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Diagnosticka a prognosticka schopnost vybranych markeri karcinomu

prostaty v séru a moci
Abstrakt

Sérovy prostaticky specificky antigen (PSA) je jedinym Siroce schvalenym
markerem v diagnostice a sledovani rakoviny prostaty (PC) po 1é€b¢. Jeho
role ztstala kontroverzni kvili nedostatecné specifité a riziku nadmérmné
diagnézy nevyznamného PC. Cilem této prace bylo prozkoumat slibné
markery PC a zlepSit soucasnou stratifikaci pacientl k adjuvantni lécbé. Byly
provedeny tfi hlavni studie s pouzitim riznych médii (mo¢ a sérum). Prvni
studie zahrnovala hodnoceni Engrailed-2 (EN2) — sledovaného mocového
markeru — u 90 pacientl s lokalizovanym PC, 30 zdravych kontrol a 40
pacientil indikovanych k biopsii prostaty. Druha studie hodnotila 205 muzi s
vysoce rizikovymi rysy PC, ktefi podstoupili radikéalni prostatektomii (RP) a
byli podrobeni pfisnému protokolu sledovani ultrasenzitivniho PSA (UPSA) v
kratkych cCasovych intervalech. Schopnost jednotlivych méfeni predikovat
biochemickou recidivu (BCR) a tim nutnost adjuvantni terapie byla
hodnocena pomoci plochy pod kiivkou (AUC) a byl vytvofen stratifikacni
model. Tteti studie zahrnovala 128 pacienti, kteti podstoupili RP. PSA a jeho
sérové izoformy bézné pouzivané v diagnostickém kontextu byly hodnoceny
piedoperacné 1 pooperacné, aby se urcila jejich schopnost predikovat BCR.
Analyza EN2 v moci nema klinickou uzite¢nost pii detekci PC. UPSA jiz 30.
den po RP je dobrym prediktorem BCR u muZzl s neptiznivymi patologickymi
rysy a muize snizit preléCeni adjuvantni radioterapii. Sérové PHI a [—
2]proPSA piekonavaji sérové PSA v predikci BCR a jejich pouziti v
klinickych predikénich modelech a nomogramech by mélo velkou hodnotu.

[zoformy PSA nemaji Zadnou roli ve sledovani pacientt s PC po RP.

Klicova slova: Karcinom prostaty, PSA, biomarkery, izoformy PSA,
ultrasenzitivni PSA, [-2]proPSA, PHI, hK2, EN2
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The diagnostic and prognostic ability of selected serum and urinary

markers of prostate cancer
Abstract

Serum prostate specific antigen (PSA) is the only widely approved marker in
prostate cancer (PC) diagnosis and follow up. Its role has remained
controversial due to lack of specificity and the risk of overdiagnosis of
insignificant PC. The aim of this work was to explore promising markers of
PC and to improve current patient stratification to adjuvant treatment. Three
main studies were performed using different media (urine and serum). The
first study included the evaluation of Engrailed-2 (EN2) — a urinary marker of
interest — in 90 patients with localized PC, 30 healthy controls, and 40
patients indicated for prostate biopsy. The second study evaluated 205 men
with high-risk PC-features who underwent radical prostatectomy (RP) and
were subject to a follow-up of ultrasensitive PSA (UPSA) at close time
intervals. The ability to predict biochemical recurrence (BCR) and thus the
need for adjuvant therapy was assessed using the area under the curve (AUC)
and a stratification model was created. The third study involved 128 patients
who underwent RP. PSA and its serum isoforms normally used in the
diagnostic context were evaluated both preoperatively and postoperatively to
determine their ability to predict BCR. Analysis of EN2 in the urine has no
clinical usefulness in the detection of PC. UPSA as early as day 30 after RP is
a good predictor of BCR in men with adverse pathological features and can
decrease overtreatment with adjuvant radiotherapy. Serum PHI and [-
2]proPSA outperform serum PSA in the prediction of BCR and their use in
clinical prediction models and nomograms would be of great value. There is

no role for PSA isoforms in the follow up of PC patients after RP.

Keywords: Prostate cancer, PSA, biomarkers, PSA isoforms, ultrasensitive

PSA, [-2]proPSA, PHI, hK2, EN2
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1. Introduction

Prostate cancer (PC) is currently the third most common diagnosed
malignancy, being preceded by lung and colorectal cancer with incidence
rates across the world ranging from 6.3 to 83.4/100.000 (1). Only three risk
factors for PC are defined: age, race (African) and positive family history
(association of BRCA1l and BRCA 2 mutations) (2). PC diagnosis is
currently done by prostatic specific antigen (PSA) testing, digital rectal
examination (DRE) and if the suspicion in the previous two is present,
prostate biopsy. The disease is graded according to a two-grade system called
Gleason score and the total Gleason score ranges from 6 (least aggressive) till
10 (most aggressive). More recently in 2014 the International Society of
Urological Pathology (ISUP) issued a new grading system (1-5) (3). Disease
staging is according to the 2018 Clinical Tumor Node Metastasis (TNM)
classification (4). Mass screening with PSA has been controversial (5) over
the years due to lack of marker specificity (6) (7), substantial overdiagnosis of
indolent cases (8), disease overtreatment and doubts on the decrease of
disease specific mortality even with extended follow-up (9) (10). The present
recommendation (11) is to offer a PSA test to well informed men with a life
expectancy of 10-15 years starting at the age 50 years or 45 years in case risk
factors are present. A PSA between 3-10 ng/ml should prompt a repeat
analysis 4-7 weeks later. For a cut-off of 4ng/ml PSA has sensitivity of 67.5-
80% (12) (13) and specificity of 60-70% (13). Age-adjusted values, the ratio
of free PSA (FPSA) to total PSA and PSA density (ng/ml/cc) can be used to
increase the otherwise low specificity. The current recommendation (11) for
men with a normal DRE and a PSA between 3-10 ng/ml is to perform a reflex
test before prostate biopsy (a risk calculator, magnetic resonance or a marker
test). Both 4K score and the Prostate health index (PHI) formula using [—
2]proPSA (a precursor of PSA) are approved for use at decision for both
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biopsy-naive patients and at repeat biopsy. Among other approved marker
tests are IsoPSA (it detects structural isoforms of PSA with an aqueous 2-
phase system), urine PCA3 (decision to repeat a biopsy) and SelectMDX
(urine molecular test that combines the expression of mRNA of genes of
interest with clinical risk factors). Regarding imaging methods, transrectal
ultrasound is used to guide prostate biopsies but it is not reliable to detect PC,
and multiparametric magnetic resonance is the exam of choice when there is a
suspicion based on PSA and/or digital rectal examination. It should be
performed before prostate biopsy and it classifies lesions attributing a score
from 1-5 (PI-RADS™v?2 classification) with lesions >3 indicated for target
biopsy-only in cases of a repeat biopsy or together with systematic sampling
in biopsy-naive patients. A minimum of 8 cores in a 30cc prostate and 10-12
cores in larger size prostates according to a scheme is the current
recommendation (11). Prostate biopsy can be performed via the transrectal or
transperineal route (less infectious complications, less bleeding, increased
detection of anterior zone tumors). After obtaining histological confirmation,
disease staging should be managed in the following way: intermediate (PSA
10-20 ng/ml or ISUP2/3 or cT2b) and high-risk disease (PSA>20ng/ml or
ISUP 4/5 or >cT2c or cN+) should be staged with an abdominopelvic cross-
sectional examination (CT or MRI) and a 99mTc-Bone bone scan. Low risk
disease does not require any staging besides clinical staging with DRE

