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ABSTRACT

Introduction: Osseous metastasis is the most common site of distant spread in prostate cancer. Several
factors contribute to predicting bone metastasis, including elevated PSA levels, short PSA doubling time,
advanced ISUP grading, local tumor progression, and novel biomarkers. However, no clinical scoring system
currently exists to assess bone metastasis risk at the time of prostate cancer diagnosis. Furthermore, no
study has investigated the correlation between predictive factors and bone sialoprotein (BSP) expression in
the primary tumor.

Methods: Immunehistochemistry was used to evaluate BSP expression in transrectal ultrasound (TRUS)-
guided biopsies from prostate cancer patients. Data from 673 patients were analyzed over a 7-9 year follow-
up period to assess the development of bone metastases. BSP expression was also evaluated in patients
with benign prostatic hyperplasia (BPH). Additionally, BSP expression was analyzed alongside established
risk factors using multivariate logistic regression to determine their combined predictive value for bone
metastasis.

Results: Bone metastases developed in 12.5% (84/673) of patients. BSP expression was negative (0-5%) in
23.8% of cases, while 22.2% exhibited high expression (>40%). Patients with bone metastases had
significantly higher BSP expression than those without (55.5 = 19.7% vs. 25.7 + 24.9%; p < 0.001). In
contrast, 97% of patients without prostate carcinoma had BSP values below 5%.

Among metastatic patients: 82.9% had BSP expression of at least 40%, and none had values below 20%.

As a single predictive parameter, BSP showed a sensitivity of 50% and a specificity of 81.6%. However, using
multivariate analysis, a three-parameter scoring model integrating BSP expression, ISUP grading, and the
number of affected core needle biopsies achieved 88.6% sensitivity and 81.1% specificity for predicting
bone metastases.

Conclusion: BSP expression serves as a potential indicator for bone metastasis development but lacks
sufficient sensitivity as a standalone clinical marker. Similarly, local tumor progression and histopathologic
grading (ISUP) fail as single predictors. However, integrating BSP expression with established risk factors
significantly enhances predictive accuracy. Given that all three parameters are derived from routine
histopathological analysis, BSP immunohistochemistry should be considered for integration into clinical
practice for early risk stratification in prostate cancer patients.

1. Introduction

As life expectancy increases in Western industrialized nations, the incidence of malignant neoplastic
diseases continues to rise [1]. Among men, prostate carcinoma is the most frequently diagnosed
malignancy, accounting for approximately one in four newly diagnosed cancers. In 2020 alone, 65,820 new
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cases and 15,403 deaths were reported in Germany, while 1.41 million cases and 375,304 deaths were
recorded worldwide [2,3].

A key prognostic factor in prostate cancer is the presence or absence of metastases at the time of diagnosis.
By far, the most common site of metastasis is bone tissue, occurring in up to 80% of patients with advanced
stage prostate carcinoma [4]. Several factors have been associated with an increased risk of bone
metastases, including high PSA levels, short PSA doubling time, high pathological grading (ISUP), and local
tumor progression [5-7].

One biomarker suspected to play a central role in bone metastasis formation is Bone Sialoprotein (BSP).
Originally discovered in bovine cortical bone, BSP belongs to the same protein family as osteonectin and
osteopontin and constitutes 12% of the total non-collagenous extracellular protein in bone tissue [8,9]. BSP
is involved in apatite crystal deposition and is physiologically expressed in mineralizing cells such as
osteoblasts, osteoclasts, osteocytes, chondrocytes, and trophoblasts [10,11].

Since the early 1990s, the role of BSP in bone metastasis formation has been extensively studied [12-14].
BSP has been found to be expressed in multiple tumor types that primarily metastasize to bone, including
breast cancer[12], lung cancer[13], prostate cancer[14], and cervical cancer [15]. Recent studies using
interleukin-8 (IL-8)-manipulated cellcultures demonstrated that BSP upregulation enhances tumorcell
adherence to bone tissue [16].

