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Measurements of peri-prostatic
adipose tissue by MRI predict
bone metastasis in patients with
newly diagnosed prostate cancer

Bo-Hao Liu, Yun-Hua Mao", Xiao-Yang Li*, Rui-Xiang Luo?,
Wei-An Zhu?, Hua-Bin Su*, Heng-Da Zeng®, Chu-Hao Chen’?,
Xiao Zhao!, Chen Zou" and Yun Luo**

Department of Urology, The Third Affiliated Hospital of Sun Yat-sen University, Guangzhou, China,
2Department of Urology, Kashgar First People’'s Hospital, Kashgar, Xinjiang, China

Objectives: To investigate the role of MRI measurements of peri-prostatic
adipose tissue (PPAT) in predicting bone metastasis (BM) in patients with newly
diagnosed prostate cancer (PCa).

Methods: We performed a retrospective study on 156 patients newly diagnosed
with PCa by prostate biopsy between October 2010 and November 2022.
Clinicopathologic characteristics were collected. Measurements including PPAT
volume and prostate volume were calculated by MRI, and the normalized PPAT
(PPAT volume/prostate volume) was computed. Independent predictors of BM
were determined by univariate and multivariate logistic regression analysis, and a
new nomogram was developed based on the predictors. Receiver operating
characteristic (ROC) curves were used to estimate predictive performance.

Results: PPAT and normalized PPAT were associated with BM (P<0.001).
Normalized PPAT positively correlated with clinical T stage(cT), clinical N stage
(cN), and Grading Groups(P<0.05). The results of ROC curves indicated that PPAT
and normalized PPAT had promising predictive value for BM with the AUC of
0.684 and 0.775 respectively. Univariate and multivariate analysis revealed that
high normalized PPAT, cN, and alkaline phosphatase(ALP) were independently
predictors of BM. The nomogram was developed and the concordance index(C-
index) was 0.856.

Conclusions: Normalized PPAT is an independent predictor for BM among with
cN, and ALP. Normalized PPAT may help predict BM in patients with newly
diagnosed prostate cancer, thus providing adjunctive information for BM risk
stratification and bone scan selection.
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Introduction

Prostate cancer (PCa) remains the second most common male
malignancy worldwide, and its incidence in China has been growing
for the past few decades (1, 2). Bone metastasis (BM) was the
prominent metastatic event in PCa, which was regarded as an
adverse factor for survival and quality of life (3, 4). Currently, bone
scan including single-photon emission computed tomography and
computed tomography (SPECT/CT) has been widely used for
diagnosing BM of PCa, with 92% sensitivity and 95% specificity
(5-7). The incidence of BM is 11%-27% in PCa patients at the first
diagnosis in China, and even lower in European and American
countries (8, 9). Therefore, approximately three quarters of patients
endured the examination costs and unnecessary radiation exposure.
Additionally, many primary hospitals lack the relevant nuclear
medicine equipment to carry out the examination. Some
guidelines and reports appealed that not all patients should
undergo bone scan but are only appropriate for patients with
certain qualifications (5, 10, 11). However, these qualifications
only considered clinicopathologic factors while lacking the
radiological features. Therefore, there is a need to develop a risk
stratification tool involving radiological parameters to improve
BM prediction.

Increasing evidence revealed the close correlation between
adiposity and PCa, but the body mass index (BMI) used in many
studies can only represent generalized obesity of the whole body
rather than the peri-organ distribution of adipose tissue (12, 13).
Peri-prostatic adipose tissue (PPAT) is a special fat reservoir
surrounding the prostate. More and more evidence shows that
PPAT can not only store lipids, but also secrete a variety of factors
(such as leptin, adiponectin, TNF-o, CCL7, etc.) that affect the
progression of PCa (14-16). Previous studies demonstrated that
PPAT accumulation is significantly correlated with higher tumor
stage, higher Gleason scores, poorer prognosis, and local metastasis,
showing promising predictive value of PCa aggressiveness (17-19).
However, little is known on the relationship between PPAT
accumulation and distant metastasis of prostate cancer, such as
BM and visceral metastasis.

Numerous imaging techniques such as computerized
tomography (CT), ultrasonography, and magnetic resonance
imaging (MRI) have been applied to calculate PPAT
accumulation. Ultrasonic waves would be attenuated by tissue
and generate poor image quality, while CT might neglect the
subcentimeter region of fat (20, 21). With superior depiction of
fat border and image details, MRI was regarded as the highest
resolution in detecting adipose tissue (22). Multiple Imaging
modalities including thickness, area, and volume are used to
represent PPAT accumulation (23), while the index of thickness
and area are easy to measure but it could not show the accurate
volume of PPAT, not to mention the tridimensional PPAT
distribution. Therefore, PPAT volume is the most accurate
method to represent PPAT accumulation. In this study, we aim to
explore the association between MRI-measured PPAT
characteristics and BM. Moreover, We built a predictive
nomogram based on the clinicopathologic parameters and
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normalized PPAT to help patients for risk stratification and
selection of bone scan.

Materials and methods
Patient selection and data collection

This study was approved by the Institutional Review Committee of
the Third Affiliated Hospital of Sun Yat-sen University (NO [2022]:02-
313-01). In this retrospective study, we analyzed data from 156 patients
newly diagnosed with prostate cancer in the Department of Urology at
the Third Affiliated Hospital of Sun Yat-Sen University between
October 2010 and November 2022. All patients received technetium
Tc 99m methylene diphosphonate single-photon emission computed
tomography/computed tomography (Tc-99m-MDP SPECT/CT) after
diagnosed by biopsy. They all had complete clinicopathologic data,
including age, BMI, Grading Groups, cT, cN, PSA, ALP, serum
calcium, serum phosphorus, complications and prostate MRI.
Radiologists diagnosed BM by analyzing tracer uptake and imaging
features in Tc-99m-MDP SPECT/CT. The final reports were
confirmed and published by the Department of Nuclear Medicine of
the Third Affiliated Hospital of Sun Yat-sen University. Grading
Groups followed the ISUP (Internal Society of Urologic Pathology)
consensus on Gleason grading of PCa, which were documented as the
highest Gleason score in all biopsy cores (24). Patients with ambiguous
bone scan results, malignant diseases of non-prostatic origin, a history
of prostate surgery or after any neoadjuvant therapy were excluded.

