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Abstract

Background: We hypothesized that lymph node dissection (LND) at salvage radical

prostatectomy may be associated with lower cancer‐specific mortality (CSM) and

we tested this hypothesis.

Methods: We relied on surveillance, epidemiology, and end results (2004–2016) to

identify all salvage radical prostatectomy patients. Categorical, as well as univariate

and multivariate Cox regression models tested the effect of LND (LND performed

vs. not), as well as at its extent (log‐transformed lymph node count) on CSM.

Results: Of 427 salvage radical prostatectomy patients, 120 (28.1%) underwent

LND with a median lymph node count of 6 (interquartile range [IQR], 3–11).

According to LND status, no significant or clinically meaningful differences were

recorded in PSA at diagnosis, stage and biopsy Gleason score at diagnosis, except

for age at prostate cancer diagnosis (LND performed 63 vs. 68 years LND not
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performed, p < .001). LND status (performed) was an independent predictor of

lower CSM (hazard ratio [HR] 0.47; p = .03). Similarly, lymph node count (log

transformed) also independently predicted lower CSM (HR: 0.60; p = .01). After the

7th removed lymph node, the effect of CSM became marginal. The effect of N‐stage
on CSM could not be tested due to insufficient number of observations.

Conclusions: Salvage radical prostatectomy is rarely performed and LND at salvage

radical prostatectomy is performed in a minority of patients. However, LND at

salvage radical prostatectomy is associated with lower CSM. Moreover, LND extent

also exerts a protective effect on CSM. These observations should be considered in

salvage radical prostatectomy candidates.
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1 | INTRODUCTION

Salvage radical prostatectomy represents a treatment option for pa-

tients with radio‐recurrent prostate cancer.1–6 Lymph node dissection

(LND) should ideally be performed at salvage radical prostatectomy. To

the best of our knowledge, only one large historical study (n=364,

1988–2010) tested the effect of LND on cancer‐specific mortality (CSM)

at salvage radical prostatectomy.7 We hypothesized that LND at salvage

radical prostatectomy may be associated with lower CSM and we tested

this hypothesis in a contemporary population‐based cohort (surveillance,

epidemiology and end results [SEER] database 2004–2016).

2 | MATERIAL AND METHODS

2.1 | Study population

The current SEER database samples 34.6% of the United States popu-

lation and approximates it in demographic composition and cancer

incidence.8 Within the SEER database (2004−2016), we identified pa-

tients ≥18 years old with histologically confirmed adenocarcinoma of the

prostate, diagnosed at biopsy (International Classification of Disease for

Oncology [ICD‐O‐3] code 8140 site code C61.9). Cases identified at

autopsy or through death certificates, with unknown histology, non-

primary prostate cancers, or patients with unknown LND status were

excluded. Salvage radical prostatectomy was defined as prostatectomy

after radiation therapy, as previously described.7 PSA and age and stage

were defined at initial prostate cancer diagnosis. These selection criteria

resulted in a cohort of 427 salvage radical prostatectomy patients.

2.2 | Statistical analysis

Descriptive statistics included frequencies and proportions for ca-

tegorical variables. Means, medians, and interquartile‐ranges (IQR)

were reported for continuously coded variables. The chi‐square
tested the statistical significance in proportions’ differences. The

t test and Kruskal–Wallis test examined the statistical significance of

means’ and distributions’ differences.

Kaplan–Meier, univariate and multivariate Cox regression

models tested the effect of LND on CSM in salvage radical prosta-

tectomy patients. Moreover, separate models tested the effect of

log‐transformed continuously coded lymph node count on CSM. All

tests were two‐sided with a level of significance set at p < .05 and R

software environment for statistical computing and graphics (version

3.4.3) was used for all analyses.9

3 | RESULTS

3.1 | Descriptive characteristics of the study
population

Of 427 salvage radical prostatectomy patients (Table 1), 120 (28.1%)

underwent LND. The median age at diagnosis was 63 years (IQR,

58–67) in LND versus 68 years (IQR, 62–75) in no LND patients.

