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The changes in body composition are early adverse effects of androgen deprivation
therapy (ADT); however, their prognostic impact remains unclear in prostate cancer. This
study aimed to evaluate the association between body composition changes and survival
in patients with high-risk prostate cancer. We measured the skeletal muscle index (SMI)
and total adipose tissue index (TATI) at the L3 vertebral level using computed tomography
at baseline and within one year after initiating ADT in 125 patients with high-risk prostate
cancer treated with radiotherapy and ADT between 2008 and 2018. Non-cancer mortality
predictors were identified using Cox regression models. The median follow-up was 49
months. Patients experienced an average SMI loss of 5.5% over 180 days (95%
confidence interval: -7.0 to -4.0; p<0.001) and TATI gain of 12.6% over 180 days (95%
confidence interval: 9.0 to 16.2; p<0.001). Body mass index changes were highly and
weakly correlated with changes in TATl and SMI, respectively (Spearman p for TATI, 0.78,
p<0.001; p for SMI, 0.27, p=0.003). As a continuous variable, each 1% decrease in SMI
was independently associated with a 9% increase in the risk of non-cancer mortality
(hazard ratio: 1.09; p=0.007). Moreover, the risk of non-cancer mortality increased 5.6-
fold in patients with SMI loss >5% compared to those with unchanged SMI (hazard ratio:
5.60; p=0.03). Body mass index and TATI were not associated with non-cancer mortality.
Muscle loss during ADT is occult, independent of weight change, and independently
associated with increased non-cancer mortality in patients with high-risk prostate cancer.

Keywords: prostate cancer, androgen deprivation therapy, sarcopenia, body composition, non-cancer mortality,
skeletal muscle loss
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INTRODUCTION

The National Comprehensive Cancer Network (NCCN)
recommendation for the treatment of patients with high-risk
prostate cancer is external-beam radiotherapy (EBRT) and long-
term androgen deprivation therapy (ADT) (1-4). Long-term
ADT improves disease-free or overall survival in patients with
high-risk prostate cancer. As a result, consideration of treatment-
related morbidity has become increasingly important (3).

During ADT, most patients experience metabolic changes,
such as an increase of weight and fat mass, and decreased muscle
mass (3-10). The changes in body composition are early adverse
effects of the treatment and can be significant within the first 3-6
months of therapy (3). In the human body, skeletal muscle and
adipose tissue act as endocrine organs that secret cytokines and
bioactive peptides (e.g., myokines and adipokines), which can
affect whole body metabolism and inflammation (11).
Progressive decrease in muscle and increase in fat increase the
risk of diabetes, cardiovascular disease, falls, fractures, impaired
physical activity, and disabilities (6-8). However, the effect of
body composition changes on survival outcomes during ADT
remains unclear.

Body composition can be objectively measured by computed
tomography (CT) (Figure 1). The cross-sectional areas of the
skeletal muscle and adipose tissue on a single CT slice at the level
of the third lumbar vertebrae (L3) are strongly correlated with
the total body skeletal muscle and adipose mass (12-14). The
skeletal muscle radiodensity (SMD) is a surrogate measure of
muscle quality, and skeletal muscle with low SMD is suggestive

Body mass index: 22.6 kg/m?

Skeletal muscle index: 45.3 cm?/m?
Skeletal muscle radiodensity: 37.3 HU
Subcutaneous adipose tissue index: 21.1 cmz/m2
Visceral adipose tissue index: 15.6 cmz/m2

radiotherapy and androgen deprivation therapy.

of fatty infiltration of the skeletal muscle and poor “quality”
skeletal muscle (15). A longitudinal study of CT-based
composition measures may elucidate how body composition
changes impact survival outcomes in these patients (16-25).
This study aimed to assess early CT-based body composition
changes, and to evaluate whether body composition changes are
associated with the survival outcomes of patients with high-risk
prostate cancer undergoing EBRT and long-term ADT.

PATIENTS, MATERIALS, AND METHODS

Patients and Treatments
Our Institutional Review Board (IRB) approved this study, with
waiver of informed consent owing to the retrospective and
observational nature of the study. We evaluated data of 166
patients with NCCN high or very-high risk prostate cancer
undergoing EBRT and long-term ADT at our institution
between 2008 and 2018. The inclusion criteria were CT scans
inclusive of the L3 vertebral level at baseline and within one year
after treatment initiation. Patients were excluded from the
analysis if they showed one of the following criteria: history of
other malignancy before and/or at the time of prostate cancer
diagnosis (n=3), missing required clinical data (n=6), no second
CT scans within one year after treatment initiation (#n=28), and
scans of insufficient quality (n=4). A total of 125 patients were
included in the final analysis.

Patients received combined modality therapy comprising
EBRT and ADT. EBRT included intensity-modulated

Body mass index: 24.1 kg/m?

Skeletal muscle index: 37.7 cm?/m?
Skeletal muscle radiodensity: 31.1 HU
Subcutaneous adipose tissue index: 32.8 cmz/m2
Visceral adipose tissue index: 24.3 cmz/m2

FIGURE 1 | Axial cross-sectional CT images at the L3 vertebral level (A) at baseline and (B) at 6 months after initiation of radiotherapy and androgen deprivation
therapy from one patient. The skeletal muscle areas, subcutaneous adipose tissue areas, and visceral adipose tissue areas were outlined in red, blue, and yellow,
respectively. This patient had increased body mass index, subcutaneous and visceral adipose tissue indexes and decreased skeletal muscle index during
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radiotherapy at a dose of 72-76 Gy. The course of ADT consisted
of concomitant ADT with EBRT followed by adjuvant ADT for
2-3 years. The imaging modalities for pre-treatment evaluation
and follow-up were CT or magnetic resonance imaging (MRI) at
the discretion of the treating physicians. Body weight and height
were obtained from medical records within 2 weeks of the date of
the CT scans. Body mass index (BMI) was calculated as body
weight divided by height in meters square. The age-adjusted
Charlson Comorbidity Index (CCI) at the time of prostate cancer
diagnosis was calculated for each patient by using past
medical history.

