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Objective
• To evaluate the use and outcomes of adjuvant radiation

therapy (ART) for men with lymph node (LN)-positive
disease after radical prostatectomy (RP) using a
population-based approach.

Patients and Methods
• Surveillance, Epidemiology, and End Results

(SEER)-Medicare linked data from 1995 to 2007 was
used to identify 577 men with LN metastases discovered
during RP and absence of distant metastases, of which
177 underwent ART �1 year of RP.

• Propensity score models were used to compare overall
mortality and prostate cancer-specific mortality (PCSM)
for men that did and those that did not receive ART.

Results
• Men in both groups received adjuvant

androgen-deprivation therapy at similar rates after

propensity weighting adjustments (33.6% vs 33.7%,
P = 0.977).

• ART was not associated with differences in overall (5.09
vs 3.77 events per 100 person-years, P = 0.153) or PCSM
(2.89 vs 1.31, P = 0.090) relative to men who did not
receive ART.

Conclusions
• ART after RP in men with LN-positive prostate cancer

was not associated with improved overall or
disease-specific survival, in contrast to previous
single-centre studies.

• Prospective randomised studies are needed to assess the
effectiveness of ART in this patient population.
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Introduction
Lymph node (LN) metastases are discovered in as many as
8–10% of men with presumed clinically localised prostate
cancer at the time of radical prostatectomy (RP) and LN
dissection [1,2]. These men can develop symptomatic local
progression within a median of 18–24 months after RP [3].
Adjuvant radiation therapy (ART) has been shown to
improve biochemical-free survival and metastasis-free
survival in men with locally advanced (pT3N0) prostate
cancer without LN metastasis [4–6], but optimal treatment
after RP for men with LN metastases discovered at the time
of RP remains unclear. In a seminal randomised controlled
trial, Messing et al. [7] showed that androgen-deprivation

therapy (ADT) confers a survival advantage in these
patients. The study was limited by a small sample of 98
patients.

For radiation use in this patient population, Johnstone et al.
[8] conducted a Surveillance, Epidemiology, and End
Results (SEER) database analysis comparing RP alone to RP
plus ART for patients with LN-positive disease and found
no survival benefit for ART. In contrast, observational data
presented by Da Pozzo et al. [9] suggested that the use of
ART in these men is associated with improved biochemical
recurrence-free survival as well as cancer-specific survival,
while Briganti et al. [10] showed that ART combined with
ADT vs ADT alone was associated with both overall and
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cancer-specific survival benefits. However, these studies
were performed at centres of excellence and community
wide practice patterns and outcomes remain unclear. In
addition, subjects enrolled in clinical trials may differ from
the general population, and results generated from these
populations may not be applicable to the population as a
whole [11]. Based on these considerations, we compared
outcomes for ART vs no ART after RP for men with LN
metastases in a population-based sample of 577.

Patients and Methods
The Brigham and Women’s Institutional Review Board
approved our study. Patient data was de-identified and the
consent requirement was waived. Data were obtained from
the SEER-Medicare database, comprised of a linkage of
population-based cancer registries from 20 SEER areas
covering ª28% of the USA population with Medicare
administrative data [12]. Medicare provides healthcare
benefits to most Americans aged �65 years.
SEER-Medicare captures ª97% of incident cancer cases and
collects data such as patient demographics, tumour
characteristics, and initial course of treatment [13].

Study Cohort

We identified 32 419 men aged �65 years diagnosed with
prostate cancer as their only malignancy and treated with
RP from 1995 to 2007, and we identified men undergoing
RPs using Current Procedural Terminology, 4th edition
(CPT-4) [14]. Men were excluded if they were diagnosed at
autopsy or had Medicare entitlement due to end-stage renal
disease. Men not continually enrolled in Medicare A and B
were excluded as their claims data may be incomplete (354
men). We further limited our cohort to those with
metastatic LN(s) staged during RP (577 men) not receiving
palliative RT (46 excluded). We then identified men
receiving ART (177 men) �1 year of RP, consistent with
prior methods [15].

