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Abstract

Objective To investigate clinical factors associated to lymphnodal metastasis load in patients who underwent to radical
prostatectomy (RP) and extended pelvic lymph node dissection (ePLND).

Materials and methods Between November 2014 and December 2019, ET was measured in 617 consecutive patients not
under androgen deprivation therapy who underwent RP and ePLND. Lymphnode invasion (LNI) was codified as not present
(N=0) or with one (N=1) or more than one metastatic node (N> 1). The risk of multiple pelvic lymph node metastasis (N> 1,
mPLNM) was assessed by comparing it to the other two groups (N> 1 vs. N=0 and N> 1 vs. N=1). Then, we assessed the
association between ET and lymphnode invasion for standard predictors, such as PSA, percentage of biopsy positive cores
(BPC), tumor stage greater than 1 (cT> 1) and tumor grade group greater than two (ISUP > 2).

Results Overall, LNI was detected in 70 patients (11.3%) of whom 39 (6.3%) with N=1 and 31 (5%) with N> 1. On multi-
variate analysis, ET was inversely associated with the risk of N> 1 when compared to both N=0 (odds ratio, OR 0.997; CI
0.994-1; p=0.027) as well as with N=1 cases (OR 0.994; 95% CI 0.989-1.000; p =0.015).

Conclusions In clinical PCa, the risk of mPLNM was increased by low ET levels. As ET decreased, patients had an increased
likelihood of mPLNM. Because of the inverse association between ET and mPLNM, higher ET levels were protective against
aggressive disease. The influence of locally advanced PCa with high metastatic load on ET levels needs to be explored by
controlled trials.

Keywords Prostate cancer - Radical prostatectomy - Extended lymph node dissection - Endogenous testosterone - Locally
advanced prostate cancer - Lymph node metastases
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Prostate cancer (PCa) worldwide is the second most incident
solid cancer and represents a pivotal health related problem
for the aging male [1]. According to guidelines, surgery rep-
resents a valid therapeutic option for most of non-metastatic
PCa patients with a life-expectancy over 10—15 years. When
surgery is selected, lymphnode dissection with an extended
template (ePLND) should be performed when the risk of
lymphnodal invasion exceeds 5%, according to the estima-
tion provided by integrated predictive systems based on pre-
operative features [2]. Any available diagnostic tool to date
suffers from significant inaccuracy concerning lymphnodal
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staging in PCa and, therefore, the main objective of ePLND
remains the correct definition of lymphnodal involvement
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[3]. Nonetheless, it also provides some additional prognostic
information by estimating the burden of lymphnodal involve-
ment and, probably, could exert a curative role in case of
very limited (< 2) involvement [4].

Endogenous testosterone (ET) levels have a well-estab-
lished role with the development and progression of PCa,
showing significant associations with tumor biology. The
relationship between pre-operative testosterone serum levels
and prostate cancer stage and grade is debated. Indeed, some
evidence suggests a linear correlation between pre-operative
androgen levels and aggressiveness of PCA [5, 6]. How-
ever, other authors found that low levels of testosterone are
associated with more aggressive PCA [7-10]. Specifically,
in the recent literature, a very few studies are present on the
relationship between testosterone levels and nodal invasion.

With the present study we investigated the hypothesis that
ET levels could be associated with the lymphnodal meta-
static burden in patients undergoing RP with ePLND.

Materials and methods
Patients and methods

The study was retrospective and approved by internal Institu-
tional Review Board. Informed signed consent was obtained
by patients. Data were collected prospectively but evaluated
retrospectively. In a period ranging from November 2014
to December 2019, all consecutive patients received ET
measure before RP within a prospective project that aimed
at collecting this data for all surgical candidates. Overall,
617 consecutive patients undergone RP plus ePLND were
considered for the present analysis.

ET (ng/dL) was measured at our lab at least one
month after biopsies between 8.00 and 8.30 a.m. by
radioimmunoassay.

PSA (ng/mL), age (years), body mass index (BMI; kg/
m?), prostate volume (PV, mL) and biopsy positive cores
(BPC; percentage) were also calculated in each case. Clini-
cally and pathologically, tumors were staged according to
the TNM system [2, 4]. Procedures were performed by the
robot assisted approach (RARP) in 534 out of 617 patients
(86.5%). ePLND was performed according to guideline rec-
ommendations [2, 4]. The decision to perform an extended
lymph node dissection was mainly based on pre-operative
nomograms showing a risk of lymph node invasion greater
than 5% [11]. In the low and intermediate risk categories,
ePLND was decided according to EAU recommendations
and factors predicting tumor upgrading [12—14]. Lymph
node dissection was developed according to a standard ana-
tomical template including external iliac, obturator, Clo-
quet’s and Marcille’s regions [15, 16]. Specimens were eval-
uated for tumor grade and stage, surgical margins, number
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of removed and metastatic lymph nodes [2, 4]. Tumors were
graded according to the International Society of Urological
Pathology (ISUP) system; furthermore, tumor load (TL) was
also evaluated as percentage of cancer involving the prostate
gland.

Perioperative surgical risk was evaluated by the Ameri-
can Society of Anesthesiologists (ASA) score system [17].
Postoperative surgical complications were graded according
to the Clavien—Dindo system for a period of 90 days [18].
Hospital readmission events were also evaluated.

