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Correlation between radiological and biological features and clinical outcomes 
in early prostate cancer: an exploratory subgroup analysis 
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PTEN deletion and Ki-67 expression are two of the most promising biomarkers in prostate cancer (PCa). In the same 
manner, multiparametric magnetic resonance imaging (mp-MRI) guided core biopsy is a powerful tool for PCa detection 
and staging. The aim of the study is to assess whether a correlation can be identified between the pathological stage defined 
by an mp-MRI-guided core biopsy and Ki-67 expression and PTEN deletion. Such correlation might be useful for staging 
and treatment personalization in PCa. This investigation was conducted in the context of phase II clinical study “Short-term 
radiotherapy for early prostate cancer with a concomitant boost to the dominant lesion” (AIRC IG-13218), ClinicalTrials.
gov identifier: NCT01913717. Nineteen patients underwent a further in-bore MRI-targeted core biopsy (MRI-TBx) on the 
dominant intraprostatic lesion (DIL); on this basis, an additional Gleason Score (GS) was determined. PTEN loss and Ki-67 
expression on these samples were analyzed and correlated with both risk categories modifications and oncological outcomes 
(overall survival, biochemical and clinical relapse). GS was upgraded in 5 cases, with 4 patients re-classified as intermediate-
risk and 1 patient as high-risk. The latter experienced a clinical local relapse. No correlations between up/down-staging, 
PTEN deletion, and Ki-67 expression were observed in this cohort. Further investigations are needed towards the identifica-
tion of a pattern in the tumor aggressiveness-response in PCa treated with ultra-hypofractionated radiotherapy. Moreover, 
a possible relationship between biomarker analysis and imaging textural features could be explored. 
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Prostate cancer (PCa) is the most frequently diagnosed 
cancer in North American and European men [1]. Despite 
the use of advanced and combined approaches, a substantial 
percentage of patients do not respond to treatments [2]. The 
challenge for the future is to identify sub-classes of patients 
for which standard treatments could fail, in order to improve 
personalized strategies. Blood tests, histopathology markers, 
and imaging studies are contributing to realizing this transi-
tion [3], and possibly will be gradually incorporated into 
clinical practice.

Nowadays, multiparametric magnetic resonance imaging 
(mp-MRI) is the most accurate imaging technique for organ-
confined PCa, with 80% sensitivity for tumor detection [4] 
(86% with tumors greater than 0.5 cm3) [5]. Several MRI 

parameters can be considered for the radiological character-
ization of the disease, namely: Prostate Imaging Reporting 
and Data System (PI-RADS), Extra-Prostatic Extension score 
(EPE), Apparent Diffusion Coefficient (ADC), number and 
position of Dominant Intraprostatic Lesion (DIL), prostate 
volume. The use of mp-MRI can be extended to MRI-guided 
target core biopsy on the highest PI-RADS DIL to deter-
mine the correct staging through the higher Gleason Score 
(GS). This technique allows determining DIL histopatho-
logical characteristics with high precision, in contrast with 
the more commonly used transrectal ultrasound core biopsy 
(TRUS). Currently, the assessment of risk classes, according 
to National Comprehensive Cancer Network (NCCN) guide-
lines [6], is based on Prostate Specific Antigen (PSA) value, 
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International Society of Urological Pathology (ISUP) score 
grade [7], tumor extension at rectal exploration, and core 
biopsy sampling.

Molecular markers are commonly used in the oncological 
setting to stage and evaluate the progression of diseases. To 
date, the only clinically implemented molecular marker in 
genito-urinary oncology is PSA, an organ- but not cancer-
specific biomarker. One of the most common biomarkers in 
the oncological setting is Ki-67, a marker of cell proliferation 
present in all phases of the cell cycle (G1, G2, S, M) except 
that in resting cells (G0). A systematic review demonstrated 
that Ki-67 is an independent predictor of PCa outcomes in a 
large number of studies [8] especially if PSA, Gleason Score 
(GS), and tumor extent were also considered [9, 10].

According to the literature, another interesting prognostic 
biomarker with the potential to be implemented in clinical 
routine is Phosphatase and Tensin Homolog (PTEN) expres-
sion, which can be assessed by either immunohistochemistry 
(IHC) or fluorescent in situ hybridization (FISH) [11–13]. 
PTEN is a tumor suppressor whose deletion is associated 
with disease progression, rapid cancer dissemination, transi-
tion to castration-resistant PCa, and poor outcomes [14].