Moreover, median PSA at diagnosis was 8.9 ng/ml (5.6–14.6) in LND

versus 8.7 ng/ml (IQR, 5.4–24.0) in no LND patients (p = .3). No dif-

ferences according to LND status were recorded for Gleason score at

biopsy (p = .9) or clinical T stage at diagnosis (p = .8). Moreover, no

differences were recorded according to a previous type of radiation

therapy (external beam radiation therapy [EBRT] vs. brachytherapy

[BT] vs. EBRT+BT) between both groups (p = .9). Radical prosta-

tectomy Gleason scores could not be analyzed, due to large propor-

tions of missing values (LND performed: 73.3% missing vs. 94.1%

missing when LND not performed). Similar limitations applied to pa-

thological T stage (LND performed: 23.3% missing vs. 81.4% missing

when LND not performed). Follow‐up duration was 71 (IQR, 29–108)

months in no LND versus 89 (40–126) months in the LND

group (p = .02).
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TABLE 1 Descriptive characteristics of 427 salvage radical prostatectomy patients, stratified according to lymph node dissection status,
diagnosed within the Surveillance, Epidemiology, and End Results database from 2004 to 2016

Overall

LND not

performed

LND

performed p value

Variable N = 427

N = 307

(71.9%)

N = 120

(28.1%)

Age at diagnosis Median (IQR) 66 (61–73) 68 (62–75) 63 (58–67) <.001

PSA in ng/ml Median (IQR) 8.8 (5.4–18.6) 8.7 (5.4–24.0) 8.9 (5.6–14.6) .3

Follow up in months Median (IQR) 74 (31–114) 71 (29–108) 89 (40–126) .02

Number of removed

lymph nodes

Median (IQR) 0 (0–1) 0 (0–0) 6 (3–11) <.001

Radiotherapy treatment EBRT 316 (74.0) 228 (74.3) 88 (73.3) .9

BT 67 (15.7) 49 (16.0) 18 (15.0)

EBRT + BT 44 (10.3) 30 (9.8) 14 (11.7)

Gleason Score in biopsy 6 45 (10.5) 33 (10.7) 12 (10.0) .9

7 58 (13.6) 40 (13.0) 18 (15.0)

8–10 62 (14.5) 44 (14.3) 18 (15.0)

Unknown 263 (61.4) 190 (61.9) 72 (60.0)

Gleason Score in RP ≤6 14 (3.3) 9 (2.9) 5 (4.2) <.001

7 19 (4.4) 4 (1.3) 15 (12.5)

8–10 17 (4.0) 5 (1.6) 12 (10.0)

Unknown 378 (88.3) 289 (94.1) 88 (73.3)

cT stage T1 207 (48.4) 144 (46.9) 63 (52.5) .8

T2 149 (34.8) 110 (35.8) 38 (31.7)

T3 25 (5.8) 19 (6.2) 6 (5.0)

T4 18 (4.2) 14 (4.6) 4 (3.3)

Tx 29 (6.8) 20 (6.5) 9 (7.5)

pT stage T2 102 (23.8) 45 (14.7) 57 (47.5) <.001

T3 43 (10.0) 12 (3.9) 31 (25.8)

T4 4 (0.9) 0 (0) 4 (3.3)

Tx 279 (65.2) 250 (81.4) 28 (23.3)

pN stage N0 96 (22.9) 0 (0) 96 (77.4) <.001

N1 24 (5.7) 0 (0) 24 (22.6)

NX 307 (73.1) 307 (100) 0 (0)

Race Caucasians 299 (69.9) 219 (71.3) 80 (66.7) .3

African Americans 68 (15.9) 50 (16.3) 17 (14.2)

Hispanic 39 (9.1) 25 (8.1) 14 (11.7)

Other 22 (5.1) 13 (4.2) 9 (7.5)

Social‐economic status 1 quartile 117 (27.3) 84 (27.4) 33 (27.5) 1

2‐4 quartile 311 (72.7) 223 (72.6) 87 (72.5)

Abbreviations: BT, brachytherapy; EBRT, external beam radiation therapy; IQR, interquartile range; LND, lymph node dissection; PSA, prostate‐specific
antigen; RP, radical prostatectomy.
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F IGURE 1 Kaplan–Meier plot illustrating cancer‐specific mortality (CSM) for patients, who underwent salvage radical prostatectomy,
stratified according to the performance of lymph node dissection (LND) status. Abbreviations: HR, hazard ratio [Color figure can be viewed at
wileyonlinelibrary.com]

