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ORIGINAL ARTICLE

Influence of obesity on localized prostate cancer patients
treated with radical prostatectomy

Yuan-Yuan Qul’z’*, Bo Dai""**, Yun-Yi Kong2’3, Kun Changl’z, Ding-Wei Yel>*, Xu-Dong Yao'?,
Shi-Lin Zhang"?, Hai-Liang Zhang"? and Wei-Yi Yang"?

This study aimed to investigate the association between different anthropometric measures of obesity and clinicopathological
characteristics in Chinese patients with clinically localized prostate cancer (PCa). A total of 734 patients with clinically
localized PCa who underwent radical prostatectomy (RP) were included in this study. Clinical and pathological data from each
patient were collected. Anthropometric measures of abdominal adiposity were measured from T2-weighted sagittal localisation
images from magnetic resonance imaging (MRI) for 413 (56.3%) patients. Patient clinical and pathological characteristics
were compared across body mass index (BMI) groups. Univariable and multivariable logistic regression models were used to
address the influence of the preoperative total testosterone level and anthropometric measures of obesity on pathological
outcomes. In the multivariate analysis, BMI was not significantly associated with any pathological outcomes. However, the
percentage of visceral adipose tissue (VAT%) was an independent predictor of a pathological Gleason score >8 (P<0.001),
extracapsular extension (ECE; P=0.002) and seminal vesicle invasion (SVI; P=0.007). More importantly, we found that the
preoperative total testosterone level was significantly correlated with the VAT% (Pearson’s correlation coefficient: —0.485,
P<0.001) and subcutaneous adipose tissue (SAT; Pearson’s correlation coefficient: 0.413, P<0.001). In conclusion, the
results of this study suggest that abdominal fat distribution, and particularly VAT%, is associated with a risk of advanced PCa.
Moreover, our present study confirms a significant inverse correlation between visceral adiposity and testosterone. Further
studies are warranted to elucidate the biological mechanisms underlying the relationship between abdominal adiposity and the

aggressiveness of PCa.

Asian Journal of Andrology (2013) 15, 747-752; doi:10.1038/aja.2013.104; published online 16 September 2013

Keywords: body mass index (BMI); obesity; prostatic neoplasm; radical prostatectomy; testosterone; visceral adiposity

INTRODUCTION
Obesity, which is a rapidly growing epidemic in the United States and
worldwide, has profound implications for medical care. It is reported
that obesity is linked to several chronic diseases and various human
malignancies, including prostate cancer (PCa).>™* As PCa is frequently
diagnosed at a localized stage, which is suitable for radical prostatec-
tomy (RP), in the prostate-specific antigen (PSA) era, urologists will be
more frequently confronted with obese patients having localized PCa.
The relationship between obesity and the actual pathological fea-
tures of PCa has attracted more and more scholars’ attention. Several
studies have demonstrated that an increased body mass index (BMI)
predisposes an individual to more adverse pathological characteris-
tics.”™ However, other studies did not find an association between
BMI and tumour grade or stage, extracapsular extension (ECE), semi-
nal vesicle invasion (SVI), lymph node involvement (LNI) or positive
surgical margins (PSMs).'®™'? It is worth noting that nearly all of these
studies used BMI as a marker of obesity. BMI is only an indicator of
general adiposity and cannot precisely classify adiposity and lean body
mass, particularly in men with more muscle mass. Additionally, BMI

cannot quantify the anthropometric differences associated with fat
distributions, such as visceral adipose tissue (VAT) and subcutaneous
adipose tissue (SAT). These limitations of BMI may be the source of
contradictory associations between obesity and PCa. In several recent
studies, abdominal adiposity, and particularly the presence of a large
abdominal VAT compartment, has been observed to be an important
risk factor for cancer development and has been linked to adverse
outcomes after curative treatments in several malignancies.'> ¢
Therefore, we hypothesized that abdominal fat distribution, rather
than general adiposity, could provide more objective and accurate
information regarding the potential influence of obesity on the clinical
and pathological features of patients treated with RP. In addition,
several studies have shown that in males, obesity is frequently associ-
ated with hypogonadism, which is considered to be a predictor of
aggressive PCa.'”"'® However, the relationship between abdominal
fat distribution and the serum total testosterone level in patients with
PCa remains unclear.

