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Background: Some patients with prostate cancer have
elevated gonadotropin levels. It is unknown, however,
whether this condition directly influences carcinogen-
esis in the prostate. It is also unknown whether any
specific hormone levels are useful to predict aggres-
sive disease. The potential role of luteinizing hormone
(LH) and follicle-stimulating hormone (FSH) in prostate
physiology is widely discussed. The study aimed to eval-
uate whether patients with this endocrine pattern have
different outcomes following radical prostatectomy.

Methods: This was a prospective cohort study of
consecutive patients undergoing robot-assisted radical
prostatectomy at the Andrology and Urology Depart-
ment, National Medical Research Center for Obstetrics,
Gynecology and Perinatology named after Academician

V.I. Kulakov (Moscow) from September to December
2023. After applying exclusion criteria, 60 patients were
included and stratified into a hypergonadotropic cohort
(upper tertile for LH and FSH; n = 14) and a control
cohort (n = 46). Primary outcome was adverse histology
defined as ISUP grade > 3 on final pathology.

Results: 10 of 14 hypergonadotropic patients (71.4%)
and 15 of 46 patients in the control cohort (32.6%)
had ISUP grade > 3, and this difference was statisti-
cally significant (p = 0.014). The rate of T3 disease on
pathology was 42.9% and 32.6% in hypergonadotropic
patients and the control cohort, respectively (p = 0.532).
No significant correlation was found between PSA and
gonadotropin levels.

Conclusions: Patients with prostate cancer may have
elevated gonadotropin levels, potentially predicting
aggqressive disease. If validated, these findings could
influence clinical decision-making in prostate cancer
based on LH and FSH levels.
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Introduction

Prostate cancer is the second biggest cause of can-
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Accepted for publication 24 September 2025 makes up only 10% of all incident cancer cases. The
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of regional lymph nodes (13%). Meanwhile, only 6%
of men are diagnosed with distant metastases.' It is a
highly prevalent condition that is dependent on male
hormonal status. Indeed, most systemic treatment
modalities for metastatic prostate cancer are based on
endocrine manipulation.

The therapeutic effect of androgen deprivation
therapy was first demonstrated in the 1940s.
This discovery proved that prostate cancer is an
androgen-dependent disease.” Over the years,
hormonal therapy for this disease has progressively
improved. Such treatment methods as deprivation
of gonadal testosterone, blocking the production
of adrenal and other extragonadal androgens, and
methods that directly bind and inhibit androgen
receptors have been developed.’ It is controversial,
however, whether and how any conditions (e.g.,
hypogonadism or testosterone replacement therapy)
directly influence carcinogenesis in the prostate. It is
also unknown whether any specific hormone levels
are useful to predict aggressive disease.

In our practice, we encountered an unexpectedly
high proportion of prostate cancer patients with
elevated gonadotropin levels. The potential role
of follicle-stimulating hormone (FSH) in prostate
physiology is widely discussed.’ Moreover, increased
luteinizing hormone (LH) and FSH levels may
be indicative of hypogonadism, extra-pituitary
gonadotropin production, or idiopathic pituitary
overactivity. There are numerous novel prostate
cancer biomarkers, but the “old” molecules, such as
gonadotropins, are somewhat overlooked.” Hence,
this study sought to evaluate whether patients with
this endocrine pattern have different outcomes
following radical prostatectomy.

Materials and Methods

Study design and participants

We conducted a prospective cohort study of
consecutive patients who underwent robot-assisted
radical prostatectomy at the Andrology and Urology
Department, National Medical Research Center for
Obstetrics, Gynecology and Perinatology named
after Academician V.I. Kulakov, Moscow, between
September 1, 2023 and December 31, 2023. Inclusion
criteria: patients with histologically confirmed
prostate adenocarcinoma scheduled for robot-
assisted radical prostatectomy. Exclusion criteria:
neoadjuvant hormone therapy, prior 5-alpha-
reductase inhibitor use, and prior testosterone
replacement therapy. The study protocol was
approved by the Local Ethics Committee of I.M.
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Sechenov First Moscow State Medical University
(#01082023). All patients provided written informed
consent with guarantees of confidentiality.

