in each group. Compared with ADT alone, 
ADT+RT was associated with a 50% decreased risk of five-year all-cause mortality (HR = 0.50, 95% CI = 0.37 to 0.67, two-
sided P < .001; crude OS rate: 71.5% vs 53.2%).

Conclusions: Using a large national database, we have identified a statistically significant survival benefit for patients 
with cN+ PCa treated with ADT+RT. These data, if appropriately validated by randomized trials, suggest that a substantial 
proportion of such patients at high risk for prostate cancer death may be undertreated, warranting a reevaluation of current 
practice guidelines.

While there is ongoing concern regarding overdiagnosis and 
overtreatment of prostate cancer, there remain subsets of this 
disease with a high propensity for distant metastatic spread 
and cancer-specific death. Clinically lymph node–positive (cN+) 
prostate cancer, determined by radiographic staging with or 
without biopsy confirmation, is one such subset where manage-
ment remains controversial given the paucity of data and lack 
of completed randomized trials to inform practice (1). Notably, 
patients with cN+ prostate cancer are placed in the same stage 
grouping as those with distant metastases, though they are 
often considered as a separate entity (2–4). Despite this, some 

providers may have the impression that prostate cancer outside 
of the prostate cannot be cured and therefore should not receive 
local therapy. Instead, providers may favor noncurative treat-
ment with androgen deprivation therapy (ADT) alone. Indeed, 
clinical practice guidelines (5–7) for patients with cN+ prostate 
cancer and no distant metastases recommend both ADT alone 
or combined with radiation therapy (RT).

RT is a common treatment for prostate cancer, and recent 
randomized data support its addition to ADT in high-risk and 
locally advanced disease (8,9). Retrospective data also exist sup-
porting the addition of RT to ADT in patients with pathologically 
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positive lymph nodes (pN+) discovered after prostatectomy and/
or lymphadenectomy (10,11). However, limited data exist sup-
porting the role for the addition of RT to ADT in patients with 
cN+ disease identified using modern staging techniques. Using 
a large national cancer outcomes database, we sought to define 
current practice patterns for patients with cN+ prostate cancer 
and compare survival of patients treated with ADT alone vs 
ADT+RT.

Methods

Data Sources

The National Cancer Data Base (NCDB), a nationwide hospital-
based cancer registry jointly sponsored by the American College 
of Surgeons (ACoS) and the American Cancer Society, collects 
data from more than 1400 hospitals accredited by the ACoS 
Commission on Cancer (CoC). The NCDB captures approxi-
mately 70% of all newly diagnosed cancer cases in the United 
States (12). It contains standardized data on patient demo-
graphic and disease characteristics, insurance status, American 
Joint Committee on Cancer (AJCC) staging, treatment, and 
comorbidities. Patient demographic and clinical characteristics 
captured in the NCDB are comparable with those reported in the 

Surveillance, Epidemiology, and Ends Results (SEER) database 
(13). Additionally, the NCDB collects information on systemic 
therapy (eg, hormone therapy) and hospital characteristics nec-
essary to understand patterns of care. The NCDB has previously 
been used to explore trends in cancer treatment, address dis-
parities, and examine outcomes (14).

Study Population

Male patients aged 18 to 90  years with a new diagnosis of 
prostate adenocarcinoma (International Classification of Disease 
for Oncology, 3rd Edition [ICD-O-3] site code: C61.9), diagnosed 
between 2004 and 2011, who were diagnosed or received part 
or all of their first course treatment at a CoC-accredited facility, 
were identified. The study cohort was then restricted to include 
patients with regional lymph node metastasis identified before 
treatment (cN+) and no proven distant metastases (M0 or Mx). 
Patients treated with radical prostatectomy were also excluded. 
Patients who had missing information in cancer diagnosis date 
(n = 13), treatment (n = 21), census region (n = 23), or insurance 
(n  =  109) or had government-sponsored insurance other than 
Medicaid and Medicare (eg, Bureau of Indian Affairs, Public 
Health Service) (n = 38) were excluded from the study (Figure 1).

Exclusions:

Patients with missing information in 

cancer diagnosis date (n = 13)

treatment (n = 21)

census region (n = 23)

insurance (n = 109)

Government sponsored insurance 

other than Medicaid or Medicare 

(n = 38)

Patients, age 18 to 90 years, diagnosed during

2004-2011 with first primary invasive malignant

clinically node-positive prostate cancer (ICD-O-3:

C61.9) without the presence of distant metastasis

who did not undergo radical prostatectomy

(n = 3744)

Analytic study population (n = 3540)

ADT alone: 1141

ADT+RT: 1818

RT alone: 220

No ADT/No RT: 361

Full sample selection schema Survival analyses cohort and propensity score

matching flow chart

Patients who were treated with ADT alone

(n = 388) or ADT+RT (n = 595) and diagnosed

between 2004 and 2006.

Estimated Propensity Score Model

The probability of being treated with ADT+RT was 

estimated using multivariable logistic regression 

with all variables listed in Table 2 for the cohort of 

983 patients.