Based on these premises, in the context of the prospec-
tive phase II study “Short-term high precision radiotherapy 
for early prostate cancer with concomitant boost to the 
dominant lesion, AIRC-IG-13218” [15, 16], we evaluated 
the correlation between tumor aggressiveness and clinical 
outcomes in PCa patients treated with ultra-hypofraction-
ated radiotherapy (RT) as a proof of concept towards treat-
ment personalization. The relevance of Ki-67 and PTEN in 
PCa staging was also assessed.

Patients and methods

Patient cohort. This study was conducted in the context 
of phase II clinical study “Short-term radiotherapy for early 
prostate cancer with concomitant boost to the dominant 
lesion” (AIRC IG-13218), ClinicalTrials.gov identifier: 
NCT01913717. The inclusion and exclusion criteria along 
with RT treatment characteristics and study design have 
already been described [15] and preliminary results have 
already been reported [16].

Briefly, between October 2014 and January 2018, patients 
with low- and intermediate-risk PCa were prospectively 
enrolled in the study and treated with ultra-hypofractionated 
RT at the Division of Radiation Oncology in the European 
Institute of Oncology IRCCS (IEO), Milan, Italy. This trial 
had been approved by the Ethics Committee of the IEO 
and Centro Cardiologico Monzino of Milan IEO; notifica-
tion number S768/113. All procedures performed involving 
human participants were in accordance with the ethical 
standards of the institutional and/or national research 
committee and with the 1964 Helsinki Declaration and its 
later amendments or comparable ethical standards. In this 
research, no animals were involved. All patients signed 

written informed consent for radiation therapy and written 
informed consent for the use of the anonymized data for 
research or educational purpose.

Of the 65 patients included in the main trial, 19 under-
went a second core biopsy of the highest PI-RADS DIL 
with in-bore magnetic resonance imaging targeted biopsy 
(MRI-TBx). Only in these second core biopsies, GS, Ki-67 
status by an IHC test, and PTEN status by the FISH test were 
evaluated. The correlation between Ki-67 and PTEN and 
clinical outcomes were evaluated at the end of RT and after a 
median follow-up period of 2 years.

mp-MRI guided core biopsy assessment. Following the 
diagnostic TRUS-guided core biopsy and after having signed 
the dedicated informed consent, part of the patients under-
went a second in-bore MRI-TBx on the highest PI-RADS 
lesion.

mp-MRI was performed using a 1.5-T MR scanner 
(Avanto, Siemens Medical Solutions, Erlangen, Germany) 
with a phased-array coil. mp-MRI protocol involved sagittal, 
coronal, and axial T2-weighted images, axial diffusion 
weighted, and a dynamic series of axial T1-weighted images 
obtained before, during, and after an injection of contrast 
agent.

As recommended by the European Society of Urogen-
ital Radiology (ESUR) prostate MRI guidelines [17, 18], a 
PI-RADS category was assigned for each lesion, to express 
the likelihood of the presence of significant PCa through a 
5-point scale (1 = very low probability of a clinically relevant 
tumor and 5 = very high probability of a clinically relevant 
tumor). For each patient with more than 1 lesion, the highest 
PI-RADS category was considered. Based on this scale, only 
lesions with PI-RADS category ≥3 were considered signifi-
cant and included in the analysis.

The MRI parameters include also the EPE score and the 
ADC. Criteria for EPE are the following: abutment; irregu-
larity and neurovascular bundle thickening; bulge, loss 
of capsule and capsular enhancement; measurable extra-
capsular disease; obliteration of the recto-prostatic angle. 
Diffusion weighted imaging (DWI) allows to calculate the 
apparent diffusion coefficient (ADC), a proportional qualita-
tive and quantitative assessment of PCa aggressiveness.

PTEN and Ki-67 assessment. PTEN FISH was 
performed using a dual-color FISH probe set consisting 
of two Spectrum Green-labeled probe and a Spectrum 
Red-labeled commercial centromere 10 probe (IQFISH 
Break Apart Probe Agilent Technologies, Santa Clara, CA, 
USA) as a reference. The predominant red and green signal 
numbers were recorded for each FISH probe to assess an 
eventual PTEN deletion.

