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Abstract

Purpose—Subclassification of nodal stage may be of prognostic value in men with lymph node

metastases (LNM) at the time of radical prostatectomy (RP). We explored the role of extranodal

extension (ENE), size of the largest metastatic LN, size of the largest metastasis and LN density

(LND) as predictors of biochemical recurrence (BCR).

Materials and Methods—We reviewed pathological material from 261 node-positive prostate

cancer patients.

We examined the predictive value when adding the additional pathology findings to a base model

including extraprostatic extension (EPE), seminal vesicle invasion (SVI), RP Gleason score,

Prostate-Specific Antigen (PSA) and number of positive LNs, using Cox proportional hazards

regression and Harrell's c-index.

Results—The median number of LNs removed was 14 (IQR 9, 20) and the median number of

positive LNs was 1 (IQR 1, 2). With a median follow-up of 4.6 years (IQR 3.2-6.0 years), 155/261

patients experienced BCR; 5-year BCR-free survival 39% [95% CI 33%, 46%]. The median

diameter of the largest metastatic LN was 9 mm (IQR 5, 16). On Cox regression, RP specimen

Gleason score (>7 vs. ≤7), number of positive LNs (≥3 vs. 1-2), SVI and PSA were associated

with significantly increased risks of BCR. In a subset analysis, size of the metastasis significantly

improved the discrimination of the model (Harrell's C 0.700 vs. 0.655 for the base model,

p=0.032).
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Conclusion—Our study confirms that the number of positive LNs is a predictor of BCR in men

with node-positive disease. The improvement in prognostic value of measuring the metastatic

focus warrants further investigation.
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Introduction

Accurate lymph node (LN) staging is important in the management of prostate cancer. It

allows for reliably predicting prognosis and adjuvant therapy planning1. While the 1992

TNM classification included a subclassification for node-positive disease based on the size

of single LN (N1: metastasis in single node ≤ 20mm in greatest dimension, N2: 20-50 mm

or multiple nodes, N3: > 50mm), both the clinical and pathological version of the 2010

revision of the TNM system do not sub-stratify nodal metastasis and involves only three

categories: NX – regional LNs were not assessed/sampled, N0 – no positive/regional LN

metastases, N1 – metastases in regional LN(s)1.

Some researchers investigating prognostic factors influencing outcomes in prostate cancer

patients with lymph node metastasis (LNM) have suggested including number of positive

LNs, size of the largest metastasis as well as presence of micrometastasis in pN-

substaging1-4. While, the role of number of positive LN and lymph node density as

prognostic factors is well accepted2, 5-6, data regarding extranodal extension (ENE), size of

the positive LN and size of the metastatic focus within the LN remains controversial and

understudied1, 3, 7-8.

We sought to examine the prognostic role of detailed histopathological variables such as

presence of ENE, size of the metastatic LN, size of the metastatic focus within the LN and

lymph node density (LND) in men with node positive prostate cancer treated with radical

prostatectomy (RP) without adjuvant hormonal therapy.

Methods

This study is an Institutional Review Board-approved analysis of data of patients treated for

prostate cancer with RP + pelvic lymph node dissection (PLND) by one of 15 surgeons at

our institution between January 2000 – December 2008. During this timeframe, 5,208

patients underwent RP + PLND of whom 296 patients were lymph node positive. Twenty-

one patients who underwent salvage radical prostatectomy were excluded, as were patients

with missing pathology (n=8 Gleason score, 2 extraprostatic extension, EPE, 4 seminal

vesicle invasion, SVI) leaving 261 patients for analysis. Standard PLND at our institution

included removal of the external iliac, obturator and hypogastric lymph node packets9, and

none of these patients received immediate adjuvant hormonal therapy.

Postoperative surveillance included PSA measurement and physical examination at 6 weeks,

every 6 months for 5 years and annually thereafter. Biochemical recurrence (BCR) was
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defined as a prostate specific antigen (PSA) level of ≥ 0.1 ng/mL with one confirmatory rise

of detectable PSA. BCR is the outcome measured in this study.

Pathological examination

RP specimens were serially sliced in 3 to 5 mm sections, whole mounted and entirely-

submitted according to previously published methods10. All LN specimens were separately

sent for permanent section pathologic analysis; frozen section analysis was not utilized.

