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Background: To investigate the pathological risk of prostate cancer (PCa) according to the

obesity and metabolic status of Chinese patients undergoing radical prostatectomy.

Materials and Methods: We performed a retrospective cross-sectional study of 1016 patients

with PCa who underwent radical prostatectomy and whosemetabolic status and bodymass index

were examined. Multivariate logistic regression analysis was performed to examine the relation-

ship between different metabolic obesity phenotypes and the pathological outcomes of PCa.

Results: Among 1016 men, 551 (54.2%), 106 (10.4%), 238 (23.4%), and 121 (11.9%) were

assigned to the metabolically healthy and normal weight (MHNW) group, metabolically

abnormal but normal weight (MANW) group, metabolically healthy but overweight or obese

(MHO) group, and metabolically abnormal and overweight or obese (MAO) group, respec-

tively. Compared with the MHNW group, the MAO group had a significantly greater risk of

a higher prostatectomy Gleason score [odds ratio (OR), 1.907; 95% confidence interval (95%

CI), 1.144–3.182], pathological stage (OR, 1.606; 95% CI, 1.035–2.493), and seminal vesicle

invasion (OR, 1.673; 95% CI, 1.041–2.687). In contrast, the ORs were not increased in the

MHO or MANW group. In the context of normal weight, metabolic disorders were asso-

ciated with lymph node involvement. The metabolic status and body mass index were not

associated with extracapsular extension or surgical margins in any of the four groups.

Conclusion: The MAO phenotype is associated with aggressive PCa, including a higher

prostatectomy Gleason score, pathological stage, and seminal vesicle invasion and might also

be associated with disease progression. Obesity and metabolic disorders act synergistically to

increase the pathological risk of PCa.
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Introduction
Prostate cancer (PCa) was the second most common malignancy and the fifth

leading cause of cancer-related death among males worldwide in 2018.1 Since the

westernization of the Chinese lifestyle and the increased use of prostate-specific

antigen (PSA) screening, PCa has become the sixth most common cancer and the

ninth most common cause of cancer-related death among Chinese men, with an

especially high incidence in urban areas.2,3 The etiology and pathogenesis of PCa

are complicated and still unclear. Many exogenous and environmental factors have

been connected with the occurrence and progression of PCa, including the genetic

background, dietary factors, and metabolic syndrome (MetS) along with its com-

ponents such as obesity, hypertension, diabetes, and dyslipidemia.3,4
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A large-scale research project in Scandinavia showed

a positive association between MetS and an elevated risk of

PCa.5 Obesity, diabetes, hypertension, and dyslipidemia have

all been proven to be associated with an increased risk of

PCa.6–10 In addition, several studies have investigated the

relationship betweenMetS andworsening of the pathological

features of PCa.3,11,12 For example, our previous studies

showed that MetS and dyslipidemia could predict advanced

PCa in Chinese patients.3,13 Obesity is closely associated

with many metabolic abnormalities, and most obese indivi-

duals have one or more metabolic disorders. However,

approximately 10% to 25% of the obese individuals do not

have obesity-related metabolic abnormalities and are often

referred to as having metabolically healthy obesity (MHO).

Conversely, some people without obesity also have some

form of metabolic abnormalities. The subgroups of people

withMHO and those with obesity-related metabolic abnorm-

alities have become of interest. Numerous studies have

shown that individuals with MHO have a lower risk of

cardiovascular disease (CVD) and mortality than individuals

with metabolically abnormal obesity and a higher risk than

normal-weight individuals.14 Several studies have explored

the relationship of different metabolic obesity phenotypes

with obesity-associated cancers, such as colorectal and breast

cancers.15,16 The metabolically abnormal but normal weight

(MANW) and metabolically abnormal obesity (MAO) phe-

notypes are associated with an increased risk of breast cancer

in postmenopausal women and an increased risk of advanced

colorectal adenoma.15,17,18 However, no study to date has

focused on the effects of different metabolic obesity pheno-

types on PCa progression. In this study, we examined

whether a relationship exists between different metabolic

obesity phenotypes and the pathological characteristics of

PCa among Chinese men.

