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Abstract

Background and objective: Androgen deprivation therapy (ADT) is associated with
reduced muscle and increased fat mass in patients with prostate cancer. However,
the threshold for body composition changes associated with survival during ADT
remains unclear. This study aimed to identify body composition change thresholds
for all-cause mortality during ADT.

Methods: We enrolled 538 patients with prostate cancer (332 and 206 in the
derivation and external validation cohorts, respectively) who underwent radiother-
apy and ADT at two tertiary centers. Computed tomography (CT) images at baseline
and 6 mo after ADT initiation were retrieved for an analysis. Skeletal muscle index
(SMI), subcutaneous adipose tissue index (SATI), and visceral adipose tissue index
(VATI) were measured using CT at the L3 vertebral level. Optimal thresholds for
body composition changes were determined using the Shapley Additive
Explanations (SHAP) method and validated using a Cox proportional hazard model.
Key findings and limitations: Changes in SMI, SATI, and VATI were the three most
important features for predicting all-cause mortality. SMI change was inversely
associated with the all-cause mortality risk, and changes in the SATI and VATI
showed a U-shaped relationship with the all-cause mortality risk. SMI loss
(>4.0%), SATI gain (>15.0%), and VATI gain (>12.0%) were independently associ-
ated with an increased all-cause mortality risk (SMI loss: hazard ratio, 6.79,
p < 0.001; SATI gain: hazard ratio: 2.95, p = 0.002; VATI gain: hazard ratio: 2.91,
p < 0.001).

Conclusions and clinical implications: The thresholds determined in this study can
help identify patients with considerable body composition changes after 6 mo of
ADT and guide interventions to improve body composition.
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Patient summary: We identified muscle loss and increased adipose tissue thresholds
associated with all-cause mortality during androgen deprivation therapy for men
with prostate cancer. These thresholds can help guide interventions to improve
body composition and potentially improve outcomes.
© 2024 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Prostate cancer is one of the most prevalent cancers in men,
with approximately 1 466 680 new cases reported worldwide
in 2022 [1]. Androgen deprivation therapy (ADT) with radio-
therapy is crucial in improving the survival of men with pros-
tate cancer. However, ADT can contribute to changes in body
composition, such as reduced skeletal muscle mass and
increased fat mass [2-5]. Body composition is a biomarker
of overall health that provides prognostic information of
men with prostate cancer [4-7]. Skeletal muscle and adipose
tissues are endocrine organs that can produce myokines/
adipokines to influence metabolism, immune surveillance,
inflammation, and physical functions [8]. A meta-analysis
revealed that men with lower muscle mass had a 50% greater
all-cause mortality risk than those with higher muscle mass
[6]. However, the thresholds for body composition changes
associated with survival remain unclear. Clarifying such
thresholds may assist in identifying patients with consider-
able body composition changes during ADT and therefore
guide enhanced interventions that improve body composition.

The association between body composition changes and
patient survival is potentially nonlinear and involves complex
interactions. Therefore, determination of thresholds is chal-
lenging. With advancements in technology such as machine
learning (ML) and explainable artificial intelligence (XAI),
the optimal thresholds of body composition changes could
be determined. ML algorithms can manage nonlinear
relationships and complex interactions to predict outcomes
[9-12]. The SHapley Additive Explanations (SHAP) method
is used widely to interpret ML models by visualizing the
importance of features and inexplicable workings of the mod-
els. Although XAI may help identify the thresholds of body
composition changes [ 12-14], these techniques have not been
applied to explore the association between body composition
changes and survival of patients with prostate cancer.

Body composition changes can be assessed objectively
using computed tomography (CT) at the third lumbar verte-
bra (L3) level during cancer treatment [4]. This study aimed
to analyze body composition changes observed using CT at
baseline and 6 mo after ADT initiation, and use ML models
and XAl to determine the thresholds of body composition
changes associated with all-cause mortality of men with
prostate cancer (Fig. 1).