Computed Tomography-Based Body
Composition Analysis

The abdominal and pelvic CT images were acquired according
to a standardized protocol. Contrast agents iohexol 300
(Omnipaque 300, GE Healthcare) or iopromide 300 (Ultravist
300, Bayer HealthCare) were intravenously administered in a
single uniphasic bolus dose of 80-100 mL via a power injector at
2 mL/s. The portal-venous phase was obtained with a fixed delay
of 70 seconds after the administration of the contrast material.
The CT image parameters included the following features:
contrast-enhancement, 3-mm slice thickness, 120 kVp, and
approximately 290 mA.

A single slice of CT scans at L3 level was used to analyze
cross-sectional areas (cm?) of the skeletal muscle (including the
psoas, rectus abdominis, paraspinal, transversus abdominis, and
internal and external oblique muscles), and visceral and
subcutaneous adipose tissues by using the Varian Eclipse
software (Varian Medical Systems Inc., Palo Alto, CA, USA)
(Figure 1) (12-14). Body composition was defined based on
Hounsfield unit (HU) thresholds, which ranged from -29
to +150 HU for skeletal muscle, from -50 to —150 HU for
visceral adipose tissue, and from -30 to —-190 HU for
subcutaneous tissue. The mean radiation attenuation of the
skeletal muscle was the SMD. The total adipose tissue (TAT)
area was calculated as the sum of the areas of the subcutaneous
and visceral adipose tissues. One researcher, blinded to the
patient information, measured the body composition
parameters. The cross-sectional areas of the skeletal muscle,
visceral adipose tissue, subcutaneous adipose tissue, and total
adipose tissue were normalized for the patient height to calculate
indexes (cm?/m?) for skeletal muscle (SMI), subcutaneous
adipose tissue (SATI), visceral adipose tissue (VATI), and total
adipose tissue (TATI) (17).

As body composition varies greatly between regions,
ethnicities, and cancer types, we defined our own cut-off values
for defining sarcopenia on the basis of previous studies with
similar population sizes (17-19). Cut-off values were set at the
lowest tertile for SMI. The body composition change was the
difference between pre-treatment and follow-up CT scans. In this
study, the median duration between pre-treatment and follow-up
CT scans was 180 days (interquartile range [IQR]: 146-223
days). To account for variations in the scan interval duration,
body composition changes were normalized as the change over
180 days for providing a standardized unit for comparison
between patients. Previous studies had reported that SMI loss

>5% was associated with a poor survival outcome in cancer
patients (20-23). In this study, patients with a reduction in SMI
>5% were categorized as “loss”, and those with an SMI gain or
reduction <5% were categorized as “maintain”.

Statistical Analysis
Continuous data are summarized as mean * standard deviation
or median and IQR, as applicable, while categorical data are
summarized as numbers and percentages. The distributions of
patient characteristics were compared using the chi-square test
for categorical variables and independent t-test or Mann-
Whitney U test for continuous variables, as statistically
appropriate. Paired f-tests and the Wilcoxon signed-rank test
were used to assess body composition changes. The McNemar’s
test was used to test for significant differences in paired
categorical data. The Spearman correlation coefficient was used
to assess relationships among body composition parameters.
The primary end point was death from causes other than
prostate cancer. Cause of death was verified via death certificate.
Non-cancer-specific survival was measured from the date of
diagnosis of prostate cancer to the date of death from causes
other than prostate cancer. Prostate cancer-specific survival was
measured from the date of diagnosis of prostate cancer to the date
of death from prostate cancer. Survival curves were constructed
using the Kaplan-Meier method with log-rank tests. Cox
proportional hazard models were used to estimate the hazard
ratio (HR) and 95% confidence interval (CI). The multivariable
models were selected by backward elimination with a 0.05
significance level for inclusion. The data were analyzed using
IBM SPSS software (version 21.0; IBM Corp., Armonk, NY, USA).
A p<0.05 was considered statistically significant.

RESULTS

The patient and tumor characteristics of the 125 patients are
presented in Table 1. The median age was 73 years (IQR: 67-78
years), and the median age-adjusted CCI was 4 (IQR: 3-5). Ninety
(72.0%) and 35 (28.0%) patients were classified as having NCCN
high-risk and very high-risk diseases, respectively. The median
follow-up was 49 months (IQR: 28-75 months). No detectable
fractures occurred during the follow-up. Sixteen (12.8%) non-
cancer deaths and 17 (13.6%) prostate cancer deaths were
observed. The causes of non-cancer deaths were pneumonia
(n=9), ischemic heart disease (n=5), and stroke (n=2).

Body Composition Changes During
Radiotherapy and ADT

Table 2 summarizes the body composition characteristics at
baseline and the changes during treatment. The sarcopenia cut-
off value was set at SMI <43.2 cm*/m?, which corresponds to the
lowest tertile. Overall, the BMI, SATI, VATI, and TATI
increased, while SMI and SMD decreased during treatment.
The prevalence of sarcopenia increased from 33.6% (n=42) at
baseline to 48.0% (n=60) at the time of the second CT scan
(p=0.001). Fifty-eight patients (46.4%) experienced SMI loss of
>5%. The changes in BMI were weakly correlated to the changes

Frontiers in Oncology | www.frontiersin.org

September 2021 | Volume 11 | Article 722652


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Chiang et al.

Muscle-Loss and Outcomes of PCa

TABLE 1 | Patient and tumor characteristics.