After fixation in 10% neutral buffered formalin, the LNs were dissected and manually

counted by the pathologists. The number of positive LNs was recorded and size of the

metastatic node measured in centimeter. The LNs were examined for presence of extranodal

extension (ENE) that was defined as presence of prostate cancer cells outside the LN

capsule infiltrating into peri-nodal tissue. Each identified node was cut when appropriate,

embedded in paraffin, sectioned at 5 micrometers (μm), stained with hematoxylin and eosin,

and examined under the microscope. No immunohistochemical stains for keratin or PSA

were used.

Pathologic LN slides were re-reviewed for a subset of 96 patients, measuring the size of the

metastatic LN in millimeter and also measuring the size of the metastatic focus within the

LN. Two pathologists (S.W.F. and L.J.T.) evaluated the RP and LN specimens. They were

blinded to the study outcome (BCR).

Statistics

Our aim was to determine if the additional pathological factors could improve the

discrimination of a model predicting BCR as compared to a base model including well-

known prognostic factors. We used Cox proportional hazards regression to test the marginal

significance of the additional pathology findings – ENE (dichotomized as yes vs. no) and

metastatic nodal size (continuous) – in a model containing other covariates known to be

predictive of BCR: EPE, SVI, pathological Gleason score (6-7 vs. 8-10), pretreatment PSA

and number of positive LNs (1-2 vs ≥ 3 LNs). We further investigated the role of LN density

(LND) calculated as the number of positive nodes divided by the total number of LNs

removed in percent (continuous), since recent studies have indicated its prognostic

importance.1, 11-14

A subset analysis was performed for the 96 patients (complete data for 91) for whom the

pathology slides were re-reviewed, also including size of the largest LN metastatic focus

(continuous variable). The characteristics of this subset were compared to the overall cohort.

Harrell's c-index was calculated using 10-fold cross validation. Recurrence free survival was

estimated by means of the Kaplan-Meier method. P-values < 0.05 were considered

significant. All analyses were performed using Stata 12.0, (Stata Corp, College Station, TX

USA).

Carlsson et al. Page 3

J Urol. Author manuscript; available in PMC 2014 September 18.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Results

Patient characteristics are reported in Table 1. The median age at surgery was 61 years and

the median preoperative PSA level was 7.9ng/mL. The majority (72%) of the patients had

palpable tumors.

On histopathological exam of RP specimens, the majority (92%) had extraprostatic

extension, and 36% had positive surgical margins. The median number of LNs removed was

14 (IQR 9, 20, range 2-48). The median number of positive LNs was 1 (IQR 1, 2, range

1-18) with 49 (19%) patients having more than 3 positive LNs. The median maximum

diameter of largest metastatic LN was 9 mm. A total of 46% showed extranodal extension

(Table 1).

With a median follow-up of 4.6years (IQR 3.2-6.0), 155/261 patients experienced BCR,

corresponding to a 5-year BCR-free survival of 39% [95% CI 33%46%] (Figure 1).

On Cox regression, RP specimen Gleason score (8-10 vs. 6-7), number of positive LNs (≥3

vs. 1-2), SVI and PSA were statistically significant independent predictors of BCR,

increasing the risk) (Table 2). None of the additional predictors from the extended

pathologic review significantly improved the discrimination of the model (Table 3). In a

subset of patients for whom the pathology slides were re-reviewed (n=96), the median size

of the largest metastatic focus in the LN was 3 mm (IQR 2, 6). In a subset analysis on this

cohort, adding this variable led to a significant increment in Harrell's C to 0.700 as

compared to 0.655 for the base model, p=0.032 (table 3). The characteristics for this subset

of patients were no different from the overall cohort, except from a slightly lower rate of

EPE (80% vs. 92%, data not shown).

Discussion

The present study aimed at identifying prognostic factors from detailed pathological

examination of LNs in men undergoing RP + PLND for prostate cancer. We sought to

explore the role of additional histopathological characteristics on the risk of BCR when

added to other risk factors such as RP specimen Gleason score and pre-operative PSA.

However, the incremental value was found to be limited for ENE, LND and metastatic LN

size, as we found no statistically significant increase in discrimination. We did observe a

statistically significant improvement in predictive value of the size of the metastatic focus,

and measurements like these could possibly be included into standard pathology report

templates, similar to what is being done in breast and head and neck cancer.

Interestingly, we observed a rather small median size of the largest metastatic LN of 9 mm.

