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Aims. The study was aimed at examination of morphological features of the primary tumor and the p53 protein 

expression in localized prostate cancer in order to clarify the criteria for the prediction of local recurrence under the 

impact of high-intensity focused ultrasound combined with androgen deprivation. 

Materials and methods. 
Pathomorphological features of the primary tumor and the immunohistochemical expression of p53 tumor suppressor 

protein were analysed in preoperative biopsy samples and transurethral resection of prostate specimens from 31 

patients with a localized form of prostate cancer (PC) with the presence or absence of local recurrence within 3 years 

after treatment with high-intensity focused ultrasound (HIFU).  

Results. 
It was demonstrated that the local recurrence of PC after HIFU therapy was associated with a predominance of less 

differentiated forms of adenocarcinoma (Gleason score 4+3, 8, and 9), the presence of cribrotic structures in the 

primary biopsy specimens, as well as with characteristics indicating a significant tumor volume such as the 

percentage of positive biopsy cores ≥ 40% and the percentage of tumor tissue in all specimens ≥ 10%. 

Immunohistochemical analysis of p53 expression in PC structures revealed its heterogeneous nature: a weak nuclear 

staining in a minority of tumor cell nuclei (less than 10%) was observed in 23% of all cases; increased expression 

(weakly positive and strong reaction in more than 10% of nuclei) was reported in 40% of patients with recurrence 

(OR=22.6, p<0.05).  

Conclusions. 
The significant association between p53 hyperexpression and PC local progression confirms the importance of 

immunohistochemical evaluation of this marker as a factor of unfavourable prognosis for patients with localized PC 

undergoing HIFU therapy. 
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INTRODUCTION. Prostate cancer (PC) is one of the most prevalent forms of malignant 

neoplasms in men. It takes the first place by an annual increase in the morbidity rate, especially, in 

patients younger than 60 years old (15.6%) [1]. Over the last few decades, the methods of diagnostics 

and treatment of PC have been improved, the share of its localized forms among newly diagnosed 

cases has increased to 44.8% in Russian Federation [1]. In addition to radical prostatectomy 

associated with a high risk of complications, alternative low invasive methods of treatment have 

been proposed. One of such methods is the ablation of the prostate by a high-intensity focused 

ultrasound (HIFU) [2, 3]. 

The key problem in the wide application of HIFU therapy in the primary treatment of PC is the 

necessity to develop the criteria for selection and more precise stratification of patients by the risk of 

progression, primarily, in the group of tumors with low or intermediate risk [4]. The most valuable 

information is provided by the morphological study: the degree of tumor differentiation (Gleason 

score) and indirect evaluation of tumor volume by the data obtained from a multifocal biopsy are 

considered to be the prognostic factors of categories I and II according to the recommendations of 

the College of American Pathologists [5]. 

Apart from a routine histological study, for the evaluation of the malignant potential of a 
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neoplasm, molecular-biological markers are often used that reflect the aberrant activity of regulatory 

pathways associated with a high proliferative and metastatic potential [4, 5]. For the inclusion of such 

markers in the list of the recommended ones, it is necessary to evaluate their prognostic significance 

in different types of treatment. 

The mutation in the p53 tumor suppressor gene (TP53) that leads to the loss of its regulatory 

and proapoptotic functions is considered to be one of the most widespread molecular-genetic defects in 

tumors of different localization [6]. Some studies showed that TP53 gene mutation indicated an 

aggressive subtype of PC and could be considered an independent prognostic factor of cancer-

specific survival after conservative management and radical prostatectomy [7, 8]. Mutant p53 

protein is characterized by a prolonged half-life which leads to its accumulation in the nuclei of 

cells and makes it detectable by immunohistochemistry [6]. At the same time, the available published 

data on this marker in the conditions of ultrasound ablation of the prostate is sparse and controversial 

[9]. 

The aim of the study was to evaluate the pathomorphological features of the primary tumor 

and the expression of protein p53 in patients with localized PC in order to clarify the criteria of 

prognosis of local recurrence under the impact of highly intensive focused ultrasound in 

combination with androgen deprivation. 

MATERIALS AND METHODS. The study population included 119 patients with PC. 

The study protocol followed guidelines for experimental investigation with human subjects in accordance with the Declaration 
of Helsinki and was approved by the ethics committee. Written informed consent was obtained from each patient (or official 
representative) before the study. 

Patients underwent HIFU therapy using the Ablatherm device (EDAP TMS S.A., France) 

with the preceding transurethral resection of the prostate (TURP) at the Urological Department of 

Regional Clinical Hospital of the Barnaul Railway Station. HIFU therapy was indicated to patients 

with verified localized PC (stage T2a-cN0M0) and somatic contraindications to radical 

prostatectomy or those who refused it. The follow-up period was 3 months to 3 years. The control 

multifocal biopsy was performed according to the planned schedule (12±3 months) or when a 

biochemical recurrence was suspected. The indications for the TURP procedure during the follow-

up were a decrease in PC volume before a repeated session of HIFU or the stricture of the prostatic 

urethra. 