Study design and statistical methods

The study investigated on association between ET levels and
aggressive PCA, which was defined by the event of detect-
ing multiple pelvic lymph node metastases (mPLNM) after
ePLND.

As such, pathological status of dissected lymph nodes
was codified at three levels including no LNI (N=0), one
lymph node metastasis (N=1) and more than one metastatic
lymph node (N> 1). According to their distributions, con-
tinuous variables were represented as medians with relative
interquartile ranges (IQR) while categorical factors were
assessed as frequencies (percentages). Associations of ET
with the risk of pelvic lymph node metastases (overall, single
and multiple) were assessed by the binomial and multino-
mial logistic regression model (univariate and multivariate
analysis). Receiver operating characteristics (ROC) curves
with relative areas under the curve (AUC) were evaluated for
independent variables predicting the risk of mPLNM. Accu-
racy of multivariate models predicting the risk of mPLNM
were assessed by classifications after stratifying the expo-
sure variable (ET) into quartile levels and after adjusting
for independent standard clinical predictors. The software
used to run the analysis was IBM-SPSS version 26. All tests
were two-sided with p < 0.05 considered to indicate statisti-
cal significance.

Results

a) Demographics of overall, pNO vs pN + PCa
population

Demographics of overall and stratified patient population
is reported in Table 1. Clinical classes were low risk in 78
patients (12.6%), intermediate risk in 343 subjects (55.6%)
and high risk in 196 cases (31.8%). ASA system scored one
in 58 cases (9.4%), two in 506 patients (82%) and three in
53 subjects (8.6%). Clavien—Dindo complications were
grade 1-2 in 152 patients (24.6%) and grade 3 up to 4a in
42 cases (6.8%). Median (IQR) of length of hospital stay was
4 days (4-5 days). Readmissions occurred in 5.1% of cases.
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Table 1 Baseline patient characteristics by levels of lymph node invasion

Total patients

Number of metastases in dissected loco-regional lymph nodes

Zero One or more than one  One More than one
N (%) 617 547 (88.7) 70 (11.3) 39 (6.3) 31 (5)
Clinical factors (*)
Endogenous testosterone; ET (ng/ 432.4 (339.8-535.3) 433 (340.3-538.9) 416.3 (332.5-493.5) 443.8 (363.1-536.6) 382.2 (330.6-465)

dL)
Body mass index; BMI (kg/m?) 25.6 (23.7-28.1) 25.6 (23.7-28)
Age (years) 66 (61.70) 66 (61-70)
Prostate specific antigen; PSA 6.7 (4.9-9.4) 6.5 (4.9-8.9)
(ng/mL)
Prostate volume; PV (mL) 40 (30-54) 40 (30-53)
Biopsy positive cores; BPC (%) 33 (21-50) 32.1 (21-50)
International Society of Urologic 377 (64.1) 349 (63.8)
Pathology (ISUP) tumor grade
system ISUP< 3
ISUP>2 240 (38.9) 198 (36.2)
Tumor stage (cT)
cTl 331 (53.6) 310 (56.7)
cT2 286 (46.4) 237 (43.2)
Nodal stage (cN)
cNO 583 (94.5) 518 (94.7)
cN1 34 (5.5) 29 (5.3)
Pathological factors (*)
Prostate weight; PW (grams) 52 (42-65) 51 (41-65)
Tumor load; TL (%) 20 (10-30) 20 (10-30)
International Society of Urologic 442 (71.6) 232 (42.4)
Pathology (ISUP) tumor grade
system ISUP <3
ISUP>2 175 (28.4) 315 (57.6)
Pathological tumor stage (pT)
pT2 453 (73.5) 426 (77.9)
pT3a 70 (11.3) 63 (11.5)
pT3b 94 (15.2) 58 (10.6)
Positive surgical margins (PSM) 442 (71.6) 409 (74.8)
no PSM
PSM 175 (28.4) 138 (25.2)
Number of dissected lymph 24 (18-32) 24 (17.7-31)

nodes; LN (n)

25.9 (24.3-28.3) 25 (23.9-27) 27.4 (24.7-29.9)
67 (62-71) 68 (63-71) 66 (61-71)
8.4 (5-14.3) 7.2 (5-11.2) 12.1 (6.8-20.5)
45 (32.8-59.3) 45 (30-60) 45 (38-59)
50 (32.5-73.5) 45 (25-71) 58 (40-80)
28 (40) 19 (48.7) 9 (29)

42 (60) 20 (51.3) 22 (71)

21 (30) 11(28.2) 10 (32.3)

49 (70) 28 (71.8) 21 (67.7)

65 (92.9) 38 (97.4) 27 (87.1)
5(7.1) 1(2.6) 4(12.9)
55.3 (45-71.3) 55 (45-70.8) 55.6 (45-74)
30 (20-50) 30 (20-50) 40 (20-50)
3(4.3) 2(5.1) 1(3.2)

67 (95.7) 37 (94.9) 30 (96.8)

27 (38.6) 18 (46.2) 9 (29)

7(10) 5(12.8) 2(6.5)

36 (51.4) 16 (41) 20 (64.5)