Additionally, structural differences between physiologically produced BSP and tumor-derived BSP enable
tumor-specific BSP antibodies to bind and inactivate metastatic BSP. Animal models have shown that the
administration of BSP-specific antibodies alongside tumorcells reduces bone metastasis formation [17].
Given these findings, this study aims to evaluate whether BSP expression in prostate carcinoma can predict
the development of bone metastases, either as a single parameter or in combination with other known risk
factors. Furthermore, we assess the potential integration of BSP immunohistochemistry into routine
histopathological diagnostics.

To achieve this, transrectal ultrasound-guided biopsies (TRUS) were analyzed, as histological confirmation
of bone metastases is generally not required in clinical practice. The diagnosis of osseous prostate cancer
metastases is primarily based on clinical and radiological findings, with histological confirmation only
performed in cases of diagnostic uncertainty or multiple malignancies.

Unlike previous studies that focused solely on serum BSP levels [14], our investigation focuses on BSP
expression in prostate carcinoma tissue to determine whether it provides a predictive value for bone
metastases. Additionally, we examine BSP expression in benign prostate conditions, as no previous studies
have evaluated BSP in prostate tissue from patients without carcinoma or within elderly populations.

2. Material and methods

The patient collective consists of 1,201 individuals diagnosed with prostate cancer following transrectal
ultrasound (TRUS)-guided biopsies in the urology unit of the Institute of Pathology, Augusta-Hospital,
Bochum, Germany, between 2011 and 2013. At the time of diagnosis, all patients were non-metastatic. Data
on osseous metastases were available for 673 patients after a 7-9 year follow-up.

During the follow-up period, 84 patients (12.5%) developed bone metastases, while 589 patients (87.5%) did
not. The mean age in the metastasis group was 72.5 years, compared to 69.8 years in the non-metastatic
group. None of the patients in this cohort were diagnosed with other malignant tumors.

For correlation analysis, BSP expression was also investigated in 30 patients without carcinoma. The sample
included 10 patients aged 50-60 years, 10 patients aged 60-70 years, and 10 patients aged 70-80 years.

The study was conducted in accordance with ethical guidelines, and approval was obtained from the
institutional ethics committee (Medical Faculty of the University Duisburg-Essen, 20-9548-BO).

Three antibodies were tested for reliability and stability. Only one antibody, nhamely Linaris (Linaris Biological
Products, Dossenheim, Germany) at a 1:1000 dilution, showed sufficient stability in positive controls on
placenta and bone tissue. The other two antibodies yielded unsatisfactory results, even after repeated
testing with heat and enzyme pretreatment.

For this study, immunohistochemistry with Linaris (1:1000 dilution) was applied to the entire patient
collective. The reaction was performed manually by a laboratory assistant and automated using a
Benchmark Ventana device.
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Quantification was conducted under a light microscope by two independent observers. The
immunohistochemistry and quantification process was repeated for metastatic patients to ensure accuracy
of BSP expression.
Any reaction of tumor cells was classified as positive. All tumor cells in the biopsy cylinders were examined,
and the percentage of positive tumor cells was calculated.
For statistical analysis, BSP expression was categorized as follows:

e 0-5% BSP expression = BSP-negative tumors

e Tumors were further classified into 10 percentile groups (e.g., 5-15%, 15-25%, 25-35%, etc.).
In addition to BSP expression in the primary tumor, other known risk factors were evaluated, including:
Number of affected biopsies, Patient age, Serum PSA level at the time of core needle biopsy,
Histopathological grading (ISUP) and Tumor stage (TNM system) in patients who underwent radical
prostatectomy
Furthermore, BSP expression in patients without carcinoma but with benign prostatic hyperplasia (BPH) was
examined.
All variables were analyzed descriptively, including: Sample size, Mean and standard deviation, Median and
quartiles and range.
Group differences were assessed using the Mann-Whitney U test, with a significance threshold of p <0.05.
Bivariate correlations between variables were analyzed using the non-parametric Spearman-Rho
correlation.
To evaluate the influence of risk factors, a multiple logistic regression model was applied. Based on these
models, easily manageable score-based classification systems were developed.