Participant selection and flow

Patients were screened at preoperative assessment;
60 patients meeting inclusion/exclusion
criteria were invited to participate and were
consecutively enrolled.

Variables and measurements

The exposure of interest was a hypergonadotropic
endocrine pattern, defined as serum LH > 7.15 IU/L
and serum FSH > 10 IU/L (upper tertiles). Fourteen
patients were included in this cohort. Other patients
comprised the control cohort. Primary outcome was
adverse histology on final surgical specimen (ISUP
grade > 3). Secondary outcomes included pathologi-
cal T stage (T3 vs. <T2).

Serum hormones (LH, FSH, total testosterone,
estradiol) were evaluated using a Cobas e411 analyzer
for immunochemistry testing (Roche Diagnostics,
Basel, Switzerland). Blood samples were collected
in the morning (08:00-10:00) before surgery, pro-
cessed and stored according to standard procedures.
Prostate volume was assessed by transrectal ultra-
sound, using HS70A ultrasound scanner (Samsung
Medison, Seoul, Republic of Korea). Histopathology
(ISUP grade, pathological T stage) was reviewed by
one pathologist blinded to hormonal status.

Statistical analysis

The Shapiro-Wilk test was used to assess the normal-
ity of distribution. Most variables were not normally
distributed, except age and testosterone level. Data
with normal distribution were presented as mean
values and standard deviations (mean =+ standard
deviation [SD]), and other variables were presented
as median values and interquartile ranges (IQRs;
median [Q1-Q3]).

Age, endocrine parameters, prostate-specific
antigen (PSA) levels, prostate volume, stage, and
International Society of Urological Pathology (ISUP)
grade’ were compared between the two cohorts.
Mann-Whitney U-test was used for non-parametric
variables, the Student t-test was used for parametric
variables, and Fisher’s exact test was used for
categorical variables. Pearson correlation coefficients
were calculated for endocrine parameters to account
for possible relationships between them. p-values
below 0.05 were considered to be significant.

All analyses were performed using IBM SPSS ver-
sion 26 (IBM Corp., Armonk, NY, USA). There were
no missing values for primary outcomes.
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TABLE 1. Comparison of age, laboratory parameters and prostate volume between the two groups

Parameter Hypergonadotropic patients (n =14) Control cohort (n = 46) p-value
Age (years) 95%%%?9%?3.45 950/06(2:'1?: %f0§§§3.57 040131
ooy oty ZIPLRAL BIERIN
e R <5y T
FSH (1U/1) o5 It 10452196 oS Crsze sy 000001
Testosterone (nmol/L) 95% CT. 12612228 5% Cl 13251606 006192"
T o BT
oo BT s
PSA (ng/mL) 053, ClL 6511958 o, Clsa7 1oy 096810
Prostate volume (cc) 45.50 [25.23-57.50] 40.50 [31.30-57.80] 0.81810 **

95% CI: 26.90-64.10

95% CI: 35.20-45.30

Note. *Student t-test; *Mann-Whitney U-test. LH, luteinizing hormone; FSH, follicle-stimulating hormone; T,

Testosterone; E2, Estradiol; PSA, prostate-specific antigen; CI, confidence interval.

Results

Between September 1 and December 31, 2023, 60
were included in the analysis (hypergonadotropic
n = 14; control n = 46). There were no missing values
for the primary outcome (ISUP grade) and for key
hormonal measurements.

Median LH and FSH levels in both cohorts com-
bined were 5.14 IU/L (95% confidence interval (CI):
4.77-6.99; IQR: 4.1-8.34) and 8.84 IU/L (95% CI:
6.84-9.61; IQR: 5.87-12.52), respectively.

A comparison of basic parameters between the
two cohorts is presented in Table 1. The only statis-
tically significant difference, apart from LH and FSH
levels, was observed for estradiol levels (p < 0.05).

ISUP grades and T stage on final pathology were
compared between the two cohorts (Figures 1 and 2,
respectively).