performed in all prostate cancer patients.

In patients with localized disease a life expectancy of minimum 10 years is
mandatory for a benefit of active treatment. Patients with a life expectancy
less than 10 years or unsuitable for curative treatment due to comorbidities are
clinically watched for the development of symptoms (due to local or systemic
progression) and managed palliatively at that time. Patients with low-risk
disease can be managed with active surveillance (PSA samples, DRE, MRI

imaging and repeat biopsies) or active treatment (radical prostatectomy,
8



radiotherapy, brachytherapy). Intermediate and high-risk patients can be
managed by radical prostatectomy (RP), radiotherapy combined with
androgen deprivation therapy (ADT) or a combination of brachytherapy,
radiotherapy and ADT.

Preoperative nomograms exist such as Partin tables (14) (15), MSKCC
nomogram (16) and the Briganti nomogram (17) to help predict organ-
confined disease, seminal vesicle involvement, extraprostatic extension and
lymph node invasion. Decision to perform lymph node dissection is based on

these nomograms.

Treatment of locally advanced disease can include RP with pelvic lymph node
dissection as part or multimodal therapy followed by radiotherapy or

radiotherapy with/without a brachytherapy boost with long term ADT.

Adjuvant treatments are defined as additional to the initial therapy with the
objective of reducing the risk of biochemical recurrence (BCR). The current
indications (11) for adjuvant treatment are patients with final pathology at
radical prostatectomy ISUP 4-5 and pathological stage pT3 with or without
positive surgical margins. For patients with positive lymph nodes at final
pathology the options are adjuvant ADT with/without radiotherapy or

observation in case the number of nodes is <2 and the PSA < 0.1 ng/mL.

After primary therapy patients are subject to PSA monitoring at regular
intervals. After RP the definition of BCR is a detectable or rising PSA >
0.2ng/ml with a second confirmatory level > 0.2ng/ml. After radiotherapy,
treatment failure is defined by the Phoenix criteria as an increase in PSA of at
least 2ng/ml above the post radiation PSA nadir. The relevance of BCR is that
it precedes metastases with a mean time of 8 years and specific mortality of
about 15 years (18). Persistent PSA is defined as a PSA level >0.1 ng/ml 4-8
weeks after RP. It can result from persistent disease, pre-existing metastases,

lymph node involvement or residual benign tissue and the current treatment is
9



early salvage radiotherapy and additional hormonal therapy. Salvage
treatments are indicated when BCR occurs. Radiotherapy combined with
ADT is indicated if surgery was performed before and in case radiotherapy
was the primary treatment, monitoring, salvage local procedures including

surgery or ADT are considered.

Around 20% of men have urinary incontinence 12 months after RP and most
patients (78-87%) are affected by erectile dysfunction (19). Late adverse
events after radiotherapy include mainly genitourinary and gastrointestinal
toxicity. Median rates of moderate late toxicity are 15% (gastrointestinal) and
17% (genitourinary). For severe toxicity these values were 2%

(gastrointestinal) and 3% (genitourinary) (20).

Treatment of M1 patients is constantly evolving and ADT plus an additional
systemic therapy such as chemotherapy or second-generation hormonal
therapy with Abiraterone, Enzalutamide or Apalutamide is currently
recommended. In cases of low-volume M1 disease, prostate radiotherapy in

addition to ADT can be beneficial.

2. Aims of the work and hypothesis

Our work aims at studying new forms of improving PC diagnosis and
prognosis and analyzing early PSA kinetics after RP to decrease

overtreatment with adjuvant radiotherapy.

2.1. Study 1: The role of Engrailed 2 in prostate cancer detection

Urinary Engrailed-2 (EN2) is a promising albeit understudied marker of PC.
Its features include exclusive secretion by prostate cancer cells, association to
tumor volume and stage, simple sampling and easy non-invasive collection.
The aim of this work was to test this marker in a comprehensive manner

including a control group, multi-brand assays including previous prostate
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manipulation. Hypothesis: EN2 can be used in diagnosis of PC adding
important information regarding tumor size and stage and prostatic

manipulation will increase its urinary levels.

2.2. Study 2: Stratification model based on early postprostatectomy
prostate-specific antigen kinetics may help to reduce the risk of
overtreatment in candidates for adjuvant radiotherapy

There is significant heterogeneity in the group of patients at high-risk for

BCR after RP and nonetheless an ‘adjuvant treatment to all’ approach with

radiotherapy 1s used. This leads to potentially avoidable adverse events. The

aim of this study was to create a model to better stratify which patients benefit
from adjuvant treatment based on multiple PSA analysis in the early period
after surgery. Hypothesis: Early and multiple PSA sampling after RP will
provide an optimal timing and cut-off value and allow stratification of

patients for adjuvant treatment.