3. Results
In the group of patients without carcinoma, the vast majority exhibited BSP expression of less than 1%.
Twenty-nine out of thirty patients had a value below 5% (Table 1). One patient showed a BSP expression of
9%; however, the expression was observed only in basal cells in a condition of basal cell hyperplasia
combined with chronic inflammation (Figure 1). BSP expression in prostate tissue without carcinoma and
without basal cell hyperplasia is shown in Figure 2.
Among the 673 patients with prostate cancer, 12.5% (84/673) developed bone metastases. The metastatic
patients were, on average, older than the non-metastatic patients (p = 0.003, Table 2). Furthermore, there
was a statistically significant correlation between BSP expression and age in the non-metastatic group (N =
567, r=0.088; pSR = 0.037), whereas no correlation was observed in the metastatic group (N=82,r=0.162;
pSR =0.147, Table 2a).
The average BSP expression in the metastatic group was 55.5%, while in the non-metastatic group, it was
25.7%. This difference was statistically significant (Z=-9.429; pU <0.001, Table 3). Notably, all patients in
the metastatic group had a BSP value of at least 20%, whereas in the non-metastatic group, 23.8% (135/567)
had BSP values between 0-5%, and 43.7% (248/567) had BSP values below 20% (Figure 3). In the entire
patient cohort:

e 23.8% were BSP-negative (0-5% expression).
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e 22.2% had high BSP expression (>40%).

e 82.9% of metastatic patients exhibited BSP expression of at least 40%.

e No metastatic patient had BSP values below 20%.

These results are summarized in Table 3, and Figures 3 & 4 & 5.

To avoid bias, calculations were repeated after excluding all non-metastatic patients with BSP values below
20%, and the results were confirmed. The difference in BSP expression remained statistically significant (Z =
-5.054; pU < 0.001, Table 4).

Using BSP as a single predictive parameter with a cut-off value of 50%, the model achieved (Table 5):

e Sensitivity: 50% (correctly predicting 41/82 metastatic patients).

e Specificity: 81.6% (correctly predicting 464/567 non-metastatic patients).

These findings suggest that BSP alone is insufficient as a predictive factor. Therefore, additional risk factors
and their correlations were analyzed.

Most patients (84.5%) presented with clinically advanced tumors (pT'3a or pT3b, Table 5a). Additionally,
83.3% of metastatic patients had high-grade carcinomas (ISUP groups 4 or 5). Even among less advanced
tumors (pl2b or pT2c), the majority (69.3%) were classified as ISUP group 4 or 5 (Table 5b).

The study did not demonstrate a correlation between tumor stage and BSP expression (Table 5c). However,
an analysis of serum PSA levels at the time of core needle biopsy revealed a significant correlation between
PSA levels, disease progression, and tumor burden (Table 5d).

A comparison of the last recorded PSA level vs. the initial PSA value showed a 200-fold increase in serum
PSA levels in patients with pT'3a tumors (Table 5e). Additionally, the number of affected biopsies served as a
strong indicator of local tumor progression and a risk factor for bone metastasis. The difference between
metastatic and non-metastatic tumors was significant:

e Metastatic tumors: 74.1% affected biopsies

¢ Non-metastatic tumors: 47.4% affected biopsies

These results are presented in Table 5f.
The relationship between ISUP grading and BSP expression is illustrated in Table 6 and Figure 6:

¢ |Inthe non-metastatic group, BSP expression correlated significantly with ISUP grade (r = 0.329; pSR
<0.001).

¢ Inthe metastatic group, no correlation was found (r = 0.011; pSR = 0.919).

Mean BSP values per ISUP group further illustrate this trend.
Using logistic regression, the predictive value of several parameters for bone metastasis formation was
analyzed (Table 7):

e I|nitial serum PSA level at core needle biopsy: Sensitivity 58.1%

e Number of affected biopsies: Sensitivity 50.6%

e BSP expression alone: Sensitivity 50.0%

e |ISUP histopathological grading: Shows despite a low sensitivity the highest specificity in predicting
non-metastatic patients, since none of the patients with well-differentiated carcinoma developed
metastases.

