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Serum testosterone levels, testis volume, and the risk of prostate
cancer: are these factors related?

Serum testosteron dlizeyi, testis hacmi, ve prostat kanser riski: aralarinda
basit bir iliski var mi?
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ABSTRACT

Objective: Inconclusive results have been published in the literature regarding the relationship between free
and total serum testosterone levels and prostate cancer. We investigated the relationship between total and
free serum testosterone levels, testes volume, and prostate cancer in our patient population.

Material and methods: Total and free serum testosterone levels and serum PSA levels were recorded for
102 consecutive patients. All of the patients underwent transrectal ultrasonography-guided prostate biopsy
due to an abnormal digital rectal examination finding and/or a serum PSA level of >4.0 ng/mL. All of the
transrectal and testis US examinations and prostate biopsies were performed by the same radiologist. The
testis length, width, and height were measured from transverse and longitudinal gray scale images, and the
testis volume was calculated.

Results: Prostate cancer was detected in 32 of 102 patients (31.3%) who underwent prostate biopsy (prostate
cancer group). The remaining patients had benign histopathological findings (prostate cancer-free group).
The prostate cancer and benign histology groups were compared for age, total and free testosterone, PSA
values, and testis volume. The patients with prostate cancer were found to have a higher mean age (p=0.04).
There were no significant differences in serum PSA levels, free or total testosterone levels, or testis volumes
between the two groups (p>0.05). A binary logistic regression analysis showed that neither free nor total
testosterone was a predictor of prostate cancer (p=0.315 and p=0.213, respectively). Only age was found to
be a significant risk factor for the development of prostate cancer (p=0.02).

Conclusion: Our study failed to show a relationship between total or free serum testosterone levels, testis
volume, and the risk of prostate cancer. Therefore, monitoring serum testosterone levels for prostate cancer
prediction does not appear to add an advantage over PSA screening.
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OZET

Amag: Literatiirde serum serbest ve total testosteron diizeyleri ve prostat kanseri arasindaki iligki hakkinda
kesin olmayan sonuglar bildirilmistir. Biz kendi hasta grubumuzda total ve serbest serum testosteron diizey-
leri, testis hacmi ve prostat kanseri arasindaki iligkiyi aragtirdik.

Gerec ve yontemler: Alt iiriner sistem semptomlart ile iiroloji poliklinigine bagvuran 102 hastada serum
total ve serbest testosteron diizeyleri ve serum PSA degerleri kayit edildi. Anormal rektal muayene bulgusu
ve/veya >4.0ng/mL serum PSA diizeyi nedeni ile biitiin hastalara transrektal ultrasonografi (US) rehber-
liginde prostat biyopsisi yapildi. Biitiin transrektal ve testis US incelemeleri ve biyopsileri ayni radyolog
tarafindan yapildi. Testis uzunlugu, genisligi ve yiiksekligi transvers ve longitudinal gri skala goriintiilerde
ol¢iildii ve testis hacmi hesaplandi.

Bulgular: Prostat biyopsisi yapilan 102 hastanin 32’sinde prostat kanseri saptandi (%31.3) (prostat kanseri
grubu). Geri kalan hastalar benign histopatolojik bulgulara sahipti (prostat kansersiz grup). Prostat kanseri
ve benign histoloji gruplar1 yas, total ve serbest testosteron, PSA degerleri ve testis hacmi acisindan karsi-
lastirildi. Prostat kanseri olan hastalarin ortalama yas1 daha biiyiik bulundu (p=0.04). Serum PSA, serbest
testosteron ya da total testosteron ve testis hacmi agisindan iki grup arasinda anlamli fark yoktu (p>0.05).
Ikili lojistic regresyon analizi ne serbest ne de total testosteronun prostat kanseri icin belirte¢ olmadigini
gostermigtir (sirasiyla p=0.315 ve 0.213). Sadece yas prostat kanseri gelisimi agisindan anlamli bir faktor
olarak bulunmustur (p=0.02).

Sonug: Caligmamizda total, serbest serum testosteron diizeyleri, testis hacmi ve prostat kanseri riski arasin-
da bir iligki gosterilememistir. Dolayisiyla prostat kanserini 6n gérmek i¢in serum testosteron diizeylerine
bakmak PSA taramasina katki sagliyor gibi gériinmemektedir.

Anahtar sozciikler: Prostat kanseri; PSA; testis; testosteron.
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Introduction