To evaluate the association between different anthropometric mea-
sures of obesity and clinicopathological characteristics, we conducted
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this study in 734 patients with clinically localized PCa who underwent
RP at our institution. Furthermore, the correlation between abdominal
fat distribution and the preoperative total testosterone level was inves-
tigated in the present study.

MATERIALS AND METHODS

Patients and variables

A total of 734 consecutive Chinese patients with clinically localized
PCa, who received RP at Fudan University Shanghai Cancer Center
from January 2006 to March 2013, were included in this study. No
patient received any type of neo-adjuvant hormonal therapy before
RP. All patients underwent RP at least 4 weeks after prostate biopsy.
Although several of the prostate biopsies were performed at other
hospitals, all biopsy specimens were centrally reviewed by two dedi-
cated genitourinary pathologists at our institution. Histological slides
of all RP specimens were assessed by the same senior genitourinary
pathologist throughout the study. Magnetic resonance imaging (MRI)
scans were available for review in a total of 413 (56.3%) patients
because certain patients had undergone MRI scans at other hospitals
before surgery.

The data collected included the patients’ age at surgery, height,
weight, preoperative PSA level, preoperative total testosterone level,
biopsy Gleason score, clinical stage, characteristics at surgery (tumour
grade, tumour stage, surgical margin status and LNI), anthropometric
measures of obesity (BMI, anterior abdominal fat (A), posterior
abdominal fat (P), anteroposterior diameter (AP), SAT and VAT)
and comorbidities (hypertension, diabetes mellitus and cardiovascular
disease). The total serum testosterone level was detected in the same
laboratory using Access Testosterone (Beckman Coulter, Fullerton,
CA, USA), which is based on an electrochemiluminescence immuno-
assay technique, on the morning of prostatic surgery between 7:00 and
10:00.2° The clinical and pathological stages were determined accord-
ing to the 2010 American Joint Committee on Cancer TNM classifica-
tion system. Histopathological grading of the biopsy and RP specimens
was performed according to the Gleason score system. A PSM was
defined as the presence of cancer at the inked surface of the resected
specimen. The study was approved by our institutional review board,
and written informed consent was obtained from each patient before
any study-specific investigation was performed.

Anthropometric measures of obesity

BMI (kg m™~2) was calculated as weight in kilograms divided by height
in metres squared. Anthropometric measures of abdominal adiposity,
including A, P and AP, were measured from the T2-weighted sagittal
localisation images from MRI for 413 patients (Figure 1).>' A and P
were measured as the fat thickness between the skin and the anterior
abdominal musculature or posterior musculature. All measurements
were performed at the midline, which was identified at the umbilicus
level, and at one cut immediately to the left and right of the midline in
a blinded manner by a single person. These measurements were then
averaged for the final measurement. The SAT value was calculated
with the formula SAT=A-+P. The degree of visceral obesity was
defined as the percentage of VAT (VAT%), which was calculated
according to the formula VAT%=[(AP—SAT)/AP]X100.

Statistical analysis

The patients’ age at surgery, preoperative PSA level, preoperative
total testosterone level and anthropometric measures of obesity,
including BMI, SAT and the VAT%, were treated as continuous
variables. Categorical variables included BMI, the preoperative total
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Figure 1 Representation of the T2-weighted sagittal localisation images from
MRI. A, P and AP were measured in three images around the midline, and the
results were averaged. A, anterior abdominal fat; AP, anteroposterior diameter;
MRI, magnetic resonance imaging; P, posterior abdominal fat.

testosterone level (<250 ng dl™' vs. =250 ng d1™"), clinical stage
(T1 vs. =T2), biopsy and pathological Gleason scores (<7 vs. =8),
the presence of ECE, SVI, a PSM, LNI and the presence of hyper-
tension, diabetes mellitus and cardiovascular disease. Using a
threshold of total testosterone <250 ng dl™' as the definition of
hypogonadism, all patients were categorized into two groups: hypo-
gonadism and eugonadism."®