33 47.1) 17 (43.6) 16 (51.6)

37 (52.9) 22 (56.4) 15 (48.4)

28 (22-36) 27 (21-36) 31 (24-37)

(*), Distribution of continuous factors are reported as medians with relative interquartile (IQR) ranges while categorical factors are reported as
frequency with relative percentage (%)

Overall, LNI was detected in 70 patients (11.3%) of whom
39 (6.3%) with one lymph node metastasis and 31 (5%) hav-
ing more than one metastatic lymph node.

b) Inverse association between ET and risk
of mPLNM (univariate analysis)

Associations between factors and risk of LNI are reported
in Table 2. As shown, standard factors confirmed their asso-
ciation with the risk of pN1 disease. When patients were
stratified according to levels of metastatic load, ET and BMI

associated with the risk of mPLNM when compared to pNO
cases; furthermore, the association was inverse for the for-
mer (odds ratio, OR 0.997; 95% CI 0.994-1.000; p =0.029)
and direct for the latter (OR 1.134; 95% CI 1.023-1.256;
p=0.017). In metastatic patients, the risk of mPLNM was
only predicted by ET, BMI and BPC, as well. Considering
factors related to the surgical specimen, high tumor grade
(ISUP>2), seminal vesicle invasion and positive surgical
margins associated with features of LNI. Furthermore, the
number of dissected lymph nodes were higher for cases
with mPLNM compared to negative cases; however, the
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Table 2 Associations of clinical and pathological factors with the risk of lymph node metastases in patients with clinical prostate cancer (uni-

variate analysis)

Metastases in one or more
lymph nodes vs none

Metastases in one lymph

node vs none

Metastases in more than one

lymph node vs none

Metastases in more than
one lymph node vs one

Clinical factors OR (95% CI) pvalue  OR (95% CI) pvalue  OR (95% CI) p value OR (95% CI) p value

ET 0.999 (0.997- 0.209 1.000 (0.998- 0.864 0.997 (0.994— 0.029 0.996 (0.992— 0.053
1.001) 1.002) 1.000) 1.000)

BMI 1.032 (0.957- 0.418 0.947 (0.854— 0.301 1.134 (1.023- 0.017 1.213 (1.035- 0.017
1.112) 1.050) 1.256) 1.418)

Age 1.025 (0.985- 0.223 1.040 (0.985- 0.154 1.008 (0.952— 0.781 0.969 (0.911— 0.154
1.067) 1.097) 1.067) 1.015)

PSA 1.053 (1.025- <0.0001 1.030 (0.989- 0.156 1.072 (1.038- <0.0001  1.041 (0.997- 0.069
1.082) 1.072) 1.107) 1.088)

PV 1.010 (0.998- 0.118 1.007 (0.990- 0.426 1.013 (0.997— 0.12 1.007 (0.984— 0.561
1.022) 1.023) 1.030) 1.029)

BPC 1.027 (1.017- <0.0001 1.019 (1.006— 0.005 1.038 (1.023— <0.0001  3.565 (1.321- 0.012
1.037) 1.032) 1.052) 9.610)

ISUP<3 Ref

ISUP>2 2.644 (1.589- <0.0001 1.855(0.967- 0.063 4.309 (1.946- <0.0001  2.322 (0.856— 0.098
4.318) 3.560) 9.540) 6.299)

cT<2 Ref

cT>1 3.052 (1.781- <0.0001 3.329 (1.624 0.001 2.747 (1.270- 0.01 0.825 (0.296— 0.713
5.229) -6.824) 5.943) 2.303)

cNO Ref

cN1 1.374 (0.514— 0.527 0.470 (0.062— 0.464 2.646 (0.868— 0.087 5.630 (0.596— 0.132
3.674) 3.545) 8.067) 53.207)

Pathological fac-  OR (95% CI) pvalue  OR (95% CI) pvalue  OR (95% CI) p value OR (95% CI) p value

tors

PW 1.011 (1.000~ 0.055 1.012 (0.995- 0.191 1.013 (0.997- 0.124 1.003 (0.982— 0.804
1.023) 1.025) 1.029) 1.024)

TL 1.040 (1.027- <0.0001 1.039 (1.023- <0.0001 1.042 (1.024- <0.00001 1.002 (0.983- 0.813
1.053) 1.054) 1.058) 1.022)

ISUP<3 Ref

ISUP>2 16.449 (5.110- <0.0001 13.625 (3.251- <0.0001 22.095 (2.992- 0.002 1.622 (0.140- 0.699
52.945) 57.104) 163.192) 18.730)

pT2 Ref

pT3a 1.735 (0.733- 0.207 1.878 (0.674— 0.228 1.503 (0.317- 0.608 0.800 (0.129— 0.811
4.194) 5.288) 7.114) 4.960)

pT3b 9.793 (5.541- <0.0001 6.529 (3.155- <0.0001 16.322 (7.095- <0.00001 2.500 (0.888- 0.083
17.307) 13.509) 37.550) 7.042)

NSM Ref

PSM 3.323 (2.001- <0.0001 3.835(1.979- <0.0001 2.799 (1.339- 0.006 0.724 (0.281- 0.505
5.519) 7.433) 5.678) 1.868)