Characteristics Overall (n = 125)

Age (years), median (IQR) 73 (67-78)
Age-adjusted CCI score
1 4(3.2)
2 27 (21.6)
3 22 (17.6)
4 33 (26.4)
5 33 (26.4)
6 6 (4.8)
NCCN risk groups
High 90 (72.0)
Very high 35 (28.0)

PSA level (ng/mL), median (IQR)
Body composition at baseline

27.8 (21.2-60.5)

BMI (kg/m?) 242+ 35
SMI (cm?/m?) 472 +£7.4
Sarcopenia® 42 (33.6)
SMD (HU) 378+56
SATI (cm?/m?) 39.9 + 13.6
VATI (cm?/m?) 55.2 + 28.0
TATI (cm?/m?) 951 +37.7
Median (IQR) duration between CT scans, days 180 (146-223)

BMI, body mass index; CClI, Charlson Comorbidity Index; CT, computed tomography;
HU, Hounsfield unit; IQR, interquartile range; NCCN, National Comprehensive Cancer
Network; SMD, skeletal muscle radiodensity; SMI, skeletal muscle index; SATI,
subcutaneous adipose tissue index; TATI, total adipose tissue index; VATI, visceral
adipose tissue index.

Data are mean + standard error or number (%).

aSMI<43.2 cm?/m? were defined as sarcopenia.

in SMI and SMD (Spearman p for SMI, 0.27; p=0.003; p for
SMD, -0.12; p=0.18) (Figure 2). The changes in BMI showed a
high positive correlation with changes in TATI (Spearman p for
TATI, 0.78; p<0.001).

Patient characteristics according to pre-treatment sarcopenia
are summarized in Supplementary Table S1. Patients with pre-
treatment sarcopenia had significantly older age and lower pre-
treatment BMI, SMI, SATI, and TATI. However, the changes in
body composition parameters during treatment were not different
between pre-treatment sarcopenia and non-sarcopenia groups.
The patient characteristics according to SMI change during
treatment are presented in Supplementary Table S2. A higher
age-adjusted CCI was associated with SMIloss >5% (p=0.01). SMI
at baseline was similar between the SMI loss >5% and SMI
maintain groups (p=0.48); 18 (31.0%) and 24 (35.8%) patients in
the SMI loss 25% and SMI maintain groups, respectively, had pre-
treatment sarcopenia (p=0.57). The SMD decreased by a greater
extent in patients with SMI loss >5% compared to those with SMI
maintain (p<0.001); the changes in adipose tissue indexes were not
significantly different between groups.

Body Composition and Survival Outcomes
The 3-year non-cancer-specific and prostate cancer-specific
survival for the entire cohort were 87.9% and 92.2%,
respectively. By stratifying patients according to pre-treatment
sarcopenia, the 3-year non-cancer-specific survival was 84.6%

TABLE 2 | Change of body composition parameters during radiotherapy and androgen deprivation therapy.

Variable First CT scan Second CT scan Absolute change per 180 days Relative Change per 180 days (%)
Mean = SD Mean = SD Mean 95% CI p-value Mean 95% CI p-value
BMI (kg/m?) 242 £ 3.5 245+35 0.3 0.1t00.5 0.005 1.4 0.5t02.3 0.003
SMI (cm2/m2) 472 +7.4 445 +7.3 2.7 -3.4t0-2.0 <0.001 -5.5 -7.0to-4.0 <0.001
SMD (HU) 37.8+56 349+59 -2.9 -3.41t0-2.3 <0.001 -7.6 -9.0to -6.1 <0.001
SATI (cm?/m?) 39.9 + 13.6 44.7 £ 14.7 5.0 3.7t06.3 <0.001 14.7 10.9to0 18.5 <0.001
VATI (cm?/m?) 55.2 +28.0 60.1 + 29.6 4.9 29to 7.1 <0.001 13.3 8.5t0 18.1 <0.001
TATI (cm?/m?) 95.1 £ 37.7 104.6 + 40.4 9.8 6.8to 12.7 <0.001 12.6 9.0t0 16.2 <0.001

BMI, body mass index; Cl, confidence interval; CT, computed tomography; HU, Hounsfield unit; SD, standard deviation; SMD, skeletal muscle radiodensity; SMI, skeletal muscle index;
SATI, subcutaneous adipose tissue index; TATI, total adipose tissue index; VVATI, visceral adipose tissue index.
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FIGURE 2 | Scatter plots showing correlation between the changes in BMI, SMI, SMD, and TATI. (A) SMI vs. BMI, (B) SMD vs. BMI, and (C) TATI vs. BMI.
Spearman’s rank correlation coefficient (rho) was used to assess correlation between body composition parameters. Slopes (m) for the correlations are shown on
each graph. BMI, body mass index; SMD, skeletal muscle radiodensity; SMI, skeletal muscle index; TATI, total adipose tissue index.
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in the pre-treatment sarcopenic group and 89.1% in the non-
sarcopenic group (p=0.28); the corresponding 3-year prostate
cancer-specific survival were 90.6% and 93.0%, respectively
(p=0.91). However, the 3-year non-cancer-specific survival
were significantly poorer in patients with SMI loss 5% than
those with SMI maintain (77.3% vs. 96.7%, p=0.003) (Figure 3).
The 3-year prostate cancer-specific survival was not different
between SMI loss 25% and SMI maintain groups (87.5% vs.

change (continuous), and SMI loss >5% (categorical) were
associated with non-cancer mortality. On multivariable
analysis, each 1% decrease in SMI over 180 days was
independently associated with a 9% increase in the risk of non-
cancer mortality (HR: 1.09, 95% CI: 1.02-1.16; p=0.007).
Furthermore, as a categorical variable, an SMI loss >5% was
associated with an increased risk of non-cancer mortality (HR:
5.60, 95% CI: 1.23-25.45; p=0.03). Sarcopenia at baseline, BMI,

95.3%, p=0.27).