We compared patient clinical and pathological characteristics
across BMI groups, which were categorized according to quartiles
and to the Asia-Pacific criteria of obesity (<23 kg m™% underweight
or normal; 23-24.9 kg m ™% overweight; 25-29.9 kg m~ % obese and
>30 kg m™% extremely obese),”* using an analysis of variance for
continuous variables and a chi-square test for categorical variables.
Moreover, univariable and multivariable logistic regression models
were used to address the influence of the preoperative total testos-
terone level and anthropometric measures of obesity on patholo-
gical outcomes. For logistic regression analyses, BMI was treated as
a binary variable according to the Asia-Pacific definition of obesity
(<25 kg m 2 s =25 kg m™2) because there were only 12 (1.6%)
patients with a BMI >30 kg m™ 2 in this study. In the multivariate
models, the covariates included the patients’ age at surgery, preopera-
tive PSA level, clinical stage and biopsy Gleason score. In addition, the
correlation between the total testosterone level and anthropometric
measures of abdominal obesity, including the VAT% and SAT, was
quantified using Pearson’s correlation coefficient. For all statistical
tests, a two-sided P<<0.05 was considered statistically significant. All
statistical analyses were performed using SPSS (Statistical Package for
the Social Sciences) software version 16.0 (SPSS Inc., Chicago, IL,
USA).

RESULTS

The demographics and disease characteristics of the 734 patients are
summarized in Table 1. The median patient age at surgery was 68.0
years, and the median BMI was 23.8 kg m ™. The median preoperative



Table 1 Clinicopathological characteristics of 734 patients included
in this study

Characteristics Mean (median) Range
Patients, n (%) 734 (100.0)
Preoperative characteristics
Age at surgery (year) 68.1 (68.0) 48.0-79.0
BMI (kg m~2) 23.8(23.8) 14.1-34.0
Preoperative PSA (ng ml™1) 15.8(11.0) 2.4-141.9
Preoperative total testosterone (ng di™?) 404.8 (363.0) 79.0-966.0
Biopsy Gleason score, n (%)
<6 247 (33.7)
7 265 (36.1)
>8 222 (30.2)
Clinical stage, n (%)
T1 337 (45.9)
T2 274 (37.3)
T3 123 (16.8)
Pathological characteristics
Pathological Gleason score, n (%)
<6 141 (19.2)
7 354 (48.2)
=8 239 (32.6)
Pathological tumour stage, n (%)
T2a-2b 102 (13.9)
T2c 373 (50.8)
T3a 78 (10.6)
T3b 181 (24.7)
Positive surgical margins, n (%) 143 (19.5)
Lymph node involvement, n (%) 78 (10.6)
Comorbidity, n (%)
Hypertension 309 (42.1)
Diabetes mellitus 89 (12.1)
Cardiovascular disease 52 (7.1)
Anthropometric measures of obesity on MRI (n=413)
Patients, n (%) 413 (56.3)
A (mm) 16.9 (16.3) 5.9-36.4
P (mm) 146 (14.2) 4.6-34.4
AP (mm) 194.5(193.5) 135.8-262.5
SAT (mm) 31.5(31.4) 12.6-60.3
VAT (%) 83.9 (83.8) 71.1-92.1

Abbreviations: A, anterior abdominal fat; AP, anteroposterior diameter; BMI, body
mass index; P, posterior abdominal fat; PSA, prostate-specific antigen; SAT,
subcutaneous adipose tissue; VAT, visceral adipose tissue.

PSA level and total testosterone level were 11.0 ng ml~' and
363.0 ng dr, respectively. In RP specimens, a Gleason score >8
was observed in 239 (32.6%) patients, and the pathological tumour
stage was T3 in 259 (35.3%) patients. PSMs and LNI were observed in
143 (19.5%) and 78 (10.6%) patients, respectively. For 413 patients,
the median SAT was 31.4 mm, and the median VAT% was 83.8%.
When patients were classified into four groups according to the
Asia-Pacific definition of obesity, no significant differences were
observed in the patients’ age at surgery, preoperative PSA level and
total testosterone level, clinical stage, biopsy, pathological Gleason
score or other pathological outcomes (all P>0.05, Table 2). As shown
in Table 3, although binary BMI (<25 kg m ™2 vs. =25 kg m™ %) was
associated with a pathological Gleason score (P=0.034), after adjust-
ing for the patients’ age, PSA level, clinical stage and biopsy Gleason
score, BMI failed to achieve independent predictor status (P=0.093).
However, calculated SAT and VAT% values were significantly associ-
ated with a pathological Gleason score, ECE and SVI (all P<0.05,
Table 3), and such positive associations still held true for the VAT%
after multivariate adjustment (Table 3). Patients with a significantly
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larger VAT% had worse pathological features. The VAT% values
were 86.9%+2.8% and 83.1%*1.1% in patients with pathological
Gleason scores >8 and <7, respectively (P<<0.001). The VAT%
values in patients with and without ECE were 86.5%=*2.8% and
82.8%+*1.4%, respectively (P<<0.001). The VAT% values in patients
with and without SVI were 86.8%*2.9% and 83.1%*1.2%, respec-
tively (P=0.001).