Homozygous deletion of PTEN was defined as a complete 
absence of PTEN FISH probe signals in ≥60% of tumor nuclei 
of the tissue spot, with the presence of one or two PTEN 
FISH signals in adjacent normal cells (Figure 1). Figures 2A 
and 2B represent how PTEN deletion influences carcinogen-
esis in prostate cells.
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The Ki-67 assessment was performed through immunoas-
saying using a MIB-1 antibody (Dako). Cells were counted 
by an expert pathologist on hotspots of the core with the 
highest GG and/or the one with the most extensive neoplasm. 
The mean percentage of positive cells was estimated with a 
continuous variable.

Radiation therapy treatment planning and delivery. 
Computed tomography (CT) simulation, volume of interest 
contouring, and treatment delivery were performed following 
the previously described methodology [15].

The fractionation schedule consisted of a dose of 36.25 Gy 
in 5 fractions (7.25 Gy/fraction) on the whole prostate (corre-
sponding to 90.6 Gy in 45 fractions according to the linear 
quadratic model, assuming α/β = 1.5 Gy for PCa) [19]. The 
DIL received a SIB of 37.5 Gy in 5 fractions (7.5 Gy/fraction), 
equivalent to 96.4 Gy with conventional fractionation. The 
treatment was delivered every other day.

Oncological outcomes. Oncological outcomes were 
evaluated in terms of biochemical and clinical failure and 
overall survival (OS). The biochemical response was assessed 
through trimestral PSA evaluation, while OS was defined as 
the time interval between the date of RT beginning and death 
from any cause. For patients lost to follow-up, information 
on vital status was obtained through municipal vital statistics 
offices. Time to biochemical failure was defined according to 
the Phoenix criterion (nadir PSA+2 ng/ml).

The diagnosis of clinical recurrence was based on the 
biochemical failure confirmed by imaging studies,  i.e. 
[11C]-choline positron emission tomography with co-regis-
tered CT (PET/CT), whole-body MRI (WB-MRI), or 
whole-body CT scan. Core biopsy was not mandatory if all 
diagnostic elements were univocal (PSA evolution stating 
for biochemical recurrence, [11C]-choline-PET/CT or MRI 
findings).

Results

Study population. By the end of recruitment, 19 patients 
performed in-bore MRI-TBx highest PI-RADS DIL core 
biopsy without complications.

All patients had clinical stage cT1c–cT2c cN0 cM0 
according to TNM 8th edition and a PSA <10 ng/ml, except 
3 patients who had PSA >10 ng/ml.

The number of DIL(s) ranged from 1 to 3. In partic-
ular, 6 patients (31%) had 1 DIL, 10 (53%) had 2 DIL, and 
3 (16%) had 3 DIL. Median prostate volume was 37.5 cm3 
(IQR 30.45–44.33). Baseline characteristics per patient are 
reported in Table 1.

Oncological outcomes. As far as the re-evaluation of GS 
is concerned, for 11 patients the in-bore MRI-TBx confirmed 
the findings of the first random core biopsy. On the contrary, 
GS was upgraded for 5 patients, with 4 patients re-classified 
as intermediate-risk instead of low-risk, and one patient as 
high-risk instead of intermediate-risk. On the other hand, 
for 3 patients there was a downgrading, with two of them 

passing from intermediate-risk to low-risk and one from 
intermediate unfavorable risk to intermediate favorable risk. 
No patients with a low/intermediate Ki-67 value (<15% – 
sec. ISUP Consensus 6) had PTEN deletions, whereas 5 of 
15 patients with high Ki-67 had the deletion. A complete 
biological panel is summarized in Table 1.

Follow-up at two years was available for the whole cohort, 
and 18 patients were found to be alive without evidence of 
disease (NED). One patient had a clinical local relapse and 
received a partial prostate re-irradiation (35 Gy in 5 fr) in 

Figure 1. PTEN deletion assessment assay.