Table 3 shows the results of the univariable and multivariable
Cox proportional hazard regression analysis for non-cancer
mortality. On univariable analysis, age, age-adjusted CCI, SMI

and adipose tissue indexes at baseline and changes during
treatment were not associated with non-cancer mortality.

The results of the Cox proportional hazard regression analysis
for prostate cancer-specific mortality are shown in

A B _
1004 - 21004
& "Nemam- e = - J
~ - [} -
K - 2 [y Y,
2 801 A T 2 807
2 2
a e
L 601 5 601
2 401 g 401
3 SMI maintain S SMI maintain
c o
S 20 mm=m- SMI loss 25% © 20 === SMI loss 25%
< 3
2 Log-rank: p = 0.003 2 Log-rank: p =0.27
0- QL' 0- T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Time (years) Time (years)
No. at risk: No. at risk:
SMI maintain 67 66 56 49 42 36 SMI maintain 67 66 56 49 42 36
SMI loss 25% 58 57 45 30 23 17 SMlloss 25% 58 57 45 30 23 17
FIGURE 3 | Kaplan-Meier curve demonstrating (A) non-cancer-specific survival and (B) prostate cancer-specific survival according to SMI change groups. SMI,
skeletal muscle index.

TABLE 3 | Cox proportional hazards model for non-cancer mortality.

Variable Univariable Multivariable model 1* Multivariable model 2*
HR (95% CI) p-value HR (95% CI) p-value HR (95% ClI) p-value

Age (years) 1.11 (1.02-1.21) 0.03 - - - -
Age-adjusted CCI score, continuous 3.30 (1.66-6.55) 0.001 2.94 (1.47-5.89) 0.002 3.06 (1.52-6.15) 0.002
NCCN risk groups

High Reference

Very high 1.77 (0.58-5.41) 0.32
BMI at baseline (1 kg/m? increase) 0.95 (0.81-1.10) 0.47
BMI change (per 1%/180 days increase) 0.91 (0.80-1.02) 0.12
SMI at baseline (1 cm?/m? decrease) 1.04 (0.96-1.12) 0.32
Sarcopenia at baseline 1.35 (0.44-4.13) 0.60
SMI change (per 1%/180 days decrease) 1.09 (1.04-1.15) 0.001 1.09 (1.02-1.16) 0.007 - -
SMI loss >5% (Reference: SMI maintain) 6.95 (1.54-31.39) 0.01 - - 5.60 (1.23-25.45) 0.03
SMD at baseline (1 HU decrease) 1.08 (0.98-1.19) 0.10
SMD change (per 1%/180 days decrease) 1.05 (0.99-1.11) 0.09
SATI at baseline (1 cm?m? increase) 1.01 (0.97-1.05) 0.70
SATI change (per 1%/180 days increase) 0.99 (0.96-1.02) 0.42
VATI at baseline (1 cm?/m? increase) 1.00 (0.98-1.02) 0.66
VATI change (per 1%/180 days increase) 0.99 (0.97-1.02) 0.51
TATI at baseline (1 cm?/m? increase) 1.00 (0.98-1.01) 0.85
TATI change (per 1%/180 days increase) 1.01 (0.98-1.04) 0.48 1.08 (0.99-1.07) 0.10 - -

BMI, body mass index; Cl, confidence interval; CCI, Charlson Comorbidity Index; CT, computed tomography; HR, hazard ratio; HU, Hounsfield unit; IQR, interquartile range; NCCN,
National Comprehensive Cancer Network; SMD, skeletal muscle radiodensity; SMI, skeletal muscle index; SATI, subcutaneous adipose tissue index; TATI, total adipose tissue index; VATI,
visceral adipose tissue index.

Data are mean + standard error or number (%).

*Multivariable analysis using a backward selection method.
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Supplementary Table S3. NCCN very high-risk disease was
independently associated with an increased risk of prostate
cancer-specific mortality (HR: 6.28, 95% CI: 1.39-28.44; p=0.02).
Body composition parameters at baseline and changes during
treatment were not associated with prostate cancer-
specific mortality.

DISCUSSION

This study assessed the association of CT-based body
composition changes with survival outcomes in patients with
high-risk prostate cancer undergoing EBRT and ADT. Body
composition changed significantly after initiating ADT. More
specifically, BMI and adipose tissue indexes increased, and SMI
and SMD decreased. The changes in BMI were highly correlated
with the changes in TATI, but weakly correlated with the
changes in SMI and SMD, suggesting that weight measurement
may not detect muscle loss in clinical practice. Moreover, SMI
loss during ADT was independently associated with increased
non-cancer mortality. BMI and adipose tissue indexes were not
associated with non-cancer mortality.

The observation that early body composition changes during
ADT is consistent with the results of prior studies (3, 5-7). In
those studies, the lean body mass significantly decreased by 1.0%
to 3.8% from baseline to 12 months after initiating ADT (5-7).
However, we found a greater decrease in muscle mass of 5.5% in
our patients. The possible explanation is that patients in this
study may have higher age-adjusted CCI. We also found that
patients with higher age-adjusted CCI were more likely to
experience SMI loss during ADT.

Weight measurement may not detect muscle loss. BMI
changes were more likely to be representative of fat changes in
patients undergoing ADT. BMI has been previously identified as
an imprecise marker of SMI, highlighting the relevance of body
composition measurements (21, 26-29). However, CT scans may
not be available for body composition analysis in patients with
prostate cancer. This is because MRI is preferred due to its higher
ability to evaluate the prostate gland. Faron et al. revealed the
interchangeability of CT and MRI derived measurements of
cross-sectional area and fatty infiltration of the muscle,
suggesting that it may be feasible to evaluate body composition
changes by MRI in patients with prostate cancer (30). MRI-based
body composition measurement should be validated in further
studies. Dual-energy X-ray absorptiometry, ultrasound, and
bioelectrical impedance analysis are modalities that can also
quantify body composition. Integration of monitoring body
composition into routine cancer care should be considered for
these patients.