Using a two-factor model (Table 8):

e BSP expression + number of affected biopsies 2 Sensitivity 81.0%

e BSP expression + initial PSA level @ Sensitivity 61.1% (failed to provide strong predictive power).

By combining three key risk factors—BSP expression, number of affected biopsies, and ISUP grading a
scoring system was developed (Table 9).

e A maximum score of 9 was assigned.

e Ascore <5 indicated low risk, while =25 indicated high risk.

e Using a cutoff score of 5, the model achieved:

o Sensitivity: 88.6% (70/79 metastatic patients identified).
o Specificity: 80.0% (458/565 non-metastatic patients correctly classified).

4. Discussion

Bone sialoprotein (BSP) plays a key role in the pathogenesis of osseous metastases. BSP expression has
been demonstrated in several malignancies with a known tropism for bone metastases, including lung
cancer [18], cervical cancer [15], breast cancer [12], and prostate cancer[14]. However, to the best of our
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knowledge, no study has explicitly established a correlation between BSP expression and the occurrence of
osseous metastases in prostate cancer patients.
In our study, immunohistochemical staining of paraffin-embedded tissue samples was used to assess BSP
expression, following methodologies similar to those employed by other authors [14], [15]. Furthermore, a
recentin vitro study from 2019 [19] demonstrated that IL-8 upregulates BSP expression, increasing the
adherence of prostate carcinoma cells to bone tissue. Their findings showed a significant reduction in cell
adherence to bone following treatment with IL-8-specific antibodies.
In our analysis of prostate tissue from carcinoma-free patients, 29 out of 30 individuals (96.7%) exhibited
BSP expression below 5%, which was classified as BSP-negative for statistical purposes. Among prostate
cancer patients, 23.8% also had BSP-negative values (0-5%).
A study from 2013 [20] is the only known research comparing serum BSP levels between carcinoma patients
and those with benign prostatic hyperplasia. Their findings showed that serum BSP levels were significantly
higher in prostate cancer patients with bone metastases than in those without metastases, aswell asin
benign prostatic hyperplasia patients and healthy controls.
One of the most relevant comparisons is a study conducted in 1998 [14], which examined histological
samples from 180 patients with localized prostate cancer and correlated BSP expression with clinical and
biochemical parameters (Gleason score, PSA levels, and capsular rupture). Their study found
immunohistochemical BSP expression in 78.9% of cases, concluding thatincreased BSP expression in the
primary tumor is associated with a higher risk of osseous metastases and tumor progression. However, no
specific cut-off value was determined.
Similarly, in our study, 76.2% of patients exhibited BSP expression in tumor cells, aligning with the previously
described findings. Importantly, the authors used prostate tissue obtained after radical prostatectomy,
whereas our study analyzed TRUS-guided biopsy samples at the time of initial diagnosis. Despite the
differences in methodology and sample size (673 patients in our study vs. 180 in 1998 s study), the slight
variation in BSP positivity rates further supports the robustness of immunohistochemical staining
techniques in both studies.
BSP as a Predictor of Bone Metastasis
Our study provides strong evidence that BSP expression correlates with the development of bone
metastases in prostate cancer. Notably:

e All patients with bone metastases had BSP expression of at least 20%.

¢ None of the metastatic patients had BSP-negative tumors (0-5%).