Propensity Score Matching

Patients treated with ADT alone were matched to 

patients treated with ADT+RT who had the closest 

propensity score (1:1 match) by a greedy 5 to 1 

digit matching algorithm.  Patients treated with ADT 

alone who did not have a match to a patient 

treated with ADT+RT were excluded.

Matched Sample

The final matched sample consisted of 318 

patients treated with ADT alone and 318 patients 

treated with ADT+RT.
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Figure 1. Patient selection schema. A) Full sample selection schema. B) Survival analyses study cohort and propensity score matching flow chart. ADT = androgen 

deprivation therapy; ICD-O-3 = International Classification of Disease for Oncology, 3rd Edition; RT = radiation therapy.
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Measurement

The primary outcome of this study was five-year overall survival 
in the subcohort diagnosed between 2004 and 2006. The end 
date of follow-up was December 31, 2011. Patients who were lost 
to follow-up or still alive at the end of the study period were 
censored. ADT indicates receipt of medications to suppress tes-
tosterone, while RT indicates administration of regional (pelvic) 
radiotherapy. Patients were thus categorized as ADT alone, com-
bined ADT+RT, RT alone, and no ADT/no RT.

Patient insurance status was defined as private, unin-
sured, Medicaid, younger Medicare (age 18–64 years) and older 
Medicare (age 65+ years). Race/ethnicity was categorized as non-
Hispanic white, black, Hispanic, other, and missing. Comorbidity 
was measured by Charlson-Deyo Comorbidity Score. Median 
income level in the ZIP code of a patient’s residence was derived 
from 2000 US Census data. Gleason Score and prostate-specific 
antigen (PSA) level were collected as site-specific factors, while 
clinical T-stage was directly coded by cancer registrars based on 
available medical records. Missing data on Gleason score, PSA, 
and clinical T-stage were infrequent (<10%).

Statistical Analyses

Descriptive analyses were conducted for all patients included in 
the study population diagnosed between 2004 and 2011. A lin-
ear trend test was conducted to examine changes in practice 
patterns over time. To assess the effect of adding RT to ADT on 
five-year overall survival (OS), the study population was fur-
ther restricted to those diagnosed between 2004 and 2006, as 
full five-year follow-up data was only available for this subco-
hort. Propensity score matching of patients receiving ADT alone 
or with RT was performed via the greedy-matching technique 
to create a subsample adjusted for all available potential con-
founders (15). Covariate balance was checked before and after 
adjustment with chi-square tests. Crude five-year OS rates were 
estimated for the two treatment modalities using the Kaplan-
Meier approach. Log-rank P values under .05 were considered 
statistically significant. The assumption of proportionality was 
tested by Proc Phreg in SAS. If a specific covariate violated the 
assumption of proportionality, in-strata adjustment was per-
formed in the Cox proportional regression analyses. All other 
reported P values have a statistical significance level set at P 
values of less than .05 (two-sided). As the number of involved 
lymph nodes could potentially affect the choice of treatment, a 
sensitivity analysis including number of positive lymph nodes as 
a clinical factor was performed. To further understand whether 
including cases with missing data would introduce additional 
confounding, a sensitivity analysis was conducted by excluding 
patients with missing key clinical characteristics. An additional 
sensitivity analysis was performed by including patients diag-
nosed between 2004 and 2011 and censoring those who were 
still alive at last follow-up. Statistical analyses were performed 
using SAS version 9.3 (SAS Institute, Cary, NC).

Results

Patient Characteristics and Patterns of Practice

A total of 3540 patients were included (Table  1). Median age 
was 66 years. Median follow-up time was 5.2 years for patients 
diagnosed between 2004 and 2006 and 2.7  years for patients 
diagnosed between 2004 and 2011. The majority of patients 
were non-Hispanic white (65.8%) and were insured by Medicare 

(50.0%) or private insurance (41.2%). Approximately half of 
patients were treated at community-based centers. Most 
patients had at least one high-risk feature, including Gleason 
scores of 8 to 10 (61.7%), PSA levels of 20 ng/mL or higher (46.2%), 
and clinical T-stage T3 or T4 (39.4%). Overall, 1141 (32.2%) were 
treated with ADT alone, 1818 (51.4%) with ADT+RT, 220 (6.2%) 
with RT alone, and 361 (10.2%) with neither ADT nor RT. Receipt 
of ADT alone decreased from 36.6% in 2004 to 32.2% in 2011, 
while ADT+RT increased from 45.2% to 54.1%; however, a trend 
test for the use of ADT+RT over the study period was not statisti-
cally significant (P = .36). For patients who received ADT+RT, 97% 
received external beam radiotherapy with median doses of 50.4 
Gy to the pelvis and 75.6 Gy total.