LN 1.031 (1.011- 0.002 1.022 (0.996— 0.098 1.041 (1.014— 0.003 1.019 (0.984— 0.292
1.051) 1.048) 1.069) 1.055)

significance disappeared when comparing between meta-

static cases.

c) Low ET levels increased the risk of mMPLNM
(univariate analysis)

associations were investigated on clinical and pathologi-
cal factors (univariate analysis). As shown in Table 3,
low ET levels associated with the risk of multiple LNI.
Specifically, the risk of mPLNM increased by ET levels
within the first quartile, compared to levels above the
third quartile, for both cases with no LNI (OR 3.801; 95%

As shown in Fig. 1, ET and BMI inversely correlated
to each other. So far, ET was stratified by quartiles and

CI 1.038-13.923; p=0.044) as well subjects with one
lymph node metastasis (OR 5.238; 95% CI 1.057-25.966;
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Fig.1 Scatterplot of endogenous testosterone (ET; ng/dL) versus
body mass index (BMI; kg/m?) in 617 prostate cancer patients who
underwent radical prostatectomy with extended pelvic lymph dissec-

p=0.043). Figure 2 illustrates box plots of ET levels strati-
fied by the number of metastatic nodes. As shown, lower
median ET levels were detected in patients with mPLNM
when compared to patients without or with only one LNI.
Figure 3 shows the distributions of mPLNM by ET quar-
tiles; as illustrated, rates of multiple LNI were higher in
patients with ET levels within the first quartile (35.5%)
compared to cases with ET levels above the third quartile
9.7%).

d) ET as an independent protective factor
against the risk of mPLNM

On multivariate analysis, standard clinical parameters pre-
dicted overall LNI, as illustrated in Table 4. Compared to
pNO patients, patients with one metastasis were predicted
only by BPC and cT > 1 while mPLNM, beyond standard
factors, were predicted by ET with BMI losing significance.

In metastatic patients, only ET (OR 0.994; 95% CI
0.989-1.000; p=0.015) and BMI (OR 1.275; 95% CI
1.046-1.511; p=0.015) remained independent predictors.
ROC curves of clinical factors predicting mPLNM compared
to pNO and cases with one LNI are shown in Figs. 4 and 5,
respectively. As shown, higher ET levels were protective
against aggressive PCa evaluated as mPLNM in the surgi-
cal specimen.

tion. ET and BMI were inversely correlated (Pearson’s correlation
coefficient, r=— 0.210; p<0.0001). The regression lines with 95%
confidence intervals are also reported

e) Low ET increased accuracy of multivariate models
predicting the risk of mPLNM

Table 5 shows two multivariate models predicting the risk
of mPLNM compared to no LNI (model I) as well as LNI
with one metastatic lymph node (model II). ET, the exposure
variable, is stratified by quartiles, which are referred to val-
ues above the third quartile. Considering model I, the risk of
mPLNM was increased by ET levels within the first quartile
(OR 4.744; 95% CI 1.073-21.234; p=0.040) after adjust-
ing for PSA, BPC and ISUP > 2; moreover, model accuracy
was increased by ET up to 94.6%. Evaluating model II, the
risk of mPLNM was also increased by ET levels up to the
first quartile (OR 10.561; 95% CI 1.444-77.233; p=0.020)
after adjusting for BMI, PSA, BPC and ISUP > 2; further-
more, model accuracy improved from 64.3% (without ET)
up to 74.3% (including ET). Further details are reported in
Table 5.

Discussion

Risk of LNI above the pelvis, which is coded as stage
MIla according to the actual TNM system, is higher for
mPLNM than for cases with low metastatic load. Indeed,
disease staged as locally advanced with mPLNM indi-
cates aggressive biology for involving multiple lymphatic
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Table 3 Associations of factors with endogenous testosterone levels stratified by quartiles in 617 patients who underwent extended pelvic lymph

node dissection

Endogenous testosterone by quartiles (ng/dL)