ISUP grade > 3 had 15 of 46 patients in the con-
trol cohort (32.6%) and 10 of 14 hypergonadotropic
patients (71.4%). This difference was statistically sig-
nificant (p = 0.014). Of hypergonadotropic patients
42.9% had T3 disease on pathology and in control
group it was 32.6% (p = 0.532).

A correlation analysis was performed to evaluate
possible linear relationships between the variables,
which could have affected the primary results

(Table 2). Expected weak-to-moderate correlation
was observed between endocrine parameters (e.g.,
correlation between serum LH and sex steroid lev-
els). Importantly, there was no meaningful correlation
between PSA levels and hormone levels (Figure 3).

Importantly, only 5 hypergonadotropic patients
had testosterone level below 12 nmol/L, and only 2
among them had testosterone level below 8 nmol/L,
which means that only a minor portion of them had
true hypergonadotropic hypogonadism associated
with testicular failure.

Discussion

Our study demonstrated that some patients with
prostate cancer have elevated gonadotropin levels.
Only a minor portion of hypergonadotropic patients
had low testosterone levels, which separates these
cases from true hypogonadism associated with tes-
ticular failure. Rather, it could be stated that such
patients probably have an overactive hypothalamic-
pituitary system. It can also be hypothesized that
prostate adenocarcinoma may be a source of extrinsic
gonadotropin production. Although we observed a
higher incidence of high-grade histology (ISUP > 3)
in hypergonadotropic patients, it still needs to be
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FIGURE 1. ISUP grading in the studied cohorts. ISUP, International Society of Urological Pathology
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FIGURE 2. Pathological T stage in the studied cohorts

TABLE 2. Correlations between studied numerical variables

Parameter LH FSH Testosterone Estradiol PSA Prostate volume
Age —0.1154 —0.1100 0.2006 0.0905 —0.2377 0.0235
LH - 0.7947 0.3200 0.5254 0.1331 0.0129
FSH - - 0.0666 0.3567 0.1560 0.0435
Testosterone - - - 0.3471 —0.0757 —0.0673
Estradiol - - - - —0.0423 —0.0398
PSA - - - - - 0.198

Note. LH, luteinizing hormone; FSH, follicle-stimulating hormone; PSA, prostate-specific antigen.
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FIGURE 3. A scatter plot demonstrating the relationship between PSA and gonadotropin levels. LH, luteinizing
hormone; FSH, follicle-stimulating hormone; PSA, prostate-specific antigen

elucidated whether the hypergonadotropic state has
any clinical significance in prostate cancer.

There is an opinion that LH and FSH are
directly involved in prostate cancer development and
progression, including castration-resistant disease.’
Benign and malignant prostate cells may express FSH
and FSH receptors.”"’ In the study conducted on
human prostate tissue and different animal models by
Garde immunoprecipitation of FSH was performed
on minced prostate tissue to determine FSH expres-
sion. FSH was found in all specimens except normal
prostate sections. Interestingly, there was alternat-
ing FSH expression pattern in many BPH specimen,
indicating different stages of cellular development.
They also found decreased tumor growth and FSH
levels after 2-week treatment with Prostatic Inhibin
Peptide.’ A higher level of FSH/follicle-stimulating
hormone receptor (FSHR) expression was demon-
strated in aggressive prostate cancer.'"'’ Prostate can
possibly synthesize autologous FSH and with FSH-
R expression that can lead to local circuit, facilitating
prostate cancer growth.”

Study by Mariani et al. showed abnormal expres-
sion of FSH receptor in prostate cancer cells, whereas
normal prostate tissue without signs of cancer or
hyperplasia had no or small FSH-receptor mRNA in
comparison. Most intense FSH-R expression among
BPH specimens was shown in basal epithelial layer
and apical region. In prostate cancers expression was
diffuse and intense in glandular epithelial cells. In
FSH-R-knockout mice there was no influence of FSH
on gland organogenesis, but there might be FSH-
dependent action on differentiation and secretion.

Androgen independent cancer cell line expressed
FSH-R gene and FSH-R protein. Contrary, androgen-
dependent prostate cancer cells did not have such
metabolic activity. In that study was also stated,
that there was no correlation between Gleason score
and increased FSH-R expression in cancerous tissue.
These findings support possible yet undiscovered
clinical significance of FSH expression in prostate."