Independent Variables

Age (65–69, 70–75, >75 years) data were extracted from the
Medicare denominator file. Demographic information
including race (White/non-Hispanic, Black/non-Hispanic,
Hispanic, Asian/non-Hispanic), marital status, education
level, median income, geographic region, population
density (metropolitan vs non-metropolitan) was obtained
from SEER. The Klabunde modification of the Charlson
index was used to characterise comorbid conditions based
on inpatient, outpatient, and physician services in the year
before RP.

Dependent Variables

Grade was defined as well/moderately differentiated
(Gleason �7) vs poorly differentiated (Gleason 8–10).

Pathological stage was defined as T2, T3a, T3b, T4, or
unknown. The preoperative PSA was categorised within
SEER as elevated, normal, or unknown. The median
number of LNs examined and median number of positive
LNs were recorded by SEER and used to calculate LN
density. Finally, use of adjuvant ADT �1 year after RP was
recorded.

Outcomes

Primary outcomes measured from time of RP were
provided be SEER and included overall mortality and
prostate cancer-specific mortality (PCSM).

Statistical Analysis

Univariate differences between cohorts were compared
using chi-squared tests. Propensity score models were used
to control for potential confounding factors that can affect
group assignment and outcomes while attempting to
balance variation of patient characteristics between groups.
Logistic regression models were used to calculate the
probability (propensity) of receiving ART vs not receiving
ART considering all covariates described above, weighted
against each patient’s likelihood of being in one of the two
groups [16,17]. As the primary outcomes analysed (overall
mortality and PCSM) do not have an upper time limit and
duration of follow-up varied, we compared the number of
events per 100 person-years of follow-up between groups.
P values were two-sided and P � 0.05 was considered to
indicate statistical significance.

Results
Baseline demographics and tumour characteristics before
and after propensity weighting are presented in Table 1.
The median income, geography, education, marital status,
and population density were similar between groups. ART
was used more frequently in the late study period.
Additionally, ART was used more frequently in the South
and less in the Northeast, while rates in the West and
Midwest were similar. Before propensity weighting, men
undergoing ART were more likely to have an elevated
preoperative PSA level (74.1% vs 66.0%, P = 0.008) and
poorly differentiated tumours (81.4% vs 71.7%, P = 0.014),
but after propensity weighting this difference was not
observed. After propensity weighting, men undergoing ART
received adjuvant ADT at similar rates as those men not
undergoing ART (P = 0.977). There was no difference in
preoperative ADT use or LN density in ART vs non-ART
men.

Table 2 compares mortality after RP in the ART vs
non-ART cohorts. There were no differences in overall
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Table 1 Baseline patient demographics, tumour characteristics and LN pathology.

Variable Before propensity weighting After propensity weighting

No RT (%) ART (%) P No RT (%) ART (%) P

Year of diagnosis: 0.011 0.616
1995–1999 111 (27.8) 29 (16.4) 99 (24.8) 52 (29.3)
2000–2003 142 (35.5) 68 (38.4) 143 (35.7) 58 (32.6)
2004–2007 147 (36.7) 80 (45.2) 158 (39.5) 67 (38.1)

Age at diagnosis, years: 0.375 0.888
60–69 218 (54.5) 104 (58.7) 222 (55.5) 98 (55.5)
70–74 141 (35.2) 52 (29.4) 135 (33.8) 57 (32.1)
�75 41 (10.3) 21 (11.9) 43 (10.7) 22 (12.4)

Charlson-12: 0.378 0.956
0 306 (76.5) 142 (80.2) 310 (77.5) 136 (77.6)
1+* 94 (23.5) 35 (19.8) 90 (22.5) 41 (23.4)

Race: 0.600 0.738
White/non-Hispanic 313 (78.3) 145 (81.9) 316 (79.0) 136 (76.8)
Black/non-Hispanic 29 (7.2) 11 (6.2) 28 (7.0) 12 (6.6)
Other 58 (14.5) 21 (11.9) 57 (14.0) 29 (16.6)