Q1:<340.1 Q2:340.2-432 Q3:433-535.2 Q4:>5353
N (%) 154 (25) 155 (25,1) 154 (25) 154 (25)
ET (ng/dL) 279.4 (231-307.5) 386.5 (364.5-505.4) 479.8 (459.5-505.4) 610.7 (558.8-683.9)
Clinical factors
BMI (kg/m?) 26.4 (24.6-29.4) 26 (23.8-28.4) 25.3(23.7-27.2) 24.7 (23.1-27.2)
OR (95% CI) 1.211 (1.125-1.304) 1.126 (1.047-1.272) 1.054 (0.980-1.134) Ref
p value <0.0001 0.001 0.158
Age (years) 67 (62-71) 65 (60-69.2) 65.5 (60-70) 67 (61-71)
OR (95% CI) 1.002 (0.967-1.038) 0.959 (0.926-0.993) 0.979 (0.945-1.014) Ref
p value 0.92 0.02 0.237
PSA (ng/mL) 6.8 (4.7-8.5) 6.8 (4.9-9.7) 7.2 (5.0-10.2) 6.2 (5.0-8.7)
OR (95% CI) 1.002 (0.978-1.027) 0.998 (0.972-1.024) 1.004 (0.980-1.028) Ref
p value 0.859 0.871 0.751
PV (mL) 40.5 (30-51.5) 38.1 (30-52) 40.1 (32.6-55) 41 (30-55)
OR (95% CI) 0.996 (0.984-1.018) 0.995 (0.983-1.007) 1.005 (0.993-1.017) Ref
p value 0.545 0.445 0.399
BPC (%) 37 (21-54.5) 33 (21-50) 33.3 (25-56.3) 31.1 (20-50)
OR (95% CI) 1.003 (0.993-1.013) 1.001 (0.991-1.011) 1.005 (0.995-1.014) Ref
p value 0.55 0.863 0.341
ISUP < 3 (ref) 93 (60.4) 101 (65.2) 98 (63.6) 85(55.2)
ISUP>2 61 (39.6) 54 (34.8) 56 (36.4) 69 (44.8)
OR (95% CI) 0.808 (0.514-1.271) 0.659 (0.416-1.042) 0.704 (0.446-1.112) Ref
p value 0.356 0.074 0.132
cT1 (ref) 74 (48.1) 84 (54.2) 86 (55.8) 87 (56.5)
cT>1 80 (51.9) 71 (45.8) 68 (44.2) 67 (46.3)
OR (95% CI) 1.404 (0.896-2.199) 1.098 (0.701-1.719) 1.027 (0.655-1.610) Ref
p value 0.139 0.684 0.909
cNO (ref) 143 (92.9) 148 (95.5) 149 (96.8) 143 (92.9)
cN1 11(7.1) 7 (4.5) 5@3.2) 11(7.1)
OR (95% CI) 1.000 (0.420-2.380) 0.615 (0.232-1.630) 0.436 (0.448-1.287) Ref
p value 0.999 0.328 0.133
Pathological factors
PW (grams) 52.3 (41-65) 50 (41-64) 50.6 (41.9-66.3) 55 (44.5-69)
OR (95% CI) 0.998 (0.986-1.009) 0.996 (0.984-1.007) 0.998 (0.987-1.009) Ref
p value 0.668 0.448 0.998
TL (%) 20 (10-30) 20 (10-30) 20 (10-30) 20 (10-30)
OR (95% CI) 0.996 (0.984-1.009) 0.995 (0.982-1.008) 0.995 (0.982-1.008) Ref
p value 0.57 0.878 0.995
ISUP < 3 (ref) 60 (39) 62 (39.7) 56 (36.4) 57 (37)
ISUP>2 94 (61) 93 (60.3) 98 (63.6) 97 (63)
OR (95% CI) 0.921 (0.581-1.459) 0.881 (0.557-1.394) 1.028 (0.647-1.635) Ref
p value 0.725 0.59 0.906
pT2 (ref) 107 (69.5) 119 (76.8) 109 (70.8) 118 (76.6)
pT3a 23 (14.9) 16 (10.3) 18 (11.7) 13 (8.4)
OR (95% CI) 1.951 (0.942-4.043) 1.220 (0.562-2.469) 1.499 (0.701-3.203) Ref
p value 0.072 0.614 0.296
pT3b 24 (15.6) 20 (12.9) 27 (17.5) 23 (14.9)
OR (95% CI) 1.151 (0.614-2.158) 0.862 (0.450-1.654) 1.271 (0.688-2.348) Ref
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Table 3 (continued)

Endogenous testosterone by quartiles (ng/dL)

Q1:<340.1 Q2:340.2-432 Q3:433-535.2 Q4:>535.3
p value 0.662 0.656 0.444
No PSM (ref) 115 (74.7) 106 (68.4) 118 (76.6) 103 (66.9)
PSM 39 (25.3) 49 (31.6) 36 (23.4) 51 (33.1)
OR (95% CI) 0.685 (0.418-1.123) 0.934 (0.580-1.504) 0.616 (0.373-1.018) Ref
p value 0.134 0.778 0.059
LN (n) 24 (18-31.3) 25 (18-32) 25 (18-32) 24 (17-32)
OR (95% CI) 1.003 (0.985 -1.022) 1.012 (0.994-1.030) 1.007 (0.989-1.026) Ref
p value 0.73 0.203 0.45
Number of lymph node
metastases (N)
N=0 (ref) 136 (24.9) 136 (24.9) 134 (24.5) 141 (25.8)
N=1 7(17.9) 11 (28.2) 11 (28.2) 10 (25.6)
0.726 (0.269-1.961) 1.140 (0.469-2.772) 1.157 (0.476-2.814) Ref
0.527 0.084 0.747
N>1 11 (35.5) 8(25.8) 9(29) 309.7)
3.801 (1.038-13.923) 2.765 (0.718-10.641) 3.157 (0.837-11.910) Ref
0.044 0.139 0.69
N=1 (ref) 7(17.9) 11 (28.2) 11 (28.2) 10 (25.6)
N>1 11 (35.5) 8(25.8) 9(29) 309.7)
5.238 (1.057-25.966) 2.424 (0.500-11.761) 2.727 (0.522-13.008) Ref

0.043

0.272

0.208

Distribution of factors are reported as medians with relative interquartile (IQR) ranges while categorical factors are reported as frequency with
relative percentages (%); see also Table 1 for legend of factors