e BSP expression in metastatic tumors varied between 20-80%.
Over a 7-9 year follow-up period, no patient with a BSP expression below 20% at the time of initial biopsy
developed bone metastases, highlighting BSP’s potential as a prognostic biomarker.
The classification model of BSP-expression varies across studies. Forexample:
The authors of 1998 “s study [14] reported that 78.9% of prostate carcinoma patients had detectable BSP
expression, with low or no expression in adjacent normal glandular tissue findings that align with our results.
Reference [11] categorized BSP expression based on staining intensity (0, 1+, 2+, 3+) and the percentage of
positive neoplastic glands. They divided patients into two groups: low BSP expression (0, 1+) and high BSP
expression (2+, 3+) and found that high BSP expression correlated with an increased risk of PSA relapse.
In contrast, our study classified BSP expression into 10-percentile increments (0-10%, 10-20%, 20-30%,
etc.), allowing for a more granular analysis of expression patterns.
Development of a Predictive Scoring Model
Identifying patients at increased risk of developing bone metastases at the time of initial diagnosis is crucial
for optimizing follow-up strategies and initiating early treatment. While BSP expression alone does not
achieve sufficiently high sensitivity, its combination with other known risk factors enhances predictive
accuracy.
Using a multivariate analysis, we developed a three-parameter scoring system incorporating:
BSP expression in the primary tumor, Number of affected core needle biopsies and ISUP grading
This model achieves:

e Sensitivity: 88.6% for predicting bone metastasis developmentin the years following initial prostate

cancer diagnosis.
e High specificity of 81,1% for predicting which patient will not develop bone metastasis in the years
following initial prostate cancer diagnosis.
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5. Conclusion
Our study provides the largest patient dataset (N = 673) assessing BSP expression at the time of first
prostate cancer diagnosis using TRUS-guided biopsies. It is the first to establish a strong correlation
between BSP expression and bone metastases in a large, well-characterized patient cohort.
BSP can serve as an indicator for the development of bone metastases in prostate cancer. While it
demonstrates high specificity (81.6%), its sensitivity (50%) is insufficient for BSP to be used as a standalone
predictive marker in clinical practice. Similarly, other known risk factors, such as local tumor progression
and histopathologic grading (ISUP), also fail to provide sufficient predictive value when considered
independently.
However, by applying multivariate logistic regression analysis, we developed a three-parameter scoring
system that combines:

1. BSP expression in the primary tumor

2. Extent of local tumor progression (affected core needle biopsies)

3. Histopathologic grading (ISUP classification)
This combined approach enables the detection of 88.6% of patients who will develop bone metastases
following their initial prostate carcinoma diagnosis via core needle biopsy.
Since all three parameters are derived from standard histopathological analysis, these findings highlight the
potential integration of BSP immunohistochemistry into routine clinical practice. Further studies and clinical
validation are warranted to assess its practical application in risk stratification and treatment planning for
prostate cancer patients.

Word Count: 2597

G20z 1snbny g0 uo 3senb Aq 4pd°955.¥5000/88201 #/95S5.¥S000/6G | L01/10p/3pd-ajone/uln/wod 1abe//:djy woly papeojumoq



Acknowledgment:
The authors thank all participating urologists for the sharing of clinical data.

Statements

Ethics Statement

The vote of the institutional ethics committee (29" September 2020, University Duisburg-Essen, No. 20-
9548-B0) has been obtained before the start of the study. In correspondence with the decision of the ethics
committee, the evaluation of the data was anonymized and only retrospective data have been used.Thus
written consent was not needed. The study was conducted in accordance with the World
MedicalAssociation and Declaration of Helsinki. The decision of the ethics committee is attached.

Conflictsof Interest
The authors declare to have no conflicts of interest to declare.

Funding Sources
There was no funding of this study.

Author Contributions

Christos Philippou: conceptualization, writing, visualization, methodology, data curation, supervision,
validation, investigation, resources, review and editing;

Simon Gloger: investigation, resources, review and editing;

Burkhard Ubrig: investigation, resources, review and editing;

Norman Bitterlich: methodology, review, editing, statistical evaluation, visualization;

Emilia KrassimirovaNaseva: methodology, review, editing, statistical evaluation, visualization;
Hans-Joerg Sommerfeld: investigation, resources, review and editing;

Andreas Wiedemann: investigation, resources, review and editing;

Dirk Theegarten: conceptualization, methodology, investigation, review and editing, Validation, project
administration;

Haji Abdulla: investigation, review and editing;

Stathis Philippou: conceptualization, methodology, project administration, investigation, writing, Validation,
supervision, formal analysis, resources, review and editing;

Data Availability Statement
All data generated or analysed during this study are included in this article. Further enquiries can be directed
to the corresponding author.