Patients and Methods
Patient Selection
In total, 1597 consecutive patients with clinically localized

PCa from 2 clinical centers were enrolled in this retro-

spective study: the Department of Urology at the Affiliated

Hospital of Qingdao University from January 2011 to

June 2014, and the Department of Urology at Fudan

University Shanghai Cancer Center from January 2005 to

June 2014. Radical prostatectomy and standard pelvic

lymphadenectomy were performed in all patients. We

excluded patients who received neoadjuvant therapy and

202 patients with missing lipid profile data. Finally, 1016

patients were included in this study. The study protocol

was approved by the institutional research review boards

of the two institutions. All participants provided written

informed consent, and all samples were anonymous.

The following clinicopathological data were collected

from the patients’ medical reports: age, smoking status,

height, weight, preoperative PSA level, biopsy Gleason

score (GS), clinical stage (TNM classification), prostatect-

omy GS, pathological stage, lymph node involvement

(LNI), seminal vesicle invasion, extracapsular extension,

and surgical margin. Laboratory evaluation (measurement

of serum glucose level and lipid profile) was performed

using standard methods after overnight fasting.

Definitions of Metabolic Disorders and

Obesity
The patients’ metabolic status was defined according to the

criteria recommended by the Chinese Diabetes Society.19

Participants with two or more of the following four para-

meters were defined as having a metabolically abnormal

state, and those with one or no metabolic components were

defined as metabolically healthy: 1) high fasting plasma

glucose level of ≥6.1 mmol/L and/or drug treatment for an

elevated glucose level, 2) high blood pressure (systolic

blood pressure of ≥130 mmHg and/or diastolic blood

pressure of ≥85 mmHg) and/or antihypertensive drug

treatment in a patient with a history of hypertension, 3)

high triglyceride level of ≥1.7 mmol/L and/or drug treat-

ment for a high triglyceride level, and 4) low high-density

lipoprotein cholesterol level of <40 mg/dL and/or drug

treatment for a low high-density lipoprotein cholesterol

level. A body mass index (BMI) cutoff point of 25 kg/

m2 was used to define overweight/obesity (≥25 kg/m2) or

normal weight (<25 kg/m2) according to the World Health

Organization.20

To assess the independent contributions of adiposity

and metabolic abnormalities to the risk of PCa, we cross-

classified participants according to categories of the BMI

and metabolic status, yielding four phenotypes: 1) meta-

bolically healthy and normal weight (MHNW) group, 2)

MANW group, 3) MHO group, and 4) MAO group.

Statistical Analyses
Differences among the categorical variables were evalu-

ated using the χ2 test. Continuous variables were analyzed
using one-way analysis of variance. Multiple logistic

regression analyses were performed to identify the impact
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of different categories of obesity and metabolic status on

the pathological characteristics of PCa by odds ratios

(ORs) and 95% confidence intervals (95% CIs). All

reported P values were two-sided, and P values of <0.05

were considered statistically significant. Statistical ana-

lyses were performed using SPSS v.16.0 (SPSS Inc.,

Chicago, IL, USA).

Results
In total, 1016 patients were included in this study. They

were diagnosed with PCa at a median age of 68 years

(range, 41–79 years). The baseline characteristics of the

four groups are shown in Table 1. Of the 1016 men, 551

(54.2%), 106 (10.4%), 238 (23.4%), and 121 (11.9%) were

assigned to the MHNW, MANW, MHO, and MAO groups,

respectively. No significant differences in age, smoking

status, biopsy GS, or clinical stage were found among

the four groups. However, the PSA level was significantly

different among the groups, ranging from 1.13 to 303.00

ng/mL (median, 14.82 ng/mL). The MAO group had

a higher PSA level.

The pathological features of PCa, including the pros-

tatectomy GS, pathological stage, and seminal vesicle

invasion, were associated with the classification of obesity

and metabolic status (P = 0.063, 0.005, and 0.005, respec-

tively). Figure 1 shows the percentages of the prostatect-

omy GS, pathological stage, and seminal vesicle invasion

in different metabolic obesity phenotypes. The data

demonstrated a trend of decreasing proportion in the

pathological stage and seminal vesicle invasion. The pro-

portion of each pathological feature in the MAO group

was highest among the four groups. The prostatectomy GS

was significantly different between the normal and abnor-

mal weight groups, but metabolic abnormalities had no

additional effect in the normal weight group: MHNW

(26.32%), MANW (27.36%), MHO (31.93%), and MAO

(39.67%). LNI, extracapsular extension, and the surgical

margin were not associated with the BMI or metabolic

status in each of the four groups.