PPAT measurement

All patients routinely received 1.5T or 3.0T MRI examination at
our hospital which was taken within 3 months before prostate biopsy.
Regions of interest (ROI) were measured by using 3D Slicer software
(5.2.1) on axial T2-weighted MRI images. All measurements of ROI
were performed two times by two urologists who were trained by the
radiologist, with no knowledge of clinical and pathological
information. The mean values measured by two urologists were
used for statistical analysis. Intraclass correlation coefficient (ICC)
was used to test inter-observer reliability.

The PPAT is defined as the adipose tissue surrounding the prostate,
with the lateral boundary being the first visible fascia adjacent to the
levator muscle, the posterior boundary being the Denonville fascia, and
the anterior boundary being the symphysis pubis (19). We measured
continuous T2-weighted MRI images from the apex to the base of
prostate, PPAT and prostate volume were calculated by using the volume
formula = the sum of contour area x slice thickness. Normalized PPAT
was defined as dividing PPAT volume by the prostate volume.

Statistical analysis

The mean (Standard Deviation[SD]) or median (Interquartile
Range[IQR]) was used to represent continuous data. Comparisons
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were made using the student t test or Mann-Whitney test.
Categorical variables were compared using Chi-square test or
Fisher’s exact test, depending on the case. Part of the variables,
including ALP (<120U/L vs. >120U/L), cT (<2 vs. >2), Grading
Groups (<3 vs. >3), PSA (<10 ng/mL vs. 10-20 ng/mL vs. >20 ng/
mL), were converted to categorical variables or regrouped in order
to facilitate the analysis and model design. Spearman correlation
test was used to analyze the correlation between normalized PPAT
and other variables. The independent risk factors of BM were
determined by univariate and multivariate logistic regression
analysis. ROC curves were performed to calculate the best cut-off
values of normalized PPAT, and the area under the curve (AUC)
and 95% confidence interval (CI) were calculated. A new
nomogram was generated based on the results of the multivariate
logistic regression analysis to predict BM. The assessment methods
of the nomogram include C-index and calibration curves. All
statistical analyses were performed with SPSS 26.0 and R version
4.3.1, and P value <0.05 was considered statistically significant.

Results
Patient characteristics

A total of 156 patients were included in this study, of which 114
were diagnosed without BM and 42 were diagnosed with BM
(26.9%). The demographic, clinicopathologic, and PPAT
measurements for all patients were shown in Table 1. The median
age and BMI were 70 years and 23.19 kg/m?, respectively. The
statistical analysis showed that ALP (P <0.001), PPAT volume (P
<0.001), normalized PPAT (P <0.001), PSA (P =0.024), cT (P
<0.001), cN (P <0.001) and Grading Groups (P =0.010, were
significantly different between the patients in the two groups,
whereas age (P =0.186), BMI (P =0.734), serum calcium (P
=0.847), serum phosphorus (P =0.873), prostate volume (P
=0.981), diabetes (P =0.193), hypertension (P =0.942) and
coronary heart disease (P =0.972) were not statistically significant.
The median prostate volume and PPAT volume were 37.73 cm® and
29.66 cm’, respectively. Excellent reproducibility of measurement
was determined using ICC and assessed as 0.986 for PPAT volume
(P <0.001) and 0.995 for prostate volume (P <0.001).

As is shown in Figure 1, PPAT volume in the BM group[42.55
(23.20-60.83)] was significantly higher than Non-BM group[26.32
(15.35-36.83)](P <0.001) (Figure 1A). Normalized PPAT in BM
group[1.05(0.7200-1.3725)] was significantly higher than Non-BM
group[0.6450(0.5100-0.8425)] (P <0.001) (Figure 1B). ROC curves
analyses revealed that high PPAT volume and high normalized
PPAT were associated with BM(P <0.001) (Figure 1C, D). We
compared the ability to predict BM by PPAT volume and
normalized PPAT measurements and found high normalized
PPAT[ROC AUC (95% CI) 0.775 (0.683, 0.867), P <0.001] was
better than high PPAT volume[ROC AUC (95% CI) 0.684 (0.581,
0.786), P <0.001]. Therefore, we included normalized PPAT in the
model. We used the best cut-oft values of normalized PPAT (0.894)
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to stratify patients into the high group (normalized PPAT>0.894, n
=51) and low group (normalized PPAT <0.894, n = 105).

Table 2 showcases the findings regarding the correlation
between normalized PPAT and other factors. Normalized PPAT
was significantly correlated with ¢T (p= 0.319, P <0.001), cN(p=
0.294, P <0.001), and Grading Groups(p= 0.238, P =0.003)
(Figure 2). Meanwhile, no significant correlation was found
between normalized PPAT and other factors. Additionally, no
multicollinearity relationship existed between each factors.