2.3. Study 3: Early prediction of prostate cancer biochemical
recurrence and identification of disease persistence using PSA
isoforms and human kallikrein-2

There has been great interest in the use of isoforms of PSA such as [—
2]proPSA, PHI and 4K panel in the diagnostic setting of PC although studies
as preoperative predictors of BCR are still scarce. PSA 1is currently the only
parameter used in preoperative predictive nomograms and the only tool used
in disease follow up after primary treatment. The aim of this work was to
study the role of PSA isoforms and human kallikrein-2 in the pre- and early
postoperative period in predicting and assessing BCR and disease persistence.
Hypothesis: Isoforms of PSA outperform conventional PSA in predicting

BCR and disease persistence.
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3. Materials and methods

3.1. Study 1: The role of Engrailed 2 in prostate cancer detection

Morning urine samples of two groups were analyzed. The first group
consisted of 90 patients with clinically localized PC before RP and a control
group of 30 healthy men older than 50 years of age with a negative oncologic
history and screening. The second group included 40 patients indicated for
prostate biopsy. In the latter group pre- and post-DRE urine samples were
obtained. Urine samples were stored in 1.8ml aliquots at -76°C and analyzed
using 3 different enzyme-linked immunoassays (Cloud-Clone Corp, Katy,
TX, USA; Cusabio Biotech Co., LTD., Houston, TX, USA and MyBiosource,
Inc., San Diego, CA, USA). Measurements were performed in a blind manner
by a single operator and standardization was assured by the creation of a
calibration curve. A four-parameter logistic curve was used for calculation of
the EN2 concentration. Normalization to urinary creatinine (assessed by
ADVIA Siemens and Orto Vitro) was additionally performed. Correlations
were determined using Spearman’s rank correlation coefficient. The Mann—
Whitney U test was used to compare the patient group with the control group,
while the Kruskal-Wallis H test was used to compare the EN2 distributions of
the three different assays. Receiver operating characteristic (ROC) curves
were built to evaluate the area under the curve (AUC) of urinary EN2
obtained with the different assays and serum PSA. p values <0.05 were

considered significant.

3.2. Study 2: Stratification model based on early postprostatectomy
prostate-specific antigen kinetics may help to reduce the risk of
overtreatment in candidates for adjuvant radiotherapy

A total of 406 patients from department’s tumor registry with a minimum

follow up of 24 months who had adverse pathology after radical
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prostatectomy (positive surgical margins, extracapsular extension and/or
seminal vesicle invasion) were included in the study. Patients who had
neoadjuvant or adjuvant forms of therapy (radiotherapy or hormonal therapy),
missing follow up data, positive lymph nodes or a postoperative nadir >
0.1ng/ml were excluded. A final group of 205 patients was available for
statistical analysis. Serum PSA analyses were carried out (IMMULITE 2000
3rd Generation PSA; Siemens Medical, Los Angeles, CA) postoperatively on
days 14, 30, 60 and 90 and at 3-month intervals thereafter. BCR was defined
as PSA persistently greater than or equal to 0.2 ng/ml. Variables between
groups of patients were compared with the Mann—Whitney test and chi
squared test. Recurrence-free survival curves were calculated using the
Kaplan-Meier estimator with significance evaluated by the stratified log-rank
test. Multivariate analysis was performed using the Cox proportional hazards
model. The ROC curve and AUC were calculated to describe the accuracy of
PSA measurements in predicting BCR after surgery. A mathematical model
was built to provide a sequential algorithm to select patients for early
intervention. A p value less than or equal to 0.01 was considered statistically
significant. Statistical analysis was performed using the SAS statistical
software program JMP 6 (SAS Institute, Cary, NC) and R statistical software

version 3.1.2 (R Foundation for Statistical Computing, Vienna, Austria).

3.3. Study 3: Early prediction of prostate cancer biochemical
recurrence and identification of disease persistence using PSA
isoforms and human kallikrein-2

A group of 128 consecutive patients who underwent open or laparoscopic RP
for clinically localized PC was studied. Blood samples were collected
preoperatively and postoperatively at 1 and 3months after surgery without
previous prostatic manipulation. When BCR or disease persistence occurred,

patient follow up was ended. No patient received preoperative or
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postoperative ADT or adjuvant radiotherapy (ART). The median (range)
follow up period was 64 months (3—76 months). A total of 87 patients were
BCR-free while 26 patients had BCR (20.3%) and 15 patients had disease
persistence (11.7%). All blood samples were centrifuged for 15 minutes at
3000 revolutions per minute, the serum pipetted into 1,8ml aliquots (Nunc
Cryotube Vials, Thermo Fisher scientific, Roskilde, Denmark) and stored at —
76°C. The markers assessed were PSA, fPSA, [-2]proPSA, PHI and hk2.
BCR was defined as 2 consecutive rises of PSA > 0.2 ng/ml, while disease

persistence was defined as PSA > 0.1 ng/ml at 6 weeks after radical

prostatectomy. Variables of interest were compared between studied groups
of patients and the BCR-free group using the Mann-Whitney Wilcoxon U-test
in case of numerical variables and the Fisher Exact test in case of categorical
variables. Multivariable models were constructed using logistic regression. To
assess the predictive value of the variables ROC analysis including an AUC
evaluation was adopted. Statistical analyses were performed using an R
statistical package version 3.6.3. and XLSTAT version 2020.1 (Addinsoft
Inc., New York, United States). P-values <0.05 were considered statistically

significant.

4. Results

4.1. Study 1: The role of Engrailed 2 in prostate cancer detection
4.1.1. Urinary EN2 in patients with prostate cancer versus controls

There was no statistically significant difference between the EN2 urinary
levels of the patient and the control group and there was a pronounced
difference between the EN2 levels measured by the three assays (Kruskal—
Wallis p-value <0.0001). Normalization of the EN2 level to urinary creatinine

showed similar statistical distributions. Analysis of ROC curves and
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calculation of AUC values showed that urine EN2 levels did not reach the
predictive accuracy of conventional PSA (AUC=0.70) (Fig. 1). Furthermore,
no significant correlation between urinary EN2 and age, tumor stage or grade

was found.

True positive rate | Sensitivity)

False positive rate (1 - Specificity)

Fig 1: Comparison of the ROC curves obtained for EN2 measured with kits 1, 2 and 3 and
the ROC curve for PSA. Red: ROC curve for EN2-kitl, AUC= 0,61, Blue: ROC curve for
EN2/urine Creatinine-kitl, AUC =0,49, Orange: ROC curve for EN2-kit2, AUC= 0,52,
Green: ROC curve for EN2-kit3, AUC=0,65, Yellow: ROC curve for PSA, AUC=0,70

4.1.2. Urinary EN2 pre- and post-digital rectal examination in patients
indicated for prostate biopsy

The levels of EN2 (Fig. 2) were lower after DRE (median 1.79 ng/ml; range
0.12-5.01 ng/ml) compared to before (median 2.29 ng/ml; range 0.22-5.31
ng/ml) with a p-value for these two groups of 0.18. In the biopsy-negative
patients (n=20) EN2 changed from 2.38 ng/ml (0.41-5.31 ng/ml) to 1.99
ng/ml (0.64-5.01 ng/ml) after DRE while in the biopsy-positive group (n=20)
the median (range) of EN2 changed from 2.21 ng/ml (0.22-3.33 ng/ml) before
DRE to 1.51 ng/ml (0.12-3.55 ng/ml). The p-values obtained for the two

15



groups were 0.30 (before DRE) and 0.18 (after DRE). Normalization to urine

creatinine did not change the statistical distributions significantly.