According to the results of morphological analysis of the control material, all patients were 

divided into two groups: Group I – 91 patients (mean age 65.8±8.5 years) that did not have signs of 

tumor progression and Group II – 28 patients (mean age 67.6±7.9 years) that had local tumor 

recurrence (residual growth) of PC. In 21 cases (75%), the recurrence was diagnosed relatively 

early (in 6-18 months after HIFU therapy). 

In 27 (30%) cases from Group I and in 11 (39%) cases from Group II, ultrasound ablation of 

PC was performed in combination with hormonal therapy (HT). Flutamide (250 mg TID) was used 

for 1-3 months before HIFU therapy, along with goserelin (Zoladex) (3.6 mg every 28 days or 10.8 

mg every 3 months for 3-6 months). 



The in-depth pathomorphological analysis was performed on 162 biopsy and TURP samples 

obtained from 31 patients (16 patients from Group I and 15 patients from Group II) randomly selected 

from the study population. The distribution of patients by age, clinical-laboratory parameters, and HT 

plans in the selected subgroups and corresponding groups of the study population was not significantly 

different. 

Biopsy specimens and samples obtained at TURP were fixed in a 10% solution of neutral 

formalin, processed by the standard methods, and embedded in paraffin. The 5-µm-thick sections 

were stained with hematoxylin and eosin in combination with Perls' reaction, and by van Gieson 

method with additional staining of elastic fibers with Weigert’s resorcin-fuchsin; the PAS reaction 

was used. Paraffin sections were analyzed using a universal research microscope Leica DM 4000B. 

Microphotopraphs were taken with a Leica DFC320 digital camera and Leica QWin V3 computer 

software. 

An indirect evaluation of tumor volume in each case included assessing the percentage of 

positive biopsy cores, and the percentage of tumor structures in all available cores estimated 

morphometrically as the fraction of all tissue occupied by tumor (%). The morphometrical analysis 

was performed using Leica QWin V3 computer software. The analysis of the association between 

the specified parameters and the disease recurrence included their dichotomization and selection of 

the threshold levels (cutoff values) that provided most significant association (≥ 40% for the 

percentage of positive cores and ≥ 10% for the percentage of tumor tissue). 

To assess the association between Gleason score and the probability of local recurrence after 

HIFU session, all the observations were divided into three Gleason score risk groups based on the 

updated data on 5-year cancer-specific survival rates for patients that underwent conventional 

treatment of PC [10]: 1) ≤ 3+4 (20 cases); 2) 4+3 (7 cases); 3) 8-9 (4 cases). The cutoff value was set 

to ≤ 3+4 / ≥ 4+3. 

To evaluate the malignant potential of the tumor, we performed the immunohistochemical 

study using monoclonal antibodies to p53 tumor suppressor protein (clone DO7, Monosan). The 

intensity of p53 expression was evaluated visually by a semiquantitative method (0, 1+, 2+, 3+), and 

the fraction of labeled cells was estimated (only nuclear expression was scored). The final result 

was defined by the following criteria: negative reaction – lack of staining or expression of p53 less 

than in 10% of cells; weakly positive reaction – 1+-expression in ≥10% or 2+-expression in 10–50% 

of cells; strong reaction – 2+-expression in >50% or 3+-expression in ≥10% of cells [8]. 

The evaluation of staining intensity is based on the data suggesting that a high degree of p53 

expression significantly correlates with the gene mutation, while a weak reaction can be associated 

with a physiological accumulation of the protein in the conditions of cellular stress or disturbance of 

some regulatory interactions [11]. The 10% cutoff was often used for the evaluation of positive 

expression in the studies of PC [8, 12, 13]. A lower fraction of positive nuclei (<10%) correlated 

stronger with the presence of a wild gene in the analysis of ovarian carcinoma [11]. 



Statistical analysis was performed using STATISTICA 12.0 software (StatSoft, Inc., USA). 

For relative values, the results were presented as a percentage, continuous variables were presented 

as median (Me) and interquartile range (25th-75th percentile). Mann-Whitney U-test was used for a 

quantitative comparison of two independent groups. Cross tabulation analysis was performed with 

the use of Pearson χ2 or Fisher's exact test; the odds ratio and 95% confidence interval (95% CI) 

were calculated. Correlations were assessed using the Spearman’s test. The differences between 

compared groups were considered significant at p<0.05. 

RESULTS. The majority of studies showed that the tumor volume in the material of 

multifocal biopsy of the prostate was of prognostic significance when evaluating the probability of 

biochemical recurrence, metastasis, and lethal outcome after different treatments of PC [4]. 