TABLE 2 Univariable and multivariable Cox regression models in salvage radical prostatectomy patients predicting cancer‐specific
mortality

Univariate analysis Multivariate analysis
HR 95% CI p value HR 95% CI p value

Age 1.01 (0.99–1.04) 0.3 1.01 (0.98–1.04) .6

LND not performed 1 (Ref) – – 1 (Ref) – –

LND performed 0.35 (0.18–0.68) <0.01 0.46 (0.23–0.92) .03

PSA 1.03 (1.02–1.04) <0.001 1.02 (1.02–1.03) <.001

Gleason score biopsy 6 1 (Ref) – – 1 (Ref) – –

Gleason score biopsy 7 4.33 (0.48–38.81) 0.19 2.79 (0.30–25.60) .4

Gleason score biopsy 8–10 17.85 (2.35–135.32) <0.01 5.51 (0.69–43.94) .11

Gleason score biopsy unknown 5.97 (0.82–43.36) 0.077 2.76 (0.37–20.61) .3

cT1‐2 1 (Ref) – – 1 (Ref) – –

cT3‐4 5.75 (3.36–9.83) <0.001 2.75 (1.54–4.89) <.001

cTx 7.69 (3.38–17.51) <0.001 1.83 (0.72–4.69) .2

BT 1 (Ref) – – 1 (Ref) – –

EBRT 3.01 1.30–6.96 0.01 1.42 0.59–3.44 .4

EBRT+BT 1.23 0.38–4.04 0.7 0.74 0.22–2.51 .6

Abbreviations: BT, brachytherapy; EBRT, external beam radiation therapy; LN, lymph node.
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3.2 | The effect of LND on CSM status at salvage
radical prostatectomy

In the first part of the analyses, we tested the effect of LND status

(performed vs. not performed) on CSM (Figure 1). Specifically, in

Kaplan–Meier plots, salvage radical prostatectomy patients treated

with LND exhibited lower CSM than no LND (hazard ratio [HR]: 0.35,

confidence interval [CI]: 0.18–0.68; p=.001). At 10 years, CSM was

12.6% for LND versus 30.8% for no LND. After multivariate adjust-

ment (Table 2) for age, PSA, Gleason score at biopsy and clinical

T‐stage at diagnosis and initial radiation treatment type, LND was an

independent predictor of lower CSM (HR 0.46, CI: 0.23–0.92; p=.03).

3.3 | The effect of LND extent on CSM at salvage
radical prostatectomy

First, median number of removed lymph nodes at salvage radical

prostatectomy patients was 6 (IQR, 3–11). Lymph node invasion was

identified in 24 (n = 22.6%) patients. Left skewed lymph node count

distribution (skewness, 3.17) was log‐transformed to arrive at more

normally distributed values (skewness, 1.51) of lymph node count. In

univariate Cox regression models (Table 3), increasing values of log‐
transformed lymph node count was associated with lower CSM (HR:

0.53, CI: 0.36–0.79; p < .01). Moreover, in multivariate Cox regres-

sion models, increasing lymph node count was associated with lower

CSM (HR: 0.60, CI: 0.40–0.90; p = .01). Graphical representation of

the relationship between log‐transformed lymph node count versus

CSM clearly showed an inverse relationship (Figure 2). This

relationship translated to a CSM decrease of respectively 30%, 43%,

51%, 56%, 60%, 63%, 65%, 67%, 69%, 71%, and 79% for the 1st, 2nd,

3rd, 4th, 5th, 6th, 7th, 8th, 9th, 10th, 20th removed lymph node.

Thus, the estimated reduction in hazard of CSM for the removal of

the first lymph node is 30%, but to further reduce the hazard to the

same magnitude, five lymph nodes need to be removed, and

the effect of removing more lymph nodes becomes almost negligible

after 7th lymph node. The change in CSM with each additional

removed lymph node was <1% after the 13th lymph node.

4 | DISCUSSION

We hypothesized that LND at salvage radical prostatectomy may be

associated with lower CSM. We tested this concept in a con-

temporary cohort of salvage radical prostatectomy patients and

made several noteworthy observations.