References
1.https://www.aerzteblatt.de/archiv/214715/Lebenserwartung-auf-Kreisebene-in-Deutschland.

2. Krebs in Deutschland 2019/2020, S.98-99, ISBN 978-3-89606-323-6, Herausgeber: Robert Koch Institut
Nordufer 20 13353 Berlin, r. Cécile Ronckers, Dr. Claudia Spix, Claudia Tribenbachet al.

3. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA CancerJ Clin 2021;71(3):209-49.
https://doi.org/10.3322/caac.21660.

4. Liu D, Kuai Y, Zhu R, 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.
https://doi.org/10.1038/s41598-020-64073-6.

5. Okotie OT, Aronson WJ, Wieder JA, Liao Y, Dorey F, DeKERNIONJB, Freedland SJ. Predictors of metastatic
disease in men with biochemicalfailure following radical prostatectomy. J Urol. 2004 Jun;171(6 Pt 1):2260-4.
doi: 10.1097/01.ju.0000127734.01845.99. PMID: 15126798.-

6. Cooperberg MR, Pasta DJ, Elkin EP, Litwin MS, Latini DM, Du Chane J, Carroll PR. The University of
California, San Francisco Cancer of the Prostate Risk Assessment score: a straightforward and reliable

G20z 1snbny g0 uo 3senb Aq 4pd°955.¥5000/88201 #/95S5.¥S000/6G | L01/10p/3pd-ajone/uln/wod 1abe//:djy woly papeojumoq


https://www.aerzteblatt.de/archiv/214715/Lebenserwartung-auf-Kreisebene-in-Deutschland
https://doi.org/10.3322/caac.21660
https://doi.org/10.1038/s41598-020-64073-6

preoperative predictor of disease recurrence after radical prostatectomy. J Urol. 2005 Jun;173(6):1938-42.
doi: 10.1097/01.ju.0000158155.33890.e7. Erratum in: J Urol. 2006 Jun;175(6):2369. PMID: 15879786;
PMCID: PMC2948569.-

7. Tiedemann K, Sadvakassova G, Mikolajewicz N, Juhas M, Sabirova Z, Tabaries S, et al. Exosomal release of
L-plastin by breast cancer cells facilitates metastatic bone osteolysis. TranslOncol. (2019) 12:462-74.
10.1016/j.tranon.2018.11.014-

8. Herring GM. Comparison of bovine bone sialoprotein and serum orosomucoid. Nature 1964;201:709.

9. Fisher LW, Whitson SW, Avioli LV, Termine JD. Matrix sialoprotein of developing bone. J Biol Chem
1983;258:12723-7.

10. Franzen A, Heinegard D. The chemistry and biology of mineralized tissues (Butler WT, ed.). Birmingham,
AL: EBSCO Media; 1985:132-41.

11. Bianco P, Fisher LW, Young MF, Termine JD, Robey PG. Expression of bone sialoprotein (BSP) in
developing human tissues. Calcif Tissue Int 1991;49(6):421-6. https://doi.org/10.1007/BF02555854.

12. Bellahcene A, MervilleMP,CastronovoV. Expression of bone sialoprotein, a bone matrix protein, in human
breast cancer. Cancer Res 1994;54:2823-6.

13. Bellahcene A, Alber V, Pollina L, Basolo F, Fisher LW, Castronovo V.Ectopicexpression of bone
sialoprotein in human thyroid cancer. Thyroid 1998;8(8):637-641.https://doi.org/10.1089/thy.1998.8.637.
14. Waltregny D, Bellahcene A, Van Riet|, et al. Prognhostic value of bone sialoprotein in clinically
localizedhuman prostate cancer. J Natl Cancer Inst 1998;90(13):1000-
8.https://doi.org/10.1093/jnci/90.13.1000.