In one cohort study with 250 patients by Heracek
et al. serum levels of FSH were significantly lower
in patients with localized prostate cancer than in
patients with advanced disease (FSH = 5.63 +/— 0.31
vs. 7.07 +/— 0.65, respectively, p < 0.05).”

Anin vitro study by Dizeyi et al. also demonstrated
that prostate cancer cells have FSH receptors and FSH
stimulates their proliferation. In the same study C4-
2, androgen independent cell line, had high basal
expression of FSH-R and mRNA. After FSH treatment
C4-2 cells showed significant induction of PSA and
expression of NKX3.1 gene, regulating prostate devel-
opment and acting like a tumor suppressor.” Zhang
et al. previously demonstrated decreased expression
of prostate inhibin-like protein (PIP) in adenocarci-
noma when compared to BPH and normal prostatic
tissue. PIP is known to suppress the release and syn-
thesis of FSH in pituitary and prostate itself. It is
unlikely, though not impossible, that decreased levels
of PIP in patients with aggressive prostate cancer lead
to a hypergonadotropic state in absence of hypogo-
nadism.” Pinthus et al. described that in advanced
prostate cancer under androgen deprivation ther-
apy, patients with FSH < 4.8 mIU/mL experience

Copyright © 2025 The Authors. Published by Tech Science Press; 32(6); December 2025 565



a 54% lower risk of progression to castration resis-
tance (hazard ratio 0.46, 95% CI 0.23-0.73, p = 0.006),
which supports possible involvement of FSH in can-
cer growth pathway'®. Porcaro et al. demonstrated
that FSH level could be independently predicted by
PSA level in patients with prostate cancer and sug-
gested to use FSH/PSA ratio as a tool to identify
patients with high risk of progression.” We were
unable to demonstrate any kind of significant cor-
relation between PSA and gonadotropin levels. The
same group subsequently assessed FSH/PSA clusters
in patients who underwent radical prostatectomy;,
observing statistically significant relationship with
Gleason score in biopsy cores and surgical specimen.
Porcaro et al. haven’t described a specific group of
patients with exceptionally high gonadotropin lev-
els, but they report that maximum levels of LH and
FSH in their cohort were 48 IU/I and 54.8 IU/],
respectively.”

In 2010 elevated expression of FSH-R was reported
by Radu et al. in wide spectrum of tumorous tis-
sues such as breast, pancreas, colon, bladder, lung,
liver, stomach, ovaryand testis. It was hypothesized,
that such expression could also be a consequence
of neo-angiogenesis in prostate cancer tissue.'” The
role of gonadotropins and gonadotropin receptors
has been previously described for the microenviron-
ment of ovarian tumors and also stimulates their
growth, survival and metastasis. In case of ovarian
cancer FSHR is a plausible novel therapeutic agent."”’
Prostate cancer microenvironment remains an area
open for further research. Sofikerim et al. observed
higher mean levels of serum FSH in prostate cancer
patients (7.56 mIU/mL) when compared to patients
with benign prostatic hyperplasia (6.06 mIU/mL,
p = 0.029) though FSH does not emerge as an inde-
pendent predictor when analyzed multivariately.” A
small clinical trial examined the use of abarelix, a
GnRH antagonist, in prostate cancer patients who
developed castration-resistant disease after orchiec-
tomy. The treatment led to a reduction in FSH levels
(below 5 mIU/L), supporting the hypothesis that
FSH suppression may offer therapeutic benefits in
castration-resistant prostate cancer. These findings
suggest that GnRH antagonists may exert antitumor
effects beyond merely lowering testosterone levels.”

In another recent study by Deiktakis et al.
in degarelix and degarelix/flutamide treated mice
prostate weight to body weight ratio was regained
after addition of FSH treatment by 41% and 11%,
respectively. Interestingly, no effect on PSA levels in
chemically castrated men was observed after FSH
treatment.””
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In the recent study by Oduwole was shown
effect of recombinant human FSH on degarelix-
treated androgen-independent PC-3 and DU145
cell xenografts. FSH supplementation significantly
reversed inhibitory effect of degarelix on PC-3 tumor
volume (p < 0.05), although that effect was not seen
in degarelix-naive mice (p > 0.05). In the same study
elevated FSH-R expression in prostate cancer tissue
was confirmed.”