First, within the entire SEER database 2004–2016 we only

identified 427 salvage radical prostatectomy patients. This small

number sharply contrasts with other SEER‐based studies that ad-

dressed primary radical prostatectomy patients with counts of over

150,000 patients.10 This observation indicates that salvage radical

prostatectomy is performed exceedingly rarely. This fact is con-

sistent with institutional series, where a very small fraction of all

radical prostatectomy patients are treated in a salvage con-

text.3,4,6,11–14 For example, in the study of Sanderson et al. of 2739

radical prostatectomy patients (1983–2002), only 51 were treated in

the salvage radical prostatectomy context (6). Moreover, of 430

radiotherapy‐recurrent patients in the CaPSURE database, only four

TABLE 3 Univariate and multivariate Cox regression models after log transformation for count of removed lymph nodes in salvage radical
prostatectomy patients predicting cancer‐specific mortality (CSM)

Univariate analysis CSM Multivariate analysis CSM
HR 95% CI p value HR 95% CI p value

Log: Number of LN removed 0.53 (0.36–0.79) 0.001 0.60 (0.40–0.90) .01

Age 1.01 (0.99–1.04) 0.3 1.01 (0.98–1.04) .6

PSA 1.03 (1.02–1.04) <0.001 1.02 (1.02–1.03) <.001

Gleason score biopsy 6 1 (Ref) – – 1 (Ref) – –

Gleason score biopsy 7 4.33 (0.48–38.81) 0.19 2.73 (0.30–25.13) .4

Gleason score biopsy 8–10 17.85 (2.35–135.32) <0.01 5.32 (0.67–42.54) .11

Gleason score biopsy unknown 5.97 (0.82–43.36) 0.08 2.64 (0.40–19.67) .3

cT1‐2 1 (Ref) – – 1 (Ref) – –

cT3‐4 5.75 (3.36–9.83) <0.01 2.68 (1.50–4.78) <.001

cTx 7.69 (3.38–17.51) <0.01 1.79 (0.70–4.59) .2

BT 1 (Ref) – – 1 (Ref) – –

EBRT 3.01 1.30–6.96 0.01 0.78 0.23–2.63 .7

EBRT+BT 1.23 0.38–4.04 0.7 1.51 0.63–3.66 .4

Abbreviations: BT, brachytherapy; EBRT, external beam radiation therapy; LN, lymph node.
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patients (0.9%) underwent salvage radical prostatectomy.15 Despite

the rarity of this procedure and the highly select nature of salvage

radical prostatectomy patients, we identified strong and meaningful

associations that pertained to LND status (performed vs not

performed), as well as to LND extent.

Regarding LND status, LND at salvage radical prostatectomy

was associated with lower CSM. This association was equally strong

before (HR: 0.35, CI: 0.18–0.68; p<.01), as well as after multivariate

adjustment for patient and tumor characteristics (HR: 0.46, CI:

0.23–0.92; p=.03). The magnitude of CSM differences at ten years

may be illustrated with 12.6% CSM after LND versus 30.8%, when

LND was not performed. The above results illustrate the effect of

LND in most contemporary salvage radical prostatectomy setting,

and they do agree with more historical figures. For example, Pokala

et al. (n = 364, 1988–2010) reported a decrease in CSM with LND at

salvage radical prostatectomy. However, its magnitude was lower

(univariate p=.14, multivariate: 2.7‐fold higher CSM without LND,

p=.01). Greater benefit of LND in contemporary patients may be

related to differences in LND extent between the historical study of

Pokala et al. and the current data. In the historical era that was

described by Pokala et al., either no LND or very limited LND was

usually performed at radical prostatectomy in general.16 For ex-

ample, Doublet et al.16 reported an average of 8 removed lymph

nodes in their study, covering the years 1991–1993. This value

sharply contrasts with contemporary numbers of removed lymph

nodes, that range from 14 to 16.17,18

An alternative explanation for the difference in the magnitude of

CSM protective effect may be provided. For example, it may be

postulated that all newly diagnosed historical patients harbored

more important disease burden (e.g., higher T stage), relative to

contemporary patients.19 In consequence, LND may have had a more

limited effect on CSM than in contemporary patients, in whom stage

migration has resulted in significantly lower disease burden.

However, formal comparisons between historical and contemporary

LND at salvage radical prostatectomy cannot be made.