Factors Associated With Treatment and Propensity 
Score Matching

The analysis was then restricted to patients diagnosed between 
2004 and 2006 receiving guideline-supported care (ADT alone 
or ADT+RT). Prior to propensity score matching, the study 
cohort comprised 388 patients treated with ADT alone and 595 
patients treated with ADT+RT. Patients who received combined 
treatment tended to be younger (P < .001) and were more likely 
to have private insurance (P < .001), lower comorbidity score 
(P =  .002), higher Gleason grade (P < .001), lower PSA values (P 
< .001), and clinical T-stage T2 or T3 (P < .001). After propensity 
score matching, 318 patients remained in each group. The two 
cohorts were well balanced with no statistically significant dif-
ferences in the matched factors (Table 2).

Survival Analyses

Prior to propensity score matching, 47.1% of patients treated 
with ADT alone and 25.0% of patients treated with ADT+RT died 
within the five-year follow-up period. The loss-to-follow-up 
rate was 10.3% and 16.8%, respectively. The crude five-year OS 
rate was 49.4% for patients treated with ADT alone vs 72.4% for 
patients treated with RT and ADT (log-rank P <.001) (Figure 2A). 
Combined ADT+RT was associated with a 49.2% decreased risk 
of five-year all-cause mortality (hazard ratio [HR]  =  0.51, 95% 
confidence interval [CI] = 0.40 to 0.65, P < .001) compared with 
ADT alone after adjustment for confounding variables. Among 
the propensity score–matched subgroups, the crude five-year 
OS rate among patients treated with ADT alone was still sta-
tistically significantly lower than those treated with combined 
therapy (53.2% vs 71.5%, log-rank P <.001) (Figure  2B). After 
adjusting for patient demographic and clinical characteristics, 
combined ADT+RT was associated with a statistically signifi-
cant 50.3% reduction in the risk of five-year all-cause mortal-
ity (HR  =  0.50, 95% CI  =  0.37 to 0.67, P < .001) compared with 
ADT alone. In addition, patients who were age 75  years and 
older (P = .05), and those treated at non-NCI-designated cancer 
centers (P < .05) also had an increased risk of five-year all-cause 
mortality (Table 3). To further understand whether the associa-
tion of treatment and survival varied by age at diagnosis, clinical 
T-stage, Gleason score, and PSA level, stratified analyses were 
conducted (Table 4). Regardless of age at diagnosis, ADT+RT was 
associated with statistically significant reduction in the risk 
of five-year all-cause mortality compared with ADT alone (age 
<65 years: HR = 0.25, 95% CI = 0.14 to 0.45, P < .001; age ≥65 years: 
HR = 0.64, 95% CI = 0.44 to 0.95, P = .03). ADT+RT was associated 
with decreased overall mortality among patients with T1-T2 
stage, with a trend among those with T3-T4 disease (T1-T2: 
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Table 1. Patient demographic and clinical characteristics of the total study population*

Characteristics

Total ADT+RT ADT only RT only no ADT/no RT

P†

3540 (100) 1818 (51.4) 1141 (32.2) 220 (6.2) 361 (10.2)

No. (%) No. (%) No. (%) No. (%) No. (%)