A univariable analysis was performed to investigate the

risk factors for the pathological features of PCa

(Supplementary Table 1). The PSA level, biopsy GS, and

clinical stage were risk factors for pathological features.

Multivariate analyses were performed to ascertain whether

different obesity and metabolic statuses were independently

associated with the risk of pathological features of PCa

(Table 2). The prostatectomy GS was classified into two

groups of ≥8 and ≤7. The pathological stage was categorized

into locally advanced PCa (pT3-4) and localized PCa (pT2).

After adjusting for potential confounders including age,

smoking status, PSA level, biopsy GS, and clinical stage,

we found that MAO was associated with a significantly

greater risk of a high prostatectomy GS (OR, 1.907; 95%

CI, 1.144–3.182; P = 0.013) and pathological stage (OR,

1.606; 95% CI, 1.035–2.493; P = 0.035). In contrast, the

OR was not elevated in the MHO or MANW group.

Inconsistent with the outcome of the pathological stage, the

risk of seminal vesicle invasion in theMAO group was 1.673

times higher than that in the MHNW group (OR, 1.673; 95%

CI, 1.041–2.687; P = 0.033). Neither an abnormal weight nor

metabolic abnormality increased the risk of seminal vesicle

invasion in the MANW group (OR, 1.094; 95% CI, 0.643–-

1.860) or MHO group (OR, 0.726; 95% CI, 0.478–1.104), in

contrast to the MHNW group (Figure 2). Metabolic abnorm-

ality increased the possibility of LNI (OR, 1.969; 95% CI,

1.002–3.871) in patients with normal weight, but not in

patients with obesity. There were no obvious relationships

of the BMI and metabolic status with extracapsular extension

and surgical margins among the four groups (Table 2).

Discussion
To our knowledge, this is the first study to examine the

combined effects of obesity and metabolic dysfunction on

the pathological features of PCa in Eastern China. This

study showed that patients with both a metabolic abnorm-

ality and obesity had a higher prostatectomy GS (≥8) and

pathological stage (pT3-4). In contrast, neither an abnor-

mal weight nor metabolic abnormality alone increased the

pathological outcomes of PCa, in contrast to MHNW.

The association between PCa and obesity remains con-

troversial. One meta-analysis showed that obesity was an

additional risk factor for aggressive PCa.7 However,

a generalized obesity index such as the BMI cannot fully

reflect the risk of obesity-related metabolic complications.21

MetS is characterized by a cluster of abnormal biochemical

factors.3 Several studies have investigated the relationship

between MetS and worsening of the pathological features of

PCa, such as a higher GS and pT, positive surgical margin,

and LNI3,11,12; however, no significant association of MetS

and the GS with high-grade PCa has been found in other

studies.22,23 There is no consensus on the relationship of

MetS and its individual components with PCa progression.

Recent interest has been focused on individuals with specific

BMI–metabolic status phenotypes such as MHO, MANW,

and MAO, which appear to deviate from the linear
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Table 1 Baseline Characteristics of the 1016 Prostate Cancer Patients Undergoing Radical Prostatectomy

MHNW (%) MANW (%) MHO (%) MAO (%) P value

551 106 238 121

Age (years) 0.110

<68 273 (49.5) 51 (48.1) 126 (52.9) 74 (61.2)

≥68 278 (50.5) 55 (51.9) 112 (47.1) 47 (38.8)

Smoking status clinical 0.419

Never 370 (67.2) 71 (67.0) 150 (63.0) 73 (60.3)

Ever/Current 181 (32.8) 35 (33.0) 88 (37.0) 48 (39.7)

PSA (ng/mL) 0.021

<10 189 (34.3) 32 (30.2) 57 (23.9) 27 (22.3)

10≤PSA<20 175 (31.8) 32 (30.2) 87 (36.6) 38 (31.4)