Marital status: 0.245 0.843
Married 305 (76.2) 146 (82.5) 312 (78.0) 136 (76.8)
Unknown † † † †

Education level*: 0.165 0.882
<75 79 (19.7) 34 (19.2) 79 (19.7) 36 (20.4)
75–84.9 72 (18.0) 43 (24.3) 81 (20.2) 41 (23.2)
85–89.9 87 (21.8) 27 (15.3) 79 (19.7) 33 (18.8)
�90 162 (40.5) 73 (41.2) 161 (40.4) 67 (37.6)

Median income, $: 0.692 0.976
<35 000 125 (31.3) 50 (28.2) 121 (30.3) 56 (32.0)
35 000–44 999 100 (25.0) 52 (29.4) 104 (26.0) 47 (26.5)
45 000–59 999 84 (21.0) 34 (19.2) 82 (20.7) 36 (20.3)
�59 999 91 (22.7) 41 (23.2) 91 (23.0) 38 (21.2)

Geography: 0.031 0.977
South 32 (8.0) 27 (15.3) 41 (10.3) 18 (10.0)
NE/Midwest‡ 103 (25.7) 37 (20.9) 99 (24.7) 45 (25.6)
West 265 (66.3) 113 (63.8) 260 (65.0) 114 (64.4)

Population density: 0.615 0.841
Metropolitan 44 (11.0) 17 (9.6) 43 (10.8) 20 (11.5)
Non-metropolitan 356 (89.0) 160 (90.4) 357 (89.2) 157 (88.5)

Gleason grade: 0.014 0.444
8–10 287 (71.7) 144 (81.4) 297 (74.2) 125 (70.5)
<8 113 (28.3) 33 (18.6) 103 (25.8) 52 (29.5)

Pathology status: 0.221 0.818
Other 69 (17.2) 22 (12.4) 63 (15.7) 33 (18.8)
T2 64 (16.0) 20 (11.3) 59 (14.6) 24 (13.6)
T3a 117 (29.3) 59 (33.3) 122 (30.6) 51 (28.9)
T3b/T4§ 150 (37.5) 76 (43.0) 156 (39.1) 69 (38.7)

PSA level: 0.008 0.283
Elevated 264 (66.0) 131 (74.1) 275 (68.7) 114 (64.2)
Unknown 136 (34.0) 46 (25.9) 125 (31.3) 63 (35.8)

LNs examined, n:
1–3 58 (14.5) 29 (16.4) 0.487 61 (15.2) 26 (14.3) 0.995
4–10 177 (44.3) 71 (40.1) 172 (43.2) 77 (43.7)
>10 141 (35.2) 61 (34.5) 139 (34.7) 62 (35.0)
Unknown 24 (6.0) 16 (9.0) 26 (6.9) 12 (7.0)
Mean/median 10.0/8.0 10.1/8.0 0.930 9.8/8.0 10.0/9.0 0.673

Positive LNs, n:
1 257 (64.3) 120 (67.8) 0.274 261 (65.1) 113 (63.8) 0.916
2 67 (16.7) 33 (18.6) 70 (17.6) 30 (17.2)
>2 76 (19.0) 24 (13.6) 69 (17.3) 34 (19.0)
Mean/median 1.9/1.0 1.7/1.0 0.435 1.9/1.0 1.8/1.0 0.766

Adjuvant ADT: 0.020 0.977
Yes 146 (36.5) 47 (26.6) 134 (33.6) 60 (33.7)
No 254 (63.5) 130 (73.4) 266 (66.4) 117 (66.3)

*Charlson scores of 1 and 2+ have been combined as there are <11 subjects within a category and the National
Cancer Institute restricts individual cell values to >10. †Unknown marital status is not shown as there are <11
subjects within a category. ‡Geographic regions have been combined as there are <11 subjects within a category.
§T3b and T4 have been combined as there are <11 subjects within a category.
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mortality and PCSM between cohorts irrespective of timing
of ART.