Regarding LND extent, we also identified an association,

whereby higher number of removed lymph nodes was associated

with lower CSM. Specifically, the highest effect on CSM was ob-

served for the first seven lymph nodes. After the 13th removed

lymph node, the effect on CSM became <1% for each additional

removed lymph node. The concept of the lymph node extent on CSM

has been previously described in primary radical prostatectomy

series.20,21 Unfortunately, only a few studies examined this associa-

tion in a controlled fashion and compared standard versus extended

LND. Specifically, Heidenreich et al.22 and Clarke et al.23 performed

controlled (randomized) studies of standard versus extended LND.

However, these analyses relied on limited sample sizes (n = 203 and

n = 123). Moreover, these studies were not designed to address the

F IGURE 2 Correlation between lymph node count at lymph node dissection (LND) at salvage radical prostatectomy and percentage of

cancer‐specific mortality (CSM)‐free survival after log transformation [Color figure can be viewed at wileyonlinelibrary.com]
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effect of lymph node count defined as number of removed lymph

nodes on CSM at radical prostatectomy. Our study is not an ex-

ception to the limitations in sample size regarding the effect of LND

on CSM. In consequence, our study could not provide more detailed

analyses such as those relying on pathological N1 versus N0 versus

Nx status. Additionally, relative to conventional radical prosta-

tectomy series, our observed lymph node count in the current cohort

may be interpreted as suboptimal and more efforts should be made

on the extent of LND at salvage radical prostatectomy.

Additionally, we observed lack of statistically or clinically

meaningful differences in PSA, clinical stage and Gleason score at

biopsy according to LND status (performed vs. no LND). These ob-

servations suggest that patient characteristics at initial prostate

cancer diagnosis did not affect LND rates at salvage radical prosta-

tectomy. However, based on unavailable information about long-

itudinal PSA values since diagnosis, we could not test the effect of

PSA values before salvage radical prostatectomy on either LND

status or on CSM. It should be emphasized that such values may be

difficult to interpret due to androgen deprivation therapy (ADT)

administration with radiotherapy. It is also particularly noteworthy

that a large proportion of patients also had unavailable pathological

stage and Gleason scores at salvage radical prostatectomy. Similar

limitations apply to clinical T stage and Gleason score after failed

radiotherapy and before salvage radical prostatectomy. Here,

the same considerations apply as for PSA values. Specifically, ex-

posure to ADT renders stage and grade assignment is challenging

and stage and grade are not invariably reported.5,24 It is well‐known

that exposure to ADT before radical prostatectomy renders standard

assessment of pathological stage and Gleason score and is challen-

ging or even impossible without immunohistochemical staining.25

Despite the above limitations, as well as other limitations asso-

ciated with retrospective series such as the current one, our ob-

servations are in accordance with established observations and their

effect of the natural treated history of prostate cancer. Specifically,

in general, LND is associated with lower CSM at primary radical

prostatectomy. Similarly, at primary radical prostatectomy, more

extensive LND is also associated with lower CSM.20,26 Nonetheless,

further studies focusing on similar large‐scaled national databases or

in best case scenario prospective multi‐institutional studies should

ideally validate or refute our findings, since findings from population‐
based studies may differ from nonpopulation‐based studies.27 For

example, the National Cancer Database provides a larger sample of

prostate cancer patients than the SEER database. Unfortunately, the

National Cancer Database structure does not provide CSM, instead

only overall mortality is reported. All analyses that examined the

effect of LND in the salvage, as well as primary setting relied on

CSM. In consequence, overall mortality may not represent a suffi-

ciently specific endpoint. National Cancer Database data may not

represent an ideal choice, based in this consideration. However,

large‐scale databases, such as the most contemporary version of

CaPSURE with a higher number of salvage radical prostatectomy

patients, may provide CSM outcomes in addition to more detailed

pathological specimen assessment of primary tumor and lymph

nodes. Ideally, additional analyses should also address European

patients to corroborate or refute the universality of our findings

between continents.

5 | CONCLUSION

Salvage radical prostatectomy is rarely performed and LND at sal-

vage radical prostatectomy is performed in a minority of patients.

However, LND at salvage radical prostatectomy is associated with

lower CSM. Moreover, LND extent also exerts a protective effect on

CSM. These observations should be considered in salvage radical

prostatectomy candidates.
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