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Abstract: The role of androgens in body composition is well known. Androgen deprivation therapy
(ADT) has shown beneficial effects in the treatment of advanced prostate cancer (PCa). Given that
androgens are important for the homeostasis of different organs, the effects of ADT can affect body
composition and therefore adipose tissue. Computed tomography (CT) and magnetic resonance imag-
ing (MRI) are non-invasive methods that allow for quantification of the different fat compartments.
In this review we describe the effects of ADT on abdominal adipose tissue in PCa patients.
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1. Introduction

Androgens play an active role in body composition in men. Indeed, a positive correla-
tion has been found between serum testosterone concentrations and lean mass together
with a negative correlation with fat mass [1]. Testosterone replacement therapy determines
an increase in lean body mass and a decrease in fat mass in hypogonadal men [2,3]. Surgi-
cal androgen deprivation or medical castration were the basis for treatment of advanced
prostate cancer [4]. The new cytotoxic and androgen receptor-targeted therapies have
demonstrated a survival benefit in association with androgen deprivation [5]. Considering
that androgens are important for the homeostasis of different organ systems, their use is
related to a number of harmful effects [6]. One of the side effects of androgen deprivation
therapy (ADT), even for short term treatment, is an increase of fat mass [7,8]. The absence of
androgen-related hormones changes the lipid composition of tissues and decreased insulin
sensitivity, resulting in the promotion of an obese-like phenotype [9,10]. A body mass
index (BMI) greater than 30 kg/m2 defines obesity, but it does not provide information on
body composition such as the quantity of the different adipose tissue compartments [11,12].
Fat compartments can be distinguished by computed tomography (CT) and magnetic
resonance imaging (MRI), non-invasive imaging techniques for qualitative and quantitative
analysis of tissues (Figures 1 and 2) [13–17].

Herein, we describe the effects of ADT on abdominal adipose tissue assessed by
quantitative analysis performed by a CT and MRI imaging-based approach.
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Figure 1. Axial CT image of a male subject showing VAT segmented in orange and SAT segmented 

in yellow. 

 

Figure 2. Axial T1-weighted MRI image showing periprostatic adipose tissue segmented in orange 

and SAT segmented in yellow. 

Figure 1. Axial CT image of a male subject showing VAT segmented in orange and SAT segmented
in yellow.
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Figure 2. Axial T1-weighted MRI image showing periprostatic adipose tissue segmented in orange
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2. Methods

The literature search was carried out in September 2022 using MEDLINE PubMed
Central. The search was performed for literature published between 2012 and 2022. Only
articles written in English were included. The keywords used for the articles search were:
“Androgen deprivation therapy adipose tissue” and “Androgen deprivation therapy fat”.
Only articles evaluating body composition by a CT- and MRI-based approach in PCa
patients treated with ADT were selected. Four articles met these criteria and were included
in this review.

3. Results and Evidence
3.1. Effects of Androgen Deprivation Therapy on Abdominal Adipose Tissue

Antoun et al. evaluated body composition in patients with metastatic castration-
resistant prostate cancer (PCa) treated with abiraterone acetate and enzalutamide. Quan-
tification of visceral adipose tissue (VAT), subcutaneous adipose tissue (SAT), and skeletal
muscle mass (SMM) was performed by a CT-approach, measuring cross-sectional areas
on an axial plane at the level of the 3rd lumbar vertebra (L3). Among the 120 patients in-
cluded, 46 patients had a body composition measurement at all three time points (baseline,
3 months, and 6 months).

There was a decrease in the SAT and SSM indexes (both p < 0.001) from baseline to
3 months and an increase in the VAT index (p = 0.01) from baseline to 3 months [18].

Sheikhbahaei et al. evaluated the body composition of 22 PCa patients (median age
58 years, median Gleason score 8) with recently diagnosed castration-naïve oligometastatic
prostate cancer treated with neoadjuvant docetaxel chemotherapy and ADT before definitive
prostatectomy and consolidation of local and oligometastatic disease. Ten patients received
abiraterone + prednisone in addition to docetaxel (duration 1–16 weeks) and their use was
terminated prior to prostatectomy. All but one patient underwent radical prostatectomy after
completing chemotherapy. Approximately 12–16 weeks after prostatectomy, the patients
underwent prostate/pelvic bed radiation therapy and consolidative stereotactic radiation to
the oligometastatic lesions (n = 21). All but one patient received ADT for 12 months.