OR odds ratio; CI confidence interval

0k

loco @ ©

Fig.2 Box plots of endogenous testosterone (ET) levels stratified by the number of metastatic nodes. As shown, lower median ET levels were
detected in patients with mPLNM when compared to both patients without or with only one lymph node invasion
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Fig.3 The figure shows the distributions of patients with multiple
pelvic lymph metastases stratified endogenous testosterone (ET) quar-
tiles; as illustrated, rates were higher in patients with ET levels within

pathway networks that increase the risk of invading ret-
roperitoneal lymph nodes, which indicate that the disease
has become systemic. In our study, the median (IQR) of
removed was 24 (18-32), which is far away from stand-
ard assessed limits for defining an ePLND appropriate for
anatomical staging of pelvic lymph nodes; as such, our
results are supported by high quality ePLND. Metastases
occurred at loco-regional pelvic lymph nodes in 11.3% of
cases, of whom 5% were high load for including more than
one metastatic node; so far, when ePLND was performed,
the rate of metastatic patients having mPLNM was 44.3%,
which means that almost one out of two patients were
likely to have more than one metastatic node at the pathol-
ogy report. So far, ePLND increased not only clinical
under-staging but also level of LNI for stratifying patients
into low and high metastatic load, which is an important
criterion for coding the disease as aggressive or not. We
showed that ET was a further independent clinical param-
eter to consider beyond well-known standard predictors.
The results of our study have shown that low ET levels
not only are associated with the risk of mPLNM but also
increased accuracy of the multivariate model; as such, ET
was able to discriminate levels of pelvic metastatic load in
clinical PCa staged anatomically with ePLND. Therefore,
the results of our study represent a novelty of the academic
literature dealing with this specific topic.

@ Springer

the first quartile (35.5%) compared to cases above the third quartile
(9.7%). See also Table 3

Development and progression of PCa is a multistep-pro-
cess and involves several factors including genetics, life-
style, diet and ET levels as well; however, the association
between ET levels and PCa biology is a controversial issue,
which still remains unsettled since controlled studies are
missing; furthermore, ET levels should be measured on a
chronic basis [19-21]. The association of ET with the risk of
aggressive PCa biology has been reported as direct, inverse
or even null; furthermore, associations with PCa have been
investigated with grade, stage or cancer involving surgical
margins. Associations with pN stage have also been explored
with findings showing that low ET levels indicated aggres-
sive disease for locally advanced cancers. In 1985, a Brit-
ish study investigating on 98 non-metastatic advanced PCa
patients treated with endocrine therapy and showed that
basal ET levels above the median as well as lower Gleason
grade indicated better prognosis; on multivariate analysis,
low ET levels and high Gleason score still associated with a
poor prognosis; however, although the study included not-
metastatic locally advanced tumor stage, it did not staged
pelvic lymph nodes; as such, we suppose that part of the
non-metastatic population with extra-prostatic extension
had also locally advanced disease for LNI at pelvic nodes;
so far, ET measurements indicated feasibility of selecting
a poor prognostic group of patients [22]. In 2003, a North
American study investigated on 879 PCa patients treated
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Table 4 Associations of clinical and pathological factors with the risk of different levels of lymph node metastases in patients with clinical pros-
tate cancer (multivariate analysis)

Metastases in one or more

lymph nodes vs none

node vs none

Metastases in one lymph

Metastases in more than one
lymph node vs none

Metastases in more than

one lymph node vs one

Clinical model OR (95% CI) pvalue  OR (95%CI) p value OR (95% CI) pvalue  OR (95% CI) p value
ET 0.997 (0.994— 0.027 0.994 (0.989— 0.015
1.000) 1.000)
BMI 1.257 (1.046— 0.015
1.511)
Age
PSA 1.039 (1.008- 0.013 1.048 (1.014— 0.005
1.071) 1.084)
PV
BPC 1.019 (1.008- 0.001 1.016 (1.003— 0.014  1.026 (1.010- 0.002
1.030) 1.030) 1.043)
ISUP<3 Ref Ref
ISUP>2 2.005 (1.166— 0.012 3.340 (1.412- 0.006
3.447) 7.804)
cT<2 Ref
cT>1 2.592 (1.480- 0.001 3.112 (1.511- 0.002
4.540) 6.409)
cNO Ref
cN1
Pathological model OR (95%CI) pvalue  OR (95% CI) p value OR (95% CI) pvalue  OR (95% CI) p value
PW
TL 1.019 (1.004— 0.015 1.021 (1.003— 0.024
1.035) 1.040)
ISUP<3 Ref
ISUP>2 10.400 (3.085— <0.0001 9.401 (2.152~ 0.003  12.246 (1,170~ 0.013
35.062) 41.062) 114,672)
pT2 Ref
pT3a
pT3b 3.788 (2.079- <0.0001 2.508 (1.171- 0.018 8.513 (3.701- <0.0001
6.902) 5.371) 19.583)
No PSM Ref
PSM 1.817 (0.997- 0.051
3.310)
LN 1.038 (1.013-1.064 0.003 2.194 (1.047- 0.037  1.051 (1.015- 0.005
4.598) 1.089)