2. Patients and methods

2.1. Study population

We retrospectively reviewed the data of patients with
newly diagnosed National Comprehensive Cancer Network

(NCCN) intermediate- or high-risk prostate cancer who
underwent radiotherapy (75-80 Gy) and concurrent
luteinizing hormone-releasing hormone (LHRH) agonist
treatment at MacKay Memorial Hospital (derivation cohort)
or Changhua Christian Hospital (external validation cohort)
between 2010 and 2019. The ADT durations were 6 mo and
2 yr for patients with intermediate- and high-risk prostate
cancer, respectively. The inclusion criteria were available
CT images (including those at the L3 vertebral level)
obtained at baseline and 6 mo after ADT initiation. We
excluded patients with any of the following conditions:
(1) a history of prior malignancy and treatment, (2) insuffi-
cient clinical information, (3) a lack of follow-up data, (4) no
CT scans at 6 mo after ADT initiation, or (5) inadequate
quality of CT scans. Of the 650 patients who were screened
(derivation cohort, 403 patients; external validation cohort,
247 patients), 538 patients (derivation cohort, 332 patients;
external validation cohort, 206 patients) were enrolled in
the analysis (Supplementary Fig. 1). Clinical data, including
age, age-adjusted Charlson Comorbidity Index (CCI), tumor
stage, Gleason score, and pretreatment prostate-specific
antigen (PSA) level, were derived from the institutional
database. This study was approved by our institutional
review board, and the requirement for informed consent
was waived because of the retrospective nature of this
study. This study followed the reporting guidelines in TRI-
POD (Transparent Reporting of a multivariate prediction
model for Individual Prognosis Or Diagnosis) [15].

The primary outcome measure was all-cause mortality,
which was defined as the time from the date of diagnosis
to the date of death due to any cause or the last follow-
up. The date and cause of death and the date of the last
follow-up were derived from the institutional database.
The secondary outcome measures were noncancer and can-
cer mortality. Noncancer mortality was defined as the time
from the date of diagnosis to the date of death from causes
other than prostate cancer or the last follow-up. Cancer
mortality was defined as the time from diagnosis to the date
of death from prostate cancer or the last follow-up.

2.2. Skeletal muscle measurement

CT images obtained at baseline and 6 mo after ADT initia-
tion were retrieved for an analysis. The parameters of CT
images included the following: contrast enhancement, 3-
mm slice thickness, 120 kVp, and approximately 290 mA.
A single axial CT image at L3 was used by a researcher
who was blinded to the information of the patients to ana-
lyze the cross-sectional areas (cm?) of the skeletal muscle
and visceral and subcutaneous adipose tissues using 3D
Slicer software (version 4.11). Body composition was
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Fig. 1 - Utilization of explainable Al to explore the threshold of body composition change for all-cause mortality during androgen deprivation therapy. Body
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puted tomography slice at the level of L3. ADT = androgen deprivation therapy; Al = artificial intelligence.

delineated based on Hounsfield unit (HU) thresholds, which
ranged from —29 to +150 HU for skeletal muscle (including
the psoas, rectus abdominis, paraspinal, transversus abdo-
minis, and internal and external oblique muscles), —50 to
—150 HU for visceral adipose tissue, and —30 to —190 HU
for subcutaneous tissue [16]. The cross-sectional areas of
the body composition were normalized to the patient’s
height to calculate the skeletal muscle index (SMI), subcuta-
neous adipose tissue index (SATI), and visceral adipose tis-
sue index (VATI) (cm?/m2). Relative changes in body
composition parameters were calculated as follows:

_ Bodycompositiong,.,ngcr — Bodycompositiongr o

Bodycompositionggcr 100

Bodycomposition change(%)

2.3. Machine learning models

The ML algorithms are summarized in Supplementary
Figure 1. The derivation cohort was used to train the models
and identify the thresholds of body composition changes
associated with all-cause mortality, whereas the external
validation cohort was used to validate the thresholds. The
features potentially associated with all-cause mortality
were selected based on the domain expertise, including
age, CCI, tumor stage, Gleason score, PSA level, and body
composition parameters [3-7,17]. The features were
rescaled based on the z scores for data standardization.
Three ML algorithms, Random Forest (RF), eXtreme Gra-
dient Boosting (XGBoost), and Categorical Boosting (Cat-
Boost), were trained to predict all-cause mortality using
the Python Scikit-learn library (version 1.4.0; https://githu
b.com/scikit-learn/scikit-learn.git), XGBoost (version 2.0.3;