EN2 ,
ng/ml

2 | —

X L X

0 L
before DRE after DRE | before DRE | after DRE |
NEGATIVE BIOPSY POSITIVE BIOPSY |

Fig. 2: EN2 concentrations in urine before and after digital rectal examination

4.2. Study 2: Stratification model based on early postprostatectomy
prostate-specific antigen Kkinetics may help to reduce the risk of
overtreatment in candidates for adjuvant radiotherapy

Extraprostatic extension was present in 113 men (55%), positive surgical
margins were present in 97 men (47%) and seminal vesicle invasion was
present in 32 men (16%) During the median follow-up of 46 months (range
24—114 months), a total of 106 patients (52%) experienced BCR. The median
time to recurrence was 15 months (range 2—105 months). Only five men had
the combination of all the previously stated adverse pathological features and
these patients did not experience a significantly different rate of recurrence
(60%) in comparison with the rest of the cohort (51.5%, p=0.707). A similar
frequency of recurrence (54%) was found in men with a Gleason score higher
than 7 together with positive surgical margins or pT3. Median PSA values for
patients with BCR and without BCR on days 14, 30, 60, 90 and 180 were
0.286 ng/ml and 0.204 ng/ml (p<0.02), 0.060 ng/ml and 0.025 ng/ml
(p<0.0001), 0.026 ng/ml and 0.009 ng/ml (p<0.0001), 0.036 ng/ml and 0.007

ng/ml (p<0.0001), and 0.049 ng/ml and 0.009 ng/ml (p<0.0001), respectively.
16



Fig. 3 shows the ROC curves used in prediction of BCR at different time

points.
(=
E —
L=
oy
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=
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S - [ — PSAb: AUC = 62.96%
—— PSA14d: AUC = 61.10%
~— PSATm: AUC = 70.09%
—— PSA2m: AUC = 80.25%
& PSA3m: AUC = 82.00%
| | | | ! |
100 80 60 40 20 0
Specificity (%)

Fig. 3: ROC curves and calculated AUC values for preoperative (baseline) prostate-
specific antigen (PSAD) level and postoperative PSA levels at time-points after surgery:
14 days, and 1, 2 and 3 months.

As can be seen in Fig. 3 baseline preoperative PSA and PSA at day 14 did not
significantly predict BCR and the prediction ability increased gradually with
time since surgery. The improvement in the predictive ability was significant
between PSA on days 14 and 30 (p=0.01) and between days 30 and 60
(p=0.042) while further improvement between days 60 and 90 was not
significant (p=0.694). The first valuable prediction of BCR is possible at day
30, while the accuracy increases to 80% on day 60 after surgery. Therefore,
PSA levels on days 30 and 60 were used in the construction of a sequential
decision model to select the best candidates for early intervention. The final
stratification model with the best predictive accuracy (AUC=0.76) resulted in
PSA cut-offs of 0.068 ng/ml and 0.015 ng/ml for days 30 and 60, respectively

(Fig. 4).
17



Sensitivity

AUC: 0.771

100 80 60 40 20 0 100 80 60 40 20 0

Specificity Specificity

Fig. 4: Results of the sequential decision calculating the best combination of postoperative
PSA cut-off levels in the model combining the PSA (A) on days 30 and 60, and (B) on
days 30 and 90.

In this study, out of 172 patients, 51% did not develop BCR during follow up
and this indicates the proportion of potential overtreatment. Patients (n=52)
presenting with PSA levels over 0.068 ng/ml on day 30 would be indicated
directly for early postoperative ART. The other 120 patients would continue
to PSA measurement on day 60. Those (n=35) with PSA above 0.015 ng/ml
on day 60 would be again indicated for ART. The rest of the patients would
continue with routine follow-up. Applying this stratification model would
result in a decrease of overtreatment from the initial 51% (n=87) to 14%
(n=24). Of the 22 patients who would stay undertreated, 18 patients would
reveal the PSA progression on day 90 and another two patients on day 120,
while only two patients would stay undertreated, with the late appearance of

BCR after 39 and 48 months.

4.3. Study 3: Early prediction of prostate cancer biochemical
recurrence and identification of disease persistence using PSA
isoforms and human kallikrein-2

PSA, fPSA, %fPSA, [-2]proPSA, PHI and hK2 were evaluated before
surgery, at 1 and 3 months after surgery. A total of 87 patients were

recurrence-free while 26 patients had BCR (20.3%) and 15 patients had
18



disease persistence (11.7%). In the preoperative setting, the ability of PSA to
predict recurrence (AUC 0.64; p-value 0.029) was surpassed by [-2]proPSA
(AUC 0.70; p-value 0.002) and, more importantly, PHI (AUC 0.73; p-value
0.0003) (Fig. 5).

True positive rate (Sensitivity)

0 0,2 0,4 0,6 0,8 1
False positive rate (1 - Specificity)

Fig 5: ROC curves for all the markers at preoperative period and their relation to BCR.
Red PSA(AUCO0.64), Blue [-2]proPSA (AUC 0.70), Green PHI (AUC 0.74), Brown hK2
(AUC 0.60), Violet fPSA (AUC 0.59), Black fPSA/PSA (AUC 0.60).

In the preoperative period [-2]proPSA (AUC 0.73; p-value 0.0055) and PHI
(AUC 0.75; p-value 0,0021) also outperformed PSA (AUC 0.68; p-value
0.026) in predicting disease persistence. In the postoperative period, PSA was
the only marker that correlated with BCR at one (AUC 0.69) and three
months (AUC 0.72) and all other markers were devoid of value. Multivariate
models using preoperative data were created (Tab. 1) and confirmed the
superiority of preoperative PHI in predicting disease relapse both when used

alone or when combined to PSA (AUC 0.86; p-value <0.0001).
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Table 1: Multivariate models using preoperative data and selected markers

