
nr. 3 / 2014 • vol 13 Revista Română de Urologie 15

C
lin

ic
al

 s
tu

d
ie

sPredictive model for capsule penetration  
in prostate cancer using biomarkers

A. Iordache¹, C. Surcel¹, C. Mirvald¹, R. Stoica¹, R. Lazăr¹, 
I. Constantinescu², M. Hârza¹, I. Sinescu¹

¹  Center for Uronephrology and Renal Transplantation,  
Fundeni Clinical Institute, Bucharest

²  Laboratory of Virusology and Immunogenetics,  
Fundeni Clinical Institute, Bucharest

Correspondence: Iordache Alexandru Iulian  
Institutul Clinic Fundeni, Centrul de Chirurgie Urologică și Transplant Renal  
Șoseaua Fundeni Nr. 258, Sector 2, 022328 București  
Tel/Fax: 021 300 75 70

Abstract

Introduction: Since the beginning, when proteomics has demonstrated it’s ability to characterize a large number of 
proteins, their measurement and post-translational modifications, this has been applied in various fields of science.
objective: The objective of the present work is to demonstrate the prognostic value of biomarkers and to select 
those biomarkers with an impact on the evolution of patients after prostatectomy with radical intent
Protocol design: A total number of 218 patients were considered, prospectively, from June 2011 - January 2014, this 
group fully respecting the inclusion and exclusion criteria. Data extracted from the selected patient records were or-
ganized first in an excel date base. Through successive filtering and sorting were identified and completed the missing 
or incorrectly transcribed data. After ensuring data consistency, they were imported into SPSS Statistics 17.0.program
results: We can observe that for Telomerase and Hepsin confidence intervals for the odds ratio are between 0,490 
and 1,964 between 0,570 and 3,549 respectively. Containing the value 1, the two parameters have no prognostic pow-
er. Interleukin 6 has the highest prognostic power, when exceeding  the threshold value with an odds ratio of 3.269 
, then with  close  values,    the Vascular endothelial Growth Factor with Odds Ratio of 2.24 and Transforming Growth 
Factor beta fraction 1 with Odds Ratio of 2.21. By removing the two prognostic powerless biomarkers the correct 
classification model of this capsular penetration is improved from 68.3% to 69.3%.
conclusions: We found a strong link between increasing the value of a single biomarker above the cuoff value and 
the presence of capsular penetration and a very strong link between increasing values   above the cutoff of 3 parame-
ters, the Odds Ratio being equal with 10.65 and an interval between 3.62 and 31.31.
We consider that this paper has a consistent dose of originality, the scientific context being favorable to the develop-
ment of predictive models and concept of “individual medicine”.
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s Introduction 
Since the beginning, when proteomics has demon-

strated it’s ability to characterize a large number of 
proteins, their measurement and post-translational 
modifications, this  has been applied in various fields 
of science.

Telomerase a ribonucleoprotein with reverse tran-
scriptase activity (hTeRT) together with human telo-
meric RNA (hTR) maintain telomeres length in various 
cell types. Reverse transcriptases are enzymes that syn-
thesize RNA using DNA template, the opposite central 
dogma of molecular biology. hTR  contains 11 pairs of  
complementary bases  from repetitive sequence TTAG-
GG and acts as a DNA template for  reverse transcrip-
tase,  that adds new repetitive sequences to  the telo-
meric DNA  at the third end of chromosomes  [1].

A large number of studies have linked telomerase 
activity to cancer. Maintaining telomeres seems to be 
important for tumour growth; approximately 90% of 
tumours accomplishes this by increasing telomerase 
activity. Along with two other oncogenic, telomerase 
is essential in vitro transformation protocol of normal 
fibroblasts in tumour cells, by making thus a strong as-
sociation between telomerase and cancer genesis [2].