Figure 2. Receptor tyrosine kinases (RTKs) are major upstream regula-
tors of the PI3K/AKT signaling. In particular, the PI3K pathway pro-
motes cellular growth, invasion, and survival. PTEN is a prime antago-
nist of PI3K and therefore is a major negative regulator of the PI3-kinase 
pathway and of the serine-threonine kinase AKT. Activated AKT may 
phosphorylate a range of substrates, resulting in uncontrolled cellular 
growth and proliferation. PTEN with its lipid phosphatase activity is 
critical as a tumor suppressor (A) and, as seen in the image, PTEN dele-
tion could result in apoptosis deregulation and cancer development (B).
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The MRI-based PI-RADS category is a recognized 
independent diagnostic criterion of PCa [18, 26] and it 
improves the assignment of patients to correct treatments. 
Moreover, the re-classification by targeted core biopsy is a 
promising practice to reduce misclassification and conse-
quently underestimated therapies or overtreatments [22–24].

In fact, a recent publication by Kasivisvanathan et al. [25] 
confirmed that the test performance of MRI-guided target 
core biopsy in the detection of PCa is superior to that of 
systematic TRUS-guided core biopsy.

In addition, recent publications demonstrated that the 
majority of ISUP grade group 2 or higher PCa are core-
biopsied proximally to mp-MRI-identified lesions [28–31], 
therefore suggesting a variable heterogeneity of neoplasia 
that contribute to eventually non-detection and misclassifi-
cation.

Indeed, Pessoa et al. [22] reported a reclassification rate 
of 74.5% and 100% in PI-RADS category 4 and 5, respec-
tively. According to Shaw et al. [32] that observed a 50% of 
upgraded PCa.

Another point to consider is the lack of validated 
biomarkers in PCa. The genomic risk assessments are highly 
prognostic, irrespective of cancer stage, risk group, or treat-
ment type [33]. Despite the availability of histological 
material useful for further investigations beyond GS and 
ISUP grade, no integrative additional analyses are currently 
implemented in international guidelines and consequently 
in clinical practice. An example is represented by the well-

2018, NED was confirmed at the last follow-up. Of note, this 
relapse occurred in the only case of upgrading (from inter-
mediate to high risk) described above.

No correlations between up/down-grading, PTEN 
deletion, Ki-67 expression, and mp-MRI characteristics 
(ECE, PI-RADS, ADC) were observed in the analyzed cohort.

Discussion

It is increasingly evident that common criteria for staging 
PCa are not sufficient to provide a comprehensive risk strati-
fication of patients [20, 21]. To improve treatments quality in 
PCa, the integration of several radiological, biological, and 
clinical candidate biomarkers may be beneficial. In the era 
of personalized medicine, a more refined disease character-
ization would inform the clinical management, and guide 
personalized treatment intensification or de-escalation strat-
egies, improving the overall therapeutic ratio in this clinical 
scenario.

In the present study, we performed an MRI-guided target 
core-biopsy in order to validate the proposed staging and 
we observed 42% of misclassification, with a 26% upgrading 
rate. In addition, we analyzed PTEN deletion and continuous 
Ki-67 expression in order to identify if either one of these 
parameters could be related to a worse prognosis. Unfor-
tunately, our small sample size and the limited number 
of events did not allow us to perform a powered statistical 
analysis and to draw any conclusion.

Table 1. Patients’ tumor characteristics.

Patient  
number

iPSA  
(ng/ml)

TRUS  
Biopsy GS

mp-MRI-
Biopsy GS

up/down 
grading

Prostate  
volume (cm3)

PI-RADS 
max ECE max Ki-67 expression 

(%)
PTEN deletion 

assessment
1 1.1 4+3 3+4 down <50 4 3 18 deletion
2 8.1 4+3 3+3 down <50 4 3 18 no deletion
3 5.95 3+4 3+3 down >50 3 3 16 deletion
4 6.7 3+3 3+3 confirmed <50 5 4 6 no deletion
5 4.08 3+4 3+4 confirmed <50 4 1 16 no deletion
6 6.07 3+4 3+4 confirmed <50 3 3 40 deletion
7 2.5 3+4 3+4 confirmed >50 3 2 10 no deletion
8 12.5 3+4 3+4 confirmed <50 4 3 18 no deletion
9 5.35 3+4 3+4 confirmed <50 4 3 18 no deletion
10 7.41 3+3 3+3 confirmed >50 4 4 20 no deletion
11 6.32 3+3 3+3 confirmed <50 3 1 n.a. no deletion
12 5.3 3+3 3+3 confirmed <50 4 2 16 no deletion
13 4.5 3+4 3+4 confirmed <50 5 4 20 deletion
14 5.66 3+4 3+4 confirmed >50 4 2 20 no deletion
15 11.7 3+3 4+3 up <50 5 3 18 no deletion
16 11.2 3+4 4+4 up* <50 5 1 35 no deletion
17 7.98 3+3 3+4 up <50 4 2 14 no deletion
18 7.7 3+3 3+4 up <50 3 3 15 deletion
19 7.5 3+3 3+4 up <50 4 2 22 no deletion