Model | Preoperative | Preoperative Multivariate analysis Model
Marker parameters performance
Clinical stage OR 1.8967 (0.8597 — 4.1845)
p-value >0.05
Model Preoperative OR 4.1163 (2.0283 — 8.3538) AUC0.8013
A PSA Gleason score -value 0.0001 (0.7081 - 0.8945)
prafe -value < 0.0001
Preoperative PSA | OR 1.0652 (0.9789 — 1.159) P
p-value >0.05
Clinical stage OR 1.8841 (0.8491 — 4.1809)
[-2]proPSA p-value >0.05
Model Preoperative OR 4.1587 (2.0359 — 8.4948) © ?’2[{(5: ?g 1932)963)
B Gleason score p-value 0.0001 B alue < 0 0001
Preoperative OR 1.0272 (0.9988 — 1.0565) | PVaiue =%
[—2]proPSA p-value >0.05
Clinical stage OR 2.167 (0.9111 —5.1541)
p-value >0.05 AUC 0.8616
Model | PHI Preoperative OR 4.5826 (2.1087 — 9.959) (0.7853 —.O 9380)
C Gleason score p-value 0.0001 B alue < 0 0001
Preoperative PHI | OR 1.0308 (1.0132 — 1.0487) | P7V&1¢ =%
p-value < 0.001
Clinical stage OR 1.8864 (0.8502 — 4.1853)
PSA p-value >0.05
Model | [-2]proPSA | Preoperative OR 4.1448 (2.0254 — 8.4819)
D Gleason score p-value 0.0001 © ?2[5‘% ?g 195025 6)
Preoperative PSA | OR 1.0078 (0.8886 — 1.143) -'Value - O 0001
p-value >0.05 p '
Preoperative OR 1.0252 (0.9832 — 1.0691)
[—2]proPSA p-value >0.05
Clinical stage OR 2.1729 (0.9147 — 5.162)
p-value >0.05
Model | PSA Preoperative OR 4.7032 (2.1549 —
E PHI Gleason score 10.2652) AUC 0.8634

p-value 0.0001

Preoperative PSA | OR 0.9503 (0.8478 — 1.0653)
p-value >0.05
Preoperative PHI | OR 1.0367 (1.0136 — 1.0604)

p-value 0.0017

(0.7866 — 0.9402)
p-value <0.0001

When analyzing predictors of disease persistence, PSA (AUC 0.68; p-value
0.026), fPSA (AUC 0.66; p-value 0.048), PHI (AUC 0.75; p-value 0.002) and
[-2]proPSA (AUC 0.73; p-value 0.006) were found to be significant at the

preoperative period while in the postoperative period PSA remained the

marker of choice.

20




5. Discussion

Our results on urinary EN2 oppose those of Morgan et al. (the first
experimental work on EN2 as a marker of PC) published in 2011 (21) and
those of Pandha et al (22) published the following year in the same institution.
In the pilot study (21) urine samples without previous manipulation of 82
patients and 102 controls were analyzed by ELISA. EN2 was detected in 66%
of PC patients and 12-15% of the controls and the ROC analysis showed an
AUC of 0.80 for EN2 with sensitivity of 66% and specificity of nearly 90%
using a cut-off of 42.5ng/ml. The second study published in 2012 (22)
included the analysis of urine samples of 125 patients with clinically localized
PC without any previous prostatic manipulation. An elevated level of EN2
was detected in 65-70% of the cohort, especially at more advanced tumor
stages and there was a significant relation to tumor volume. No correlation to
remaining patient and tumor characteristics was found. These results were not
confirmed by Marszall et al (23) in 2015, who designed a study with 33 PC
patients and 38 controls with benign prostatic hyperplasia confirmed by
prostate biopsy. In this study urine samples were collected before and after
prostatic massage and analyzed by ELISA. High EN2 levels were detected in
55% of PC patients before prostatic massage and 91% of patients after
prostatic massage and in 47% of controls. The difference between both groups
was only significant after prostatic massage with AUC=0.50 versus
AUC=0.81. ROC analysis confirmed superiority over conventional serum
PSA (AUC=0.77). A correlation to higher tumor stage and grade was found
but only after prostatic massage samples. No healthy control group was
included in this study. To test the influence of prostatic manipulation on the
levels of EN2, we included a group of 40 patients enrolled for prostate biopsy
which were later divided into biopsy-positive (n=20) and biopsy negative
(n=20). No significant difference was found between the biopsy-positive and
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biopsy negative groups and digital rectal examination did not increase urine
EN2 levels. Normalization to urine creatinine did not change these results.
Our work is the most comprehensive analysis on EN2 as a PC marker
published till now. We designed a study including multi-brand assays, sample
processing and examination by a single experienced operator in a blind
manner, a cohort consisting of a control group, prostate cancer patients and
biopsy-negative patients, multiple measurements of samples before and after
prostatic manipulation normalized to urine creatinine. Among the limitations
of our study are a relatively small cohort and the use of retrospective archived
samples. Although it is a negative result, we believe it contributes to the
current knowledge of this marker. In fact, the urinary EN2 test was licensed to
Zeus Scientific as reported in 2013 with projections of submission to U.S.
Food and Drug Administration in 1 year and worldwide clinical use in 2 years
time (24). In 2018 an announcement by the developers of urinary EN2 was
made of a new clinical trial set to have results available by 2019. So far no
results were published and the trial was not yet registered at
ClinicalTrials.gov (25).

We also decided to focus our attention on the early follow up of patients with
adverse pathological features after RP. This patient group considered at high
risk for BCR is very heterogenous with uncertain clinical courses.
Overtreatment with ART is a reality that can affect 35-60% of these high-risk
patients (26) besides possible adverse events including genitourinary and
gastrointestinal toxicity. Additionally, the optimal timing of PSA testing after
surgery is unknown and is of special importance in this group. Having this
problematic in mind, we designed a study including 205 men harboring
adverse pathological features after surgery with ultrasensitive PSA tests
carried out at days 14, 30, 60, 90 and at 3-month intervals afterwards and the
median follow up was 46 months. According to the final stratification model

(AUC=0.76) patients with a PSA >0.068 ng/ml on day 30 or a PSA >0.015
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ng/ml at day 60 would be indicated for early ART and the remaining would
continue routine follow up. This would lead to a decrease in overtreatment
from the initial 51% to 14%. The results obtained are in line with previous
studies by Audenet et al (27) and Shen et al (28) that highlight the importance
of early and intensive PSA analysis after RP to identify surgical failure. Also,
ultrasensitive PSA assays offer a more precise measure of PSA and some
studies report better BCR risk stratification than less sensitive assays (28).
Eisenberg et al (29) showed that men with undetectable ultrasensitive
PSA<0.01 ng/ml have a low risk of recurrence when compared to men with
an undetectable conventional less sensitive PSA. No previous work examined
the impact of the time between surgery and multiple early PSA levels on
decision making and the current guidelines on ART are purely based on tumor
characteristics following an ‘adjuvant-radiotherapy to all high-risk’ approach
and excluding early PSA samples. Our study has some drawbacks including
its modest follow up and cohort size, its retrospective design and lack of
adjuvant radiotherapy-treated arm. Prospective studies with ultrasensitive
PSA will further determine which patients will benefit from adjuvant therapy
and which patients can be spared.