https://github.com/dmlc/xgboost.git), and CatBoost (ver-
sion 1.2.2; https://github.com/catboost/catboost.git) [18].
The borderline-synthetic minority oversampling technique
(borderline-SMOTE) was applied to address the effects of
imbalanced data. Hyperparameter tuning was performed
using randomized search parameter settings with 200 iter-
ations and evaluated using ten-fold cross-validation target-
ing to maximize the area under the curve (AUC). The AUC,
F1 score, sensitivity, specificity, and accuracy were evalu-
ated using 500 bootstraps of the derivation cohort and
recorded with their 95% confidence intervals (CIs). The effi-
cacy of the three ML algorithms was assessed using an
external validation cohort. Ultimately, the optimal model
was utilized for subsequent interpretation using the SHAP
method.

24. SHAP visualizations

The SHAP value for each feature within the model was cal-
culated to evaluate the association between input features
and all-cause mortality. To visualize global features and
effects in the model, SHAP importance and summary plots
were generated. SHAP dependence plots were created to
interpret the relationship between the features and the
model’s prediction. In the SHAP dependence plots, real fea-
ture values were plotted on the x axis and SHAP values were
plotted on the y axis. SHAP values of >0 corresponded to a
positive class prediction in the model, indicating a higher
risk of all-cause mortality. Therefore, the threshold could
be identified based on where the SHAP values exceeded
zero [12-14]. The SHAP method was implemented using
Python with SHAP version 0.40.0.
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2.5. Statistical analysis

Continuous data are presented as means and standard devi-
ations, or medians and interquartile ranges (IQRs). Categor-
ical data are presented as counts and percentages. The
independent t test or Mann-Whitney U test was performed
to compare continuous variables, and the chi-square test
was performed to compare categorical variables, as statisti-
cally appropriate. A paired t test was performed to evaluate
changes in body composition.

Cox proportional hazard models were used to estimate
hazard ratios (HRs) and 95% Cls. Multivariable models were
selected using backward elimination with a 0.10 signifi-
cance level of inclusion. Data were analyzed using IBM SPSS
software (version 21.0; IBM Corp., Armonk, NY, USA). Statis-
tical significance was set at p < 0.05.

3. Results

3.1. Patient characteristics

A total of 538 patients with a median age of 71 yr (IQR, 65—
77 yr) were enrolled in the analysis. Table 1 presents patient
characteristics. No statistically significant difference in age,
CCI score, tumor stage, Gleason score, and PSA level were
observed between cohorts. In the derivation cohort, the
median follow-up period was 69.5 mo (IQR, 48.6-109.9
mo), with 72 (21.7%) deaths recorded (noncancer death:
49; cancer death: 23), while the median follow-up period
in the external validation cohort was 71.3 yr (IQR, 50.3-
109.0 yr), with 46 (22.3%) deaths recorded (noncancer
death: 32; cancer death: 14).

3.2 Body composition changes

The median durations between CT images were 182 d (IQR,
177-186 d) and 183 d (IQR, 176-186 d) for the derivation
and external validation cohorts, respectively (p = 0.70).
The SMI decreased by 4.1% in the derivation cohort
(p < 0.001) and 3.5% in the external validation cohort
(p < 0.001). The SATI and VATI increased by 7.6% and 6.2%
in the derivation cohort (p < 0.001), and 6.5% and 5.5% in
the external validation cohort (p < 0.001), respectively. No
statistically significant differences in the parameters of the
body composition changes were observed between cohorts
(Table 1).

3.3. Model performance and interpretation

In the derivation cohort, the RF, XGBoost, and CatBoost
models had favorable performances, with AUCs of 0.881
(95% CI, 0.879-0.884), 0.864 (95% CI, 0.862-0.866), and
0.890 (95% CI, 0.888-0.892), respectively (Supplementary
Fig. 2 and Supplementary Table 1). In the external validation
cohort, the CatBoost model had the highest AUC of 0.970,
and the RF and XGBoost models had AUCs of 0.955 and
0.880, respectively. Therefore, the CatBoost model was
selected for the downstream SHAP analysis.