Prostate cancer is one of the major problems facing men and
is of great interest to urologists. Family history, age, and race
are among the risk factors for prostate cancer. Androgens are
known to affect the growth rate and progression of prostate
cancer, but it is not clear whether elevated or decreased con-
centrations of serum testosterone increase the risk of prostate
cancer development."! It is known that sex steroid hormones are
essential for the growth of normal prostate tissue and that they
play a role in the proper differentiation of prostate epithelium.? In
addition, the prostate gland is important in androgen metabolism
because it is the site where testosterone is irreversibly converted
to 5a-dihydrotestosterone by the enzyme 5a-reductase type 117
There is a hypothesis that the androgenic activity within the
prostate gland is not reflected by serum testosterone levels, and it
is largely related to the concentration of 5a-dihydrotestosterone
within the glandular tissue. Therefore, serum testosterone
levels may not help to estimate the risk of prostate cancer develop-
ment." Inconclusive results have been published in the literature
concerning the relationship between the free and total serum
testosterone levels and prostate cancer. Some investigators have
found no relationship between serum testosterone levels and
prostate cancer development.™ In contrast, it has also been sug-
gested that free serum testosterone levels are associated with an
increased risk of prostate cancer.!” Androgen ablation therapy is
frequently used in prostate cancer management because it has
been shown that a significant reduction in serum testosterone lev-
els results in regression of advanced prostate cancer."” Decreasing
testosterone to castration levels causes prostate cancer regression,
but there has been no conclusion regarding whether the serum
hormone levels affect the aggressiveness of prostate cancer.™ It
has also been clearly demonstrated that biochemical androgen
deficiency increases with age and that testosterone treatment is
contraindicated if there is a known or suspected prostate cancer.®

The aim of this study was to investigate the relationship
between total and free serum testosterone levels, testis volume,
and prostate cancer in our patient population.

Material and methods

Total and free serum testosterone levels and serum PSA values
were recorded in 102 patients with lower urinary tract symp-
toms who were admitted to our department between April 2007
and November 2009. Patients with a family history of prostate
cancer or who had previously undergone hormone therapy
for hypogonadotrophic hypogonadism, or hypergonadotrophic
gonadism or prior prostate surgery were excluded. All of the
patients underwent transrectal ultrasonography-guided prostate
biopsy due to an abnormal digital rectal examination finding
and/or serum PSA level >4.0 ng/mL. Written informed consent
was obtained from all of the patients.

All US examinations and biopsies were performed by the same
radiologist who has worked in our department for 10 years. An
SSA 250A Toshiba US system (Toshiba, Tokyo, Japan) with a
3.5 MHz sector transducer was used. Biopsies were taken using
an automatic 18-G needle. The number of cores taken in every
procedure was 12-14 cores. None of the patients had been previ-
ously diagnosed with or treated for prostate or testis cancer, and
none of the patients had received hormone therapy.

Testis ultrasound was performed by the same radiologist using
an 8-MHz transducer. The testis length, width, and height were
measured from transverse and longitudinal gray scale images.
The testis volume was calculated using the formula length x
width x height x 0.71.

The two groups of patients (with and without prostate cancer)
were compared using the chi-squared test and Fisher’s exact
test for qualitative variables, and the Mann-Whitney U test
was used to compare quantitative variables. The Kolmogorov-
Smirnov analysis was used to test for normal distributions. For
multivariate analysis, a binary logistic regression analysis with
the forward stepwise method was performed. A p value of 0.05
was accepted as the level of statistical significance.

The results are expressed as the mean+tstandard deviation (SD).
Results

Prostate cancer was detected in 32 of 102 patients (31.3%) who
underwent prostate biopsy (patients with prostate cancer group).
The rest of the patients had benign histopathological findings,
including prostatitis and benign prostatic hyperplasia (patients
without prostate cancer group). The prostate cancer and benign
histology groups were compared for age, total and free serum
testosterone levels, PSA levels, and testis volume. The mean age
was 64.9+6 .4 years in patients with prostate cancer and 60.9+6.2
in patients without prostate cancer. The mean serum PSA level
was 7.5+0.7 ng/mL in patients with prostate cancer and 7.1+£2.5
ng/mL in patients without prostate cancer. The mean levels of
free testosterone in patients with or without prostate cancer
were 9.1+4.3 ng/dL and 11.1+8.6, respectively. The mean levels
of total testosterone in patients with or without prostate cancer
were 484.6+200.8 and 459.2+132.5, respectively. The mean tes-
tis volumes were 21.25+4.65 cc in patients with prostate cancer
and 20.68+5.32 cc in patients without prostate cancer.

The patients in the prostate cancer group were found to have a
higher mean age (p=0.04). There were no significant differences
in serum PSA levels, free or total serum testosterone levels, or
testis volume between the patient groups (p>0.05).

These results are summarized in Table 1.
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A binary logistic regression analysis showed that neither
free nor total testosterone was a predictor of prostate cancer
(p=0.315 and p=0.213, respectively). Only age was found to
be a significant factor for the development of prostate cancer
(p=0.02).