With an interest in improving the prediction and assessment of BCR pre- and
postoperatively we designed a third study including 128 patients who
underwent RP. Blood samples were collected before surgery, at 1 and 3
months post-RP. PSA, fPSA, %fPSA, [-2]proPSA, PHI and hk2 were the
markers selected for analysis. The preoperative predictors of recurrence were
PSA (AUC 0.64; p-value 0.029), [-2]proPSA (AUC 0.70; p-value 0.002) and
most importantly PHI (AUC 0.73; p-value 0.0003). This finding is in line
with previous works by Lughezzani et al. (30) and Maxeiner et al. (31) who
tested preoperative PHI in cohorts of 313 and 437 patients respectively and
confirmed its value as an independent predictor of BCR. In the postoperative

period, PSA was the only marker that correlated with BCR at 1 month (AUC
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0.69; p-value 0.0047) and 3 months (AUC 0.72; p-value 0.0004). This finding
was in agreement with the work of S. De Luca et al. (32) who studied [—
2]proPSA in a group of high-risk patients at 3-month intervals in the first year
after RP to find it devoid of value. Contrarily, Casale et al (33) concluded
that [-2]proPSA could be of use in detecting BCR earlier than PSA in a study
with 134 patients after RP and a follow-up of three years. A low rate of BCR
and a high rate of [-2]proPSA false positive results were cited as main
limitations of the study. As far as we know, our study is the first recent work
to test the remaining PSA isoforms in the postoperative period and their
relation to BCR. Regardless of the recent advances brought by PSA isoforms
such as [-2]proPSA and PHI in PC diagnosis, their use in prediction of
disease recurrence is still budding and the available preoperative nomograms
such as the MSKCC (34) or CAPRA score (35) that guide surgery and
decision making concerning pelvic lymph node dissection and nerve-sparing
techniques still use preoperative PSA.

Our study is original in testing isoforms of PSA at both preoperative and
postoperative periods, and it highlights the value of preoperative [-2]proPSA
and especially PHI at predicting BCR. Samples from a homogenous
population were evaluated by the same operator in the same laboratory.
Among the limitations of our work are a relatively small sample size and low
rate of BCR and disease persistence and the use of stored serum samples.
Cross-validation of models including [-2]proPSA and especially PHI in
preoperative nomograms, on a larger population, in a prospective and

multicentre setting seems the next logical step.

6. Conclusion

e The marker EN2 is devoid of clinical value in the detection of PC in

contrast to what was previously reported.
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e The sampling of PSA as early as day 30 after RP strongly correlates to
BCR and ultrasensitive assays lead to better patient stratification for
ART.

e [-2]proPSA and PHI outperform serum PSA as predictors of BCR and
disease persistence preoperatively. Their inclusion in preoperative

nomograms is the next logical step.

7. Summary

Prostate cancer is one of the most common malignancies in men with
incidence rates up to 83.4/100.000. Until 1980s prostate cancer was only
detected at a late stage almost always presenting with symptoms related to
metastatic bone involvement. Prostate specific antigen was firstly used for
monitoring response of patients to treatment until early 1990s when it was
demonstrated that it could be used in the first line screening for PC. PSA
lacks specificity and among its limitations are fluctuations with age, prostate
size, inflammation and infection, recent manipulation, ejaculation and some
medicaments. So far and despite these limitations no marker has been able to
replace PSA and only few are proved to add to its sensitivity in both diagnosis
and prognosis. The main aims of this dissertation thesis were to improve
current diagnosis and prognosis of prostate cancer by studying a relatively
unknown non-invasive urinary marker advocated to have high detection
sensitivity and specificity, to explore the early postoperative PSA fluctuations
and their relation to the occurrence of biochemical recurrence in a population
at high risk and to study the role of PSA isoforms in predicting disease
recurrence and disease persistence before and after radical prostatectomy. The
results show that urinary Engrailed-2 is devoid of value in prostate cancer
diagnosis and its measurement is highly dependent on the assay used. We

demonstrated that evaluation of prostate specific antigen as early as day 30 in
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a population of men bearing adverse pathological features after radical
prostatectomy (and thus considered high-risk) 1s a good predictor of
biochemical recurrence, leading to a considerable decrease in overtreatment
with adjuvant radiotherapy in this patient group. The latter study determined
that the isoforms [-2]proPSA and PHI outperform serum PSA in pre-surgery
prognosis of biochemical recurrence. There is no value in testing these
isoforms in the postoperative period and PSA continues to be the marker of
choice at this time. We advocate further studies on the use of [-2]proPSA and
PHI in preoperative nomograms instead of PSA and the combination with
early ultrasensitive prostate specific antigen assays in patients at high-risk for

biochemical recurrence.

8. References

1. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. SUNG, Hyuna, Jacques FERLAY, Rebecca
L. SIEGEL, Mathieu LAVERSANNE, Isabelle SOERJOMATARAM, Ahmedin JEMAL a
Freddie BRAY. 3, 2021, CA: A Cancer Journal for Clinicians, Vol. 71, pp. 209-249.

2. Risk factors for prostate cancer. PH, Gann. Suppl 5, 2002, Rev Urol, Vol. 4, pp. S3-S10.

3. 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. Jonathan I Epstein, Lars Egevad, Mahul B Amin, Brett
Delahunt, John R Srigley, Peter A Humphrey e Committee, Grading. 2, Feb de 2016, Am J
Surg Pathol., Vol. 40, pp. 244-52.

4. Updates in the Eighth Edition of the Tumor-Node-Metastasis Staging Classification for
Urologic Cancers. Paner GP, Stadler WM, Hansel DE, Montironi R, Lin DW, Amin MB.
4, Apr de 2018, Eur Urol., Vol. 73, pp. 560-569.

5. U.S. Preventive Services Task Force. Screening for prostate cancer: U.S. Preventive
Services Task Force recommendation statement. VA, Moyer. 2, 17 de Jul de 2012, Ann
Intern Med, Vol. 157, pp. 120-34.

6. Serum prostate-specific antigen in a community-based population of healthy men.
Establishment of age-specific reference ranges. Oesterling JE, Jacobsen SJ, Chute CG,
Guess HA, Girman CJ, Panser LA, Lieber MM. 7, 18 de Aug de 1993, JAMA, Vol. 270,
pp. 860-4.

26



7. nfluence of asymptomatic histologic prostatitis on serum prostate-specific antigen: a
prospective study. Simardi LH, Tobias-MacHado M, Kappaz GT, Taschner Goldenstein P,
Potts M, Wroclawski ER. 6, Dec de 2004, Urology, Vol. 64, pp. 1098-101.