Age, y
 <50 103 (2.9) 57 (3.1) 30 (2.6) 6 (2.7) 10 (2.8)  <.001
 50–59 745 (21.1) 429 (23.6) 219 (19.2) 38 (17.3) 59 (16.3)
 60–64 646 (18.3) 357 (19.6) 184 (16.1) 45 (20.5) 60 (16.6)
 65–69 740 (20.9) 396 (21.8) 229 (20.1) 47 (21.4) 68 (18.8)
 70–74 562 (15.9) 297 (16.3) 165 (14.5) 44 (20.0) 56 (15.5)
 75–90 744 (21.0) 282 (15.5) 314 (27.5) 40 (18.2) 108 (29.9)
Race/ethnicity
 Non-Hispanic white 2330 (65.8) 1236 (68.0) 735 (64.4) 149 (67.7) 210 (58.2)  <.001
 Hispanic 183 (5.2) 91 (5.0) 47 (4.1) 12 (5.5) 33 (9.1)
 Black 635 (17.9) 284 (15.6) 228 (20.0) 35 (15.9) 88 (24.4)
 Other 108 (3.1) 67 (3.7) 26 (2.3) 6 (2.7) 9 (2.5)
 Missing 284 (8.0) 140 (7.7) 105 (9.2) 18 (8.2) 21 (5.8)
Insurance
 Uninsured 161 (4.6) 52 (2.9) 69 (6.1) 11 (5.0) 29 (8.0)  <.001
 Medicaid 152 (4.3) 69 (3.8) 60 (5.3) 6 (2.7) 17 (4.7)
 Younger Medicare‡ 160 (4.5) 94 (5.2) 41 (3.6) 10 (4.6) 15 (4.2)
 Older Medicare§ 1609 (45.5) 771 (42.4) 559 (49.0) 102 (46.4) 177 (49.0)
 Private 1458 (41.2) 832 (45.8) 412 (36.1) 91 (41.4) 123 (34.1)
Diagnosis year
 2004 385 (10.9) 174 (9.6) 141 (12.4) 27 (12.3) 43 (11.9) .31
 2005 368 (10.4) 188 (10.3) 103 (9.0) 26 (11.8) 51 (14.1)
 2006 438 (12.4) 233 (12.8) 144 (12.6) 24 (10.9) 37 (10.3)
 2007 428 (12.1) 225 (12.5) 131 (11.5) 29 (13.2) 43 (11.9)
 2008 456 (12.9) 230 (12.7) 143 (12.5) 29 (13.2) 54 (15.0)
 2009 494 (14.0) 247 (13.6) 163 (14.3) 33 (15.0) 51 (14.1)
 2010 477 (13.5) 254 (14.0) 157 (13.8) 28 (12.7) 38 (10.5)
 2011 494 (14.0) 267 (14.7) 159 (13.9) 24 (10.9) 44 (12.2)
Census region
 Northeast 841 (23.8) 443 (24.4) 284 (24.9) 52 (23.6) 62 (17.2) <.001
 Midwest 962 (27.2) 509 (28.0) 334 (29.3) 47 (21.4) 72 (19.9)
 South 1068 (30.2) 514 (28.3) 321 (28.1) 80 (36.4) 153 (42.4)
 West 669 (18.9) 352 (19.4) 202 (17.7) 41 (18.6) 74 (20.5)
Median income, USD
 <30 000 504 (14.2) 233 (12.8) 168 (14.7) 35 (15.9) 68 (18.8) .07
 30 000–34 999 571 (16.1) 287 (15.8) 174 (15.3) 40 (18.2) 70 (19.4)
 35 000–45 999 921 (26.0) 473 (26.0) 307 (26.9) 57 (25.9) 84 (23.3)
 46 000+ 1398 (39.5) 753 (41.4) 444 (38.9) 76 (34.6) 125 (34.6)
 Missing 146 (4.1) 72 (4.0) 48 (4.2) 12 (5.5) 14 (3.9)
Facility type
 Community Cancer Program 349 (9.9) 176 (9.7) 109 (9.6) 27 (12.3) 37 (10.3)  <.001
 Comprehensive Community Cancer Center 1520 (42.9) 811 (44.6) 441 (38.7) 110 (50.0) 158 (43.8)
 Teaching/research 844 (23.8) 387 (21.3) 314 (27.5) 45 (20.5) 98 (27.2)
 NCI Program/Network 509 (14.4) 280 (15.4) 191 (16.7) 19 (8.6) 19 (5.3)
 Other 318 (9.0) 164 (9.0) 86 (7.6) 19 (8.6) 49 (13.6)
Charlson Comorbidity Score
 0 2951 (83.4) 1560 (85.8) 916 (80.3) 187 (85.0) 288 (79.8) <.001
 1 429 (12.1) 206 (11.3) 156 (13.7) 21 (9.6) 46 (12.7)
 2+ 160 (4.5) 52 (2.9) 69 (6.1) 12 (5.5) 27 (7.5)
GLS
 2–6 188 (5.3) 71 (3.9) 39 (3.4) 45 (20.5) 33 (9.1) <.001
 7 789 (22.3) 440 (24.2) 214 (18.8) 55 (25.0) 80 (22.2)
 8–10 2185 (61.7) 1220 (67.1) 723 (63.4) 87 (39.6) 155 (42.9)
 Missing 378 (10.7) 87 (4.8) 165 (14.5) 33 (15.0) 93 (25.8)
PSA
 <10 ng/mL 947 (26.8) 554 (30.5) 209 (18.3) 93 (42.3) 91 (25.2) <.001
 10-<20 ng/mL 719 (20.3) 416 (22.9) 214 (18.8) 36 (16.4) 53 (14.7)
 20+ ng/mL 1636 (46.2) 803 (44.2) 627 (55.0) 64 (29.1) 142 (39.3)
 Missing 238 (6.7) 45 (2.5) 91 (8.0) 27 (12.3) 75 (20.8)
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HR = 0.40, 95% CI = 0.26 to 0.62, P < .001; T3-T4: HR = 0.62, 95% 
CI = 0.38 to 1.01, P = .05). ADT+RT was associated with improved 
survival among patients with Gleason Scores of 8 to 10, with a 
trend among those with Gleason Scores of 7 or less (GLS ≤ 7: 
HR = 0.49, 95% CI = 0.23 to 1.01, P = .05; GLS ≥ 8: HR = 0.55, 95% 
CI  =  0.38 to 0.79, P  =  .001). ADT+RT was also associated with 
improved survival among patients with PSA levels of 20 ng/mL 
or higher but not among those with PSA levels of less than 20 ng/
mL (PSA <20 ng/mL: HR = 0.60, 95% CI = 0.35 to 1.04, P = .07; PSA ≥ 
20 ng/mL: HR = 0.44, 95% CI = 0.28 to 0.68, P < .001).