In contrast, Schmitt et al. find no significant FSH
differences among men with and without prostate
cancer or atypical small acinar proliferation groups.”

A narrative synthesis by Crawford et al. empha-
sizes that disruptions in the FSH system accompany
changes induced by androgen deprivation therapy.”
Gonadotropin therapy is commonly used for male
infertility and is thought to be relatively safe. How-
ever, one should be wary of its potential effects
on the prostate, especially in patients of advanced
reproductive age.

It has been suggested that in the setting of prostate
cancer, FSH may play a role comparable to that
of testosterone. Catarinicchia and Crawford pub-
lished a case report that described a patient who
underwent bilateral orchiectomy and subsequently
received abiraterone therapy but demonstrated a PSA
response only when degarelix was added. They also
hypothesized that FSH may be important in tumor
invasion.” FSH level was also shown to be associ-
ated with extraprostatic extension of prostate cancer
in a study by Ide et al.”” Surprisingly, well-known
markers of aggressive disease—Gleason score and
PSA level—were not found to be associated with
tumor extension. Of note, mean gonadotropin lev-
els in this cohort were relatively high: 8.22 IU/I
and 13.74 IU/1 for LH and FSH, respectively. Previ-
ously the same group demonstrated higher levels of
gonadotropins in men with positive prostate biopsy
when compared to men with negative biopsy, as
well as in men with Gleason score > 7 when com-
pared to Gleason score < 7.”° Those signs indirectly
hint at a possible association between aggressive
prostate cancer and hypergonadotropic state, which
was demonstrated in our study. Bilateral orchiectomy
induces hypergonadotropic hypogonadism, unlike
gonadotropin-releasing hormone (GnRH) modula-
tors.

However, Beer et al. observed only a minor
reduction in PSA level in small cohort of castrate-
resistant cancer patients on GnRH antagonist therapy
who previously underwent surgical castration as a
primary modality of androgen deprivation.”

Hypergonadotropic prostate cancer patients may
present a specific group with an increased risk of ISUP
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upgrading following radical prostatectomy, which
could affect clinical decision-making. However, an
observational study on 503 patients, who under-
went radical prostatectomy by Kourbanhoussen et al.
showed no statistically significant difference in terms
of ISUP grade and long-term oncological outcomes
for patients with serum FSH levels in the highest
tertile.”

Robust evidence regarding this potential relation-
ship is required. Moreover, a deeper understanding
of prostate cancer pathology reveals that ISUP grad-
ing (Gleason grading) is not the only factor that
determines its biology and behavior. Some tumors
suggested to have different pathways, accelerating
their growth and progression. This study supports
the idea of establishment of novel treatment modali-
ties regarding prostate cancer.”

The limitations of our study include a rela-
tively low number of participants, its single-center
nature, and the tercile-based definition of the hyper-
gonadotropic state, which may not concur with
external cohorts. Patients with high ISUP grade could
undergo other treatments, such as radiotherapy or
antiandrogen therapy. On the other hand, patients
with low ISUP grade could enter active surveil-
lance protocol. These factors can influence results
and contribute to selection bias. We used a tercile-
based definition because common reference ranges
for LH and FSH stem from reproductive medicine
and may not apply to prostate cancer settings. ISUP
grade is just a surrogate endpoint, and aggressive-
ness of prostate cancer is better judged by measures
of recurrence-free and cancer-specific survival, but
proper assessment of these outcomes is possible
only after many years of follow-up. Finally, potential
measurement bias (laboratory assay variability) and
selection bias (referral patterns to a tertiary center)
might affect the findings.

Conclusions

Patients undergoing radical prostatectomy may have
elevated gonadotropin levels not necessarily associ-
ated with hypogonadism. In our cohort, such patients
have a tendency for higher ISUP grades on final
histology. Our results suggest that further studies
are required to understand the association between
aggressive prostate cancer and gonadotropin levels.
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