≥20 187 (33.9) 42 (39.6) 94 (39.5) 56 (46.3)

Biopsy GS 0.520

≤6 176 (31.9) 31 (29.2) 86 (36.1) 37 (30.6)

7 201 (36.5) 33 (31.1) 77 (32.4) 40 (33.1)

≥8 174 (31.6) 42 (39.6) 75 (31.5) 44 (36.4)

Clinical stage 0.278

≤cT2a 273 (49.5) 44 (41.5) 105 (44.1) 62 (51.2)

cT2b 149 (27.0) 31 (29.2) 59 (24.8) 31 (25.6)

≥cT2c 129 (23.4) 31 (29.2) 74 (31.1) 28 (23.1)

Prostatectomy GS 0.063

≤6 99 (18.0) 18 (17.0) 49 (20.6) 18 (14.9)

7 307 (55.7) 59 (55.7) 113 (47.5) 55 (45.5)

≥8 145 (26.3) 29 (27.4) 76 (31.9) 48 (39.7)

Pathological stage 0.005

pT2 357 (64.8) 65 (61.3) 162 (68.1) 60 (49.6)

pT3-4 194 (35.2) 41 (38.7) 76 (31.9) 61 (50.4)

Seminal vesicle invasion 0.005

No 435 (78.9) 79 (74.5) 195 (81.9) 80 (66.1)

Yes 116 (21.1) 27 (25.5) 43 (18.1) 41 (33.9)

Lymph node involvement 0.092

No 511 (92.7) 91 (85.8) 213 (89.5) 108 (89.3)

Yes 40 (7.3) 15 (14.2) 25 (10.5) 13 (10.7)

Extracapsular extension 0.095

No 414 (75.1) 72 (67.9) 186 (78.2) 83 (68.6)

Yes 137 (24.9) 34 (32.1) 52 (21.8) 38 (31.4)

Surgical margin 0.996

No 467 (84.8) 89 (84.0) 202 (84.9) 102 (84.3)

Yes 84 (15.2) 17 (16.0) 36 (15.1) 19 (15.7)

Raised FPG 0.000

No 528 (95.8) 54 (50.9) 222 (93.3) 53 (43.8)

Yes 23 (4.2) 52 (49.1) 16 (6.7) 68 (56.2)

Raised blood pressure 0.000

No 446 (80.9) 24 (22.6) 176 (73.9) 51 (42.1)

Yes 105 (19.1) 82 (77.4) 62 (26.1) 70 (57.9)

(Continued)
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relationship between the BMI or metabolic status and its

adverse clinical outcomes.21

TheMHO andMANW statuses have different effects on

cancer and CVD. MANW has been considered a high-risk

group for CVD, all-cause mortality, dementia, and cancer,

but individuals with MHO are not at higher risk of these

conditions than are individuals with MHNW.16,17,21,24-28

Hamer et al found that metabolic risk factors were more

important predictors of CVD than obesity because of the

high prevalence of systemic inflammation.26 Several stu-

dies have shown that the presence of metabolic abnormal-

ities, regardless of obesity, is an independent risk factor for

colorectal neoplasm in men, suggesting that poor metabolic

health plays a crucial role in the development of

disease.16,17,27 However, individuals with MHO do not

show a higher risk of CVD and colorectal neoplasm than

do individuals with MHNW.16,17,26,27 A large prospective

cohort study based on adults in the Framingham study

showed that metabolic health reduced the risk of obesity-

related cancers compared with metabolic dysfunction

among overweight and obese individuals.29 The preserved

insulin sensitivity, relatively low visceral fat mass, and

normal adipose tissue function in individuals with MHO

might explain these different outcomes.30 In the present

study, the MANW and MHO phenotypes were not asso-

ciated with a greater risk of higher pathological stage and

seminal vesicle invasion than was the MHNW phenotype.

The incidence of aggressive PCa showed an increasing

trend (Figure 2). A possible reason for the inconsistencies

of MANW might be that the short follow-up did not reveal

the future risk;26 alternatively, obesity and metabolic dis-

orders acted synergistically to increase the pathological risk

Table 1 (Continued).