Hepsin, a serine protease located at the cell surface 
is highly expressed in prostate cancer, the functional 
significance of this phenomenon being unknown. Hep-
sin over expression in vivo prostate epithelium causes 
disorganization of the basement membrane and pro-
motes primary tumour progression and metastasis 
to the liver, lung and bone [3]. The knowledge of the 
mechanisms responsible for producing metastases is 
important to the development of effective therapies 
and the development of a predictive system for  pros-
tate cancer evolution [4]. 

Transforming growth factor beta is a protein that 
controls proliferation, cellular differentiation, and other 
functions in most cells. This is a type of cytokine that 
plays an important role in immunity, cancer, heart 
disease, diabetes, Marfan syndrome, Loeys-Dietz syn-
drome, Parkinson’s disease and AIDS [5]. 

Interleukin-6 a cytokine secreted by a variety of 
type cells and is involved in the immune and acute 
phase responses. It is produced as a response to bacte-
rial and viral infections, inflammation or trauma, quick-
ly reaching at detectable plasma levels.

Interleukin-6 is considered the most important in-
ducer of hepatic production of acute phase reactants: 
fibrinogen, amyloid serum A, haptoglobin, C-reactive 
protein, complement. As a result of exposure to Inter-

leukin-6, the liver decreases albumin and transferrin 
synthesis, initiating  instead the  hepatocyte regener-
ation processes [6,7].

Vascular endothelial growth factor (VeGF) and 
platelet-derived growth factor (PDGF) are growth fac-
tors produced by tumor cells and plays an essential 
role in angiogenesis. VeGF family includes 5 members 
rated from A to e [8]. The most studied is VeGF-A, the 
most potent stimulator of angiogenesis, inductor of 
endothelial cells proliferation and inhibitor of apop-
tosis. VeGF-A acts predominantly in the early stages of 
angiogenesis. VeGF family receptors (VeGFR) has three 
components: VeGFR-1, -2 and -3. VeGFR-2 is the receiv-
er predominantly involved in cell proliferation and mi-
gration and induces survival signals of endothelial cells 
and vascular buds [9].

objective 
The objective of the present work is to demonstrate 

the prognostic value of biomarkers and to select those 
biomarkers with an impact on the evolution of patients 
after prostatectomy.  We tried to generate such a link 
between the values of biomarkers taking into account 
their  cutoff and capsular penetration, defining ele-
ment for the further evolution of the patients.

Protocol design
A total number of 218 patients were considered, 

prospectively, from June 2011 - January 2014, this 
group fully respecting the inclusion and exclusion cri-
teria, listed in Table 1

Table 1. Criteria for inclusion and exclusion  
 from selected group

INCLUSION CRITeRIA

1. The patient signed and dated informed consent before 
initiation of the study.

2. The patient was diagnosed with prostate adenocarcinoma .

3. The patient was  imaging evaluated and was classified as 
local or locally advanced stage.

4. The patient is asymptomatic or minimally symptomatic

5. eCOG score 0 or 1.

6. The patient did  not followed neo-adjuvant radiotherapy 
treatment.

7. Patient  is fit in terms of surgery and anesthesiology pro-
tocol.
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9.  The patient age is less than 85 years.

10. Patient has at least 4 weeks after the prostate biopsy 
and at least 6 months after transurethral resection of the 
prostate.

eXCLUSION CRITeRIA

1. Neoadjuvant therapy: cytotoxic therapy, external or in-
ternal radiotherapy.

2. Severe infections or other co-morbidities that would 
make the patient not enrolled.

3.The pacient is known or suspected of brain metastases.

4. Pacient diagnosed in metastatic stage.

5. Pacient biological or legally unfit for anesthetic and sur-
gical protocol.

6. Other cancer diagnosed  in  the past 5 years.

7. Treatment with 5-alpha reductase inhibitors or anabolic 
steroids.

8. Major surgery treatment in the last 2 months before en-
rollment.

9. History of neurological and / or neuropsychological.

10. Cardiac diseases with clinically significant, including 
myocardial infarction and stable angina  or unstable NYHA 
III-IV, ventricular arrhythmias, atrio-ventricular block sec-
ond degree, high-risk hypertension.