8. Screening and prostate-cancer mortality in a randomized European study. Schroder FH,
Hugosson J, Roobol MJ, Tammela TL, Ciatto S, Nelen V, Kwiatkowski M, Lujan M, Lilja
H, Zappa M, Denis LJ, Recker F, Berenguer A, Méaittanen L, Bangma CH, Aus G, Villers
A, Rebillard X, van der Kwast T, Blijenberg BG, Moss SM, et al. 13, 26 de doi:
10.1056/NEJMo0a0810084. de 2009, N Engl J Med., Vol. 360, pp. 1320-8.

9. Screening and prostate-cancer mortality in a randomized European study. Schroder FH,
Hugosson J, Roobol MJ, Tammela TL, Ciatto S, Nelen V, Kwiatkowski M, Lujan M, Lilja
H, Zappa M, Denis LJ, Recker F, Berenguer A, Miittdnen L, Bangma CH, Aus G, Villers
A, Rebillard X, van der Kwast T, Blijenberg BG, Moss SM, et al. 13, Mar de 2009, N Engl
J Med., Vol. 360, pp. 1320-8.

10. The prostate, lung, colorectal, and ovarian cancer screening trial and its associated
research resource. Zhu CS, Pinsky PF, Kramer BS, Prorok PC, Purdue MP, Berg CD,
Gohagan JK. 22, 20 de Nov de 2013, J Natl Cancer Inst. , Vol. 105, pp. 1684-93.

11. N. Mottet, P. Cornford, R.C.N. van den Bergh,E. Briers, Expert Patient Advocate, D.
Eberli, G. De Meerleer, M. De Santis, S. Gillessen, J. Grummet, A.M. Henry, T.H. van der
Kwast, G.J.L.H. van Leenders, M.D. Mason,S. O’Hanlon, I.M. van Oort D.E. et al. EAU -
EANM - ESTRO -ESUR - ISUP - SIOG Guidelines on Prostate cancer. EAU Guidelines.
Edn. presented at the EAU Annual Congress Milan 2023. Arnhem, The Netherlands : EAU
Guidelines Office, 2023.

12. Prostate cancer detection in men with serum PSA concentrations of 2.6 to 4.0 ng/mL
and benign prostate examination. Enhancement of specificity with free PSA measurements.
Catalona WJ, Smith DS, Ornstein DK. 18, 14 de May de 1997, JAMA, Vol. 277, pp. 1452-
5..

13. Prostate-specific antigen: Current status. MK, Brawer. 5, 1999, CA Cancer J Clin, Vol.
49, pp. 264-281.

14. The use of prostate specific antigen, clinical stage and Gleason score to predict
pathological stage in men with localized prostate cancer. Partin AW, Yoo J, Carter HB,
Pearson JD, Chan DW, Epstein JI, Walsh PC. 1, Jul de 1993 , J Urol., Vol. 150, pp. 110-4.

15. An updated prostate cancer staging nomogram (Partin tables) based on cases from 2006
to 2011. Eifler JB, Feng Z, Lin BM, Partin MT, Humphreys EB, Han M, Epstein JI, Walsh
PC, Trock BJ, Partin AW. 1, Jan de 2013, BJU Int., Vol. 111, pp. 22-9.

16. A preoperative nomogram identifying decreased risk of positive pelvic lymph nodes in
patients with prostate cancer. Cagiannos I, Karakiewicz P, Eastham JA, Ohori M, Rabbani
F, Gerigk C, Reuter V, Graefen M, Hammerer PG, Erbersdobler A, Huland H, Kupelian P,
Klein E, Quinn DI, Henshall SM, Grygiel JJ, Sutherland RL, Stricker PD, Morash CG,
Scardino PT, Kattan MW. 5, 2003, J Urol., Vol. 170, pp. 1798-803.

27



17. Updated nomogram predicting lymph node invasion in patients with prostate cancer
undergoing extended pelvic lymph node dissection: the essential importance of percentage
of positive cores. Briganti A, Larcher A, Abdollah F, Capitanio U, Gallina A, Suardi N,
Bianchi M, Sun M, Freschi M, Salonia A, Karakiewicz PI, Rigatti P, Montorsi F. 3, Mar de
2012, Eur Urol. , Vol. 61, pp. 480-7.

18. Natural history of progression after PSA elevation following radical prostatectomy. .
Pound C.R., Partin A.W., Eisenberger M.A., Chan D.W., Pearson J.D., Walsh P.C. 17, 5 de
May de 1999, JAMA, Vol. 281, pp. 1591-1597.

19. Long-term functional outcomes after treatment for localized prostate cancer. esnick
MJ, Koyama T, Fan KH, Albertsen PC, Goodman M, Hamilton AS, Hoffman RM, Potosky
AL, Stanford JL, Stroup AM, Van Horn RL, Penson DF. 5, 31 de Jan de 2013, N Engl J
Med, Vol. 368, pp. 436-45.

20. Late toxicity rates following definitive radiotherapy for prostate cancer. Ohri N, Dicker
AP, Showalter TN. 4, Aug de 2012, Can J Urol., Vol. 19, pp. 6373-80.

21. Engrailed-2 (EN2): a tumor specific urinary biomarker for the early diagnosis of
prostate cancer. Morgan R, Boxall A, Bhatt A, Bailey M, Hindley R, Langley S, Whitaker
HC, Neal DE, Ismail M, Whitaker H, Annels N, Michael A, Pandha H. 5, 1 de Mar de
2011, Clin Cancer Res. , Vol. 17, pp. 1090-8.

22. Urinary engrailed-2 (EN2) levels predict tumour volume in men undergoing radical
prostatectomy for prostate cancer. Pandha H, Sorensen KD, Orntoft TF, Langley S, Hoyer
S, Borre M, Morgan R. 6, Sep de 2012, BJU Int., Vol. 110, pp. 287-92.

23. Engrailed-2 protein as a potential urinary prostate cancer biomarker: a comparison
study before and after digital rectal examination. Marszalt MP, Sroka W, Adamowski M,
Stupski P, Jarzemski P, Siodmiak J, Odrowaz-Sypniewska G. 1, Jan de 2015, Eur J Cancer
Prev., Vol. 24, pp. 51-6.

24. University of Surrey licenses the patented use of EN2 protein as a diagnostic biomarker
for prostate and bladder cancer to ZEUS Scientific. [Online]
https://web.archive.org/web/20140307042442/http://www.zeusscientific.com/news-
events/news/single/n-action/detail/Item/article/university-of-surrey-licenses-the-patented-
use-of-en2-protein-as-a-diagnostic-biomarker-for-prostate-1/.

