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Abstract

Objective: This study aimed to investigate the influence of p/6 immunohistochemical expression on the
biochemical recurrence rate of pT2-pT3 prostate cancer. Materials and Methods: A total of 488 pT2-pT3 stage
prostate adenocarcinomas undergoing radical prostatectomy were included in this study. Following a review of Gleason
classification and retrieval of sociodemographic and clinicopathological data, as well as the date of last consultation and
biochemical recurrence, immunohistochemistry for p/6 was performed. Data were associated using the chi-square test,
Fisher’s exact test, and multinomial logistic regression model. Results: A total of 432(94.5%) cases showed positivity
for p16 with an average of 37.38+27.32% positive cells and a mean histoscore of 2.70+2.24. A total of 117 (18.4%)
patients experienced biochemical recurrence within three years, which was directly associated with high preoperative
PSA (p=0.007), positive surgical margins (p<0.001), pT3 staging (p<0.001), nodal involvement (p<0.001), Gleason
score > 3+4 (p<0.001), <50% positivity for p16 (p=0.035), and histoscore p16 =<3 (p=0.004). In multivariate analysis,
Gleason score > 3+4 (HR = 3.08 (95% CI = 1.69-5.62), positive surgical margins (HR = 2.93 (95% CI = 1.70-5.04),
and histoscore p/6 =<3 (HR =2.49 (95% CI = 1.17-5.32) were predictors of biochemical recurrence within three years.
Conclusion: p/6 immunostaining, along with classical features such as Gleason Score and surgical margin involvement,
are significant predictors of biochemical recurrence in pT2-pT3 prostate tumors.
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Introduction

Prostate cancer is the first cancer in incidence among
men and the fourth most prevalent (7.3%) [1]. In 2020, an
estimated 1.4 million new cases were reported, accounting
for 15.2% of all cancer types in the male population [1].
The highest incidence rates of prostate cancer are found
in Northern Europe, Western Europe, the Caribbean, and
Oceania [2, 3]. In Brazil, it is estimated that there will
be 71,730 new cases of prostate cancer for each year of
the triennium 2023, 2024, and 2025, corresponding to a
conjectured risk of 67.86 new cases per 100,000 men [1].

Prostate cancer pathogenesis is related to family
history, hereditary genetic factors (Lynch syndrome
and mutations in BRCA1 and BRCA?2) [1, 4], smoking,
obesity [5, 6], and exposures to aromatic amines, arsenic,
and petroleum products [1]. However, the involvement
of microbiomes has been associated with various types

of cancers [7].

HPV infections are directly associated with many
tumors. Its pathogenesis is centered on the infection of
epithelial cells, which affect skin and mucous membranes,
being one of the primary etiological agents of cervical
cancer, oropharyngeal cancer, anogenital tract cancers,
skin cancers, and oral mucosal cancers (OPSCC) [8].
Since HPV manifestation is prevalent, primarily due to
its transmission through sexual contact, organs associated
with sexual activity, such as the prostate, may be affected
and play a role in oncological pathogenesis [9, §].

HPV-related tumors, such as cervical and oropharyngeal
carcinomas, exhibit tumorigenesis containing HPV
sequences identified by p/6 immunohistochemical
expression [7]. Additionally, HPV-positive patients
manifest clinical characteristics different from those
negative for HPV [7, 10]. HPV-positive tumors have better
differentiation and higher antigenicity than HPV-negative
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tumors [11].

In the pelvic region, HPV presence encompasses 85%
of anal cancers and 50% of vaginal, vulvar, and penile
cancers [12]. Therefore, this study aimed to characterize
p16 immunohistochemical expression in prostate tumors
and evaluate its influence on biochemical recurrence rate.

Materials and Methods

Study design and ethical aspects

This is a retrospective observational cohort study
conducted at the Haroldo Juacaba Hospital/Cancer
Institute of Ceara (Brazil) in collaboration with the Federal
University of Ceard (UFC), including patients with pT2,
pT3a, and pT3b prostate tumors who underwent radical
prostatectomy for prostate cancer from January 2009
to December 2016, performed at the Haroldo Juagaba
Hospital/Cancer Institute of Ceara.

The Ethics and Research Committee of the Haroldo
Juacaba Hospital/Cancer Institute of Ceara approved the
study in 2020 under protocol number 71673317000005528.

Study participants and inclusion and exclusion criteria

Paraffin-embedded blocks of prostate adenocarcinoma
resections from the Livino Pinheiro Laboratory of the
Haroldo Juagaba Hospital/Cancer Institute of Ceara
from January 2009 to December 2016 were included.
Patients who underwent neoadjuvant therapy, patients
diagnosed with another malignancy before or concurrently
with prostate adenocarcinoma diagnosis, patients with
metastases diagnosed before surgery through scintigraphy,
computed tomography, and/or magnetic resonance
imaging, patients without a minimum clinical follow-
up record of two months, and patients without archived
material in paraffin blocks and histological slides for
review and preparation of tissue microarrays (TMA)
were excluded.

Case survey and Tissue Microarray construction
Initially, anatomopathological reports and physical/
electronic medical records were reviewed to screen for
cases of prostate cancer within the inclusion criteria. The
areas of each component were identified on the histological
slide with circles using a permanent marker pen.
Subsequently, the TMAs were constructed using
material embedded in paraffin, based on the markings
made on the histological slides, using 2.0 mm punches
directed at the areas of interest. Specifically, if a Gleason
pattern was represented (3, 4, or 5), two punches were
taken: one for the non-neoplastic glandular tissue
and another for the neoplastic tissue. If there was a
representation of two Gleason patterns (3 and/or 4 and/or
5), three punches were taken, and when there were three
Gleason patterns (3, 4, and 5), four punches were taken.