11. Pacient participation in a clinical trial.

12. Groupes of vulnerable patients: hospital dependent pa-
tients or addicted of anesthetic-surgical team or patients 
who cannot freely express their consent (prisoners).

Patient discontinuation criterion is related to dis-
ease and concomitant medications that may make sur-
gery prohibitive. It was established for the patients, the 
indication for radical prostatectomy. Procedures were 
performed by two surgeons in Center for Uronephrol-
ogy and Renal Transplantation Fundeni. Were used the 
surgical technique  accepted as a standard in the clin-
ic. The tissue specimen results, were examined by two 
pathologists and were provided over a period of 15-21 
days. 

The necessary imaging investigations were per-
formed in Center  For Imaging Fundeni .

Patients signed and dated informed consent before 
any specific procedures. Both protocol of this project 
and the informed consent were submitted for review 
and voting  to  the Local ethics Committee for and vot-
ing. The Committee has approved both documents.

statistical method
Data extracted from the selected patient record 

were organized in a first stage in an excel files. Through 
successive filtering and sorting were identified and 
completed the missing or incorrectly transcribed data. 
After ensuring data consistency, they were imported 
into SPSS Statistics 17.0.program.

Diagram 1. Excel data base

results/Analysis of potential  
prognostic biomarkers

As we already mentioned, the objective of this ma-
terial is to demonstrate the prognostic value of bio-
markers selecting those with the great impact in the 
evolution of patients after radical prostatectomy I tried 
to generate thus a link between the biomarker’s values   
relative to the threshold and capsular penetration, de-
fining element for the further evolution of the patients. 
To achieve this objective, I used elements of Logistic 
Regression that is Backward stepwise, initial starting 
with all biomarkers and eliminating from the model at 
each step, those with no significance.

The data obtained are summarized in the following 
table:
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s Table 2. Prognostic significance of studied  
 biomarkers - Logistic regression capture 

Coeffi-

cient B

Standard 

error

Test 

Wald

df p Odds 

Ratio

Step1a TGF Beta 

cuttoff(1)

0,745 0,309 5,819 1 0,016 2,106

 

 

 

 

 

IL6 cut-

off (1)

1,184 0,338 12,295 1 0,000 3,269

Telomerase -0,019 0,354 0,003 1 0,957 0,981

Hepsin 0,352 0,467 0,568 1 0,451 1,422

VEGF cut-

off(1)

0,809 0,346 5,481 1 0,019 2,246

Constant -1,521 0,441 11,898 1 0,001 0,219

Step4a TGF beta 

cutoff(1)

0,765 0,307 6,217 1 0,013 2,150

 

 

 

IL6 cut-

off(1)

1,242 0,330 14,204 1 0,000 3,463

VEGF cut-

off(1)

0,840 0,330 6,502 1 0,011 2,317

Constant -1,285 0,276 21,611 1 0,000 0,277

We noticed that for two of the parameters, Telo-
merase and Hepsin there is no prognostic significance, 
p-value being above 0.05. Odds Ratio was calculated 
for all proposed biomarkers as well as the confidence 
intervals, in order to determine the predict strength of 
parameters we discussed about.

Table 3 Odds Ratio for biomarkers -  
 Logistic Regression capture

 95%Confidence interval 
Odds Ratio

Inferior Superior

Step1a

 
 
 
 

TGF beta cutoff(1) 1,150 3,857

IL6 cutoff(1) 1,686 6,337

Telomerase (1) 0,490 1,964

Hepsin (1) 0,570 3,549

VeGF cutoff(1) 1,141 4,422

Step 4a

 
 

TGF beta cutoff(1) 1,178 3,924

IL6 cutoff(1) 1,815 6,608

VeGF coff(1) 1,215 4,421

For Telomerase and Hepsin confidence intervals for 
the odds ratio are between 0,490 and 1,964 between 
0,570 and 3,549 respectively. Containing the value 1, 
parameters have no prognostic power. If further exam-
ine the results we can see that interleukin-6 (IL6) has  
the highest prognostic power, when exceeding  the 

threshold value with an odds ratio of 3.269 , then with  
close  values,    the Vascular endothelial Growth Fac-
tor (VeGF) with Odds Ratio of 2.24 and Transforming 
Growth Factor beta fraction 1 (TGF beta 1) with Odds 
Ratio of 2.21.