This illustrates that the clinical presentation of node positive disease has also changed over

time, unlike in historical series, LNM observed in our experience were in large part

diagnosed microscopically and too small to be reliably detectable through intraoperative

palpation or even preoperative cross sectional imaging. Until novel imaging targeting

prostate cancer cells in the lymph node are fully integrated in clinical practice, the
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microscopic nature of the LNM diagnosed today make it difficult for the clinician to have a

reliable preoperative staging.

Studies show disparate findings regarding the usefulness of extranodal extension (ENE),

some show no association with outcome3, 15 whereas others found it to be predictive of

cancer-specific survival16. The role of ENE as a marginal prognostic factor therefore

remains uncertain and the cohorts have differed with regards to immediate ADT or hormone

treatment-naive patients and with varying proportions of aggressive disease3, 15-16. We

observed a proportion of ENE of 46% in the present study, whereas previous studies have

shown a slightly higher rate (55-70%).3, 15-16 The observation of ENE as a predictor of BCR

and survival has been suggested to co-exist/correlate with nodal tumor burden as measured

by the size of the largest metastasis.3

In a subset analysis, we found an improvement in discrimination when size of the metastatic

focus was added as a predictor. In breast cancer, the presence (vs. the absence) of occult

micrometastases ≤ 2 mm in diameter detected on examination of a section of axillary LNs

has been associated with poor overall survival in a review.17 Similar findings have been

observed in prostate cancer. Fleischmann et al reported that presence of only

micrometastasis (0.2-2 mm) as well as the diameter of the patient's largest metastasis had

prognostic value.2 Men with micrometastases had the most favorable 5-year survival,

whereas a man with one metastasis larger than >10 mm had a four-fold increased risk of

prostate-cancer specific mortality as compared to a man with smaller metastases.2 However,

the cutoff point between micro- and macrometastasis has varied in different studies.11

The median number of LN removed in our study was 14, which is in harmony with recent

series in the literature18-19. von Bodman and Cheng reported that most patients with LN

metastasis have only one or two positive nodes.5, 8, 20 The median number of positive LNs

was 1 in our study. We observed that increasing number of positive LNs was associated with

increased risk of BCR. Patients with 3 positive nodes or more had poorer outcome as

compared to those with 1-2 positive nodes, which is in concordance with the literature.4, 6, 21

Several studies have reported that the number of positive nodes is predictive of recurrence

and disease-specific death, and would be a simple way of stratifying patients with N1

disease (single versus multiple).5, 8, 20-21 Cheng et al have therefore proposed that a tumor

with a single positive LN should be classified as N1 disease and two or more positive LNs

as N2 disease.1 In a study of 703 N+ patients treated with RP and extended PLND and

adjuvant therapy, Briganti et al reported that men with up to 2 positive nodes experienced

favorable cancer-specific survival as compared to patients with 3 or more positive nodes at

15 years of follow-up – which the authors suggested reinforces a need for a stratification on

number of positive nodes when revising the pathologic TNM classification.4

Men with node-positive disease can have variable clinical outcomes and prognosis; a

proportion of men have excellent long-term survival and remain free of BCR for up to 10

years5-6, 22-24 whereas others never acquire an undetectable PSA value shortly after

surgery(5) and for whom prognosis is typically poor.11 Identifying men at highest risk of

poor prognosis would help selecting and deciding treatment management.1 Since the

Carlsson et al. Page 5

J Urol. Author manuscript; available in PMC 2014 September 18.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



presence of LN metastasis is an important prognostic factor of recurrence, accurate N-

staging is important.11 Cheng et al suggested that the TNM staging system for N-stage

should involve subclassification based on nodal cancer volume, especially the diameter of

the largest nodal metastasis as well as the number of positive nodes, as these were found to

have prognostic information. They proposed the following subclassification: pN1a: a single

positive LN with largest tumor metastasis ≤ 2 mm, pN1b=a single positive LN with largest

tumor metastasis >2 mm and pN2=multiple positive LNs, i.e. two pos LNs or more.1 Our

study suggests that measuring the size of the metastatic focus may be of value, however,

more research is required to confirm or reject this finding and although this measurement

may well be included in standard pathology report templates, pathologists do not routinely

report on LN metastatic size for prostate cancer which would be required for such a

subclassification.