MHNW (%) MANW (%) MHO (%) MAO (%) P value

551 106 238 121

Raised TG in mg/dL 0.000

No 477 (86.6) 43 (40.6) 201 (84.5) 42 (34.7)

Yes 74 (13.4) 63 (59.4) 37 (15.5) 79 (65.3)

Reduced HDL-cholesterol 0.000

No 527 (95.6) 65 (61.3) 227 (95.4) 78 (64.5)

Yes 24 (4.4) 41 (38.7) 11 (4.6) 43 (35.5)

Body mass indexa 22.4 (21.3-23.9) 23.0 (21.8–24.3) 26.5 (25.4–28.0) 26.5 (25.5–28.1) 0.000

Note: aData are median (interquartile range).

Abbreviations: PSA, prostate-specific antigen; GS, Gleason score; FPG, fasting plasma glucose; TG, triglyceride; HDL, high-density lipoprotein.

MAO MANW MHNW MHO

Seminal Vesicle Invasion

Prostatectomy GS

Pathological Stage

0%

10%

60%

50%

40%

30%

20%

33.88%

31.93%

31.93%

18.07%
21.05%

26.32%

35.21%
38.68%

27.36%

25.47%

50.41%

39.67%

Figure 1 Percentages of prostatectomy GS, pathological stage, and seminal vesicle invasion in four metabolic obesity phenotypes defined by the presence of metabolic

syndrome and the body mass index.Abbreviation: GS, Gleason score.
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of PCa. Nevertheless, the metabolic abnormality and obe-

sity phenotype is associated with aggressive PCa, and con-

trolling the BMI and metabolic status is therefore necessary

to prevent aggressive PCa in individuals with MHNW,

MANW, or MHO.

Many studies have investigated the influence of specific

metabolic obesity phenotypes on cancers, such as colorectal

cancer and breast cancer.15,16,29,31 Kim et al were the first to

explore the incidence of PCa according to the BMI and

metabolic status.32 Both obesity and metabolic disorders

increased the risk of PCa, and the risk increased according

to the number of components of MetS. However, they found

that the presence of a metabolic disease was more important

than the BMI. We further analyzed the effect of obesity and

the metabolic status on the adverse pathological features of

PCa. The PSA level, biopsy GS, and clinical stage were

associated with the progression of PCa (Supplementary

Table 1); therefore, we adjusted for these factors in the

multivariable analyses. Based on MHNW, only individuals

with both obesity and MetS had a significantly elevated risk

of a high prostatectomy GS (OR, 1.907) and pathological

stage (OR, 1.606), which were associated with disease pro-

gression. In contrast, neither an abnormal weight nor meta-

bolic abnormality alone was associated with a higher GS or

stage. The effect of either obesity or a metabolic abnormality

on pathology was not significant, suggesting that obesity or

MetS by itself may not be an independent risk factor for

aggressive PCa. Obesity and metabolic disorders might act

synergistically to increase the pathological risk of PCa.

Interestingly, the risk of seminal vesicle invasion in the

MAO group was 1.67 times higher than that in the MHNW

group, which is inconsistent with the outcome of the patho-

logical stage (Figure 2). Seminal vesicle invasion might be

more easily affected by obesity and metabolic abnormalities

than LNI and extracapsular extension. Patients with a normal

weight and metabolic abnormality had a higher risk of LNI

Table 2 Metabolic Obesity Phenotypes Defined by Presence of MetS and BMI in Relation to Pathological Risk of Prostate Cancer

MHNW

OR

MHO

OR (95% CI)

MANW

OR (95% CI)

MAO

OR (95% CI)

P value

Prostatectomy GS

(≥8 vs ≤7)

Crude 1 (ref) 1.314 (0.942–1.831) 1.055 (0.661–1.683) 1.841 (1.221–2.776) 0.004

Adjusteda 1 (ref) 1.467 (0.978–2.201) 0.802 (0.462–1.390) 1.907 (1.144–3.182) 0.013

Pathological stage

(pT3-4 vs pT2)

Crude 1 (ref) 0.863 (0.625–1.193) 1.161 (0.756–1.781) 1.871 (1.258–2.782) 0.002

Adjusteda 1 (ref) 0.767 (0.538–1.093) 1.022 (0.639–1.634) 1.606 (1.035–2.493) 0.035