Pre-treatment sarcopenia has been previously identified as a
predictor of non-cancer mortality in prostate cancer (14). However,
we found that muscle loss within one year after initiating ADT was
associated with increased non-cancer mortality, while pre-
treatment sarcopenia was not. Body composition changes are
dynamic throughout the disease trajectory and can impact
survival in patients with cancer (16-21). Notably, patients in this
study received long-term ADT and we only analyzed body

composition changes within one year after initiating ADT.
Patients receiving long-term ADT may experience progressive
muscle loss during the second and the third year of ADT (7).
Future studies are needed to evaluate whether further muscle loss
can affect outcomes and whether muscle can be preserved via
multimodal interventions in these patients. Early multimodal
intervention (nutrition, exercise, and anti-inflammatory
medication) may maintain muscle mass after initiating ADT and
improve survival in these patients (16, 31-33). Our findings need to
be evaluated in future studies.

The use of ADT is associated with increased risk of falls and
fracture in patients with prostate cancer (7, 34-36). Falls cause
substantial morbidity and mortality and lead to a considerable
burden on health systems (37). Various factors, including ageing,
multiple chronic diseases, life style, malnutrition, and decline in
muscle strength and physical function, determine the risks of
falls (38-40). In this study, no detectable fracture occurred
during the follow-up. The possible explanation of this fact
might be the lack of routine spine radiographs. As vertebral
fractures are mostly asymptomatic (41), asymptomatic vertebral
fractures may not be detected in included patients. Furthermore,
the information on falls was not available for analysis due to
the retrospective study design. Therefore, the relationship
between muscle loss and the risk of falls or fracture cannot be
evaluated in this study. Previous studies revealed that exercises
implementation can preserve muscle strength and physical
function in patients with prostate cancer receiving ADT (31,
33). Therefore, multimodal interventions, including exercise and
nutrition, may help preserve muscle mass and reduce the risk of
falls in these patients (40, 42).

Serum testosterone is positively correlated with muscle mass in
men (43). In patients with prostate cancer, the aim of ADT is to
suppress serum testosterone to castration level. The suppression of
testosterone may therefore contribute to the decrease in muscle
mass in these patients. In addition, the lower nadir of serum
testosterone may be associated with clinical outcomes including
survival (44). Regular measurement of testosterone was also
suggested in men receiving ADT to ensure adequate testosterone
suppression (45). However, serum testosterone levels were not
available in all patients included in this study, thus limiting the
possibility to further elucidate the association of serum
testosterone with muscle loss in these patients.

This study has some limitations. This was a retrospective
investigation with a small number of patients and variable
durations between CT scans. Only 125 of 166 identified
patients were included in the analysis owing to missing data
(no second CT image) within one year after the initiation of
ADT. Information on diet, physical activity, and falls was not
available for analysis due to the retrospective design of the study.
The death certificates may not always provide the real cause of
death. Selection bias and residual and unmeasured confounding
are also potential limitations. In addition, this study only
analyzed CT scans at 2 timepoints acquired during routine
cancer care. Body composition measurements using more time
points may provide more comprehensive information (7). It is
also unknown whether improving muscle mass after early
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muscle loss can optimize survival outcomes. Therefore, the
findings of this study should be validated in a larger sample
size to determine the prognostic significance of muscle loss in
patients with high-risk prostate cancer.

In summary, muscle loss occurs in patients with high-risk
prostate cancer undergoing EBRT and ADT. Patients with SMI
loss 5% at 6 months after initiating ADT have an increased
risk of non-cancer mortality compared with patients in the
SMI maintain group. Moreover, muscle loss is occult and
independent of weight change, suggesting that body
composition measurements should be incorporated into clinical
practice. Future studies are required to evaluate early multimodal
interventions with a goal of muscle maintenance; this would serve
to optimize the survival outcomes of patients with high-risk
prostate cancer.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by MacKay Memorial Hospital, Taipei, Taiwan.
Written informed consent for participation was not required

REFERENCES

1. Nabid A, Carrier N, Martin AG, Bahary JP, Lemaire C, Vass S, et al. Duration of
Androgen Deprivation Therapy in High-Risk Prostate Cancer: A Randomized
Phase III Trial. Eur Urol (2018) 74(4):432-41. doi: 10.1016/j.eururo.2018.06.018

2. Lawton CAF, Lin X, Hanks GE, Lepor H, Grignon D], Brereton HD, et al.
Duration of Androgen Deprivation in Locally Advanced Prostate Cancer:
Long-Term Update of NRG Oncology RTOG 9202. Int ] Radiat Oncol Biol
Phys (2017) 98(2):296-303. doi: 10.1016/j.ijrobp.2017.02.004

3. Saylor PJ, Smith MR. Metabolic Complications of Androgen Deprivation
Therapy for Prostate Cancer. J Urol (2013) 189(1 Suppl):S34-42; discussion
$3-4. doi: 10.1016/j.juro.2012.11.017

4. Marvaso G, Corrao G, Zaffaroni M, Pepa M, Augugliaro M, Volpe S, et al.
Therapeutic Sequences in the Treatment of High-Risk Prostate Cancer:
Paving the Way Towards Multimodal Tailored Approaches. Front Oncol
(2021) 11:732766. doi: 10.3389/fonc.2021.732766

5. Smith MR, Finkelstein JS, McGovern FJ, Zietman AL, Fallon MA, Schoenfeld
DA, et al. Changes in Body Composition During Androgen Deprivation
Therapy for Prostate Cancer. ] Clin Endocrinol Metab (2002) 87(2):599-603.
doi: 10.1210/jcem.87.2.8299