In addition, the preoperative total testosterone level was an inde-
pendent predictor of a pathological Gleason score after adjusting for
patients’ age, PSA level, clinical stage and biopsy Gleason score (odds
ratio (OR)=0.402, P=0.016, Table 3). Patients with hypogonadism
had a significantly higher incidence of a pathological Gleason score
>8 compared with patients with eugonadism. More importantly, we
found that the preoperative total testosterone level was negatively
correlated with the VAT% (Pearson’s correlation coefficient:
—0.485, P<<0.001, Figure 2a) and positively correlated with SAT
(Pearson’s correlation coefficient: 0.413, P<<0.001, Figure 2b). In
patients with hypogonadism, the mean VAT% was 86.7%, which
was significantly higher than in patients with eugonadism (82.9%,
P<0.001).

Hypertension, diabetes mellitus and cardiovascular disease were
observed in 309 (42.1%), 89 (12.1%) and 52 (7.1%) patients, respec-
tively (Table 1). As shown in Table 2, the incidence of hypertension,
diabetes mellitus and cardiovascular disease had no significant differ-
ences when patients were stratified according to quartiles of BMI (all
P>0.05). However, when BMI was treated as a dichotomous variable
(<25 kg m™? vs. =25 kg m™?), the incidence of diabetes mellitus in
patients with a BMI >25 kg m™~? was significantly higher than in
patients with a BMI <25 kg m~? (P=0.025, data not shown).
Furthermore, we found that increased visceral obesity was signifi-
cantly associated with a higher incidence of hypertension and diabetes
mellitus (P=0.022 and P=0.001, respectively, data not shown).

DISCUSSION

This is the first study that investigated the association between the
distribution of abdominal obesity measured on MRI and clinico-
pathological characteristics in Chinese patients with clinically loca-
lized PCa treated with RP. In the present study, we noted positive
associations between abdominal fat distribution, and especially the
VAT%, and the risk of aggressive PCa. However, we did not find a
significant correlation between BMI, an indicator of general adiposity,
and any pathological feature.

In accordance with previous studies, our study demonstrated
that BMI alone may not adequately capture the aggregate risk associ-
ated with obesity in relation to PCa outcomes. Modern cross-sectional
imaging, such as MRI and computed tomography, may transcend the
shortcomings of BMI and can be applied to assess body fat distri-
bution. Therefore, MRI, which is routinely performed in patients with
PCa for tumour staging before RP at our institution, was used to
distinguish and quantify subcutaneous and visceral adipose content
in this study.

Various epidemiological and experimental data have suggested the
clinical significance of visceral adiposity as a risk factor for the
development of PCa. In a large prospective study that included
148 372 men, Pischon et al.?® reported that higher waist circumfer-
ences and waist/hip ratios (WHRs), which were surrogate measures of
visceral adiposity, were positively associated with an increased risk of
advanced PCa and high-grade PCa among individuals with a lower
BMI. A recent study from the North Carolina-Louisiana Prostate
Cancer Project, which included 1049 African-American males and
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Table 2 Comparison of clinical and pathological characteristics stratified by BMI

Characteristics BMI (kg m™?) P
<23 23-24.9 25-29.9 >30

Patients, n (%) 269 (36.6) 247 (33.7) 206 (28.1) 12 (1.6)

Age (year) 0.506
Mean (median) 68.0 (68.0) 68.5 (69.0) 67.8 (67.0) 67.3 (68.0)
Range 49.0-77.0 48.0-79.0 48.0-78.0 52.0-76.0

PSA (ngml™h) 0.497
Mean (median) 14.6 (10.8) 14.3(11.2) 18.8 (11.6) 21.6(10.3)
Range 3.0-91.7 2.5-89.3 2.4-1419 3.4-1155

Total testosterone (ng di™1) 0.144
Mean (median) 411.6 (377.0) 411.0(381.0) 390.6 (346.0) 376.7 (327.2)
Range 81.0-920.0 79.0-966.0 198.0-877.0 167.0-792.0