25. Clinical trials.gov. [Online] https://www.clinicaltrials.gov/.

26. Systematic review and meta-analysis of trials evaluating the role of adjuvant radiation
after radical prostatectomy for prostate cancer: Implications for early salvage. Bhindi B,
Lokeshwar SD, Klaassen Z, Klotz L, Wallis CJD. 10, Oct de 2020, Can Urol Assoc J, Vol.
14, pp. 330-336.

27. Persistently elevated prostate-specific antigen at six weeks after radical prostatectomy
helps in early identification of patients who are likely to recur. Audenet F, Seringe E,

28



Drouin SJ, Comperat E, Cussenot O, Bitker MO, Rouprét M. 2, Apr de 2012, World J
Urol. , Vol. 30, pp. 239-44.

28. Ultrasensitive serum prostate specific antigen nadir accurately predicts the risk of early
relapse after radical prostatectomy. Shen S, Lepor H, Yaffee R, Taneja SS. 3, Mar de 2005,
J Urol., Vol. 10.1097/01.ju.0000153619.33446.60, pp. 777-80.

29. Prognostic implications of an undetectable ultrasensitive prostate-specific antigen level
after radical prostatectomy. Eisenberg ML, Davies BJ, Cooperberg MR, Cowan JE, Carroll
PR. 4, Apr de 2010, Eur Urol, Vol. 57, pp. 622-9.

30. Preoperative prostate health index is an independent predictor of early biochemical
recurrence after radical prostatectomy: Results from a prospective single-center study.
Lughezzani G, Lazzeri M, Buffi NM, Abrate A, Mistretta FA, Hurle R, Pasini L, Castaldo
L, Zandegiacomo De Zorzi S, Peschechera R, Fiorini G, Taverna G, Casale P, Guazzoni G.
8, Aug de 2015, Urol Oncol. , Vol. 33, pp. 7-14.

31. The prostate health index PHI predicts oncological outcome and biochemical
recurrence after radical prostatectomy - analysis in 437 patients. Maxeiner A, Kilic E,
Matalon J, Friedersdorff F, Miller K, Jung K, Stephan C, Busch J. 45, 27 de Apr de 2017,
Oncotarget, Vol. 8, pp. 79279-79288.

32. [-2]proPSA versus ultrasensitive PSA fluctuations over time in the first year from
radical prostatectomy, in an high-risk prostate cancer population: A first report. De Luca S,
Passera R, Sottile A, Fiori C, Scarpa RM, Porpiglia F. 14, 24 de Mar de 2016, BMC Urol.,
Vol. 16.

33. p2PSA for predicting biochemical recurrence of prostate cancer earlier than total
prostate-specific antigen after radical prostatectomy: an observational prospective cohort
study. Casale P, Saita A, Lazzeri M, Lughezzani G, Hurle R, Fasulo V, Mondellini GM,
Paciotti M, Domanico L, Lista G, Maffei D, Monari M, Motta L, Bini V, Ceriotti F,
Guazzoni G, Buffi NM. 3, Jun de 2019, Minerva Urol Nefrol., Vol. 71, pp. 273-279.

34. MSKCC nomogram. [Online] https://www.mskcc.org/nomograms/prostate/pre_op. .

35. External validation of University of California, San Francisco, Cancer of the Prostate
Risk Assessment score. Zhao KH, Hernandez DJ, Han M, Humphreys EB, Mangold LA,
Partin AW. 2, Aug de 2008, Urology, Vol. 72, pp. 396-400.

29



Original scientific works that form the basis of the dissertation

1.

Do Carmo Silva J, Vesely S, Luksanova H, Prusa R, Babjuk M. Early prediction
of prostate cancer biochemical recurrence and identification of disease persistence
using PSA isoforms and human kallikrein-2. Tumor Biol. 2021;43(1):197-207.
1F2021=2.47

Joana Do Carmo Silva, Stepan Vesely, Vojtech Novak, Hana Luksanova, Richard
Prusa, Marko Babjuk ‘Is Engrailed-2 (EN2) a truly promising biomarker in prostate
cancer detection?’” — Biomarkers, 2020 Feb;25(1):34-39. IF2020=2.66

Vesely S, Jarolim L, Schmidt M, Do Carmo Silva J, Duskova K, Babjuk M
‘Stratification Model based on early prostatectomy PSA kinetics may help to
reduce the risk of overtreatment in candidates for adjuvant radiotherapy’ —
Scandinavian J Urol, 2017 Apr; 51(2):114-119. IF2017= 1.68

Original scientific works that are not the basis of the dissertation with IF

1.

Zdobinskd T., Jarolim L., Novdk V., Do Carmo Silva J., Pfiman O., Vesely S.,
Babjuk M. Riziko biochemické recidivy u pacientli s pozitivnim okrajem po
radikdlni prostatektomii. Rozhledy v chirurgii, 2022, vol. 101, s. 129-133.
1F2022=0.21

Do Carmo Silva J, Babjuk M, Vesely S, Dusek P, Jarolim L, Brisuda A. Morbidity
and mortality after open radical cystectomy and ileal diversion - 10 years
experience and a comprehensive assessment in a single tertiary center. Neoplasma.
2021 Jul;68(4):882-891. IF2021=3.41

M.O.Sundelin, J.D.C.Silva, A.V.Daele, V.Savopoulos, G.M.Pirola, S.Ranasinghe,
B.V.Cleynenbreugel, C.S.Biyani, M.Kailavasanh ‘Urology simulation boot camp:
A perspective from non-UK delegates’ — Actas Urologicas Esp, 2020 Sep 14;
S0210-4806(20)30151-0. IF2020=0.99

Schraml Jan, Joana Do Carmo Silva, Marko Babjuk ‘Current concept of
transurethral resection of bladder cancer (TURB): from re-TURB to en-bloc
resection’ — Current Opinion in Urology, 2018 Nov;28(6):591-597. [F2018=2.23

Katerina Duskova, Stepan Vesely, Joana Do Carmo Silva, Natalia Cernei, Ondre;j
Zitka, Zbynek Heger, Vojtech Adam, Klara Havlova, Marek Babjuk ‘Differences in
Urinary Amino Acid Patterns in Individuals with Different Types of Urological
Tumor Urinary Amino Acid Patterns as Markers of Urological Tumors’ — In vivo,
32:425-429 (2018). IF2018=1.61

Original scientific works that are not the basis of this dissertation without IF

l.

Ladislav Jarolim, Stepan Vesely, Marek Schmidt, Katerina Duskova, Joana Do
Carmo, Vojtech Novak, Marek Babjuk ‘Sledovani a lécba pacienti po radikalni
prostatektomii s pozitivnimi okraji preparatu’ — Ces Urol 2017, 21(2):139-146

30