Discussion
ART after RP for locally advanced, non-metastatic prostate
cancer has been shown to reduce the risk of biochemical
progression [5], as well as provide a survival benefit when
compared with men who do not receive ART [6]. However,
little is known about the benefits of ART in men with LN
metastasis aside from limited retrospective data suggesting
improved biochemical recurrence-free survival,
disease-specific survival, and overall survival, findings that
conflict with the sole population-based study to date
showing no benefit [8–10]. The current standard of care for
men with LN metastasis after RP consists of postoperative
ADT monotherapy, and relies on the evidence of a small
randomised trial by Messing et al. [7]. However, several
observational studies have shown an association between
ADT and both cardiovascular and peripheral vascular
disease, albeit in the setting of non-metastatic disease, thus
highlighting the need to assess effectiveness of ADT
compared with other treatment options in the context of
these potential complications [18,19]. While the benefits of
ADT in the setting of LN-positive disease likely outweigh
these potential detriments [20], alternative adjuvant
therapies with low risk–benefit profiles are appealing. Using
a population-based approach, we sought to analyse
outcomes of ART after RP in men with LN-positive
prostate cancer.

The present study has several important findings. We found
no differences in PCSM or overall mortality in men
receiving ART vs no ART, similar to a finding by Johnstone

et al. [8] in a SEER-only study. This lack of benefit was seen
despite equivalent use of adjuvant ADT in the ART group
after propensity weighting, which is a finding that could
not be quantified in the prior SEER-only study. Given that
ADT has been shown to improve survival in patients with
LN-positive disease, similar rates of ADT treatment across
groups supports a lack of ART benefit. These findings are
in contradiction with those from the Da Pozzo et al. [9] and
Briganti et al. [10] studies, which were conducted at centres
of excellence and showed a disease-specific survival benefit
for the use of ART in men with LN-positive prostate
cancer [9,10]. It should also be noted that in the Da Pozzo
et al. [9] study, the mean number of LNs removed was 16,
while only 35% of the present cohort had >10 LNs
removed. One possibility for Da Pozzo et al. [9] showing a
benefit in contrast to the present study is that after
lymphadenectomy, there is precise identification of which
LN regions harbour metastatic disease allowing for
improved targeting of the LNs at risk. Alternatively, men
with a few positive LNs after an extensive LN dissection
may have lower disease burden than men with the same
number of positive LNs after limited dissection, and thus
may have improved outcomes after ART.

The present findings contrast with multiple studies
showing a strong positive association between the extent of
LN involvement and the likelihood of disease progression
after RP combined with ART and/or ADT [6,21,22]. A
possible explanation for this difference is reflected in
subsequent research suggesting that disease progression in
the setting of LN-positive disease is likely multifactorial.
Consequently, the extent of LN involvement alone may be
an inadequate predictor of patient response to localised
ART. For example, factors such as tumour ploidy and

Table 2 Outcomes of ART vs no RT.

Before propensity weighting After propensity weighting

No RT (N = 400) ART (N = 177) P No RT (N = 400) ART (N = 177) P

Overall mortality:
Deaths 94 47 95 49
Person-years follow-up 2520 964 2520 964
Deaths per 100 person-years 3.73 4.87 0.132 3.77 5.09 0.153

PCSM:
Deaths 24 17 25 21
Person-years follow-up 1908 726 1908 726
Deaths per 100 person-years 1.26 2.34 0.071 1.31 2.89 0.090

No RT ART ≤12 months P No RT ART ≤12 months P

Overall mortality per 100 person-years 3.73 3.66 0.932 3.77 4.01 0.891
PCSM per 100 person-years 1.26 1.16 0.865 1.31 1.42 0.913