As the number of involved lymph nodes could also potentially 
affect the choice of treatment, we sought to include this factor 
in our model. Unfortunately these data were only available for 
30% of the cohort. We conducted a sensitivity analysis for those 
patients without missing data for number of involved lymph 
nodes, and the results were similar to our primary analysis 
(data not shown). A sensitivity analysis on the subset of patients 
without missing data for Gleason Score, PSA level, and clinical 
T-stage was also performed, as was an analysis that included 
patients diagnosed between 2004 and 2011. Results of both anal-
yses were similar to our original findings (Supplementary Tables 
1 and 2, available online).

Discussion

Using propensity score matching of patient data derived from a 
large US cancer database, we have identified that the addition 
of RT to ADT for patients with cN+ prostate cancer decreases 
five-year all-cause mortality by 50%. Our data also suggest that 
nearly half of patients with this presentation may not receive 
optimal therapy with the potential for durable disease control.

Between 2004 and 2011, we found no statistically signifi-
cant changes in the utilization of ADT or RT in patients with 
cN+ prostate cancer. This may be because of the paucity of data 
to inform practice and guidelines that support both ADT alone 
or along with RT for these patients (5–7). Many physicians use 
lymph node status as a dividing line between what they con-
sider a curative and noncurative patient, an approach tacitly 
supported by the current AJCC staging system, which groups 
node-positive patients along with those known to have distant 
metastatic disease (2). Despite this, numerous studies exist, 
suggesting that patients with isolated lymph node involvement 
can be long-term survivors and have outcomes approaching 
those of patients with locally advanced disease (16–19). While 
randomized data exist to support the use of ADT+RT in locally 

advanced prostate cancer, the ability to extrapolate these results 
to patients with nodal involvement is limited, as such patients 
were typically excluded from these trials (4,9,20). The rationale 
for such therapy remains the same; that is, disease confined to 
the pelvis can potentially be sterilized by radiotherapy allowing 
for durable disease control.

There are few previous reports that address the role of a com-
bined modality approach in patients with cN+ prostate cancer. In 
an unplanned subgroup analysis of cN+ patients included in RTOG 
8531, a randomized trial of RT alone vs RT plus ADT for patients 
with locally advanced prostate cancer, the addition of ADT to RT 
resulted in a substantial improvement in progression-free and 
overall survival (nine-year OS rate = 62% vs 38%) (21). While these 
data indicated a benefit for combined modality therapy, patient 
numbers were small (98 receiving ADT+RT and 75 receiving RT 
alone) and all patients in this trial received RT. Another popula-
tion-based cancer registry study found that cN+ prostate cancer 
patients treated with RT had improved overall survival (HR = 0.57, 
P < .001) and prostate cancer–specific survival (HR = 0.58, P < .001) 
compared with those not treated with RT (22). This study, however, 
cannot comment on the benefit of adding RT to ADT, given that 
the SEER database lacks information on the use of ADT.

The use of RT alone is an uncommon practice in the modern 
era (6.2% in our study). Therefore, these data cannot inform the 
potential differences between ADT alone and ADT+RT, which 
are the dominant modern management strategies supported by 
clinical practice guidelines (5–7). RTOG 9608 made an attempt 
to address this question (ADT +/- RT) in a randomized fashion; 
however, this trial failed to accrue and was closed.

In another retrospective unmatched single-institution study, 
Zagars et  al. compared outcomes for 255 node-positive pros-
tate cancer patients, 183 of whom received ADT alone and 72 
of whom received ADT+RT between 1984 and 1998 (11). Patients 
treated with combined modality therapy had superior overall 
survival on univariate and multivariate analysis compared with 
those treated with ADT alone (five-year OS: 92% vs 83%). All of 
the patients in this study, however, had subclinical node-positive 
disease discovered only at the time of staging lymphadenectomy. 
As patients with bulky radiographically positive lymph nodes 
may be at higher risk of harboring concomitant but undetect-
able micrometastatic disease, the relative benefit of adding local 
treatment with RT was not adequately assessed by this study.

Recent data has also emerged suggesting a role for adjuvant 
RT for patients with lymph node metastases discovered at the 
time of radical prostatectomy (10,23). In an updated retrospective 

Characteristics

Total ADT+RT ADT only RT only no ADT/no RT

P†

3540 (100) 1818 (51.4) 1141 (32.2) 220 (6.2) 361 (10.2)

No. (%) No. (%) No. (%) No. (%) No. (%)

Clinical T stage
 T1 811 (22.9) 367 (20.2) 272 (23.8) 71 (32.3) 101 (28.0)  <.001
 T2 1175 (33.2) 634 (34.9) 359 (31.5) 72 (32.7) 110 (30.5)
 T3 1002 (28.3) 634 (34.9) 257 (22.5) 48 (21.8) 63 (17.5)
 T4 393 (11.1) 160 (8.8) 167 (14.6) 24 (10.9) 42 (11.6)
 Missing 159 (4.5) 23 (1.3) 86 (7.5) 5 (2.3) 45 (12.5)

* All statistical tests were two-sided. Because of rounding, percentages presented throughout this table may not add up precisely to 100%. ADT = androgen deprivation 

therapy; GLS = Gleason Score; PSA = prostate-specific antigen; RT = radiation therapy; USD = U.S. dollars.