The SHAP summary and importance plots present a glo-
bal explanation of the model at the feature level and rank
the importance of the features to the prediction. Results
from XAI indicated that the three most important features

Table 1 - Patient and tumor characteristics®

Characteristics Derivation External validation D
cohort (n=332) cohort (n = 206) value
Age (yr), median 71 (66-77) 72 (65-76) 0.82
(IQR)
Age-adjusted CCI 0.77
1-2 68 (20.5) 44 (21.4)
3-4 154 (46.4) 89 (43.2)
5-7 110 (33.1) 73 (35.4)
T stage 0.99
T1 82 (24.7) 49 (23.8)
T2 151 (45.5) 94 (45.6)
T3 76 (22.9) 48 (23.3)
T4 23 (6.9) 15 (7.3)
Gleason score 0.97
6 64 (19.3) 39 (18.9)
7 122 (36.7) 80 (38.8)
38 74 (22.3) 45 (21.8)
9 61 (18.4) 37 (18.0)
10 11 (3.3) 5 (2.4)
PSA level (ng/ml), 23.7 (14.7-43.0)  23.3 (15.7-41.3) 0.47
median (IQR)
NCCN risk group 0.58
Intermediate 80 (24.1) 54 (26.2)
High 252 (75.9) 152 (73.8)
BMI (kg/m?)
Before 243 £33 242 £33 0.78
treatment
After treatment  24.9 + 3.5 248 £35 0.82
Change (%) 23+34 23+3.0 0.90
SMI (cm?/m?)
Before 459 +7.8 457 +7.6 0.73
treatment
After treatment  44.0 + 7.7 441 +7.7 0.90
Change (%) -4.1+53 -3.5+4.0 0.16
SATI (cm?/m?)
Before 41.5 £ 14.7 409 + 13.6 0.67
treatment
After treatment  44.4 + 15.6 435+ 144 0.49
Change (%) 7.6+9.4 6.5 + 8.5 0.16
VATI (cm?/m?)
Before 53.0+27.3 52.5+25.8 0.83
treatment
After treatment  55.8 + 28.4 55.1 +26.9 0.78
Change (%) 6.2 +11.0 5.5+93 0.44

BMI = body mass index; CCI = Charlson Comorbidity Index; IQR =
interquartile range; NCCN = National Comprehensive Cancer Network;
PSA = prostate-specific antigen; SATI = subcutaneous adipose tissue
index; SMI = skeletal muscle index; VATI = visceral adipose tissue index.
@ Data are presented as mean * standard deviation or n (%).

for predicting all-cause mortality were changes in SMI, SATI,
and VATI; baseline muscle and adipose tissues were of les-
ser importance (Supplementary Fig. 3). The SHAP depen-
dence plots showed the relationships between body
composition changes and all-cause mortality (Fig. 2). In
both cohorts, the SMI change was inversely correlated with
the SHAP values, indicating that a decreased SMI following
ADT was associated with a higher risk of all-cause mortality.
Notably, in both cohorts, the SMI change exceeded the SHAP
value of 0 by approximately -4.0%. This may serve as the
optimal threshold for muscle loss associated with an
increased all-cause mortality risk. In both cohorts, changes
in the SATI and VATI showed a U-shaped relationship with
the all-cause mortality risk. SATI gain of >15.0% or loss of
>5.0% was associated with an increased all-cause mortality
risk. VATI gain of >12.0% or loss of >5.0% was associated
with an increased all-cause mortality risk.

Baseline SMI was inversely correlated with the risk of all-
cause mortality (Supplementary Fig. 4) and exceeded SHAP
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value 0 by approximately 45.0 cm?/m?2, which was identi-
fied as the cutoff value for pretreatment sarcopenia. The
distribution of baseline SATI and VATI widely crossed the
line of SHAP value of 0; therefore, the thresholds of these
values could not be identified.

34. Validation of thresholds using Cox regression

Based on these thresholds, 268 (49.8%) patients in the over-
all cohort had pretreatment sarcopenia and 237 (44.1%) had
SMI loss of >4.0% after 6 mo of ADT. Additionally, 102
(19.0%) and 40 (7.4%) patients comprised the SATI gain of
>15.0% and SATI loss of >5.0% groups, respectively, and
110 (20.4%) and 60 (11.2%) patients comprised the VATI
gain of >12.0% and VATI loss of >5.0% groups, respectively.
According to the pretreatment sarcopenia status, the body
composition changes were not significantly different
between groups (Supplementary Table 2).