No RT ART ≤24 months P No RT ART ≤24 months P

Overall mortality per 100 person-years 3.73 4.57 0.329 3.77 5.35 0.193
PCSM per 100 person-years 1.26 1.43 0.770 1.30 2.39 0.354
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pathological Gleason score may also play a significant role
in disease progression and subsequent disease-specific and
overall survival. Boorjian et al. [23] retrospectively assessed
the impact of clinicopathological factors on outcomes in
507 men with LN-positive disease who underwent RP and
showed that pathological Gleason score 8–10, positive
surgical margins, tumour ploidy and the extent of LN
involvement were all adverse predictors of cancer-specific
survival. The investigators also reported that postoperative
ADT decreased the risk of biochemical and local
recurrence, but was not associated with cancer-specific
survival. Leibovici et al. [24] similarly showed that high
Gleason grade, advanced disease stage, and high
pretreatment PSA levels (>10 ng/mL) may all signal disease
progression, even in the presence of undetectable PSA
levels after treatment. Indeed, men with LN-positive disease
are more likely to have many of the aforementioned
adverse pathological factors; therefore localised treatment
with ART may offer little therapeutic benefit for this
subpopulation of patients.

The results of the present study reflect the need for
prospective trials to clarify the role of ART in men after RP
with LN-positive disease. In addition, the present results
suggest that men with LN-positive disease may already
harbour micrometastases that cannot be cured with pelvic
RT, but the specific underlying pathophysiology of disease
recurrence and progression has not been elucidated. The
addition of unnecessary ART in this group may lead to
unwarranted patient morbidity as well as cost. The mean
incremental cost per patient for ART vs observation after
RP has been reported as $6023 (American dollars) [25].
Furthermore, ART is known to interfere with recovery after
RP and has been associated with worse urinary and bowel
symptom outcomes [26]. Thompson et al. [27] reported
urethral stricture rates as high as 17.8% with early addition
of ART after RP in patients with locally advanced disease vs
9.5% for patients initially treated with observation. ART use
more than doubled the rate of total urinary incontinence
(6.5% for early ART, 2.8% for initial observation).

The present results must be considered in the context of
the study design. First, as with any population-based study,
we could not control for unmeasured confounders. This
point is particularly noteworthy given our finding that men
undergoing ART were more likely to have an elevated
preoperative PSA level and poorly differentiated tumours,
both of which confer significant disease-specific mortality
risk in the setting of radio-recurrent disease [28,29].
Haukaas et al. [30] found that preoperative serum PSA level
was inversely associated with the likelihood of biochemical
failure-free survival, whereas histological grade was found
to be an independent predictor of clinical recurrence.
Similarly, surgical margin status and postoperative PSA
values were not available in the SEER-Medicare database;

these, too, have been shown to effect cancer-specific
survival [22]. While propensity weighting attempts to
account for tumour and demographic differences, it is
conceivable that ART’s previously reported survival benefit
is obscured by more advanced, unaccounted-for, baseline
characteristics in our ART cohort. Second, SEER registries
may under-report RT use, but we used Medicare-linked
administrative data, which is highly sensitive for defining
RT use [31]. By using Medicare-linked data we hope to
avoid potential underreporting of ART use, which may
have affected the Johnstone et al. [8] SEER-only analysis.
Third, data concerning ART field and dosing was not
available in the database, and there is evidence suggesting
that the size of the pelvic field is associated with outcomes
in high-risk disease [32]. Also, modern-era RT doses are
higher than what was being used in the 1990s due to
improved conformality of intensity-modulated RT allowing
for reduced rectal scatter in addition to retrospective
evidence of salvage dose escalation beyond 60 Gy
improving postoperative outcomes [33,34]. Finally, we were
unable to determine whether ART was given in a true
adjuvant vs salvage setting. However, these limitations also
exist in previous studies examining the role of ART after
RP in men with LN-positive prostate cancer.

In conclusion, using a population-based model, we found
that ART in men with LN-positive prostate cancer after RP
was not associated with improved overall or disease-specific
survival. While the present study comprises a valuable
addition to the current literature on the use of ART in this
subset of patients, prospective randomised, controlled trials
are needed to clarify the need for ART in this patient
population.
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