† P values were calculated using Pearson’s chi-squared test.

‡ Younger Medicare: patients aged 18 to 64 years eligible for Medicare.

§ Older Medicare: patients eligible for Medicare aged 65 years or older.

Table 1. Continued
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study of two cohorts matched for relevant clinical characteristics, 
Briganti et al. found that the addition of RT to ADT for patients 
with pathologic lymph node involvement improved eight-year 
overall survival from 65% to 84% (10). This improvement remained 

statistically significant, even for patients with more extensive 
lymph node involvement. While these data are compelling, they 
are again not directly applicable to patients with cN+ prostate 
cancer, who are treated definitively with primary RT/ADT and no 

Table 2. Demographic and clinical characteristics at baseline for patients diagnosed between 2004 and 2006 treated with ADT alone or com-
bined ADT+RT*

Characteristics

Before propensity matching After propensity matching

ADT alone ADT+RT P† ADT alone ADT+RT P†

(n = 388) (n = 595) (n = 318) (n = 318)

No. (%) No. (%) No. (%) No. (%)

Age, y
 <50 12 (3.1) 22 (3.7) <.001 10 (3.1) 15 (4.7) .83
 50–59 79 (20.4) 145 (24.4) 69 (21.7) 71 (22.3)
 60–64 60 (15.5) 127 (21.3) 53 (16.7) 60 (18.9)
 65–69 71 (18.3) 124 (20.8) 61 (19.2) 55 (17.3)
 70–74 65 (16.8) 90 (15.1) 53 (16.7) 47 (14.8)
 75–90 101 (26.0) 87 (14.6) 72 (22.6) 70 (22.0)
Race/ethnicity
 Non-Hispanic white 265 (68.3) 396 (66.6) .16 215 (67.6) 223 (70.1) .56
 Hispanic 14 (3.6) 25 (4.2) 9 (2.8) 15 (4.7)
 Black 61 (15.7) 89 (15.0) 52 (16.4) 45 (14.2)
 Other 5 (1.3) 24 (4.0) 5 (1.6) 3 (0.9)
 Missing‡ 43 (11.1) 61 (10.3) 37 (11.6) 32 (10.1)
Insurance
 Uninsured 20 (5.2) 9 (1.5) <.001 7 (2.2) 6 (1.9) .36
 Medicaid 17 (4.4) 18 (3.0) 15 (4.7) 10 (3.1)
 Younger Medicare 13 (3.4) 32 (5.4) 13 (4.1) 15 (4.7)
 Older Medicare 195 (50.3) 238 (40.0) 153 (48.1) 134 (42.1)
 Private 143 (36.9) 298 (50.1) 130 (40.9) 153 (48.1)
Facility type
 Community Cancer Program 40 (10.3) 60 (10.1) .17 33 (10.4) 39 (12.3) .21
 Comprehensive Community 

Cancer Center
172 (44.4) 281 (47.2) 137 (43.1) 153 (48.1)

 Teaching/research 104 (26.8) 122 (20.5) 84 (26.4) 62 (19.5)
 NCI Program/Network 45 (11.6) 76 (12.8) 42 (13.2) 36 (11.3)
 Other 27 (7.00) 56 (9.4) 22 (6.9) 28 (8.8)
Charlson Comorbidity Score
 0 321 (82.7) 522 (87.7) .002 272 (85.5) 278 (87.4) .78
 1 47 (12.1) 65 (10.9) 38 (12.0) 33 (10.4)
 2+ 20 (5.2) 8 (1.3) 8 (2.5) 7 (2.2)
GLS
 2–6 21 (5.4) 32 (5.4) <.001 19 (6.0) 17 (5.4) .84
 7 86 (22.2) 162 (27.2) 80 (25.2) 76 (23.9)
 8–10 226 (58.3) 373 (62.7) 196 (61.6) 206 (64.8)
 Missing‡ 55 (14.2) 28 (4.7) 23 (7.2) 19 (6.0)
PSA
 <10 ng/mL 78 (20.1) 194 (32.6) <.001 73 (23.0) 83 (26.1) .67
 10-<20 ng/mL 77 (19.9) 141 (23.7) 72 (22.6) 61 (19.2)
 20+ ng/mL 192 (49.5) 237 (39.8) 154 (48.4) 155 (48.7)
 Missing‡ 41 (10.6) 23 (3.9) 19 (6.0) 19 (6.0)
Clinical T stage
 T1 79 (20.4) 121 (20.3) <.001 67 (21.1) 66 (20.8) .97
 T2 131 (33.8) 216 (36.3) 117 (36.8) 115 (36.2)
 T3 98 (25.3) 207 (34.8) 93 (29.3) 90 (28.3)
 T4 55 (14.2) 43 (7.2) 33 (10.4) 39 (12.3)
 Missing‡ 25 (6.4) 8 (1.3) 8 (2.5) 8 (2.5)