Logistic regression and
nomogram development

Table 3 showed the results of univariate and multivariate logistic
regression analysis. Univariate analysis showed that cT(OR: 4.833,
95%CI: 2.251-10.378, P <0.001), cN(OR: 7.000, 95%CI: 3.181-15.403,
P <0.001), ALP(OR: 18.500, 95%CI: 4.972-68.841, P <0.001), Grading
Groups(OR: 3.143, 95%CI: 1.284-7.690, P =0.012), PSA(OR: 4.714,
95%CI: 1.031-21.563, P =0.046), and normalized PPAT(OR: 9.329,
95%ClI: 4.180-20.817, P <0.001) were significant favorable predictors.
Subsequently, multivariate analysis with all of the above clinically
relevant variables showed that high normalized PPAT(OR: 4.928,
95%CI: 1.910-12.713, P =0.001), cN(OR: 4.424, 95%ClI: 1.674-11.693,
P =0.003), and ALP(OR: 11.743, 95%CI: 2.153-64.045, P =0.004) were
independent risk factors for BM.

Based on the results of multivariate analysis, we created a
nomogram (Figure 3A) to predict BM, including high normalized
PPAT, cN, and ALP. Although the Grading Groups, PSA and cT
were not independent risk factors for BM in our study, these factors
were clinically relevant to PCa aggressiveness, thus they were
incorporated in the nomogram. The C-index of this nomogram
was 0.856. Figure 3B, C showed the calibration curve and
decision curve.

Discussion

PCa shows a tendency toward metastasizing to the bone. BM
significantly influences patients’ treatments and prognosis (25). To
date, Bone scan has been widely used diagnostic method and the
most frequent examination for BM diagnosis (5).Combined with
whole-body bone single-photon emission computed tomography
and computed tomography, SPECT/CT aids in reducing
superimposition from activity, thereby leading to enhanced
anatomical localization and a clearer distinction ability, which
proves to be a more precise technique in comparison to planar
bone scan (6, 7). Although with high precision in diagnosing BM,
not all PCa patients benefit from bone scan. Only 11%-27% of PCa
patients in China, and approximately 3% in European countries and
the United States were diagnosed with BM at the first bone scan (8,
9, 26, 27). More than half of newly diagnosed PCa patients do not
need regular bone scan, which caused patients’ extra financial
burden. In addition, unnecessary bone scans increased the risk of
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TABLE 1 Demographic, clinicopathologic, and PPAT data for all patients.

10.3389/fonc.2024.1393650

Variables Total (n=156) Non-BM (n=114) BM (h=42) P* | Comparison methods
Age (years), mean + SD 70 + 8 71+ 8 69 +9 0.186 student t test
BMI (kg/m2), mean + SD 23.19 + 341 23.14 + 3.50 23.35 £ 3.16 0.734 student t test
ALP (U/L), median (IQR) 69.00 (55.00-84.00) 64.00 (53.50-77.25) 84.50 (65.50-156.00) <0.001 Mann-Whitney test
Serum calcium (mmol/L), mean + SD 2.33 £0.11 233 +£0.11 233 +0.14 0.847 student t test
Serum phosphorus (mmol/L), median (IQR) 1.09 (0.99-1.20) 1.08 (0.99-1.21) 1.11 (1.00-1.17) 0.873 Mann-Whitney test
Prostate volume (cm3), median (IQR) 37.73 (27.82-53.12) 38.82 (27.05-52.29) 35.55 (28.95-54.02) 0.981 Mann-Whitney test
PPAT volume (cm3), median (IQR) 29.66 (18.56-43.99) 26.32 (15.35-36.83) 42.55 (23.20-60.83) <0.001 Mann-Whitney test
Normalized PPAT, median (IQR) 0.6885 (0.5341-1.0041)  0.6450 (0.5100-0.8425) | 1.05 (0.7200-1.3725)  <0.001 Mann-Whitney test
PSA (ng/mL), n (%) 0.024 Chi-square test
<10 20 18 (15.8) 2 (4.8)
10<PSA <20 40 33 (28.9) 7 (16.7)
PSA>20 96 63 (55.3) 33 (78.5)
ALP (U/L), n (%) <0.001 Chi-square test
<120 139 111 (97.4) 28 (66.7)
>120 17 3 (2.6) 14 (33.3)
cT, n (%) <0.001 Chi-square test
T1-T2 91 78 (68.4) 13 (31)
T3-T4 65 36 (31.6) 29 (69)
cN, n (%) <0.001 Chi-square test
NO 9% 84 (73.7) 12 (28.6)
N1 60 30 (26.3) 30 (71.4)
Grading Groups (ISUP), n (%) 0.010 Chi-square test
<3 51 44 (38.6) 7 (16.7)
>3 105 70 (61.4) 35 (83.3)
Diabetes, n (%) 0.193 Chi-square test
No 127 90 (78.9) 37 (88.1)
Yes 29 24 (21.1) 5(11.9)
HTN, n (%) 0.942 Chi-square test
No 101 74 (64.9) 27 (64.3)
Yes 55 40 (35.1) 15 (35.7)
CHD, n (%) 0.972 Chi-square test
No 126 92 (80.7) 34 (81)
Yes 30 22 (19.3) 8 (19)

*student t test; Mann-Whitney test; Chi-square test; P values in bold are indicative of statistical significance(<0.05). SD, Standard Deviation; IQR, Interquartile Range; BMI, Body Mass Index;
HTN, Hypertension; CHD, Coronary Heart Disease; ALP, Alkaline Phosphatase; PSA, Prostate Specific Antigen; PPAT, Peri-Prostatic Adipose Tissue; T, Clinical T stage; cN, Clinical N stage;

ISUP, International Society of Urological Pathology.

radiation exposure, which is thought to increase the risk of various
malignant diseases and radiation-induced cataracts (28). Therefore,
it is necessary to assess the risk of BM in patients with PCa and to
predict whether the patient needs a bone scan.