Patients in the pretreatment sarcopenia group had lower
5-yr overall survival, non-cancer-specific survival, and
cancer-specific survival than patients in the nonsarcopenia
group (overall survival: 80.2% vs 89.6%; p < 0.001; non-
cancer-specific survival: 85.5% vs 92.0%; p = 0.006; cancer-
specific survival: 93.3% vs 97.5%; p = 0.003; Supplementary
Fig. 5). The SMI loss of >4.0% group had lower 5-yr overall
survival than that of the SMI-maintained group (70.0% vs
97.4%; p < 0.001; Fig. 3). The group with SATI/VATI main-
tained had higher 5-yr overall survival than the group with
SATI/VATI gain or loss.

Non-cancer-specific and cancer-specific survival based
on the body composition changes are shown in Supplemen-
tary Figure 6. SMI loss of >4.0% was associated with lower
non-cancer-specific and cancer-specific survival. SATI/VATI
gain was associated with lower non-cancer-specific and
cancer-specific survival, whereas SATI/VATI loss was associ-
ated with lower cancer-specific survival.

In the univariable analysis, age, CCI, tumor stage, Gleason
score, PSA, body mass index change, pretreatment sarcope-
nia, and changes in the SMI, SATI, and VATI were associated
with all-cause mortality (Table 2). Baseline SATI and VATI
were not associated with all-cause mortality. In the multi-
variable analysis, SMI loss >4.0%, SATI gain >15.0%, and
VATI gain >12.0% were independently associated with an
increased all-cause mortality risk (SMI loss: HR, 6.79; 95%
Cl, 3.81-12.10; p < 0.001; SATI gain: HR, 2.95; 95% (I,
1.47-5.92; p = 0.002; VATI gain: HR, 2.91; 95% CI, 1.80-
4.71; p < 0.001). Pretreatment sarcopenia and SATI/VATI
loss >5.0% were not independently associated with all-
cause mortality.

The subgroup analysis based on NCCN prostate cancer
risk indicated that the high-risk group (n = 404) was more
likely to experience SMI loss, SATI gain/loss, and VATI
gain/loss than the intermediate-risk group (n = 134; Supple-
mentary Table 3). Compared with patients in the
intermediate-risk group, those in the high-risk group were
older and had a higher CCI. For both the intermediate-risk
and the high-risk group, SMI loss, SATI gain of >15.0%,
and VATI gain of >12.0% were associated with lower overall
survival (Supplementary Fig. 7). SATI/VATI loss was not
associated with lower overall survival for patients in the

intermediate-risk group; however, SATI/VATI loss was asso-
ciated with lower overall survival for patients in the high-
risk group.

The multivariable analysis of noncancer mortality
revealed that SMI loss of >4.0%, SATI gain of >15.0%, and
VATI gain of >12.0% were independently associated with
an increased noncancer mortality risk (Supplementary
Table 4), whereas pretreatment sarcopenia and SATI/VATI
loss were not associated with the noncancer mortality risk.
The multivariable analysis of cancer mortality revealed that
SMI loss of >4.0%, SATI loss of >5.0%, and VATI loss of >5.0%
were independently associated with an increased cancer
mortality risk (Supplementary Table 5), whereas pretreat-
ment sarcopenia and SATI/VATI gain were not associated
with the cancer mortality risk.

4. Discussion

To the best of our knowledge, this study is the first to use
XAl to determine the thresholds of body composition
changes associated with all-cause mortality of men with
prostate cancer. In this study, patients received 6 mo of
ADT and experienced muscle loss and increased adipose tis-
sue. Changes in SMI, SATI, and VATI were the three most
important features for predicting all-cause mortality. The
thresholds of body composition changes associated with
all-cause mortality were validated externally and analyzed
among subgroups based on risk groups. SMI loss of >4.0%,
SATI gain of >15.0%, and VATI gain of >12.0% were indepen-
dently associated with an increased all-cause mortality risk.