Clinical stage, n (%) 0.694
T1 126 (46.8) 106 (42.9) 99 (48.1) 6 (50.0)
>T2 143 (53.2) 141 (57.1) 107 (51.9) 6 (50.0)

Biopsy Gleason score, n (%) 0.256
<7 194 (72.1) 162 (65.6) 147 (71.4) 10(83.3)
>8 75(27.9) 85 (34.4) 59 (28.6) 2(16.7)

Pathological Gleason score, n (%) 0.128
<7 186 (69.1) 175(70.9) 126 (61.2) 9(75.0)
>8 83(30.9) 72 (29.1) 80 (38.8) 3(25.0)

ECE, n (%) 0.860
Yes 100 (37.2) 83(33.6) 72 (35.0) 4(33.3)
No 169 (62.8) 164 (66.4) 134 (65.0) 8(66.7)

SVI, n (%) 0.913
Yes 66 (24.5) 63 (25.5) 50 (24.3) 2(16.7)
No 203 (75.5) 184 (74.5) 156 (75.7) 10 (83.3)

PSM, n (%) 0.5699
Yes 48 (17.8) 46 (18.6) 46 (22.3) 3(25.0)
No 221 (82.2) 201 (81.4) 160 (77.7) 9(75.0)

LNI, n (%) 0.896
Yes 28(10.4) 25(10.1) 23(11.2) 2(16.7)
No 241 (89.6) 222 (89.9) 183 (88.8) 10 (83.3)

Hypertension, n (%) 0.489
Yes 110 (40.9) 98 (39.7) 95 (46.1) 6(50.0)
No 159 (59.1) 149 (60.3) 111 (53.9) 6 (50.0)

Diabetes mellitus, n (%) 0.086
Yes 29 (10.8) 24.(9.7) 33(16.0) 3(25.0)
No 240 (89.2) 223 (90.3) 173 (84.0) 9(75.0)

Cardiovascular disease, n (%) 0.531
Yes 19(7.1) 15(6.1) 16 (7.8) 2(16.7)
No 250 (92.9) 232 (93.9) 190 (92.2) 10(83.3)

Abbreviations: BMI, body mass index; ECE, extracapsular extension; LNI, lymph node involvement; PSA, prostate-specific antigen; PSM, positive surgical margin; SVI,

seminal vesicle invasion.

1083 Caucasian-American males, found thata WHR >0.98 among all
research subjects, after adjustment for race, was significantly associ-
ated with highly aggressive PCa compared with a WHR <0.90
(OR=1.42).** Similarly, our study showed that a significantly larger
VAT% was related to a worse tumour grade and a higher incidence of
ECE and SVI in RP specimens. In contrast to previous studies, in our
research, visceral adiposity was determined based on anthropometric
measures of abdominal adipose tissue on MRI, which is more accurate
than waist circumference and WHR.

Our finding that patients with more visceral fat are predisposed to
having more aggressive tumours correlates with differences in meta-
bolic activity between VAT and SAT. VAT is the most metabolically
active fat and contributes to the fluctuation in levels of a large number
of hormones and cytokines that play a role in the biology of PCa,
including testosterone, oestrogen, sex hormone-binding globulin,
insulin, insulin-like growth factor-1, interleukin-6, leptin and adipo-
nectin.>*® It has been reported that a lower free testosterone level in
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obese men may predispose these men to developing poorly differen-
tiated, advanced disease.”® Androgens are required for the growth,
maturation and differentiation of the prostate gland. It was thus sug-
gested that testosterone may promote prostate tumour development
and also help to maintain prostate tumour differentiation, which may
explain why obese individuals with low testosterone levels have a
higher risk of developing undifferentiated tumours.”” In the current
study, we observed that patients with hypogonadism, defined as a
preoperative total testosterone level <250 ng dI™', had a significantly
higher incidence of a pathological Gleason score >8 compared with
patients with eugonadism, which was in accordance with the findings
of our prior study.'® Furthermore, our present study observed that the
preoperative total testosterone level was negatively correlated with the
VAT% (Pearson’s correlation coefficient: —0.485, P<<0.001). Based on
these results, we hypothesize that a potential biological mechanism of
obesity’s effect on PCa is visceral adiposity that promotes the aggres-
siveness of a tumour by regulating serum testosterone levels.
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Table 3 Logistic regression analyses of the influence of the preoperative total testosterone level and anthropometric measures of obesity on
pathological outcomes