6. Lee H, McGovern K, Finkelstein JS, Smith MR. Changes in Bone Mineral
Density and Body Composition During Initial and Long-Term
Gonadotropin-Releasing Hormone Agonist Treatment for Prostate
Carcinoma. Cancer (2005) 104(8):1633-7. doi: 10.1002/cncr.21381

7. Smith MR, Saad F, Egerdie B, Sieber PR, Tammela TL, Ke C, et al. Sarcopenia
During Androgen-Deprivation Therapy for Prostate Cancer. ] Clin Oncol
(2012) 30(26):3271-6. doi: 10.1200/JCO.2011.38.8850

8. Nguyen PL, Alibhai SM, Basaria S, D’Amico AV, Kantoff PW, Keating NL,
et al. Adverse Effects of Androgen Deprivation Therapy and Strategies to
Mitigate Them. Eur Urol (2015) 67(5):825-36. doi: 10.1016/j.eururo.
2014.07.010

9. Owen PJ, Daly RM, Dalla Via J, Mundell NL, Livingston PM, Rantalainen T,
et al. The Clinical Relevance of Adiposity When Assessing Muscle Health in

for this study in accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

P-KC, F-YY, and JL designed the research. P-KC and JL analysed
data and wrote this manuscript. W-KT contributed in
performing the research. J-BL contributed in performing the
image data analysis. AW-HC revised this manuscript critically
for important intellectual content. All authors contributed to the
article and approved the submitted version.

ACKNOWLEDGMENTS

The authors are grateful to Dr. Meng-Hao Wu (MD, MacKay
Memorial Hospital) who provided his experience in the analysis
of data.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
722652/tull#supplementary-material

Men Treated With Androgen Deprivation for Prostate Cancer. J Cachexia
Sarcopenia Muscle (2019) 10(5):1036-44. doi: 10.1002/jcsm.12446

10. Palumbo C, Antonelli A, Triggiani L, Dalla Volta A, Maffezzoni F, Zamboni S,
et al. Changes in Body Composition and Lipid Profile in Prostate Cancer
Patients Without Bone Metastases Given Degarelix Treatment: The BLADE
Prospective Cohort Study. Prostate Cancer Prostatic Dis (2021) 24(3):852-9.
doi: 10.1038/s41391-021-00345-0

11. Suriano F, Van Hul M, Cani PD. Gut Microbiota and Regulation of Myokine-
Adipokine Function. Curr Opin Pharmacol (2020) 52:9-17. doi: 10.1016/
j.coph.2020.03.006

12. Mourtzakis M, Prado CM, Lieffers JR, Reiman T, McCargar L], Baracos VE. A
Practical and Precise Approach to Quantification of Body Composition in Cancer
Patients Using Computed Tomography Images Acquired During Routine Care.
Appl Physiol Nutr Metab (2008) 33(5):997-1006. doi: 10.1139/H08-075

13. Shen W, Punyanitya M, Wang Z, Gallagher D, St-Onge MP, Albu J, et al. Total
Body Skeletal Muscle and Adipose Tissue Volumes: Estimation From a Single
Abdominal Cross-Sectional Image. ] Appl Physiol (1985) (2004) 97(6):2333-8.
doi: 10.1152/japplphysiol.00744.2004

14. McDonald AM, Swain TA, Mayhew DL, Cardan RA, Baker CB, Harris DM,
et al. CT Measures of Bone Mineral Density and Muscle Mass Can Be Used to
Predict Noncancer Death in Men With Prostate Cancer. Radiology (2017) 282
(2):475-83. doi: 10.1148/radiol.2016160626

15. Huang CY, Sun FJ, Lee J. Prognostic Value of Muscle Measurement Using the
Standardized Phase of Computed Tomography in Patients With Advanced
Ovarian Cancer. Nutrition (2020) 72:110642. doi: 10.1016/j.nut.2019.110642

16. Brown JC, Cespedes Feliciano EM, Caan BJ]. The Evolution of Body
Composition in Oncology-Epidemiology, Clinical Trials, and the Future of
Patient Care: Facts and Numbers. ] Cachexia Sarcopenia Muscle (2018) 9
(7):1200-8. doi: 10.1002/jcsm.12379

17. Lee ], Chang CL, Lin JB, Wu MH, Sun FJ, Jan YT, et al. Skeletal Muscle Loss Is
an Imaging Biomarker of Outcome After Definitive Chemoradiotherapy for
Locally Advanced Cervical Cancer. Clin Cancer Res (2018) 24(20):5028-36.
doi: 10.1158/1078-0432.CCR-18-0788

Frontiers in Oncology | www.frontiersin.org

September 2021 | Volume 11 | Article 722652


https://www.frontiersin.org/articles/10.3389/fonc.2021.722652/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.722652/full#supplementary-material
https://doi.org/10.1016/j.eururo.2018.06.018
https://doi.org/10.1016/j.ijrobp.2017.02.004
https://doi.org/10.1016/j.juro.2012.11.017
https://doi.org/10.3389/fonc.2021.732766
https://doi.org/10.1210/jcem.87.2.8299
https://doi.org/10.1002/cncr.21381
https://doi.org/10.1200/JCO.2011.38.8850
https://doi.org/10.1016/j.eururo.2014.07.010
https://doi.org/10.1016/j.eururo.2014.07.010
https://doi.org/10.1002/jcsm.12446
https://doi.org/10.1038/s41391-021-00345-0
https://doi.org/10.1016/j.coph.2020.03.006
https://doi.org/10.1016/j.coph.2020.03.006
https://doi.org/10.1139/H08-075
https://doi.org/10.1152/japplphysiol.00744.2004
https://doi.org/10.1148/radiol.2016160626
https://doi.org/10.1016/j.nut.2019.110642
https://doi.org/10.1002/jcsm.12379
https://doi.org/10.1158/1078-0432.CCR-18-0788
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Chiang et al.