Seminal vesicle invasion

(Yes vs No)

Crude 1 (ref) 0.827 (0.561–1.220) 1.282 (0.791–2.077) 1.922 (1.252–2.905) 0.003

Adjusteda 1 (ref) 0.726 (0.478–1.104) 1.094 (0.643–1.860) 1.673 (1.041–2.687) 0.033

LN involvement

(Yes vs No)

Crude 1 (ref) 1.499 (0.887–2.534) 2.106 (1.117–3.969) 1.538 (0.795–2.973) 0.201

Adjusteda 1 (ref) 1.501 (0.862–2.612) 1.969 (1.002–3.871) 1.257 (0.627–2.517) 0.519

Extracapsular extension

(Yes vs No)

Crude 1 (ref) 0.845 (0.588–1.215) 1.427 (0.909–2.241) 1.384 (0.900–2.126) 0.139

Adjusteda 1 (ref) 0.778 (0.532–1.139) 1.327 (0.825–2.135) 1.150 (0.730–1.811) 0.546

Surgical margin

(Yes vs No)

Crude 1 (ref) 0.991 (0.648–1.514) 1.062 (0.602–1.875) 1.036 (0.602–1.781) 0.899

Adjusteda 1 (ref) 0.895 (0.576–1.392) 0.924 (0.510–1.672) 0.852 (0.484–1.499) 0.578

Note: aAdjusted for age, smoking status, PSA level, biopsy GS and clinical stage.

Abbreviations: MetS, metabolic syndrome; BMI, body mass index; PSA, prostate-specific antigen; GS, Gleason score; LN, lymph node; OR, odd ratio; CI, confidence

interval.
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(OR, 1.969), but patients with obesity did not. Controlling

metabolic disease might help to decrease the incidence of

LNI of PCa after prostatectomy. The BMI and metabolic

status do not influence the risk of extracapsular extension

or positive surgical margins.

Theoretical biologic mechanisms for the positive rela-

tionship of the pathological risk of PCa with obesity and

metabolic disorders are complex. The key mechanism link-

ing obesity and MetS to an increased risk of cancer has been

proposed to be insulin resistance.33 Several biologic hypoth-

eses for PCa aggressiveness in relation to MetS have been

proposed. First, high insulin and insulin-like growth factor-1

levels in patients with insulin resistance are associated with

the growth of both androgen-sensitive and androgen-

independent human PCa cell lines in vitro.34 Second,

changes in the sex steroid pathway, including increased

estradiol levels and decreased free testosterone levels, pro-

mote the differentiation of PCa cells, resulting in more

aggressive PCa.34–36 Third, obesity disrupts the dynamic

role of adipocytes in energy homeostasis, resulting in inflam-

matory cytokine secretion and alteration of adipokines

(increased leptin and decreased adiponectin levels), which

can promote epithelial cell proliferation and stimulate

angiogenesis.37,38

To the best of our knowledge, this is the first study to

compare the pathological risk of PCa amongMHNW,MHO,

MANW, and MAO phenotypes in Chinese men.

Nevertheless, this study has several limitations. First,

although the statuses of the BMI and metabolic disorders

change over time, they were evaluated only once in this

study. Therefore, the influence of dynamic changes in the

body weight and metabolic status on the risk of PCa could

not be assessed. Further longitudinal studies are needed to

identify the relationship of changes in the BMI andmetabolic

status with the pathological risk of PCa. Second, because of

the inherent limitations of a cross-sectional study design, it

was not possible to clarify a causal relationship between

different metabolic obesity phenotypes and the risk of PCa.

Third, our study was a retrospective, hospital-based study

rather than a population-based study; this might have resulted

in some degree of selection bias.

Conclusion
We demonstrated that the MAO phenotype was associated

with aggressive PCa, including a higher prostatectomy GS,

pathological stage, and seminal vesicle invasion. In con-

trast, neither the MHO nor MANW phenotype was asso-

ciated with high-risk pathological features of PCa. Obesity

and metabolic disorders act synergistically to increase the

pathological risk. These findings indicate that controlling

the BMI and metabolic status is necessary to prevent

aggressive PCa and progression of PCa.
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