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Background: Many factors could contribute to the cases of residual benign prostate

hypertrophy (BPH) volume after transurethral resection of the prostate (TURP), such as

age, obesity, testosterone level, and inflammation. The goal of this study was to determine

the risk of tumor necrosis factor-α (TNF-α), transforming growth factor-β (TGF-β) in

prostate tissue, serum prostate-specific antigen (PSA), serum testosterone, and age in pro-

moting prostate volume progression after TURP.

Patients and Methods: This was a prospective cohort study on 83 BPH patients who

underwent TURP at five hospitals in Bali, Indonesia. Trans-rectal ultrasonography (TRUS)

was carried out to examine the prostate’s size. Three years after, we redo the TRUS examination

to collect the data of the latest prostate size. TNF-α, TGF-β, serum PSA, testosterone, and age

were registered for analysis.We used Pearson’s and Spearman’s correlation tests andmultivariate

analytic linear regression test (coefficient β) by SPSS 13.0 software.

Results: Age, testosterone, PSA, TNF-α, TGF-β were positively correlated to prostate’s

volume progression. The prostate volume was strongly correlated with age (r= 0.749,

p <0.001), PSA level (r=0.896, p <0.001), testosterone level (r=0.818, p <0.001), and

TGF-β (r=0.609, p <0.001). The TNF-α level has a weak correlation to prostate’s volume

progression (r=0.392, p <0.001).

Conclusion: TNF-α, TGF-β, PSA, testosterone, and age were significant as the risk factors

in promoting the prostate volume progression after TURP.
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Introduction
The gold standard surgical management for benign prostate hypertrophy (BPH) to

date is still the transurethral resection of the prostate (TURP).1 Regardless, there

were still 3–15% of cases with residual BPH that need reintervention.2 Many

factors could contribute to the cases of residual BPH volume after TURP, such as

age, obesity, testosterone level, and inflammation.

The pattern of inflammation at the molecular level has been known to affect the

growth of the prostate.3 The level of proinflammatory cytokines, such as tumor

necrosis factor-alpha (TNF-α), transforming growth factor-beta (TGF-β), and

interleukins.4 Inflammation-induced growth factors have long been linked linearly

to the development of BPH.5 Testosterone was recognized to increase the prostate

volume especially in testosterone replacement therapy. The active form of this

hormone, dihydrotestosterone, activated androgen receptor, and promoted prostate

development.6 Prostate-specific antigen (PSA), as a marker produced by prostate’s

epithelial cells, should be strongly related to the increased volume of BPH. Aging
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showed an increasing transitional volume of the prostate

with an unknown direct mechanism.7

This was the first study, to the best of our knowledge,

that determine the risk of local factors (TNF-α and TGF-β
in prostate tissue) and systemic factors (PSA, testosterone,

age) in promoting prostate volume progression in subjects

who previously underwent TURP.

Patients and Methods
This was a prospective, cohort study on 99 patients who

underwent TURP procedure in five hospitals in Bali

(Sanglah General Hospital, Surya Husada Hospital,

Dharma Yadnya Hospital, Balimed Hospital, and

Ganesha Hospital) in 2016. The study was approved by

the Committee of Ethical Research of Udayana University.

All subjects provided written informed consent to be

included in this study. Inclusion criteria include 50–80

years old men with prostate enlargement volume of

20–80 g by ultrasound who underwent TURP in 2016.

Exclusion criteria include hypertension, diabetes, history

of medical castration prior to TUR-P, neurogenic bladder,

other prostate surgeries other than a single TURP, and the

presence of malignancy in pathology findings.

We obtained the blood sample before the surgery to

check for PSA and testosterone levels. TNF-α and TGF-β

were taken from prostate tissue obtained during TURP and

tested with ELISA. The subjects were followed up from

2016 to 2019. A month after TURP, we performed trans-

rectal ultrasonography (TRUS) to evaluate the prostate

size using the D1xD2xD3x0.52 formula. Three years

later, we repeated the TRUS examination to re-evaluate

the prostate’s volume progression. All TRUS examinations

were carried out by a similar operator.

Data were then processed descriptively to know the

sample’s characteristics and analytically with Pearson’s

and Spearman’s correlation tests. We analyzed the data

for the correlation coefficient value (r) and followed up

with a multivariate analytic linear regression test (coeffi-

cient β). Statistical analysis was carried out with SPSS

13.0 (IBM; SPSS, Chicago, IL, USA) for Windows.

Results
Out of 99 patients who underwent TURP in 2016, only 83

patients were able to be re-evaluated. The dropout rate was

16% due to mortality. The 83 patients were re-evaluated for

their prostate volume after TURP (Table 1). In this study, we

found a significant correlation between all variables (age,

testosterone, PSA, TNF-α, TGF-β) and prostate volume pro-

gression after TURP (p <0.001) (Table 2).

We determined the correlation between the observed vari-

ables with volume progression of the prostate. We found that

there was a strong correlation between age (r=0.749;

p <0.001), PSA level (r=0.896; p <0.001), testosterone level

(r=0.818; p <0.001), TGF-β (r=0.609; p <0.001) and volume

progression of the prostate. The TNF-α level had a low cor-

relation to prostate volume progression (r=0.392; p <0.001).