Calculating the percentage of positive biopsy cores is a simple and most often used method of its 

indirect evaluation. The median value of this parameter in patients with recurrence (66.7%; IR 41.6–

90.0%) was significantly higher than in Group I (25.0%; IR 16.7–35.4%; p<0.001). 

The analysis of distribution of cases revealed that in the majority of patients (81%) from 

Group I, the fraction of positive cores in the pre-operative sample did not exceed 40% (≤ 4 cores in 

12-point biopsy), while in 80% of cases, the recurrence was associated with higher values of this 

parameter (OR=17.3; 95% CI 2.9–103.0; p=0.002) (Table 1). 

 

Table 1. The distribution of patients in Groups I and II by the parameters of the tumor volume and 

Gleason score in the samples taken before the session of HIFU therapy 

 

Parameters 
Group I, 

abs. (%) 

Group II, 

abs. (%) 

OR 

(95% CI) 
p 

The percentage of 

positive cores, % 

< 40 13 (81.3) 3 (20.0) 17.3 

(2.9–103.0) 
0.002 

≥ 40 3 (18.7) 12 (80.0) 

The percentage of tumor 

structures, % 

< 10 12 (75.0) 2 (13.3) 
19.5 

(3.0–126.5) 

 
0.002 10 – 29 

≥ 30 

3 (18.8) 

1 (6.2) 

8 (53.3) 

5 (33.3) 

 
Gleason score 

≤ 3+4 14 (87.5) 6 (40.0) 
10.5 

(1.7–63.9) 

 
0.011 4+3 

8-9 
2 (12.5) 

0 (0) 
5 (33.3) 
4 (26.7) 

Note: the dashed line indicates the cutoff threshold used at the feature dichotomization; OR – odds ratio; CI – 

confidential interval. 
 

The estimation of the overall percentage of tumor structures in all biopsy cores is a more 

complicated but more precise method from the morphometrical point of view. In patients with 

recurrence, median value of this parameter (20.4%; IR 14.2–30.8%) significantly exceeded the 

respective value in Group I (3.5%; IR 2.3–12.2%; p=0.001). At the same time, in 75% of 

observations without recurrence, the percentage of tumor tissue was lower than the cutoff threshold 

(10%). Local progression in the majority of cases (87%) was associated with higher values of this 

parameter (OR=19.5; 95% CI 3.0–126.5; p=0.002). In 1/3 of cases in Group II, the tumor 

percentage exceeded 30% (Table 1). 



a b 

A positive correlation was established between the indirect parameters of tumor volume (the 

percentage of positive biopsy cores and overall percentage of tumor structures in the primary biopsy 

samples) and local recurrence after HIFU therapy (r=0.63 and 0.59, respectively; p<0.001). 

Assessment of PC differentiation grade at the pre-operative stage revealed the prevalence of 

low risk cases with Gleason score ≤ 3+4 (87.5% of cases); Gleason score 7 (4+3) was registered 

only in 2 (12.5%) cases. In Group II, there was a significant shift towards less differentiated forms: 

Gleason scores 7 (4+3), 8 and 9, in total, were diagnosed in 60% of cases, and their identification 

was significantly associated with the progression of PC after HIFU therapy (OR = 10.5; 95% CI 

1.7–63.9; p=0.011) (Table 1). A positive correlation was registered between the Gleason score risk 

group and the diagnostics of local recurrence (r=0.52, p=0.003).  

Tumor structures of the 4th grade are a heterogeneous group of patterns. Some of them can have 

a special prognostic significance. Presently, there are data that confirm a significant correlation of the 

cribriform pattern with biochemical recurrence and distant metastases after radiotherapy and radical 

prostatectomy [14]. In the present study, cribriform complexes (Figure 1a), revealed in 21% of pre-

operative samples from Group II as the leading component and in 5% of cases as a secondary 

component, were not found in samples from Group I (p=0.012). 

In some cases, the primary biopsy samples in patients with recurrence contained other 

histological markers of an unfavorable prognosis, such as perineural invasion and intraductal 

carcinoma of the prostate (7 and 5% of samples from Group II, respectively). The latter had a 

cribriform structure with foci of solidarization and preserved the contour of branching ducts in some 

places (Figure 1b).  

Figure 1. Cribriform structure in the biopsy sample (a) and TURP specimen (b) from Group II: a – 

cribriform clear cell adenocarcinoma; b – cribriform structures in the lumen of the branching duct 

(intraductal carcinoma of the prostate). Hematoxylin and eosin-stained. Magnification x200  

 
The analysis of biopsy samples and TURP specimens obtained from patients with PC 

showed that the main background changes in prostate parenchyma were benign prostatic 

hyperplasia (BPH) (its signs were observed in 75% of available TURP samples) and focal atrophic 

or mixed atrophic and proliferative changes that prevailed in the peripheral zone of the prostate and, 



in many cases, were associated with the signs of chronic inflammation. The close association of 

simple atrophy and post-atrophic hyperplasia foci with moderate or prominent inflammatory cell 

infiltration (observed in 35% of cases) is often referred to as “proliferative inflammatory atrophy” 

(PIA). Topographical and molecular-genetic parallels with high grade prostatic intraepithelial 

neoplasia (HGPIN) and PC allow some authors to treat PIA as an early risk/precursor lesion to PC 

development [15]. 