* All statistical tests were two-sided. Propensity matching adjusted all variables listed in Table 2, including age at diagnosis, race/ethnicity, insurance, comorbidity, 

clinical T stage, Gleason Score, PSA level, and facility type. Even though race/ethnicity and facility type were not shown to be statistically significantly different 

between the groups, previous reports have suggested possible differences in practice patterns by these factors. Thus, they were included in the final propensity 

score model (26–30). ADT = androgen deprivation therapy; GLS = Gleason Score; NCI = National Cancer Institute; PSA = prostate-specific antigen; RT = radiation 

therapy.

† P values were calculated using Pearson’s chi-squared test.

‡ To reduce incomplete propensity score matching, missing data was assigned as a category to be calculated in the propensity score.

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/107/7/djv119/915451 by guest on 21 August 2022



7 of 10 | JNCI J Natl Cancer Inst, 2015, Vol. 107, No. 7

a
r
t
ic

lea
r
t
ic

le

surgery. Additionally, patients undergoing radical prostatectomy 
tend to be younger and healthier than prostate cancer patients 
on the whole, which may increase any potential benefit seen for 
more aggressive adjuvant therapy in this study. It is important to 
note, however, that the studies by Briganti et al. and Da Pozzo et al. 
were not randomized and so may be subject to substantial selec-
tion bias. Regardless, the role of surgery in the multimodal man-
agement of cN+ prostate cancer warrants further investigation (1).

Our study has several limitations. First, the NCDB is a hos-
pital-based cancer registry that captures only patients who are 
diagnosed or treated in CoC-accredited facilities. Our results, 
therefore, may not fully represent the entire cancer population in 
the United States, though the NCDB does capture approximately 
70% of incident cancers each year and previous studies show 
similar patient characteristics in the NCDB compared with other 
population-based cohorts (12,13,24,25). Indeed, our cohort would 
include a more diverse sample of patients and comorbidities 
than would be present in a strictly controlled randomized trial 
or prospective single-institution database. As such, these results 
may be more generalizable overall and represent “real-world” 
outcomes for patients with this condition. Second, we are unable 
to comment on cancer-specific mortality, as such data was not 
collected. However, overall survival remains the gold standard 
endpoint relevant to a disease state such as cN+ prostate cancer, 
which has many events within a few years of diagnosis. Indeed, 
a recent publication with just over seven years of follow-up dem-
onstrated a statistically significant survival benefit for patients 
with locally advanced disease when RT was added to ADT (9). As 
cN+ prostate cancer is a disease state with an even higher likeli-
hood of leading to lethal prostate cancer, a five-year endpoint 
is reasonable, though longer follow-up will no doubt improve 
the conclusions from this study. Third, as this is a retrospective 
study, we have included all relevant clinical factors associated 
with disease outcome that are contained in the NCDB to control 
for possible confounding factors. However, there may still exist 

some residual unmeasurable confounding factors that we failed 
to identify and control for, despite the use of propensity score 
matching and multivariate modeling (such as lymph node size 
which is not recorded in the NCDB). Though including a larger 
study population might help to overcome this concern, our study 
was limited to include only patients having adequate data on 
prognostic risk factors and five-year follow-up in hopes of pro-
viding more accurate and generalizable conclusions. Finally, we 
are unable to comment on toxicity and quality-of-life differences 
between the different management strategies.

While prostate cancer patients with lymph node involve-
ment are at high risk for developing distant metastases and 
death because of prostate cancer, a benefit for local therapy to 
the pelvis may yet exist. Using data from a large national cancer 
database, we identify a statistically significant survival benefit 
for the addition of RT to ADT in cN+ prostate cancer patients. 
These data also suggest that up to 50% of such patients in the 
United States are potentially being undertreated. As aggressive 
local management of cN+ prostate cancer may lead to durable 
disease control or even cure, these data have important impli-
cations for clinical practice guidelines and staging systems. 
Validation of these data by future prospective and randomized 
studies is, however, required.

Notes

This study used the National Cancer Data Base (NCDB). The 
interpretation and reporting of these data are the sole responsi-
bility of the authors. The data used in the study are derived from 
a deidentified NCDB file. The American College of Surgeons and 
the Commission on Cancer have not verified and are not respon-
sible for the analytic or statistical methodology employed or the 
conclusions drawn from these data by the authors.