The clinicopathologic characteristics of cT, biopsy Gleason
source(BGS), and ALP were widely used to predict the risk of BM

Frontiers in Oncology

and developed standards for bone scan. Briganti et al. stated that
patients with a BGS <7 or PSA <10 ng/ml and cT<2 might be safely
omitted bone scan (26). McArthur et al. stated that for newly
diagnosed PCa patients with a BGS <8 and a tPSA <20 ng/ml, a
bone scan could be safely omitted, and the standard had a negative
predictive value of 100% (29). Liu et al. researched 322 Chinese
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(A, B), Box plots of PPAT measurements. PPAT volume and normalized PPAT in BM group were significantly higher than non-BM (P<0.001). (C, D), ROC
analysis of PPAT volume and normalized PPAT for the prediction of BM. AUC: 0.684 for PPAT volume and 0.775 for normalized PPAT.

patients and demonstrated that a bone scan is only recommended
for patients with PSA >39.58 ng/ml, prostate specific antigen
density(PSAD) >1.489 ng/(ml/cm3), ALP >91.0 U/l and BGS >7.5
(30). Chen et al. analyzed 308 Chinese patients and built four
models according to different distinctions between the ¢T, BGS,
tPSA, and ALP. Finally, they found that the model had the highest
predictive values when the grouping scheme of cT was ¢T1-cT2 and
cT3-cT4, BGS was <7 and 8-10, and ALP was <120U/L and > 120U/
L. And the patients who meet the following conditions should be
highly suspected of having BM, when the clinical stage is cT1-cT2,
the clinicopathologic indicators should meet the requirements of
BGS <7, ALP >120 U/L and tPSA >90.64ng/ml or BGS =8, and ALP
>120 U/L; when the clinical stage is cT3-cT4 clinicopathologic
indicators should meet the requirements of BGS <7, and ALP >120
U/L or BGS =8 (31). However, these studies only considered
clinicopathologic factors while lacking the characteristics
of imaging.

Prostate is wrapped in a special reservoir of fat called PPAT,
which stores lipids and possesses vigorous metabolic activity. One-
third of PPAT is in direct contact with the prostate tissue and might
increase the aggressiveness PCa and promote local dissemination
(32). Several mechanisms have been reported to interpret the roles
of PPAT in the development of PCa, including the paracrine and
endocrine of various growth factors, the inducement of lipolysis, the
stimulation of chronic inflammation, and the adjustment of
chemokine pathways (14, 16, 33, 34). PPAT accumulation was
regarded as a predictive factor for the aggressiveness, prognosis,
metastasis, and response to hormone treatment of PCa. Ultrasound,
CT, and MRI images were used to measure the three main indexes
of PPAT including thickness, area, and volume in different studies.
Woo et al. measured PPAT thickness of 190 patients which defined
as the shortest perpendicular distance from pubis symphysis to skin
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and prostate (17). They found a positive correlation between the
PPAT thickness and BGS. Zhai et al. selected an axial section at the
junction of the bladder and prostate at the level of the pubis
symphysis to represent PPAT (18). They also calculated a
normalized index by dividing the PPAT area by the prostate area
called PPFA/PA. According to the report, PPFA/PA is closely
associated with PCa aggressiveness and is an independent

TABLE 2 Correlation analysis of normalized PPAT.

Normalized PPAT

Coefficient P

Age,years 0.020 0.805
BMILkg/m2 -0.070 0.383
PSA,ng/mL 0.123 0.126
ALP,U/L 0.140 0.081
Serum calcium,mmol/L 0.029 0.720
Serum phosphorus,mmol/L 0.026 0.751
cT 0.319 <0.001
cN 0.294 <0.001

Grading Groups(ISUP) 0.238 0.003
Diabetes -0.061 0.450

HTN 0.138 0.087

CHD -0.064 0.428

The Spearman correlation test was used to analyse the correlation between normalized PPAT
and clinicopathologic factors. P values in bold are indicative of statistical significance(<0.05).
BMI, Body Mass Index; HTN, Hypertension; CHD, Coronary Heart Disease; ALP, Alkaline
Phosphatase; PSA, Prostate Specific Antigen; PPAT, Peri-Prostatic Adipose Tissue; cT,
Clinical T stage; cN, Clinical N stage; ISUP, International Society of Urological Pathology.
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TABLE 3 Univariate and multivariate analyses of potential factors predicting bone metastasis in all patients.

Univariate analysis

tissue on CT, MRI measured PPAT and prostate volume on
consecutive images was regarded as the most accurate method.
Normalized PPAT was defined as dividing PPAT volume by the
prostate volume, in order to alleviate the influence of prostate
volume on PPAT volume. Previous studies have demonstrated

Multivariate analysis

Variables OR (95%Cl) P OR (95%Cl) P
Age,years 0.971 (0.93-1.014) 0.186
BMLkg/m’ 1.018 (0.918-1.13) 0.732
Serum calcium,mmol/L 1.358 (0.062-29.686) 0.846
Serum phosphorus,mmol/L 1.653 (0.241-11.323) 0.609
Diabetes no -
yes 0.507 (0.180-1.429) 0.199
HTN no -
yes 1.028 (0.491-2.152) 0.942
CHD no -
yes 0.984 (0.400-2.420) 0.972
cT
<2 -
>2 4.833 (2.251-10.378) <0.001 1.526 (0.569-4.093) 0.402
cN
0 -
1 7.000 (3.181-15.403) <0.001 4.424 (1.674-11.693) 0.003
ALP,U/L
<120 -
>120 18.500 (4.972-68.841) <0.001 11.743 (2.153-64.045) 0.004
Grading Groups (ISUP)
<3 -
>3 3.143 (1.284-7.690) 0.012 1.126 (0.333-3.815) 0.848
(Continued)
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TABLE 3 Continued