The immunohistochemical evaluation of p53 expression revealed a nearly complete lack of 

specific staining in benign glands and nodes of BPH. In some cases, a weakly positive reaction was 

registered in single basal cells (Figure 2a). Focal accumulations of weakly positive nuclei of basal 

localization (1+-expression in 10–30% of nuclei) were often seen in the areas of PIA (Figure 2b) and 

foci of HGPIN near the tumor. In the remote foci of HGPIN, the reaction was less expressed but 

still exceeded the baseline level (Figure 2c). 

   

Figure 2. Expression of p53 in non-tumor parenchyma of the prostate in TURP samples from 

Group I: a – single p53-positive cells in the area of BPH. Magnification x400; b – weakly positive 

reaction in basal cells in the area of PIA (1+, 28% of cells). Magnification x200; c – weak 

expression of p53 in the focus of PIN (1+, 6% of cells). Magnification x400. 

 

The expression of p53 in the structures of PC was heterogeneous. In 18 (58%) cases, the 

expression lacked or was observed in single tumor cells nuclei (less than 1%). In 7 cases (23%), 

there was weak staining of some nuclei (up to 10%), which was considered to be a negative reaction 

(Figure 3a). There were no significant differences in this parameter between the groups.  

 

a b c 
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Figure 3. Expression of p53 in the structures of PC in biopsy samples from Groups I (a) and II (b, 

c): a – single positive tumor cells in the focus of moderately differentiated adenocarcinoma; b – 

weakly positive reaction in the focus of cribriform adenocarcinoma 

(2+, 31% of cells); c – strong reaction in the focus of moderately differentiated adenocarcinoma 

(3+, 73% of cells). Magnification x400.  

 
In 6 cases (19%), PC structures in pre-operative samples displayed overexpression of p53: 

moderate or strong staining of 22–73% nuclei of tumor cells (Figure 3b, 3c). All patients with the 

abnormal reaction in 10-21 months after the session of HIFU-therapy were diagnosed with recurrent 

PC (40% of cases in Group II). A significant association between the hyperexpression of p53 and 

local progression (OR=22.6; 95% CI 1.1–446.8; p=0.040) was confirmed by the results of 

correlation analysis (r=0.53, p<0.001). 

In many primary biopsy samples with elevated expression of p53, there were other 

histological features indicative of a low degree of tumor differentiation and unfavorable outcome 

(Figure 3b). A statistically significant but weak correlation between p53 expression and the Gleason 

score risk group (r=0.40, p=0.024) was established. Nevertheless, in some cases with recurrent PC, 

hyperexpression was observed in the cells of a moderately differentiated adenocarcinoma (Figure 3c). 

This might indicate that in certain cases, this marker could have an independent significance for 

prognosis and selecting the treatment options. 

The p53 protein expression in the foci of precursor changes (PIA, PIN) suggests that the loss of 

p53 gene function may be an early event in PC carcinogenesis [15]. A weakly positive reaction does 

not necessarily indicate the presence of a mutation [11]. Still, in a number of studies using combination 

of laser microdissection, sequencing, and hybridization in situ the increased level of TP53 mutations 

and chromosome instability in HGPIN foci was shown [12]. 

CONCLUSIONS. Characteristics of the tumor, in particular, its volume and malignant 

potential, are significant factors that determine the probability of tumor cells survival after the 

exposure of prostatic tissue to high-intensity focused ultrasound. 



The study results suggest that the increased rate of local progression after HIFU treatment of 

localized PC is associated with the prevalence of less differentiated forms of adenocarcinoma 

(Gleason score 4+3, 8 and 9), the presence of cribriform structures in the primary biopsy samples, 

as well as with characteristics indicating a significant tumor volume such as the percentage of positive 

biopsy cores ≥ 40% (more than 4 cores from 12-point biopsy) and the percentage of tumor tissue in 

all specimens ≥ 10%. The fact that even a small content of cribriform elements might be associated 

with further development of local recurrence suggests the feasibility of taking special account of 

cribriform subtype to select patients with increased risk of local progression after HIFU therapy. 

The demonstrated association between the abnormal expression of p53 protein and local 

recurrence confirms the significance of immunohistochemical evaluation of this marker as a factor of 

unfavorable prognosis for PC patients undergoing HIFU therapy. 
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