By removing the two prognostic powerless bio-
markers the correct classification model of this cap-
sular penetration is improved from 68.3% to 69.3% as 
shown in the table below.

Table 2. Prediction of prostate capsule penetration - Lo-
gistic Regression capture 

 
 

 

Prediction

Correct Percentage 

STeP 1
Capsular 

penetration
Absent 69,8

 
 

 
 

Present 67,0

Cumulative 
percentage

68,3

STeP 4
Capsular 

penetration
Absent 72,6

 
 

 
 

Present 66,1

Cumulative 
percentage

69,3

We further have calculated the percentage of pa-
tients for whom biomarkers value exceeded threshold 
value, fully considering the study population. Thus we 
have obtained  : 47.7% of patients had values of    Inter-
leukin-6, above the cutoff , 51.4%    had   VeGF values  
above the threshold  and 43.6% had value of TGF beta 
1, above the threshold . For Telomerase the percentage 
of positivity was 67.9 while for Hepsin we have ob-
tained values   of 83.9%.
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Diagram 2.  
Graphical representation of biomarkers reported to cutoff values 

We have continued the analysis estimating the link 
between exceeding the threshold value for one and 
three factors with prognostic power and capsular pen-
etration.

Table 3. Odds Ratio for capsular penetration reported  
 to the increase over cutoff of  biomarker

95% Confidence 
interval

 Value Inferior Superior
Odds Ratio for  
capsular penetration 
(Absent/ Present)

4,108 1,994 8,463

For cohort BioMin1 = 0 3,082 1,692 5,612
For  cohort BioMin1 = 1 0,750 0,647 0,870
Only valid cases 218

   

It has been found a strong link between increasing 
the value of a single biomarker above threshold and 

the presence of the capsular penetration. The confi-
dence interval for Odds Ratio is between 1.99 and 8.43 
and odds ratio is 4.108.

We continued to assess the link between exceeding 
threshold values   for three of the biomarkers and the 
presence or absence of prostate capsule penetration.

Table 4. Odds Ratio for capsular penetration relate to  
 the increase of 3 biomarkers

95% Confidence 
interval

 Value Inferior Superior
Odds Ratio for  
capsular penetration 
(Absent/ Present)

10,652 3,623 31,318

For cohort BioAll3 = 0 1,364 1,203 1,547
For cohort BioAll3 = 1 0,128 0,047 0,349

Only valid cases 218
   

We found a very strong link, the Odds Ratio value 
being equal with 10.65 and a range between 3.62 and 
31.31, range that excludes the value 1.

Discussion - analysis the cluster of  
biomarkers and determining the predictive power

Despite the fact that prostatectomy offers a good 
cancer control, 15-30% of patients submitted to such 
therapies have biochemical relapse and the survival 
rate of 15 years for these patients is between 55-61%. 
Predictive models based only on clinical and patholog-
ic parameters can quantify the risk of relapse, but their 
accuracy is defective, due to the different behaviour of 
tumours.