OR odds ratio; CI confidence interval; see also Table 1 for legend of factors

with RP showing that lower pretreatment ET associated
with non-organ confined disease in the surgical specimen;
furthermore, although ET was an independent predictor of
extra-prostatic disease, it did predict biochemical recur-
rence; however, the trial was limited for lymph node dis-
section, which was not extended and did not reported the
number of dissected and positive nodes; furthermore, asso-
ciations with LNI were not investigated for the low inci-
dence of events (only 15 cases out of 879 patients); finally,
it did not control for ET circadian rhythm and BMI [7]. In
2005, another North American trial explored the relation-
ship between pre-operative testosterone and pathological

stage and progression in PCa patients treated with RP; the
study showed that lower testosterone levels correlated with
adverse pathological stage including extra-prostatic exten-
sion, seminal vesicle invasion and/or nodal metastasis as
did standard clinical factors including PSA, clinical stage
and biopsy grade; however, no relationships were detected
between testosterone and biochemical recurrence after
adjusting for clinical covariates; furthermore, the study
was limited for being retrospective, for the cohort, which
included 326 patients, for methods, since LNI was associated
with advanced pathological stage; finally, lymph dissection
was not extended and data on lymph nodes status (number
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Fig.4 Receiver operating characteristic (ROC) curves of clinical
factors predicting the risk of multiple pelvic lymph node metasta-
ses (MPLNM) compared to cases without any. Area under the curve
(AUC) was 0.703 (95% CI 0.588-0.819; p=0.001) for prostate spe-
cific antigen (PSA), 0.777 (95% CI 0.704-0.850; p<0.0001) for

of dissected and positive nodes) was not reported [23]. In
2005, a Japan study also investigated on pre-operative tes-
tosterone levels in 82 patients with clinically localized PCa
treated with RP; the researchers detected significantly lower
testosterone levels in non-organ confined disease including
extra-prostatic extension (pT3 disease) with LNI compared
to patients with organ confined PCa; furthermore, investiga-
tors found out that ET was an independent predictor of extra-
prostatic disease associated with LNI, pathology Gleason
score and PSA; however, ET did not have any impact on bio-
chemical recurrence; moreover, the study was limited mainly
for the cohort including only 82 cases, for the limits related
to anatomical staging as well as for including only four
patients having pN1 disease [24]. In 2011, a North Euro-
pean study while investigating on pre-operative testosterone
levels also showed that significantly lower testosterone levels
were detected in patients with LNI when compared to cases
without metastases; however, the study compared patients
having at the same time high grade tumors and lymph node
metastases, was retrospective with the cohort including only
217 cases and did report the number of dissected and posi-
tive nodes; moreover, LNI was detected in only 19 patients
[25]. In 2014, a German study investigating on ET levels in
510 men with clinically localized PCa treated with surgery
find out that obesity and not ET associated with pN1 disease;
however, the study had several limitations for staging (40
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biopsy positive cores (BPC), 0.674 (95% CI 0.578-0.769; p <0.0001)
for tumor grade group>2 according to International Society of Uro-
logic Pathology (ISUP) system and 0.382 (0.294-0.470; p=0,027)
for endogenous testosterone (ET). So far, higher ET levels were pro-
tective for the risk of mMPLNM. See results section for further details

patients had pNx disease), for PLND not being extended,
for not reporting number of dissected and positive nodes;
furthermore, the association of obesity with pN1 disease
was weak or not significant at all when ET was evaluated
as a continuous parameter in the multivariable model [26].
So far, several studies have focused on the topic associating
pre-operative ET measurements with advanced pathologi-
cal stage including confined and not confined disease with
the latter including extracapsular extension, seminal vesicle
invasion, involvement of surgical margins and metastases at
dissected pelvic lymph nodes. Compared to the above men-
tioned trials, our study has several distinguishing features.
The quality of anatomical staging of pelvic lymph nodes
was adequate for extension of the nodal field, for reporting
number of dissected and metastatic nodes thus allowing to
assess locally advanced disease, which was then stratified
according to the metastatic load. Our study is the first show-
ing that ET is an independent factor associating with the
risk of locally advanced disease with high metastatic load
at loco-regional pelvic lymph nodes. Our results also show
for the first time that as ET levels decline patients have an
increased likelihood of mPLNM; furthermore, low ET lev-
els increased accuracy of multivariate models for predict-
ing locally advanced PCa, so far, ET is a further clinical
parameter to consider for future nomograms and/or neural
networks investigating on this subject.
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Fig.5 Receiver operating characteristic (ROC) curves of clinical
factors predicting the risk of multiple pelvic lymph node metastases
(mPLNM) compared to cases with one metastatic lymph node. Area
under the curve (AUC) was 0,652 (95% CI 0.516-0.788; p=0,030)
for prostate specific antigen (PSA), 0,652 (95% CI 0.524-0.780;
p=0,030) for biopsy positive cores (BPC), 0.518 (95% CI 0.465-
0.732; p=0.159) for tumor grade group > 2 according to International
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Society of Urologic Pathology (ISUP) system, 0,665 (95% CI 0.535—
0.795; p=0.018) for body mass index (BMI) and 0.359 (0.229-0.489;
p=0,044) for endogenous testosterone (ET). So far, among metastatic
patients, higher ET levels were protective for the risk of mPLNM
compared to subjects with one metastatic node. See results section for
further details