10.3389/fonc.2024.1393650

Univariate analysis Multivariate analysis

PSA.ng/mL
<10 -
10<PSA < 20 1.909 (0.358-10.173) 0.449
PSA>20 4.714 (1.031-21.563) 0.046 2.775 (0.479-16.074) 0.255
Normalized PPAT
Low -
High 9.329 (4.180-20.817) <0.001 4.928 (1.910-12.713) 0.001

OR=0dds Ratio, CI=Confidence Interval. P values in bold are indicative of statistical significance(<0.05). BMI, Body Mass Index; HTN, Hypertension; CHD, Coronary Heart Disease; ALP,
Alkaline Phosphatase; PSA, Prostate Specific Antigen; PPAT, Peri-Prostatic Adipose Tissue; ¢T, Clinical T stage; cN, Clinical N stage; ISUP, International Society of Urological Pathology.

these two parameters were associated with biochemical recurrence,
Grading groups progression, and the time to castration resistant
prostate cancer (19, 23, 35-37). However, little is known about its
potential role in predicting PCa bone metastasis.

This study revealed the close relationship between PPAT
measurements especially normalized PPAT and PCa aggressiveness
in accordance with previous studies. In addition, we found that PPAT
volume and normalized PPAT in BM patients were significantly
higher than those patients without BM. In order to further investigate
the predictive performance of PPAT volume and normalized PPAT,
ROC analysis was performed and found that normalized PPAT had a
superior AUC value(0.775). In 42 (26.9%) PCa patients with BM in
our study, we first proved that normalized PPAT could serve as an
independent predictor for BM in first-diagnosed PCa patients.

Finally, we developed a nomogram for predicting BM in first-
diagnosed PCa patients. And this nomogram included six
predictors due to the conclusion of the multivariate analysis and
abundant clinical utilities: normalized PPAT, cT, cN, ALP, PSA, and
Grading groups. Our new nomogram was able to accurately predict
the risk of BM in first-diagnosed PCa patients, as tested by C-index
(0.856), calibration curve and decision curve analysis.

Due to the criteria being varied in different guidelines, when
converting the clinicopathologic parameters and normalized PPAT
into categorical variables, the standards of thresholds were based on
previous studies and the best cut-off values of the ROC curve (31).
According to the research report, Epigenome-wide DNA
methylation profiling of PPAT may cause changes in lipid
metabolism, immune dysregulation, and adverse PCa
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microenvironment, thus promoting PCa metastasis (38). Wang
et al. found that those PCa patients with BM had elevated total
levels of free fatty acids and caprylic acid (C8:0), which may
promote the differentiation of bone mesenchymal stem cells
derived adipocytes and finally promote the invasion and
migration of PCa (39). Nevertheless, the effect of those acids in
PPAT is still unclear. Therefore, the potential mechanisms of
how PPAT accumulation promotes bone metastasis need
further investigation.

Furthermore, the utilization of imaging features and radiomics
has been applied in several studies to evaluate the aggressiveness of
PCa, which was considered as a reflection, to some degree, of the
tumor immune microenvironment. Tafuri et al. conducted a study
in which they recorded and analyzed the apparent diffusion
coefficient (ADC) of PPAT using MRIL. They found that lower
ADC values of PPAT are linked to higher biopsy ISUP grading
groups and a greater percentage of positive cores in prostate biopsy
(40). Shahait et al. identified six radiomic features of PPAT from
MRI that can potentially predict patients with clinically significant
PCa (41). However, the specific associations of imaging features
with PCa immune microenvironment and its predictive value for
metastasis require further investigation.

Objectively, our study had some limitations. First of all, it was a
retrospective study based on 156 Chinese patients in a single medical
center. Our findings need further verification in different regions and
ethnic groups. Secondly, because of the technical and manpower
limitation, we can only analyze the spatial characteristics of PPAT
through manual measurement of continuous images by urologists,
even if they were trained by expert radiologists. Automatic PPAT
segmentation based on artificial intelligence may provide a time-
saving method with satisfactory accuracy (42). Thirdly, prostate-
specific membrane antigen positron emission tomography/computed
tomography(PSMA PET/CT) is a new diagnostic tool with better
sensitivity and specificity than SPECT/CT, which was regarded as the
most accurate noninvasive method for diagnosing BM (6, 43). Given
the high cost and the high level of radiation exposure, the criteria for
which subgroup of patients should be examined PSMA PET/CT need
to be further explored.

Conclusions

Normalized PPAT is closely associated with cT, cN, Grading
groups, and bone metastasis in first-diagnosed PCa patients. And
high normalized PPAT serves as an independent predictor for BM.

This new nomogram can provide adjunctive information for BM
risk stratification and help determine if a bone scan is needed.

Data availability statement

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

Frontiers in Oncology

10.3389/fonc.2024.1393650

Ethics statement

The studies involving humans were approved by the
Institutional Review Committee of the Third Affiliated Hospital
of Sun Yat-sen University. The studies were conducted in
accordance with the local legislation and institutional
requirements. Written informed consent for participation was not
required from the participants or the participants’ legal guardians/
next of kin in accordance with the national legislation and
institutional requirements.

Author contributions

BHL: Conceptualization, Data curation, Formal analysis,
Methodology, Visualization, Writing - original draft, Writing -
review & editing. YHM: Conceptualization, Data curation, Formal
analysis, Writing — original draft, Writing — review & editing. XYL:
Conceptualization, Data curation, Formal analysis, Methodology,
Writing - review & editing. RXL: Methodology, Software,
Visualization, Writing — review & editing. WAZ: Conceptualization,
Data curation, Writing — review & editing. HBS: Conceptualization,
Data curation, Writing — review & editing. HDZ: Data curation,
Writing - review & editing. CHC: Data curation, Writing — review &
editing. XZ: Data curation, Writing — review & editing. CZ: Data
curation, Writing - review & editing. YL: Funding acquisition,
Investigation, Project administration, Resources, Supervision,
Validation, Writing — original draft, Writing — review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was financially supported by the National Natural Science
Foundation of China (82072831).