Reduced muscle mass and increased fat mass are associ-
ated with survival in patients with prostate cancer [3-7].
However, previous studies used Cox proportional hazard
regression, a statistical method that had limited capacity
to rank feature importance or determine the threshold of
body composition changes associated with survival. Here,
we applied XAl to identify cutoffs for pretreatment sarcope-
nia and body composition changes. Previous studies have
reported that pretreatment sarcopenia was associated with
an increased all-cause mortality risk [6,7], but did not eval-
uate the prognostic role of body composition changes. In
this study, pretreatment sarcopenia was not independently
associated with an increased all-cause mortality risk; how-
ever, SMI loss and SATI/VATI gain were independently asso-
ciated with all-cause mortality. Furthermore, pretreatment
sarcopenia was also not associated with body composition
changes during ADT. These findings highlight the clinical
relevance of preventing muscle loss and fat accumulation
during ADT.

Commencing exercise after the initiation of ADT may
preserve muscle mass and decrease fat mass [19]. The
thresholds determined in this study may help guide
enhanced multimodal interventions, including exercise,
nutrition, and other anti-inflammatory interventions, dur-
ing ADT to improve body composition. Combining exercise
(both aerobic and resistance) with prolonged exercise dura-
tions could increase muscle mass and decrease body fat
mass [19-21]. Supervised exercise could also improve
cardiorespiratory fitness, maximal leg strength, and
functional capacity [22]. Combining exercise and nutrition
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Table 2 - Cox proportional hazard model for all-cause mortality in the overall cohort (n = 538)

Variable Univariable Multivariable *
Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value

Age (yr) 1.07 (1.04-1.10) <0.001 - -
Age-adjusted CCI (reference: 1-2)

3-4 0.91 (0.50-1.66) 0.76 1.93 (0.97-3.82) 0.06

5-7 3.46 (2.01-5.96) <0.001 3.87 (2.11-7.10) <0.001
T stage (reference: T1)

T2 1.48 (0.88-2.48) 0.14 1.06 (0.62-1.83) 0.82

T3 1.34 (0.75-2.39) 0.32 0.79 (0.43-1.45) 0.45

T4 4.99 (2.68-9.29) <0.001 4.69 (2.29-9.61) <0.001
Gleason score, continuous 1.90 (1.61-2.25) <0.001 1.47 (1.23-1.77) <0.001
PSA level, continuous 1.006 (1.003-1.009) <0.001 1.006 (1.002-1.011) 0.006
BMI at baseline (1 kg/m? increase) 0.96 (0.91-1.02) 0.18 - -
BMI change (per 1% increase) 1.11 (1.04-1.19) 0.001 - -
Pretreatment sarcopenia ” 2.02 (1.39-2.94) <0.001 1.21 (0.81-1.80) 0.35
SMI loss >4.0% (vs SMI maintain) 9.01 (5.44-14.91) <0.001 6.79 (3.81-12.10) <0.001
SATI at baseline (1 cm?/m? increase) 1.00 (0.98-1.01) 0.56 - -
SATI change (reference: SATI maintain)

SATI gain >15.0% 4.58 (3.12-6.72) <0.001 2.95 (1.47-5.92) 0.002

SATI loss >5.0% 3.05 (1.65-5.63) <0.001 1.29 (0.80-2.09) 0.29
VATI at baseline (1 cm?/m? increase) 1.00 (0.99-1.01) 0.73 - -
VATI change (reference: VATI maintain)

VATI gain >12.0% 6.10 (4.10-9.10) <0.001 2.91 (1.80-4.71) <0.001

VATI loss >5.0% 2.53 (1.39-4.58) 0.002 1.65 (0.86-3.16) 0.13

BMI = body mass index; CI = confidence interval; CCI = Charlson Comorbidity Index; PSA = prostate-specific antigen; SATI = subcutaneous adipose tissue index;

SMI = skeletal muscle index; VATI = visceral adipose tissue index.
¢ Multivariable analysis using a backward selection method.
b SMI <45.0 cm?/m? was defined as sarcopenia.

interventions appeared to decrease waist circumference
effectively; however, interventions comprising only exer-
cise may increase lean mass and decrease body fat mass
more effectively [23]. Additionally, skeletal muscle and adi-
pose tissue inflammation may create a vicious cycle by pro-
ducing myokines and adipokines that trigger muscle loss
and increases in adipose tissue [24]. Anti-inflammatory
interventions including exercise or medications may miti-
gate the detrimental effects of the deleterious cycle com-
prising adipose tissue and muscle inflammation and help
increase muscle and decrease adipose tissue [25]. However,
we were unable to determine a causal relationship between
body composition changes and mortality; we were only
able to reveal an association between these. Further studies
are necessary to evaluate whether enhanced interventions
that improve body composition during ADT can improve
outcomes.