Body composition was evaluated by quantifying the total adipose tissue (TAT), VAT,
SAT, and muscle psoas areas at L3–L4 level. The analysis was performed before the start
of neoadjuvant therapy, within one month since the end of the neoadjuvant therapy and
approximately one year after the start of the neoadjuvant therapy.

There was a significant decrease in psoas muscle areas on first and second follow-up
CT exams relative to baseline (both p < 0.001), with a decline of −13.9% and −13.2%,
respectively. Furthermore, a significant increase in SAT areas on first and second follow-up
CT exams was found (p = 0.002, and p < 0.001, respectively) with an increase of +8.9% and
+18.9% respectively. A similar trend was found for the TAT area. There was no significant
change in VAT (p > 0.05) [19].

3.2. Role of Abdominal Adipose Tissue on Survival of Prostate Cancer Patients Treated with
Androgen Deprivation Therapy

The univariate analysis of the study by Antoun et al., performed on the three body
composition parameters (available for 120 patients), showed a correlation between the
SAT index and overall survival. The median survival was 15 months (95% [CI] = 9–18)
for patients with a SAT index < the median value (51.7 cm2/m2) and 18 months (95%
[CI] = 13–30) for patients with a SAT index ≥ the median value (HR = 0.6, 95% [CI] = 0.4–0.9,
p = 0.008) [18].

Salji et al. performed a retrospective study on 61 PCa patients with advanced disease
(≥T3 or N1 or M1) treated with primary ADT. Their periprostatic fat volume (PPFV) was
measured from staging MRI scans before ADT. Significantly higher PPFV was found in
patients who developed castration-resistant PCa (n = 31) compared to patients who showed
a prolonged response to ADT (n = 30), with a median of 37.9 cm3 compared with 16.1 cm3

(p < 0.0001, Wilcoxon rank sum test).
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Immunohistochemical analysis for chemokine receptor 3 (CCR3), which mediates the
interaction between periprostatic adipose tissue and PCa, performed on prostate biopsies
in patients with a favorable sustained response to ADT (n = 6), initial response to ADT
(n = 6), and poor response to ADT (n = 6), showed a progressive trend towards an increase
in CCR3 expression from low PPFV (< 15 cc, n = 4), medium PPFV (15–45 cc, n = 10), to
high PPFV: (< 45 cc, n = 4).

This study shows that PPFV quantification in patients with advanced PC could be
used as a predictor of tumor response to ADT [20].

Sasaki et al. evaluated the relationship of periprostatic adipose tissue in advanced PCa
patients (i.e., locally advanced and metastatic). The study was conducted on 85 hormone-
naïve PCa patients who received primary ADT with surgical or pharmacologic castrations
(i.e., luteinizing hormone-releasing hormone agonist or antagonist) associated with an
antiandrogen (i.e., combined androgen blockade). In particular, through the MRI-approach,
the thickness of the periprostatic adipose tissue and SAT were measured on the slices of
T2-weighted images at the axial section, at the level of the femoral head and the greater
trochanter of the femur and at the level of the maximum diameter of the bladder, respec-
tively. Furthermore, by means of the CT-approach, VAT and SAT were measured in an axial
plane at the umbilical level.

Patients with thinner periprostatic adipose tissue and thicker subcutaneous adipose
tissue (i.e., periprostatic adipose tissue/SAT thickness ratio ≥ 1) showed better overall sur-
vival; while patients with thicker periprostatic adipose tissue and less thick subcutaneous
adipose tissue (i.e., periprostatic adipose tissue/SAT thickness ratio < 1) showed worse over-
all survival (univariate hazard ratio and multivariate hazard ratio showed 2.05 [1.02–4.10]
p = 0.043 and 3.25 [1.54–6.84] p = 0.002, respectively). There was no significant difference
between VAT/SAT thickness ratio ≥ 1 and <1.