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.

frontiersin.org


https://doi.org/10.3389/fonc.2024.1393650
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Liu et al.

References

1. Bergengren O, Pekala KR, Matsoukas K, Fainberg J, Mungovan SF, Bratt O, et al.
2022 Update on prostate cancer epidemiology and risk factors-A systematic review. Eur
Urol. (2023) 84:191-206. doi: 10.1016/j.eururo.2023.04.021

2. Wong MC, Goggins WB, Wang HH, Fung FD, Leung C, Wong SY, et al. Global
incidence and mortality for prostate cancer: analysis of temporal patterns and trends in
36 countries. Eur Urol. (2016) 70:862-74. doi: 10.1016/j.eururo.2016.05.043

3. Baldessari C, Pipitone S, Molinaro E, Cerma K, Fanelli M, Nasso C, et al. Bone
metastases and health in prostate cancer: from pathophysiology to clinical implications.
Cancers. (2023) 15(5):1518. doi: 10.3390/cancers15051518

4. Gandaglia G, Karakiewicz PI, Briganti A, Passoni NM, Schiffmann J, Trudeau V,
et al. Impact of the site of metastases on survival in patients with metastatic prostate
cancer. Eur Urol. (2015) 68:325-34. doi: 10.1016/j.eururo.2014.07.020

5. Mottet N, van den Bergh RCN, Briers E, Van den Broeck T, Cumberbatch MG, De
Santis M, et al. EAU-EANM-ESTRO-ESUR-SIOG guidelines on prostate cancer-2020
update. Part 1: screening, diagnosis, and local treatment with curative intent. Eur Urol.
(2021) 79:243-62. doi: 10.1016/j.eururo.2020.09.042

6. Mohseninia N, Zamani-Siahkali N, Harsini S, Divband G, Pirich C, Beheshti M.
Bone metastasis in prostate cancer: bone scan versus PET imaging. Semin Nucl Med.
(2024) 54:97-118. doi: 10.1053/j.semnuclmed.2023.07.004

7. Shen G, Deng H, Hu S, Jia Z. Comparison of choline-PET/CT, MRI, SPECT, and
bone scintigraphy in the diagnosis of bone metastases in patients with prostate cancer: a
meta-analysis. Skeletal Radiol. (2014) 43:1503-13. doi: 10.1007/s00256-014-1903-9

8. Liu D, Kuai Y, Zhu R, Zhou C, Tao Y, Han W, et al. Prognosis of prostate cancer
and bone metastasis pattern of patients: a SEER-based study and a local hospital based
study from China. Sci Rep. (2020) 10:9104. doi: 10.1038/s41598-020-64073-6

9. Zhuo L, Cheng Y, Pan Y, Zong J, Sun W, Xu L, et al. Prostate cancer with bone
metastasis in Beijing: an observational study of prevalence, hospital visits and treatment
costs using data from an administrative claims database. BMJ Open. (2019) 9:¢028214.
doi: 10.1136/bmjopen-2018-028214

10. Mobhler JL, Antonarakis ES, Armstrong AJ, D’Amico AV, Davis BJ, Dorff T, et al.
Prostate cancer, version 2.2019, NCCN clinical practice guidelines in oncology. J Natl
Compr Canc Netw. (2019) 17:479-505. doi: 10.6004/jnccn.2019.0023

11. Sanda MG, Cadeddu JA, Kirkby E, Chen RC, Crispino T, Fontanarosa J, et al.
Clinically localized prostate cancer: AUA/ASTRO/SUO guideline. Part I: risk
stratification, shared decision making, and care options. J Urol. (2018) 199:683-90.
doi: 10.1016/j.juro.2017.11.095

12. Wilson RL, Taaffe DR, Newton RU, Hart NH, Lyons-Wall P, Galvao DA.
Obesity and prostate cancer: A narrative review. Crit Rev Oncol Hematol. (2022)
169:103543. doi: 10.1016/j.critrevonc.2021.103543

13. Shungin D, Winkler TW, Croteau-Chonka DC, Ferreira T, Locke AE, Magi R,
et al. New genetic loci link adipose and insulin biology to body fat distribution. Nature.
(2015) 518:187-96. doi: 10.1038/nature14132

14. Laurent V, Guerard A, Mazerolles C, Le Gonidec S, Toulet A, Nieto L, et al.
Periprostatic adipocytes act as a driving force for prostate cancer progression in obesity.
Nat Commun. (2016) 7:10230. doi: 10.1038/ncomms10230

15. Liu G, Zhang J, Frey L, Gang X, Wu K, Liu Q, et al. Prostate-specific IL-6
transgene autonomously induce prostate neoplasm through amplifying inflammation
in the prostate and peri-prostatic adipose tissue. ] Hematol Oncol. (2017) 10:14.
doi: 10.1186/s13045-016-0386-7

16. Gucalp A, Iyengar NM, Zhou XK, Giri DD, Falcone DJ, Wang H, et al.
Periprostatic adipose inflammation is associated with high-grade prostate cancer.
Prostate Cancer Prostatic Dis. (2017) 20:418-23. doi: 10.1038/pcan.2017.31

17. Woo S, ChoJY, Kim SY, Kim SH. Periprostatic fat thickness on MRI: correlation
with Gleason score in prostate cancer. AJR Am ] Roentgenol. (2015) 204:W43-7.
doi: 10.2214/AJR.14.12689