These results are summarized in Table 2.
Discussion

We could not find an association between total or free serum
testosterone levels, testis volume, and prostate cancer. The only
risk factor we could confirm was patient age. Our findings are
consistent with a collaborative study of endogenous hormones
and prostate cancer in which no relationship was found between
any serum sex hormone level and the development of pros-
tate cancer. The authors only reported an inverse association
between serum sex hormone binding globulin (SHBG) concen-
tration and prostate cancer risk.”! In a recent study by Morote
et al.b!, in addition to failing to show a relationship between
testosterone levels and prostate cancer, the authors could not
find a relationship between the serum levels of these hormones
and tumor aggressiveness. There have been controversial stud-
ies suggesting an inverse association between serum levels of
free and total testosterone and a diagnosis of high-grade prostate
cancer.>!% It has been suggested that lowering androgen levels
by using a Sa-reductase inhibitor might favor the development
of aggressive prostate cancer.”” We did not evaluate the relation-

Table 1. Comparison of prostate cancer (+) and (-)
groups

Prostate Prostate P
cancer + cancer — value
(n=32) m=70)
Age (mean+SD) 64.9+6.4 609+62 0.04
Total testosterone (mean+SD)  484.6+200.8 459.2+132.5 0449
Free testosterone (mean+SD) 9.1+4 3 11.186 0244
PSA (mean+SD) 7.540.7 71825 0417
Testis volume (mean+SD) 21.25+4.65  20.68+5.32 0.335

Table 2. Results of binary logistic regression analysis

OR 95% CI p value
Age 1.106 1.031-1.187 0.02
Total testosterone 1.002 0.999-1.005 0213
Free testosterone 0.943 0.841-1.057 0.315
PSA 0.937 0.764-1.149 0441
Testis volume 1.015 0.886-1.039 0.328

ship between the hormone levels and the histologic grade of
the tumor, as this analysis was beyond the scope of this study.
The influence of androgens on the grade of the tumor should
be studied in a group that is uniform with regard to histological
staging [0

The effects of serum testosterone on benign prostatic hyperpla-
sia (BPH) have also been studied. It has been found that higher
serum testosterone levels are associated with a lower BPH risk
(12). There have also been studies that have failed to show a
correlation between serum testosterone levels and the develop-
ment of BPH.®! The treatment of BPH includes 5a-reductase
inhibitors, which prevent the reduction of testosterone to
dihydrotestosterone in the prostate gland.!'?! As previously men-
tioned, using Sa-reductase inhibitors does not affect the risk of
prostate cancer development but may favor the development of
aggressive prostate cancers.”

Isbarn et al.""! reviewed the literature on the effects of testoster-
one on prostate tissue, and they concluded that the stimulatory
effect of testosterone on benign and malignant prostate diseases
does not increase beyond a saturation point. Therefore, increas-
ing or decreasing serum testosterone levels beyond eugonadal
levels does not alter the development of prostate diseases.!'!!

The testis is the organ that synthesizes testosterone. After the
age of 30 years, the size of the testis does not change signifi-
cantly. Testis volume is strongly correlated with sperm volume
and quality and testosterone levels. If the Leydig cell function
is preserved, the mean testosterone concentrations are normal
regardless of the size of the testis.'*! In both of our patient
groups, the testes volumes and the levels of testosterone were
within normal limits.

We know that although it is not specific, serum prostate-specific
antigen (PSA) levels are the main predictor of prostate cancer.
All men with a risk of prostate cancer are monitored via serum
PSA. Another suggested predictor of prostate cancer is the ratio
of serum testosterone to serum PSA (t/PSA).'Y Nevertheless,
the use of t/PSA as a predictor was not confirmed by a recent
study of Morote et al.'™ They concluded that t/PSA is not a
useful predictor of prostate cancer risk and that there is no
relationship between serum testosterone levels, prostate cancer
development, and tumor aggressiveness.!'>! Therefore, a distinct
role has still not been found for serum testosterone in the pre-
diction of prostate cancer or in strengthening the specificity of
PSA as a predictor.

The increase in the prevalence of benign and malignant prostate
diseases in elderly men does not vary significantly in different
countries. Nevertheless, the death rates from prostate cancer
vary between various populations." Studies have been per-
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formed to investigate the relationship between genetic altera-
tions (e.g., androgen receptor gene, steroid So-reductase type 11
gene, etc.) and prostate cancer development, but these studies
have also been inconclusive.l'%!”- I Therefore, we believe that
there is a complex relationship between androgenic activity and
prostate cancer development that cannot be easily determined
by measuring testosterone levels.

The limitation of our study is the limited number of patients
with prostate cancer. For this reason, we could not group the
patients according to Gleason scores. Further studies with
larger numbers of patients would be advantageous to investigate
estrogen levels and the expression of the androgen receptor and
Sa-reductase type II genes in patients with prostate cancer.

In conclusion, the effects of testosterone on the growth and dif-
ferentiation of prostatic tissue are well known. Prolonged expo-
sure to serum testosterone is related to the occurrence of benign
and malignant prostate diseases. This effect has led many
researchers to investigate the possible association between
serum testosterone levels and prostate disease. Although man-
agement of both BPH and prostate cancer includes anti-andro-
gen therapy, no consensus has been achieved on the role of
testosterone in prostate cancer development. Our study failed to
show a relationship between total and free serum testosterone
levels, testis volume, and the risk of prostate cancer. Therefore,
monitoring serum testosterone levels for prostate cancer predic-
tion does not appear to confer an advantage over PSA screen-
ing. Because there is no scientific consensus on the effects of
testosterone on prostate cancer, patients with low or high serum
testosterone levels and patients undergoing testosterone therapy
should be informed of the risks and their progress should be
closely followed.
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