15. Detry C, Waltregny D, Quatresooz P, et al. Detection of bone sialoprotein in human (pre) neoplastic
lesions of theuterine Cervix. Calcif Tissue Int 2003;73(1):9-14. https://doi.org/10.1007/s00223-002-2108-0.
16.Zhu YP, Ye DW, Yao XD, et al. Prevalence ofincidental prostate cancer in patients undergoing radical
cystoprostatectomy: data fromChina and other Asian countries.Asian J Androl2009;11:104—
8.https://doi.org/10.1038/aja.2009.15.

17. Bauerle T, Peterschmitt J, Hilbig H, Kiessling F, Armbruster FP, Berger MR .Treatment of bone metastasis
induced by MDA-MB-231 breast cancer cells with an antibody against bone sialoprotein. IntJ Oncol
2006;28(3):573-83.

18. Bellahcene A, Malujahmoum N, Fisher LW, et al.Exoression for Bone Sialoprotein in Human Lung
Cancer.CalcifTissuelnt1997;61:183-88. https://doi.org/10.1007/s002239900320.

19.Liu B, Xu M, Guo Z, Liu J, Chu X, Jiang H. Interleukin-8 promotes prostate cancer bone metastasis through
upregulation of boneSialoprotein. Oncol Lett 2019;17:4607-13. https://doi.org/10.3892/0l.2019.10138.

20. Wang Y, Zhang XF, Dai J, Zheng YC, Zhang MG, He JJ. Predictive value of serum bone sialoprotein and
prostate-specific antigen doubling time in patients with bone metastasis of prostate cancer. J Huazhong
Univ Sci Technolog Med Sci. 2013 Aug;33(4):559-562. doi: 10.1007/s11596-013-1158-z. Epub 2013 Aug 1.
PMID: 23904377.

Figures

Figure 1- Immunhistochemistry in prostate tissue without carcinoma and with basal cell hyperplasia
Figure 2- Immunhistochemistry in prostate tissue without carcinoma and without basalcell hyperplasia
Figure 3 -BSP expression in the patient collective (649).

Figure 4 — Strong BSP expression of 90% in poorly differentiated prostate carcinoma, (G3, ISUP 5), with
capsular and perineural invasion. Immunohistochemistry BSP

Figure 5 — Low BSP expression (20%) in a moderate differentiated acinar prostate carcinoma (G2, ISUP 2).
Immunohistochemistry BSP.

Figure 6- BSP per ISUP Group

Abbreviations

BSP Bone sialoprotein

ISUP International Society ofUrologicalPathology
MAX/MIN Maximum/Minimun

Mm Group with metastasis

Mo Group without metastasis
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Table 1- BSP expression in prostates without carcinoma

20
18
16
14
12
10

O N B O

<2
18
60,0%

<2

BSP Expression (N = 30)

2-3 4-5
m BSP [%}
2-3 4-5 >5
6 5 1
20,0% 16,7% 3,3%

>5
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Table 2 — Statistically significant difference in age between metastatic (84) and non-metastatic
groups (n =589, Z=-2, 0.933; pu= 0.003).

Statistical parameter Age [years]

Group N Mean SD Min Q1 Median Q3 Max

Metastatic 84 72.5 76 51 67.0 74.0 78.0 89

Non metastatic 589 69.8 8.0 46 65.0 71.0 75.0 92
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Table 2a — Non-parametric correlation by Spearman-rho

Correlation between BSP [%] and Age [years] depending on metastasis

Group N correlation p-value

Metastatic 82 -0.162 0.147

Non metastatic 567 0.088 0.037
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Table 3 —Statistical parameters of bone sialoprotein expression (BSP) (Z = —9.429; pu< 0.001)

Statistical parameter BSP [%0]

Group N Mean SD Min Q1 Median Q3 Max

Metastatic 82 555 19.7 20 40.0 55.0 70.0 95

Non metastatic 567 25.7 249 0 1.0 20.0 40.0 100
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Table 4 — Statistical parameters for BSP expression of >20% ( Z = —5.054; pu< 0.001)

Statistical Parameter BSP, minimum 20% [%0]

Group N Mean SD Min Q1 Median Q3 Max

Metastatic 82 555 19.7 20 40.0 55.0 70.0 95

Non metastatic 319 428 20.3 20 25.0 40.0 60.0 100
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Table 5 — BSP as a single parameter. Sensitivity and
Specifity using logistic regression.