A pre-treatment periprostatic adipose tissue/SAT thickness ratio on an MRI scan is an
independent predictor of survival in hormone-naïve patients with advanced PCa. This data
could be used to predict which patients are more likely to develop castration-resistant PCa [21].

This narrative review demonstrated how the quantitative assessment of abdominal
adipose tissue plays an important role in relation to the pharmacological treatment of
prostate cancer through the use of ADT both in evaluating the effects of this therapy on
adipose tissue and as a predictive factor in the assessment of survival.

However, this review has some limitations; the use of a single search engine in a
limited period of time found only four articles. In the future, a systematic review using
multiple search engines without limits of time span could increase the scientific evidence on
the relationship between abdominal adipose tissue and ADT in PCa patients. Moreover, the
relationship between visceral adiposity and functional outcomes after radical prostatectomy
has been demonstrated [22]. In this direction further studies will have to be carried out
in order to investigate the relationship between the compartments of abdominal adipose
tissue and prostatectomy.

The data and results of the studies are summarized in Table 1.

Table 1. Summary of data and results of CT and MRI studies with quantification of adipose tissue
compartments.

Authors Therapy Adipose Tissue
Compartments

Quantification
Method

Number of
Patients Results

Antoun et al.
(2015) [18]

Abiraterone aceta-
teEnzalutamide

VAT
SAT

Area at L3 level on
axial plane using

CT-based approach
46

Decrease in SAT
(p < 0.001)

Increase in VAT
(p = 0.01)
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Table 1. Cont.

Authors Therapy Adipose Tissue
Compartments

Quantification
Method

Number of
Patients Results

Salji et al. (2018)
[20]

Luteinizing
hormone-releasing
hormone analogues
Androgen receptor

blocker alone
Estrogen patches

Luteinizing
hormone-releasing

hormone antagonist

PPFV

Volume was calculated
by consecutive areas

using MRI-based
approach on

T2-weighted axial
images

61

Higher PPFV in
castration-resistant

PCa patients
compared to patients

who showed a
prolonged response
to ADT (p < 0.0001).

Sasaki et al.
(2020) [21]

Luteinizing
hormone-releasing
hormone agonist or

antagonist
Androgen blockade

Periprostatic
adipose tissue

thickness
SAT thickness

VAT
SAT

Periprostatic fat
thickness was
measured on

T2-weighted axial
images at the femoral

head and greater
trochanter of the

femur levels
SAT thickness was

measured on
T2-weighted axial

images at the
maximum diameter of

the bladder level
VAT and SAT areas
area were measured
on axial plane using

CT-based approach at
the level of the

umbilical position

85

Periprostatic adipose
tissue/SAT thickness
ratio ≥ 1 and overall

survival
Periprostatic adipose
tissue/SAT thickness
ratio < 1 and overall

survival
Univariate hazard

ratio and
multivariate hazard

ratio showed
p = 0.043 and

p = 0.002,
respectively

VAT/SAT thickness
ratio ≥ 1 and <1: no
significant difference

Sheikhbahaei et al.
(2021) [19]

Docetaxel
Abiraterone
Prednisone

TAT
VAT
SAT

Area at L3 level on
axial plane using

CT-based approach
22

Increased SAT areas
on first and second

follow-up CT exams
(p = 0.002 and

p < 0.001,
respectively)

Increased TAT area
on second follow-up

compared to
baseline (p < 0.001)

No significant
change in VAT areas

ADT, androgen deprivation therapy; CT, computed tomography; PCa, advanced prostate cancer; PPFV, peripro-
static fat volume; SAT, subcutaneous adipose tissue; TAT, total adipose tissue; VAT, visceral adipose tissue.

4. Conclusions

Studies over the past decade have shown increased PPFV in patients who have
developed castration-resistant PCa, suggesting that this parameter could give helpful
information to predict tumor response to ADT. In particular, it has been demonstrated
that PCa patients with a periprostatic adipose tissue/SAT thickness ratio ≥ 1 show better
overall survival.

Lastly, one study found an increase in VAT and a decrease in SAT after ADT treatment,
while another study found an increase in SAT in PCa patients treated with docetaxel
chemotherapy and ADT.

Taken together, the available evidence highlights the importance of body composition
imaging in investigating the effects of ADT on the male body.
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