An abstract based on these results was accepted for pres-
entation at the Academy Health Annual Research Meeting, June 

Before propensity score matching Aer propensity score matching

Number at risk

ADT+RT 318 298 273 250 226 182

ADT alone 318 299 262 214 179 148

Number at risk

ADT+RT 595 558 511 477 422 351

ADT alone 388 356 305 243 203 165
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Figure 2. Kaplan-Meier survival curves for patients treated with androgen deprivation therapy (ADT) alone and combined ADT+ radiation therapy (RT). A) Kaplan-Meier 

survival curves for patients treated with ADT alone and combined ADT+RT before propensity score matching. B) Kaplan-Meier survival curves for patients treated 

with ADT alone and combined ADT+RT after propensity score matching. Log-rank P value was two-sided. ADT = androgen deprivation therapy; RT = radiation therapy.
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Table 3. Multivariable Cox proportional hazards analyses of five-year overall mortality*

Variables

Before PS matching After PS matching

ADT alone: n = 388; ADT+RT: n = 595 ADT alone: n = 318; ADT+RT: n = 318

HR (95%CI) P HR (95%CI) P

Treatment
 ADT alone Ref Ref
 ADT+RT 0.51 (0.40 to 0.65) <.001 0.50 (0.37 to 0.67) <.001
Age, y
 <50 Ref Ref
 50–59 1.74 (0.68 to 4.40) .25 1.16 (0.44 to 3.03) .77
 60–64 1.82 (0.71 to 4.66) .21 1.09 (0.41 to 2.91) .87
 65–69 2.80 (1.07 to 7.36) .04 1.63 (0.60 to 4.49) .34
 70–74 2.19 (0.82 to 5.81) .12 1.27 (0.46 to 3.55) .65
 75–90 4.01 (1.53 to 10.53) .005 2.69 (0.98 to 7.37) .05
Race/ethnicity
 Non-Hispanic white Ref Ref
 Hispanic 1.11 (0.57 to 2.16) .76 1.09 (0.46 to 2.61) .84
 Black 0.87 (0.61 to 1.26) .46 0.88 (0.55 to 1.40) .59
 Others 1.40 (0.70 to 2.80) .34 1.71 (0.50 to 5.80) .39
 Missing† 0.92 (0.63 to 1.33) .65 1.00 (0.64 to 1.56) .99
Insurance
 Private Ref Ref
 Uninsured 1.11 (0.57 to 2.16) .76 2.30 (0.87 to 6.04) .09
 Medicaid 0.87 (0.61 to 1.26) .46 0.67 (0.28 to 1.60) .37
 Young Medicare 1.40 (0.70 to 2.80) .34 1.76 (0.90 to 3.47) .10
 Old Medicare 0.92 (0.63 to 1.33) .65 1.02 (0.65 to 1.61) .94
Diagnosis year
 2004 Ref Ref
 2005 0.98 (0.74 to 1.31) .91 1.00 (0.68 to 1.47) .99
 2006 1.03 (0.79 to 1.34) .83 1.08 (0.76 to 1.53) .68
Census Region
 Northeast Ref Ref
 Midwest 0.95 (0.70 to 1.29) .73 0.85 (0.58 to 1.25) .41
 South 1.03 (0.74 to 1.42) .87 0.97 (0.65 to 1.47) .90
 West 0.87 (0.61 to 1.23) .42 0.79 (0.51 to 1.22) .29
Median income, USD
 <30 000 Ref Ref
 30 000–34 999 1.20 (0.79 to 1.85) .39 0.86 (0.50 to 1.47) .58
 35 000–45 999 1.09 (0.73 to 1.63) .68 0.86 (0.52 to 1.42) .55
 46 000+ 1.12 (0.76 to 1.65) .57 0.85 (0.52 to 1.38) .50
 Missing† 0.86 (0.42 to 1.76) .67 0.65 (0.28 to 1.50) .31
Charlson Comorbidity Score
 0 Ref ---§ ---§
 1 1.41 (1.02 to 1.94) .04 ---§ ---§
 2+ 2.09 (1.28 to 3.41) .003 ---§ ---§
Facility type
 NCI Program/Network Ref Ref
 Community Cancer Program 1.66 (0.97 to 2.84) .07 1.78 (0.89 to 3.54) .10
 Comprehensive Community 

Cancer Center
1.84 (1.20 to 2.84) .006 2.33 (1.32 to 4.12) .004

 Teaching/research 1.70 (1.07 to 2.70) .03 2.17 (1.19 to 3.96) .01
 Others 2.35 (1.37 to 4.03) .002 3.13 (1.56 to 6.29) .001
GLS
 2–6 ---‡ ---‡ Ref
 7 ---‡ ---‡ 0.88 (0.46 to 1.71) .71
 8–10 ---‡ ---‡ 1.57 (0.87 to 2.84) .13
 Missing† ---‡ ---‡ 1.43 (0.66 to 3.10) .36
PSA
 <10 ng/mL Ref Ref
 10-<20 ng/mL 1.22 (0.87 to 1.70) .25 1.35 (0.88 to 2.07) .18
 20+ ng/mL 1.31 (0.98 to 1.73) .07 1.58 (1.10 to 2.26) .01
 Missing† 1.16 (0.71 to 1.91) .55 1.57 (0.81 to 3.05) .18
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