18. Zhai T, Hu L, Ma W, Chen X, Luo M, Jin L, et al. Peri-prostatic adipose tissue
measurements using MRI predict prostate cancer aggressiveness in men undergoing
radical prostatectomy. J Endocrinol Invest. (2021) 44:287-96. doi: 10.1007/s40618-020-
01294-6

19. Salji M, Hendry J, Patel A, Ahmad I, Nixon C, Leung HY. Peri-prostatic fat
volume measurement as a predictive tool for castration resistance in advanced prostate
cancer. Eur Urol Focus. (2018) 4:858-66. doi: 10.1016/j.euf.2017.01.019

20. Fukumoto Y, Taniguchi M, Hirono T, Yagi M, Yamagata M, Nakai R, et al.
Influence of ultrasound focus depth on the association between echo intensity and
intramuscular adipose tissue. Muscle Nerve. (2022) 66:568-75. doi: 10.1002/mus.27677

21. Unal E, Karaosmanoglu AD, Akata D, Ozmen MN, Karcaaltincaba M. Invisible
fat on CT: making it visible by MRI. Diagn Interv Radiol. (2016) 22:133-40.
doi: 10.5152/dir

22. Gao XH, Lan N, Chouhan H, Stocchi L, Remer E, Shen B. Pelvic MRI and CT
images are interchangeable for measuring peripouch fat. Sci Rep. (2017) 7:12443.
doi: 10.1038/s41598-017-12732-6

23. Dahran N, Szewczyk-Bieda M, Wei C, Vinnicombe S, Nabi G. Normalized
periprostatic fat MRI measurements can predict prostate cancer aggressiveness in men

Frontiers in Oncology

10.3389/fonc.2024.1393650

undergoing radical prostatectomy for clinically localised disease. Sci Rep. (2017) 7:4630.
doi: 10.1038/541598-017-04951-8

24. Epstein JI, Egevad L, Amin MB, Delahunt B, Srigley JR, Humphrey PA, et al. The
2014 international society of urological pathology (ISUP) consensus conference on
gleason grading of prostatic carcinoma: definition of grading patterns and proposal for
a new grading system. Am ] Surg Pathol. (2016) 40:244-52. doi: 10.1097/
PAS.0000000000000530

25. Kadeerhan G, Xue B, Wu XL, Chen WN, Wang DW. Incidence trends and
survival of metastatic prostate cancer with bone and visceral involvement: 2010-2019
surveillance, epidemiology, and end results. Front Oncol. (2023) 13:1201753.
doi: 10.3389/fonc.2023.1201753

26. Briganti A, Passoni N, Ferrari M, Capitanio U, Suardi N, Gallina A, et al. When
to perform bone scan in patients with newly diagnosed prostate cancer: external
validation of the currently available guidelines and proposal of a novel risk stratification
tool. Eur Urol. (2010) 57:551-8. doi: 10.1016/j.eururo.2009.12.023

27. Norgaard M, Jensen AO, Jacobsen JB, Cetin K, Fryzek JP, Sorensen HT. Skeletal
related events, bone metastasis and survival of prostate cancer: a population based
cohort study in Denmark (1999 to 2007). J Urol. (2010) 184:162-7. doi: 10.1016/
j.juro.2010.03.034

28. Marshall SK, Prom-On P, Sangkue S, Thiangsook W. Assessment of radiation
exposure in a nuclear medicine department during (99m)Tc-MDP bone scintigraphy.
Toxics. (2023) 11(10):814. doi: 10.3390/toxics11100814

29. McArthur C, McLaughlin G, Meddings RN. Changing the referral criteria for
bone scan in newly diagnosed prostate cancer patients. Br J Radiol. (2012) 85:390-4.
doi: 10.1259/bjr/79184355

30. Chaoying L, Chao M, Xiangrui Y, Yingjian H, Gang Z, Yunhan R, et al. Risk
factors of bone metastasis in patients with newly diagnosed prostate cancer. Eur Rev
Med Pharmacol Sci. (2022) 26:391-8. doi: 10.26355/eurrev_202201_27863

31. Chen S, Wang L, Qian K, Jiang W, Deng H, Zhou Q, et al. Establishing a
prediction model for prostate cancer bone metastasis. Int J Biol Sci. (2019) 15:208-20.
doi: 10.7150/ijbs.27537

32. Ishidoya S, Endoh M, Nakagawa H, Saito S, Arai Y. Novel anatomical findings of
the prostatic gland and the surrounding capsular structures in the normal prostate.
Tohoku ] Exp Med. (2007) 212:55-62. doi: 10.1620/tjem.212.55

33. Finley DS, Calvert VS, Inokuchi J, Lau A, Narula N, Petricoin EF, et al.
Periprostatic adipose tissue as a modulator of prostate cancer aggressiveness. J Urol.
(2009) 182:1621-7. doi: 10.1016/j.juro.2009.06.015

34. Laurent V, Toulet A, Attane C, Milhas D, Dauvillier S, Zaidi F, et al. Periprostatic
adipose tissue favors prostate cancer cell invasion in an obesity-dependent manner: role
of oxidative stress. Mol Cancer Res. (2019) 17:821-35. doi: 10.1158/1541-7786.MCR-
18-0748

35. Chien YH, Hsieh ML, Sheng TW, Chang YH, Wang LJ, Chuang CK, et al. Body
composition and pelvic fat distribution are associated with prostate cancer
aggressiveness and can predict biochemical recurrence. Med (Baltimore). (2022) 101:
€31076. doi: 10.1097/MD.0000000000031076

36. Gregg JR, Surasi DS, Childs A, Moll N, Ward JF, Kim J, et al. The association of
periprostatic fat and grade group progression in men with localized prostate cancer on
active surveillance. J Urol. (2021) 205:122-8. doi: 10.1097/JU.0000000000001321