Sensitivity Specifity

| BSP IN=82 |50.0% |N=567 |81.6% |
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Table 5a — Frequency distribution of TNM classification

Total pT2b pT2c pT3a pT3b
N N % N % N % N %
Patients with metastasis g4 3 3.6 10 119 59 702 12 143

For all patients without metastasis the TNM classification is not known.
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ISUP 2/3 ISUP 4/5
TNM N % N %

pT2b/pT2c 4 308 9 692
pT3a 9 153 50 847
pT3b 1 83 11 917
Total 14 167 70 833

Table 5b— Frequency distribution of risk factor ISUP depending

on the TNM classification
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Table 5¢

Statistical parameter BSP [%]

TNM classification N Mean SD Min Median Max
pT2b 3 83.3 289 30 80.0 80
pT2c 10 66.0 19.0 30 70.0 90
pT3a 58 54.2 19.2 20 50.0 95
pT3b 11 505 20.1 20 50.0 80
Total 82 556 19.7 20 55.0 95
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Table 5d Initial PSA

TNM g N Mean SD Minimum Median Maximum

pT2c 4 9.1750 3.31298 5.30 9.0000 13.40
pT3a 28 14.5461 7.39731 5.91 12.5000 36.00
pT3b 4 24.7075 8.03942 16.50 23.4650 35.40
Total 36 15.0783 7.96866 5.30 12.9500 36.00
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Statistical parameter: number of affected core needle biopsies in relation to number of collected

biopsies[%]. Distribution in metastatic and non-metastatic group.

Group N Mean SD Min Q1 Median Q3 Max
Mm 81 74.1 26.6 7.7 50.0 77.8 100.0 100.0
Mo 586 47.4 28.6 8.3 25.0 41.7 66.7 100.0
Table 5f
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Table 6 — BSP expression in relation to ISUP group

BSP — Value [%]

ISUP- Mm - Group Mo - Group

Group N Mean (SD) Median N Mean (SD) Median
1 - 149 13.4 (17.6) 5.0
2 1 60.0 (-) 60.0 108 24.5(23.9) 20.0
3 11 58.2 (21.4) 60.0 136 30.8 (25.5) 22.5
4 40 53.8(21.1) 50.0 139 29.1(23.6) 30.0
5 30 56.7 (18.0) 55.0 34 50.3 (30.2) 65.0
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Table 7- Multivariance analysis using logistic regression for single

parameters

Parameter Sensitivity Specifity
BSP N=82 |[50.0% | N=567 | 81.6%
ISUP-Group N=84 |357% | N=588 | 94.0%"
Affected core | N=81 |50.6% | N=588 | 81.2%
needle
Biopsies
Initial serum | N=74 | 58.1% | N=587 | 93.9%
PSA
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Table 8- Multivariance analysis with logistic regression using 2

parameters

Parameter Sensitivity Specifity
BSP & ISUP N=82 | 80.5% | N=566 |82.9%
BSP & number | N=79 | 81.0% | N=566 | 81.4%
of affected
core-needle
biospies
BSP & Initial | N=72 61,1% N=565 81,1%
serum PSA
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Table 9- Multivariance analysis with logistic regression using 3 score

3 Parameter Score-System:BSP, ISUP, affected Specimen

<5 low risk for bone metastasis formation
=/>5 high risk for bone metastasis formation

0 0-20
1 21-35
2 36-60
3 >61
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Table 5e PSA last

TNM g Mean SD Minimum Median Maximum

pT2c 4 31.8975 39.86543 6.99 14.8000 91.00
pT3a 25| 298.8789 502.27537 .08 | 110.0000 2275.00
pT3b 3 116.9033 165.41907 4.20 39.7000 306.81
Total 32| 248.4460 454.98310 .08 88.7000 2275.00
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