Table 5 Multivariable analysis of endogenous testosterone as an exposure variable associated with the risk of multiple lymph node metastases in
617 patients with clinical prostate cancer treated by radical prostatectomy with extended pelvic lymph node dissection

Levels of the exposure variable Median (IQR)

Metastases present in more than one
lymph node versus no lymph node

Metastases present in more than one
lymph node versus metastases in one

metastases (*) lymph node (**)

Odds ratio  95% CI pvalue Oddsratio 95% CI p value
Endogenous testosterone levels (ng/dL) 432 (340.1-535.2)
Up to 340.1 ng/dL 279.4 (231-307.5) 4.774 1.073-21.234  0.04 10.561 1.444-77.233  0.02
Between 340.2 and 432 ng/dL 386.5 (364.5-406.3) 3.997 0.867-18.435 0.076 4.39 0.596-32.349 0.147
Between 432 and 535.2 ng/dL. 479.8 (459.5-505.4) 3.997 0.880-18.162  0.073 3.932 0.568-27.218 0.165
Above 535.2 ng/dL 610.7 (558.8-683.9) Ref Ref

IQR interquartile range; CI confidence interval

(*) Odds ratios calculated after adjusting for total PSA. BPC and ISUP > 2; overall model accuracy without and with endogenous testosterone

being 94.8 and 94.6%, respectively

(**) Model computed after adjusting for BMI. PSA. BPC and ISUP>2; model accuracy without and with endogenous testosterone being 64.3

and 74.3%

The association of locally advanced PCa with high meta-
static load with low ET levels and/or increased BMI is an
interesting but unsettled issue. As such, several mechanisms
may be considered. Lower ET levels may be related to a
general chronic disease state. PCa itself may inhibit ET lev-
els for producing a substance called inhibin that induces a

negative feedback on the hypothalamic pituitary axis. Actu-
ally, the saturation model has been proposed to explain PCa
growth [27]. According to this theory, prostate growth is
limited by ET levels at or below the near castrate range and
maximal binding to androgen receptor (AR) occurs at these
levels. As such, ET levels around or below castrate levels
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will induce changes in PCa, which becomes more undiffer-
entiated and aggressive. In our opinion, mechanisms may be
more complex when considering PCa developing and pro-
gressing in the human body as a system [28]. The increasing
incidence of PCa with aging, which relates to decreasing lev-
els of ET, suggests an association between the events. Low
ET levels may impact on prostate microenvironment with
drawbacks on induction, growth and progression to undif-
ferentiation of PCa. The cascade of these events may be even
more pivotal in obese or BMI progressing patients in whom
there is an inverse correlation with ET. Prostate environ-
ment is even more stressed in overweight and obese patients
for increased serum levels of inflammatory and growth fac-
tors. All these events will destabilize the saturation model
and let the tumor progress to undifferentiation and locally
advanced stage with high metastatic load. In smaller cohorts
of patients, we have shown that obesity associated with the
risk of mPLNM when anatomical staging was performed
through ePLND [29]. Furthermore, we also demonstrated
that overweight and obese patients were at increased risk of
harboring mPLNM and lower ET levels when compared to
normal weight cases [30]. The results of the present study
support all these theories and for the first time show that,
in large cohort of patients, as ET levels increase and BMI
measurements decrease, patients have a decreased likelihood
of mPLNM. So far, the findings of our study support the
theory that development of PCa might be related to complex
interactions, which occur along male lifetime, as a conse-
quence of diet, increasing BMI and decreasing ET levels.

Our study has several limits. First, it is retrospective and,
as such, suffers of limitations of such kind of investigations.
Second, we performed ePLND in low-risk patients; how-
ever, ePLND in low risk and unfavorable intermediate risk
patients is recommended by NCCN when the risk of at least
2%; furthermore, there is a set of low-risk patients who are
at increased risk of tumor upgrading in the surgical speci-
men and, as such, ePLND is indicated for anatomical stag-
ing of pelvic lymph nodes [2, 4]. Third, the diameter of the
largest metastasis and extra nodal extension of cancer was
not assessed; however, number of removed and metastatic
nodes are by far the most important factor for evaluating the
quality of an ePLND and, as such, the anatomical staging
of pelvic lymph nodes. Fourth, operations were performed
by several surgeons who, however, were experienced. Fifth,
ET was measured only once and not on a chronically pat-
tern, as recommended. Although our study has limitations,
it also shows strengths. First, data were collected prospec-
tively, although being evaluated retrospectively. Second, ET
measurements were all performed with our laboratory and
at the same time in the morning thus avoiding biases related
to diurnal testosterone variations as well as to lab methods.
Third, anatomical staging of pelvic lymph nodes was appro-
priate for being coded as extended.

@ Springer

Conclusions

In patients with clinical PCa treated with RP and ePLND,
low ET levels independently associated with the risk of
locally advanced disease with high load of LNI. As ET
decreased patients had an increased likelihood of mPLNM
and as such higher levels were protective against of aggres-
sive disease. The influence of locally advanced PCa with
high metastatic load on ET levels needs to be investigated
by large multicenter prospective trials.
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