We continued the data analysiswith amultivariate analysis,

where we found that each additional age correlates to the

volume of prostate progression by 0.106 mL (p <0.002).

Each 1 ng/dl increase in PSA level affects prostate volume

by 0.232 mL (p <0.001). Each 1 ng/dl increase on testosterone

level affects delta prostate by 0.009 mL (p <0.001). Each 1 pg/

mg increase of TNF-α increases prostate volume by 0.28 mL

(p=0.011). Furthermore, 1 pg/mg increase of TGF-β increases

prostate volume by 0.015 (p<0.001), as displayed in Table 3.

Discussion
BPH is associated with older age, and the prevalence

increases with age. Ngai et al8 reported there was

Table 1 Characteristics of the Subjects

Variable N=83

Age (years), mean±SD 56.2±8.2

Testosterone (ng/dl), median (IQR) 412.4 (177.1)

PSA (ng/dl), median (IQR) 5.4 (4.2)

TNF-α (pg/mg), median (IQR) 45.9 (6.57)

TGF-β (pg/mg), median (IQR) 200.6 (83.9)

Prostate volume (mL), mean±SD 5.6±4.3

Abbreviations: TNF-α, tumor necrosis factor-α; TGF-β, transforming growth

factor-β; PSA, prostate-specific antigen; SD, standard deviation; IQR, interquartile

range.

Table 2 The Correlation Between Observed Variables and the

Prostate Volume Progression After TURP

Variables Prostate Volume Progression

r p

Age 0.749a <0.001

Testosterone 0.818a <0.001

PSA 0.896b <0.001

TNF-α 0.392b <0.001

TGF-β 0.609b <0.001

Notes: aPearson’s correlation test; bSpearman’s correlation test.

Abbreviations: TUR-P, transurethral resection of the prostate; TNF-α, tumor

necrosis factor-α; TGF-β, transforming growth factor-β; PSA, prostate-specific

antigen.
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a correlation between prostate volume and patient’s age. The

aging process is associated with inflammation and microvas-

cular abnormalities, which will cause ischemia and oxidative

stress, which then leads to the occurrence of BPH.9 Another

study found that there was an autosomal dominant genetic

predisposition in men older than 60 years old with a 72%

increased risk of BPH and LUTS.10 In older age, significant

prostate tissue remodeling happens, especially in

a transitional zone, progressively after 70 years old.11–13 In

this study, we found a significant correlation between age and

prostate volume progression three years after TURP. In mul-

tivariate analysis, we found that age is a factor that has a role

in prostate volume progression three years after TURP.

Testosterone is the most important androgen hormone in

humans. Dihydrotestosterone (DHT) is an androgen metabo-

lite that is very important in prostate gland cell growth. DHT

is formed from testosterone by 5α-reductase.14 Roehrborn15

found that the activity of DHT is higher in prostate with BPH

compared to healthy prostate tissue. Testosterone was also

directly affected prostate growth.16 This is in line with this

study, where the level of testosterone hormone affects pros-

tate volume. For each 1 ng/mL increase in testosterone

hormone will cause prostate volume progression after

TURP by 0.009 mL (p <0.001).

PSAwas a promising biomarker for prostate growth. In

this study, it was found that each 1 ng/mL increase of

serum PSA will cause prostate volume progression by

0.232 mL and with a highly significant correlation.

Milonas et al17 reported that the growth of the prostate

gland could be predicted based on the PSA level. Duarsa

et al6 previously found that high PSA level (>4 ng/mL)

promoted LUTS and prostate volume.

In this study, TNF-α in prostate tissue, which was taken

during TURP, has a moderate correlation with prostate

volume progression after TURP. This is probably because

TNF-α is an acute inflammation mediator. Meanwhile,

prostate enlargement is caused by chronic inflammation.9

TGF-β from prostate tissue taken during TURP has

a strong significant correlation with prostate volume pro-

gression after TURP. A 1 pg/mL increase of TGF β will

make prostate volume after TURP had a progression of

0.015 mL. TGF-β cytokine has a role in the regulation of

cell proliferation, apoptosis, cell differentiation, and cell

migration.18 In BPH, TGF-β will delay the proliferation

and induce stromal cell differentiation, synthesize stromal

cell collagen, and increase apoptosis.19 Prostate cells’

apoptosis rate control is controlled by TGF-β, a cytokine

that affects cell proliferation, cell differentiation, and cell

apoptosis. Overexpression and increase of TGF-βsignaling
activity can be found in BPH’s epithelial and stromal

components.20

Overall, all variables tested in this study showed

a significant correlation with the residual volume progres-

sion of the prostate. This study was the first study that

analyzed factors that contributed to the volume progres-

sion of the prostate after TURP. The limitation of this

study was the 16% level of drop out rate due to mortality.

Conclusion
The TNF-α, TGF-β, PSA, testosterone, and age were sig-

nificant as the risk factors in promoting the prostate

volume progression after TURP.
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