Muscle-Loss and Outcomes of PCa

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Lee ], Lin JB, Wu MH, Jan YT, Chang CL, Huang CY, et al. Muscle
Radiodensity Loss During Cancer Therapy Is Predictive for Poor Survival in
Advanced Endometrial Cancer. J Cachexia Sarcopenia Muscle (2019) 10
(4):814-26. doi: 10.1002/jcsm.12440

van Dijk DP, Bakens MJ, Coolsen MM, Rensen SS, van Dam RM, Bours M]J,
et al. Low Skeletal Muscle Radiation Attenuation and Visceral Adiposity Are
Associated With Overall Survival and Surgical Site Infections in Patients With
Pancreatic Cancer. | Cachexia Sarcopenia Muscle (2017) 8(2):317-26. doi:
10.1002/jcsm.12155

Huang CY, Yang YC, Chen TC, Chen JR, Chen Y], Wu MH, et al. Muscle Loss
During Primary Debulking Surgery and Chemotherapy Predicts Poor Survival
in Advanced-Stage Ovarian Cancer. ] Cachexia Sarcopenia Muscle (2020) 11
(2):534-46. doi: 10.1002/jcsm.12524

Lee ], Liu SH, Chen JC, Leu YS, Liu CJ, Chen YJ. Progressive Muscle Loss Is an
Independent Predictor for Survival in Locally Advanced Oral Cavity Cancer:
A Longitudinal Study. Radiother Oncol (2021) 158:83-9. doi: 10.1016/
j.radonc.2021.02.014

Kays JK, Shahda S, Stanley M, Bell TM, O’Neill BH, Kohli MD, et al. Three
Cachexia Phenotypes and the Impact of Fat-Only Loss on Survival in
FOLFIRINOX Therapy for Pancreatic Cancer. ] Cachexia Sarcopenia
Muscle (2018) 9(4):673-84. doi: 10.1002/jcsm.12307

Naumann P, Eberlein J, Farnia B, Liermann ], Hackert T, Debus J, et al. Cachectic
Body Composition and Inflammatory Markers Portend a Poor Prognosis in
Patients With Locally Advanced Pancreatic Cancer Treated With Chemoradiation.
Cancers (Basel) (2019) 11(11):1655. doi: 10.3390/cancers11111655

Hua X, Li WZ, Huang X, Wen W, Huang HY, Long ZQ, et al. Modeling
Sarcopenia to Predict Survival for Patients With Nasopharyngeal Carcinoma
Receiving Concurrent Chemoradiotherapy. Front Oncol (2021) 11:625534.
doi: 10.3389/fonc.2021.625534

Lee J, Chen T-C, Jan Y-T, Li C-J, Chen Y-J, Wu M-H. Association of
Patient-Reported Outcomes and Nutrition With Body Composition in
Women With Gynecologic Cancer Undergoing Post-Operative Pelvic
Radiotherapy: An Observational Study. Nutrients (2021) 13(8):2629. doi:
10.3390/nu13082629

Caan BJ, Cespedes Feliciano EM, Kroenke CH. The Importance of Body
Composition in Explaining the Overweight Paradox in Cancer-Counterpoint.
Cancer Res (2018) 78(8):1906-12. doi: 10.1158/0008-5472.CAN-17-3287

Lee J, Lin JB, Wu MH, Chang CL, Jan YT, Chen YJ. Muscle Loss After
Chemoradiotherapy as a Biomarker of Distant Failures in Locally Advanced
Cervical Cancer. Cancers (Basel) (2020) 12(3):595. doi: 10.3390/
cancers12030595

Baracos VE, Arribas L. Sarcopenic Obesity: Hidden Muscle Wasting and Its
Impact for Survival and Complications of Cancer Therapy. Ann Oncol (2018)
29(suppl_2):ii1-9. doi: 10.1093/annonc/mdx810

Lee J, Chang CL, Lin JB, Wu MH, Sun FJ, Wu C]J, et al. The Effect of Body Mass
Index and Weight Change on Late Gastrointestinal Toxicity in Locally Advanced
Cervical Cancer Treated With Intensity-Modulated Radiotherapy. Int J Gynecol
Cancer (2018) 28(7):1377-86. doi: 10.1097/IGC.0000000000001312

Faron A, Sprinkart AM, Kuetting DLR, Feisst A, Isaak A, Endler C, et al. Body
Composition Analysis Using CT and MRI: Intra-Individual Intermodal
Comparison of Muscle Mass and Myosteatosis. Sci Rep (2020) 10(1):11765.
doi: 10.1038/s41598-020-68797-3

Newton RU, Galvao DA, Spry N, Joseph D, Chambers SK, Gardiner RA, et al.
Timing of Exercise for Muscle Strength and Physical Function in Men
Initiating ADT for Prostate Cancer. Prostate Cancer Prostatic Dis (2020) 23
(3):457-64. doi: 10.1038/s41391-019-0200-z

Di Maso M, Augustin LSA, Toffolutti F, Stocco C, Dal Maso L, Jenkins DJA, et al.
Adherence to Mediterranean Diet, Physical Activity and Survival After Prostate
Cancer Diagnosis. Nutrients (2021) 13(1):243. doi: 10.3390/nu13010243
Edmunds K, Tuffaha H, Scuftham P, Galvao DA, Newton RU. The Role of
Exercise in the Management of Adverse Effects of Androgen Deprivation
Therapy for Prostate Cancer: A Rapid Review. Support Care Cancer (2020) 28
(12):5661-71. doi: 10.1007/500520-020-05637-0

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Bylow K, Dale W, Mustian K, Stadler WM, Rodin M, Hall W, et al. Falls and
Physical Performance Deficits in Older Patients With Prostate Cancer
Undergoing Androgen Deprivation Therapy. Urology (2008) 72(2):422-7.
doi: 10.1016/j.urology.2008.03.032