37. Xiong T, Cao F, Zhu G, Ye X, Cui Y, Xing N, et al. MRI-measured periprostatic
adipose tissue volume as a prognostic predictor in prostate cancer patients undergoing
laparoscopic radical prostatectomy. Adipocyte. (2023) 12:2201964. doi: 10.1080/
21623945.2023.2201964

38. Cheng Y, Monteiro C, Matos A, You J, Fraga A, Pereira C, et al. Epigenome-wide
DNA methylation profiling of periprostatic adipose tissue in prostate cancer patients
with excess adiposity-a pilot study. Clin Epigene. (2018) 10:54. doi: 10.1186/s13148-
018-0490-3

39. Wang C, Wang J, Chen K, Pang H, Li X, Zhu J, et al. Caprylic acid (C8:0)
promotes bone metastasis of prostate cancer by dysregulated adipo-osteogenic balance
in bone marrow. Cancer Sci. (2020) 111:3600-12. doi: 10.1111/cas.14606

40. Tafuri A, Panunzio A, Greco F, Maglietta A, De Carlo F, Di Cosmo F, et al. MRI-
derived apparent diffusion coefficient of peri-prostatic adipose tissue is a potential
determinant of prostate cancer aggressiveness in preoperative setting: A preliminary
report. Int J Environ Res Public Health. (2022) 19(23):15996. doi: 10.3390/
ijerph192315996

41. Shahait M, Usamentiaga R, Tong Y, Sandberg A, Lee DI, Udupa JK, et al.
Periprostatic adipose tissue MRI radiomics-derived features associated with clinically
significant prostate cancer. ] Endourol. (2023) 37:1156-61. doi: 10.1089/end.2023.0215

42. LiY, Wu'Y, Huang M, Zhang Y, Bai Z. Automatic prostate and peri-prostatic fat
segmentation based on pyramid mechanism fusion network for T2-weighted MRI.
Comput Methods Programs Biomed. (2022) 223:106918. doi: 10.1016/
j.cmpb.2022.106918

43. Hammes ], Tager P, Drzezga A. EBONI: A tool for automated quantification of
bone metastasis load in PSMA PET/CT. J Nucl Med. (2018) 59:1070-5. doi: 10.2967/
jnumed.117.203265

frontiersin.org


https://doi.org/10.1016/j.eururo.2023.04.021
https://doi.org/10.1016/j.eururo.2016.05.043
https://doi.org/10.3390/cancers15051518
https://doi.org/10.1016/j.eururo.2014.07.020
https://doi.org/10.1016/j.eururo.2020.09.042
https://doi.org/10.1053/j.semnuclmed.2023.07.004
https://doi.org/10.1007/s00256-014-1903-9
https://doi.org/10.1038/s41598-020-64073-6
https://doi.org/10.1136/bmjopen-2018-028214
https://doi.org/10.6004/jnccn.2019.0023
https://doi.org/10.1016/j.juro.2017.11.095
https://doi.org/10.1016/j.critrevonc.2021.103543
https://doi.org/10.1038/nature14132
https://doi.org/10.1038/ncomms10230
https://doi.org/10.1186/s13045-016-0386-7
https://doi.org/10.1038/pcan.2017.31
https://doi.org/10.2214/AJR.14.12689
https://doi.org/10.1007/s40618-020-01294-6
https://doi.org/10.1007/s40618-020-01294-6
https://doi.org/10.1016/j.euf.2017.01.019
https://doi.org/10.1002/mus.27677
https://doi.org/10.5152/dir
https://doi.org/10.1038/s41598-017-12732-6
https://doi.org/10.1038/s41598-017-04951-8
https://doi.org/10.1097/PAS.0000000000000530
https://doi.org/10.1097/PAS.0000000000000530
https://doi.org/10.3389/fonc.2023.1201753
https://doi.org/10.1016/j.eururo.2009.12.023
https://doi.org/10.1016/j.juro.2010.03.034
https://doi.org/10.1016/j.juro.2010.03.034
https://doi.org/10.3390/toxics11100814
https://doi.org/10.1259/bjr/79184355
https://doi.org/10.26355/eurrev_202201_27863
https://doi.org/10.7150/ijbs.27537
https://doi.org/10.1620/tjem.212.55
https://doi.org/10.1016/j.juro.2009.06.015
https://doi.org/10.1158/1541-7786.MCR-18-0748
https://doi.org/10.1158/1541-7786.MCR-18-0748
https://doi.org/10.1097/MD.0000000000031076
https://doi.org/10.1097/JU.0000000000001321
https://doi.org/10.1080/21623945.2023.2201964
https://doi.org/10.1080/21623945.2023.2201964
https://doi.org/10.1186/s13148-018-0490-3
https://doi.org/10.1186/s13148-018-0490-3
https://doi.org/10.1111/cas.14606
https://doi.org/10.3390/ijerph192315996
https://doi.org/10.3390/ijerph192315996
https://doi.org/10.1089/end.2023.0215
https://doi.org/10.1016/j.cmpb.2022.106918
https://doi.org/10.1016/j.cmpb.2022.106918
https://doi.org/10.2967/jnumed.117.203265
https://doi.org/10.2967/jnumed.117.203265
https://doi.org/10.3389/fonc.2024.1393650
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Measurements of peri-prostatic adipose tissue by MRI predict bone metastasis in patients with newly diagnosed prostate cancer
	Introduction
	Materials and methods
	Patient selection and data collection
	PPAT measurement
	Statistical analysis

	Results
	Patient characteristics
	Logistic regression and nomogram development

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	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 /sRGB
  /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 true
  /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 true
  /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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