Which pathological factor is of most prognostic value is not clearly understood. Some

studies have indicated that the size of the largest LN metastasis is the only factor with an

independent impact on PSA recurrence, disease-specific survival and overall survival; by

some suggested to be more important than the total number of positive LNs.1, 3, 25 Some

authors have suggested a sub-classification of pN stage, based on the size of the largest

metastasis in a single positive LN.1 Our subset analysis indicates an additive predictive

value of the size of the metastasis, a finding that warrants further investigation. However,

adding the number of positive lymph nodes (1 or 2 vs. 3 or more) to the standard N-staging

may be sufficient.

Limitations of our current study include a rather short follow up limiting the analysis to

BCR outcome instead of overall survival and cancer specific survival. Inconsistent findings

between the different studies looking at this subject may be due to differences in the size of

the study population, statistical methods applied, patients' characteristics and even possibly

therapeutic differences. Strengths include a research quality pathological review dedicated to

the purpose of the study, an adequate and homogeneous patient cohort uniformly treated

with RP and PLND without immediate ADT, allowing for observation of the “natural

course” of the disease in this patient population with regards to time to BCR and the role of

histopathological LN characteristics. Further larger studies are needed to confirm or reject

our conclusions.

Conclusion

Our study confirms that the number of positive LNs is a predictor of BCR in men with node-

positive disease. The improvement in prognostic value of measuring the metastatic focus
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Key of definitions of abbreviations

LNM lymph node metastases

RP radical prostatectomy

ENE extranodal extension

LND LN density

BCR biochemical recurrence

EPE extraprostatic extension

SVI seminal vesicle invasion

PSA Prostate-Specific Antigen

IQR Inter Quartile Range

PLND pelvic lymph node dissection

ADT Androgen Deprivation Therapy
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Figure 1. BCR-free survival for cohort
5-year BCR-free survival 39% (95% CI 33%, 46%)
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Table 1

Patient characteristics.

N=261

Age at surgery, yrs 61 (56, 66)

Pre-operative PSA, ng/mL 7.9 (5.2, 13.6)

Clinical T stage

 T1b 1 (<1%)

 T1c 65 (25%)

 T2 137 (52%)

 T3 53 (20%)

 T4 1 (<1%)

TX/missing 4 (2%)

Pathological RP specimen Gleason score

 6 2 (1%)

 7 124 (48%)

 8-9 135 (52%)

Extraprostatic extension 239 (92%)

Seminal vesicle invasion 112 (43%)

Positive surgical margins 94 (36%)

Histopathological lymph node review

Extranodal extension, n=194 89 (46%)

Number of lymph nodes removed (nodal yield) 14 (9, 20) Range:2-48

Number of positive lymph nodes 1 (1, 2) Range: 1-18

Positive lymph nodes, categorical

 1 LN+ 155 (59%)

 2 LN+ 57 (22%)

 ≥3 LN+ 49 (19%)

Maximum diameter of largest metastatic LN, mm, n=188 9 (5, 16)

Lymph node density, %, n=261 11 %(7%, 19%)

Maximum diameter of largest metastatic focus in LN, mm, n=96 3 (2, 6) Range: 0.4-21

Values presented are median (IQR) or frequency (%). LN= lymph node
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Table 2
Cox regression (n=261)

Covariate Hazard ratio 95% CI p-value

EPE (yes vs. no) 1.38 0.69-2.74 0.4

SVI 1.46 1.04-2.04 0.027

PSA 1.01 1.00-1.02 0.026

RP Gleason Score (8-10 vs. 6-7) 1.92 1.36-2.72 <0.001

Number of positive lymph nodes (≥3 vs. 1-2) 1.84 1.24-2.73 0.002

EPE=extraprostatic extension, SVI=seminal vesicle invasion, PSA=prostate-specific antigen, RP=radical prostatectomy
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Table 3
Harrell's Concordance Index

Base model Harrell's C p-value**

Base Model + ENE (yes vs. no) (n=194) 0.657 0.667 0.078

Base Model + LND (continuous) (n=261) 0.667 0.676 0.19

Base Model + Metastatic LN Size (continuous) (n=188) 0.658 0.655 0.12

Base Model + Size of metastasis (n=96) 0.655 0.700 0.032

*
Base model includes EPE (yes vs. no), SVI (yes vs. no), RP specimen Gleason score (yes vs. no), PSA (continuous) and number of pos LNs

(dichotomized as 1-2 vs.≥3 pos LNs).

**
Test for marginal significance of additional variable.
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