The biomarkers are substances that result from bi-
ological behaviour of prostate cancer and may thus 
improve anticipate its evolution. For a biomarker to be 
clinically useful, it must bring information which add-
ed to the model increase its performance. Svátek R., 
Shariat S. P. Karakiewicz published in 2009 one of the 
reference studies regarding the predictive power of 
some usual biomarkers. Authors enroll 423 consecutive 
patients treated surgically, whose chosen biomarkers 
levels are determined preoperative. After processing 
the information, plasma levels of IL-6, TGF beta 1 and 
vascular adhesion molecule (V-CAM model 1) have in-
dividually proven predictive power, increasing the ac-
curacy of the surgery model  from 82.1% to 86.1% with 
p <0.0001 [10].
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nial using keywords like: model prediction nomogram, 
classification models, artificial networks, decision trees 
and radical prostatectomy, reaching at the conclusion 
that the decision and the treatment of prostate can-
cer should be individualized, and the use of predictive 
models can lead to more accurate anticipation of the 
natural history of cancer and thus to the increasing of 
medical act quality [11]. Hideaki M. and Masato F. re-
peat this analysis in 2012 .The authors emphasize be-
sides  the superiority of the postoperative models in 
predicting of biochemical relapse and survival,  one of 
the major factors of error, the expertise of the surgeon. 
That is why Kattan et al., includes in a recent model this 
parameter too, for demonstrate the  insignificant im-
pact that it has on the accuracy of the model [12].

As we mentioned, the objective was to demonstrate 
the prognostic value of biomarkers and the selection of 
those with an impact on the evolution of patients after 
radical prostatectomy.

In a first step, for two of the parameters, Telomer-
ase and Hepsin there is no prognostic significance, 
p-value being above 0.05. We also noticed that for Telo-
merase and Hepsin, confidence intervals for the Odds 
Ratio are between 0,490 and 1,964, respectively 0,570 
and 3,549, the two parameters having no prognostic 
power. Further examining the results, Interleukin-6 
(IL6) has  the highest prognostic power of  threshold 
value  with odds ratio of 3.269, and with close values  , 
Vascular endothelial Growth Factor with odds ratio of 
2.24 and Transforming Growth Factor beta 1 (TGF beta 
1) with Odds Ratio of 2.21. If further examine the results 
we can  notice that Interleukin 6 (IL6) has the highest 
prognostic power, when exceeds the cutoff value with 
an odds ratio of 3.269, then   the Vascular endotheli-
al Growth Factor (VeGF) with Odds Ratio of 2.24 and 
Transforming Growth Factor beta 1 (TGF beta 1) with 
Odds Ratio of 2.21.

By removing the two powerless prognostic bio-
markers, the correct classification model of this capsu-
lar penetration is improved from 68.3% to 69.3%. We 
continued with link assessment between exceeding 
threshold values   for three of the biomarkers and the 
presence or absence of the penetration of prostate 
capsule. It was revealed a very strong link, Odds Ratio 
value being equal to 10.65. However agglutination of 
this cluster of biomarkers with clinical features and his-
tological preoperative and postoperative assesments 
in a mathematical model, leads to a decrease of the 
predictive power of the system. We could not report 

these results to literature dates, the reason being the 
lack of materials that propose a panel of five biomark-
ers for studying predictive power and association with 
capsular penetration.

conclusions 
Although the percentage of patients for whom the 

biomarkers exceeded threshold for Telomerase, posi-
tivity rate was 67.9%  foandr Hepsin values were    83.9% 
confidence intervals for the Odds Ratio are between 
0.490 and 1.964 respectively between 0,570 and 3,549 
so the two parameters have no prognostic power.

The results state that the high prognostic power has 
in overcoming  the threshold value is  Interleukin 6 (IL6) 
with an Odds Ratio of 3.269 followed by similar values   
of Vascular endothelial Growth Factor (VeGF) with an  
Odds Ratio of 2.24 and transforming  Growth Factor, 
fraction beta 1 (TGF beta 1) with an Odds Ratio of 2.21.

Removing the two prognostic biomarkers pow-
erless, the correct classification model of this capsu-
lar penetration is improved from 68.3% to 69.3%. It is 
found a strong link between increasing the value of a 
single biomarker above the threshold and the presence 
of capsular penetration and a very strong link between 
increasing values   above the threshold of 3 parameters, 
the Odds Ratio being equal with 10.65 and an interval 
between 3.62 and 31.31.

We consider that this paper has a consistent dose of 
originality, the scientific context being favorable to the 
development of predictive models and to the concept 
of “individual medicine”.
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