The U-shape relationship between changes in the SATI
and VATI and the all-cause mortality risk may be explained
by further analyses based on cancer and noncancer mortal-
ity. Multivariable analyses revealed that SATI/VATI loss was
independently associated with an increased cancer mortal-
ity risk, whereas SATI/VATI increase was independently
associated with an increased noncancer mortality risk.
These findings suggest that adipose tissue loss is a sign of
cancer cachexia and a predictor of cancer mortality [26].
Adipose tissue, which is an endocrine organ, secretes
adipokines that regulate the metabolism and immune sys-
tem [8]. Therefore, we suggest that maintaining adipose tis-
sue during ADT may preserve its functions and optimize
survival outcomes.

This study included patients with intermediate-risk and
high-risk prostate cancer. Patients in the high-risk group
were more likely to experience SMI loss, SATI gain/loss,

and VATI gain/loss after 6 mo of ADT than those in the
intermediate-risk group. This may be explained by multiple
factors such as advanced disease, older age, and more
comorbidities, which may be associated with muscle loss
and adipose tissue gain/loss during treatment [27]. We also
observed inconsistent effects of SATI/VATI loss on overall
survival among intermediate-risk and high-risk groups.
Notably, the intermediate-risk group comprised few
patients with SATI/VATI loss (n = 4/n = 7), and these patients
did not experience mortality events. Hence, a lack of statis-
tical power likely limited our ability to test the prognostic
impact of SATI/VATI loss on intermediate-risk patients. Fur-
ther studies with a larger intermediate-risk group are
required to validate the prognostic significance of body
composition changes during ADT for these patients.

In addition to abdominal CT imaging, dual-energy x-ray
absorptiometry (DXA) is another recommended technique
for objective measures of body composition [20]. Skeletal
muscle and adipose tissue areas measured using CT at L3
were highly correlated with the total body skeletal muscle
and adipose tissue measured using DXA (skeletal muscle:
r=0.94; adipose tissue: r = 0.88) [16]. However, the reliabil-
ity of DXA may vary according to the trunk thickness and
may have lower accuracy when used to assess longitudinal
changes in body composition [28]. Therefore, we suggest
that further studies are required to validate whether the
identified thresholds actually apply to DXA-measured body
composition.

This study has some limitations. This study was retro-
spective in nature and may have residual confounding fac-
tors that were not fully accounted for. Several potentially
important features, including serum testosterone levels,
physical activity, muscle strength, and nutritional status,
of most patients were not available. This study analyzed
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body composition changes after 6 mo of ADT only; there-
fore, the prognostic value of subsequent body composition
changes could not be evaluated. A longitudinal study with
more time points may provide more comprehensive infor-
mation. Moreover, the effects of androgen receptor signal-
ing inhibitor (ARSI)-induced body composition changes on
survival could not be evaluated because the patients in this
study were treated with radiotherapy and LHRH agonists.
This topic should be investigated in further studies because
the effects of ARSIs on body composition changes may be
distinct from those of LHRH agonists [29].

5. Conclusions

In conclusion, our study provides evidence that XAI can
facilitate the investigation of the relationship between body
composition changes and survival, and identify the optimal
thresholds of body composition changes. Changes in muscle
and adipose tissue after 6 mo of ADT are important features
for predicting all-cause mortality in patients with prostate
cancer. SMI loss of >4.0%, SATI gain of >15.0%, and VATI
gain of >12.0% were independently associated with an
increased all-cause mortality risk and may be the optimal
thresholds for predicting all-cause mortality. Our results
may help clinicians identify patients with considerable
body composition changes after 6 mo of ADT and may guide
interventions for these patients, thereby potentially
improving survival outcomes.
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