Alibhai SM, Breunis H, Timilshina N, Johnston C, Tomlinson G, Tannock I,
et al. Impact of Androgen-Deprivation Therapy on Physical Function and
Quality of Life in Men With Nonmetastatic Prostate Cancer. J Clin Oncol
(2010) 28(34):5038-45. doi: 10.1200/JC0O.2010.29.8091

Shahinian VB, Kuo YF, Freeman JL, Goodwin JS. Risk of Fracture After
Androgen Deprivation for Prostate Cancer. N Engl ] Med (2005) 352(2):154—
64. doi: 10.1056/NEJMo0a041943

Sattar S, Haase K, Kuster S, Puts M, Spoelstra S, Bradley C, et al. Falls in Older
Adults With Cancer: An Updated Systematic Review of Prevalence, Injurious
Falls, and Impact on Cancer Treatment. Support Care Cancer (2021) 29(1):21-
33. doi: 10.1007/s00520-020-05619-2

Waterhouse M, Sanguineti E, Baxter C, Duarte Romero B, McLeod DSA,
English DR, et al. Vitamin D Supplementation and Risk of Falling: Outcomes
From the Randomized, Placebo-Controlled D-Health Trial. ] Cachexia
Sarcopenia Muscle (2021). doi: 10.1002/jcsm.12759

Urquiza M, Fernandez N, Arrinda I, Sierra I, Irazusta J, Rodriguez Larrad A.
Nutritional Status Is Associated With Function, Physical Performance and
Falls in Older Adults Admitted to Geriatric Rehabilitation: A Retrospective
Cohort Study. Nutrients (2020) 12(9):2855. doi: 10.3390/nu12092855
Dautzenberg L, Beglinger S, Tsokani S, Zevgiti S, Raijjmann R, Rodondi N,
et al. Interventions for Preventing Falls and Fall-Related Fractures in
Community-Dwelling Older Adults: A Systematic Review and Network
Meta-Analysis. ] Am Geriatr Soc (2021). doi: 10.1111/jgs.17375

McCarthy J, Davis A. Diagnosis and Management of Vertebral Compression
Fractures. Am Fam Physician (2016) 94(1):44-50.

Wilson RL, Taaffe DR, Newton RU, Hart NH, Lyons-Wall P, Galvdo DA.
Using Exercise and Nutrition to Alter Fat and Lean Mass in Men With
Prostate Cancer Receiving Androgen Deprivation Therapy: A Narrative
Review. Nutrients (2021) 13(5):1664. doi: 10.3390/nu13051664

Finkelstein JS, Lee H, Burnett-Bowie SM, Darakananda K, Gentile EC,
Goldstein DW, et al. Dose-Response Relationships Between Gonadal
Steroids and Bone, Body Composition, and Sexual Function in Aging Men.
J Clin Endocrinol Metab (2020) 105(8):2779-88. doi: 10.1210/clinem/dgaa318
Klotz L, O’Callaghan C, Ding K, Toren P, Dearnaley D, Higano CS, et al.
Nadir Testosterone Within First Year of Androgen-Deprivation Therapy
(ADT) Predicts for Time to Castration-Resistant Progression: A Secondary
Analysis of the PR-7 Trial of Intermittent Versus Continuous ADT. J Clin
Oncol (2015) 33(10):1151-6. doi: 10.1200/JC0O.2014.58.2973

Crawford ED, Heidenreich A, Lawrentschuk N, Tombal B, Pompeo ACL,
Mendoza-Valdes A, et al. Androgen-Targeted Therapy in Men With Prostate
Cancer: Evolving Practice and Future Considerations. Prostate Cancer
Prostatic Dis (2019) 22(1):24-38. doi: 10.1038/s41391-018-0079-0

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Chiang, Tsai, Chiu, Lin, Yang and Lee. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

September 2021 | Volume 11 | Article 722652


https://doi.org/10.1002/jcsm.12440
https://doi.org/10.1002/jcsm.12155
https://doi.org/10.1002/jcsm.12524
https://doi.org/10.1016/j.radonc.2021.02.014
https://doi.org/10.1016/j.radonc.2021.02.014
https://doi.org/10.1002/jcsm.12307
https://doi.org/10.3390/cancers11111655
https://doi.org/10.3389/fonc.2021.625534
https://doi.org/10.3390/nu13082629
https://doi.org/10.1158/0008-5472.CAN-17-3287
https://doi.org/10.3390/cancers12030595
https://doi.org/10.3390/cancers12030595
https://doi.org/10.1093/annonc/mdx810
https://doi.org/10.1097/IGC.0000000000001312
https://doi.org/10.1038/s41598-020-68797-3
https://doi.org/10.1038/s41391-019-0200-z
https://doi.org/10.3390/nu13010243
https://doi.org/10.1007/s00520-020-05637-0
https://doi.org/10.1016/j.urology.2008.03.032
https://doi.org/10.1200/JCO.2010.29.8091
https://doi.org/10.1056/NEJMoa041943
https://doi.org/10.1007/s00520-020-05619-2
https://doi.org/10.1002/jcsm.12759
https://doi.org/10.3390/nu12092855
https://doi.org/10.1111/jgs.17375
https://doi.org/10.3390/nu13051664
https://doi.org/10.1210/clinem/dgaa318
https://doi.org/10.1200/JCO.2014.58.2973
https://doi.org/10.1038/s41391-018-0079-0
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Muscle Loss During Androgen Deprivation Therapy Is Associated With Higher Risk of Non-Cancer Mortality in High-Risk Prostate Cancer
	Introduction
	Patients, Materials, and Methods
	Patients and Treatments
	Computed Tomography-Based Body Composition Analysis
	Statistical Analysis

	Results
	Body Composition Changes During Radiotherapy and ADT
	Body Composition and Survival Outcomes

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