Note: *patient who suffered a recurrence
Abbreviations: PSA-prostate-specific antigen; TRUS-transrectal ultrasounds; mp-MRI-multiparametric magnetic resonance imaging; PI-RADS-prostate 
imaging reporting and data system; ECE-extracapsular extension score; PTEN-phosphatase and tensin homolog
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known 22-gene Decipher test which appears to be superior 
to clinical-pathological models in several settings, including 
low- and intermediate-risk localized PCa, adjuvant therapy, 
biochemical relapse, and, most recently, in non-metastatic 
castration-resistant disease [33–36].

Among available histological biomarkers, Ki-67 is an 
old but still attractive one, due to its reproducibility, easy 
measurement technique, and low costs on a large-scale use 
[37]. Thanks to its peculiar characteristics, Ki-67 is largely 
used in clinical practice for many oncological diseases, 
particularly in breast, lung, pancreas, and brain tumors, and 
several studies demonstrated that its expression is directly 
correlated with worse prognosis (both cancer-specific and 
OS) [38–43]. Encouraged by these results, several studies 
explored the Ki-67 role in PCa [44, 45]. Bettencourt et al. 
[44] related Ki-67 with an early progression and disease 
recurrence, while Pollack et al. [45] found a significant 
association between Ki-67 and worse survival outcomes 
in patients treated with RT. Subsequently, Fisher et al. [10] 
identified a prognostic Ki-67 cut-off of 5% and 10%, and 
Tretiakova et al. [46] found an association with ECE score. 
However, a comparison between these studies is made diffi-
cult by heterogeneous variables such as different endpoints 
and cut-offs defined.

Another common biomarker found principally in castra-
tion-resistant PCa is PTEN loss [47]. Despite promising 
results in the literature [49–52], because of an insufficient 
level of evidence, PTEN deletion cannot be yet considered 
an independent factor for PCa prognosis after treatments. 
However, a recent systematic review and metanalysis by Liu 
et al. [48] concluded that PTEN deletion could affect both 
the risk of PCa relapse after radical prostatectomy and the 
probability of biochemical relapse after RT.

Interestingly, a recent report from the ISUP Consulta-
tion Conference concluded that both Ki-67 and PTEN are 
potentially useful prognostic biomarkers to be integrated 
with clinical parameters in grade 1 and 2 PCa ISUP groups, 
with the aim to help the clinician better select the patient’s 
subgroup eligible for AS [53].

In line with our analysis, the above-mentioned consensus 
suggests that the implementation of in-bore MRI-guided 
target core biopsy, and PTEN and Ki-67 assessment, 
could represent a future strategy to improve personalized 
approaches, and the panelists underline the need for studies 
combining image-guided biopsies and molecular testing. 
The present exploratory study, even on a small cohort, and 
according to previous evidence, supports this consideration, 
demonstrating superiority of in-bore MRI-guided target core 
biopsy on DIL in patients’ risk stratification if compared to a 
standard TRUS core biopsy.

The present study shows some relevant limitations. 
First of all, it is a subgroup analysis from the main trial 
mentioned above. Consequently, the low sample size 
underpowers the analysis and prevents further statistical 
considerations. Secondly, the median follow-up is too short 

to assess oncological outcomes in low-to-intermediate risk 
groups PCa.

Further investigations need to be performed towards 
the identification of a pattern in the tumor aggressiveness-
response in PCa treated with ultra-hypofractionated RT. 
Nevertheless, our exploratory analyses could represent a 
hypothesis-generating study on this important issue.
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