Pathological Gleason score ECE Svi PSM LN/

(<7vs. 28)

Univariable model
Total testosterone

(<250 ngdi~! vs. >250 ngdI™Y), (OR; P) 0.324; 0.003 0.596; 0.161 0.798; 0.657 0.664; 0.335 0.397; 0.073
BMI

(<25kgm™2 vs. =25 kgm2), (OR; P) 1.432; 0.034 0.974;0.876 0.940; 0.742 1.302; 0.184 1.132; 0.631
SAT, (OR; P) 0.941; 0.003 0.937; 0.002 0.945; 0.009 0.963; 0.096 0.986; 0.609
VAT%, (OR; P) 16.818; <0.001 8.240; <0.001 5.881; 0.001 3.044; 0.016 1.473; 0.085

Multivariable model*
Total testosterone

(<250 ngdli™! vs. 250 ngdi™ 1), (OR; P) 0.402; 0.016 0.625; 0.259 0.974; 0.961 0.821; 0.666 0.416; 0.127
BMI

(<25kgm™2 vs. =25 kgm™3), (OR; P) 1.332; 0.093 0.980; 0.908 0.943; 0.765 1.333; 0.153 1.267; 0.378
SAT, (OR; P) 0.962; 0.109 0.944; 0.008 0.939; 0.010 0.975; 0.275 1.001; 0.978
VAT%, (OR; P) 9.618; <0.001 6.650; 0.002 4.419; 0.007 1.511; 0.081 1.245; 0.297

Abbreviations: BMI, body mass index; ECE, extracapsular extension; LNI, lymph node involvement; OR, odds ratio; PSA, prostate-specific antigen; PSM, positive surgical
margin; SAT, subcutaneous adipose tissue; SVI, seminal vesicle invasion; VAT, visceral adipose tissue.

The preoperative total testosterone and BM| were analysed in the entire cohort (734 patients).

SAT and the VAT% were analysed in 413 patients.

* Adjusted by age, PSA, clinical stage and biopsy Gleason score.

0891 S Obesity is associated with metabolic syndrome, which describes a
o P<0.001 cluster of comorbidities, including hypertension, elevated blood glu-
0.90- cose, high cholesterol and abdominal obesity. Many factors in meta-

bolic syndrome have been established as risk factors for PCa.”*° Our
data revealed that increased visceral obesity was associated with a
higher incidence of hypertension and diabetes mellitus. These findings
support the assumption that hypertension and diabetes mellitus
resulting from an increased VAT% may be associated with PCa,
although we did not investigate the association between these comor-
bidities and PCa in this study.
We acknowledge that there are certain limitations in our study.
5 First, the VAT% was calculated according to directly measured sub-
cutaneous fat thickness at the umbilicus level based on MRI in this
0.00 2.00 4.00 6.00 8.00 10.00 study. The indirectly calculated VAT% may have resulted in small
Testosterone (ng di) observed differences, as muscle, bone, spinal fluid, bowel and visceral
804 adiposity were included within the calculation. Second, the single-
° r=0.413 institution nature of this study could have resulted in a potential
p<0.001 selection bias toward our patients, although standardized surgical
o technique and standardized specimen evaluation at a single centre
601 ° o represent strengths. Despite these limitations, the results of the current
study underscore the advantage of using more sophisticated anthro-
pometric measures of abdominal adiposity than simple BMI to evalu-
ate the risk of obesity relative to the aggressiveness of PCa.

0.854

0.804

Visceral adipose tissue (%)

0.754

0.704

=3

40

CONCLUSIONS

In conclusion, the results of this study suggest that abdominal fat

distribution, and particularly VAT%, may be associated with a risk

of advanced PCa. Moreover, the current study confirmed a significant

- - 200 800 400 1000 inverse correlation between visceral adiposity and testosterone.
Testosterone (ng di) Further studies are warranted to elucidate the biological mechanisms

underlying the relationship between abdominal adiposity and the

Figure 2 Scatterplots of preoperative total testosterone levels compared withthe  aggressiveness of PCa.

VAT% (a) and preoperative total testosterone levels compared with SAT (b).

Locally weighted scatterplot smoothing curves were fitted in plots. The preopera-

tive total testosterone level was negatively correlated with the VAT% (r=—0.485, AUTHOR CONTRIBUTIONS
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