Immunohistochemical processing and analysis

The TMA blocks were cut into three micrometers,
with one section of each block stained with hematoxylin
and eosin (HE) and the remaining sections undergoing
immunohistochemistry for p/6/INK4A (Merck®). The
immunohistochemical reaction was performed using the
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streptavidin-biotin-peroxidase technique. Antigen retrieval
was carried out with a 0.1M tris-EDTA solution pH 9.0
in a water bath at 97°C for 30 minutes. Subsequently,
endogenous peroxidase blocking was done with 3%
hydrogen peroxide diluted in PBS, followed by incubation
for one hour with the aforementioned primary antibody
p16/INK4A (Merck®), Clone SRP3134, 1:200). After the
specified incubation time with the primary antibody, the
slides were washed with PBS and then incubated with
biotinylated antibody for 30 minutes [13].

After washing, the slides were incubated with avidin-
biotin peroxidase conjugate or Envision® system for
30 minutes. Visualization was achieved by incubating
with 3,3’-Diamino-benzidine (DAB) (Abcam®) and
counterstaining with 7% Harris hematoxylin for 10
seconds. Following staining and counterstaining, the
slides were rinsed in running water, dehydrated, cleared,
and mounted with Entellan®. The positive control was a
sample of oropharyngeal cancer known to be p/6+. The
negative control was performed by omitting the primary
antibody.

The immunohistochemical reactions were blindly
assessed by a pathologist with over 10 years of experience.
The first phase of the analysis involved observing the
HE-stained sections and confirming the presence of non-
neoplastic tissue and the sampled Gleason patterns in each
fragment [14].

Analyzing the studied markers, a minimum of 100 cells
for each compartment was considered representative. The
percentage of marked cells (0: no marked cells; 1: 1-25%
of marked cells; 2: 26-50% of marked cells; 3: 51-75%
of marked cells; 4: 76-100% of marked cells) and the
intensity of the reaction (3: strong when easily visible
at 40x magnification; 2: moderate when easily visible
at 100x magnification; 1: weak when visible at 400x
magnification; 0: negative when no staining was present
[15] were considered. The analyses were performed using
an Eclipse E200® microscope, Nikon. Subsequently, the
extent and intensity of staining were multiplied to calculate
the histoscore [16].

Clinical-prognostic data collection

The patient’s medical records were reviewed to
collect the following information: Age, preoperative
PSA (categorized as < 10 and >10 ng/ml [17], Margin
status, Pathological staging, Lymph node involvement,
Biochemical persistence, Need for adjuvant therapy,
Biochemical recurrence within 3 years, Salvage therapy,
and Development of metastasis.

The Gleason pattern, categorized as 3, 4, or 5, was
determined from the review of histological slides of
prostatectomies and TMA samples [18, 19]. The surgical
Margin status, obtained from the histological slide
review of prostatectomies, was categorized as either
straightforward or involved, following the guidelines of
the International Society of Urological Pathology (ISUP)
[20].

Statistical analysis
The data were expressed as absolute frequency and
percentage and associated with recurrence within three



years using Fisher’s exact test or Pearson’s chi-square test
(bivariate analysis) and multinomial logistic regression
(multivariate analysis). All analyses were performed using
SPSS v20.0 for Windows, with a confidence level 0f 95%.

Results

Clinical and pathological profile of prostate cancer
patients

A total of 488 men were included in this study, with
a mean age of 64.92+6.55 years, ranging from 42 to 80.
Most patients (n=371, 76.0%) were over 60 years old. The
mean preoperative PSA was 13.70+12.45 ng/ml, ranging
from 1 to 133 ng/ml. Most patients had a preoperative
PSA level of up to 10 ng/ml (n=278, 59.1%) (Table 1).

From a surgical perspective, 122 (25.0%) patients
had clear margins, and 373 (76.4%) were staged as pT2,
followed by pT3a (n=92, 18.9%) and pT3b (n=23, 4.7%).
Only 13 (2.7%) patients had involved lymph nodes, and
histologically, most patients had a Gleason score of 3+4
(n=205, 42.0%) or up to 3+3 (n=161, 33.0%) (Table 1).

No patient exhibited biochemical persistence after

Table 1. Clinical and Pathological Profile of Patients
with Prostate Cancer pT2-pT3b

n %

Age (64.92+6.55; 42-80 years old)

Up to 60 years 117 24.0

>60 years 371 76.0
Preoperative PSA (13.70+£12.45; 1-133)

Up to 10 ng/ml 278 59.1

>10 ng/ml 192 40.9
Free margins

No 366 75.0

Yes 122 25.0
Staging

pT2 373 76.4

pT3a 92 18.9

pT3b 23 4.7
Lymph nodes

Free 462 97.3

Involved 13 2.7
Gleason
Minor equal 3 161 33.0

3+4 205 42.0

4+3 71 14.5

8to 10 51 10.5

Biochemical persistence 0 0.0

Adjuvance 0 0.0
Biochemical recurrence in 3 years

No 371 76.0

Yes 117 18.4

Rescue 130 26.6

Metastasis Development 5 1.0
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initial treatment, and adjuvant therapy was not required.
However, 117 (18.4%) patients experienced biochemical
recurrence within three years. Salvage therapy was
performed in 130 (26.6%) patients, and only five (1.0%)
patients developed metastases during the evaluation period
(Table 1).

Immunohistochemical profile of prostate cancer patients
in the period

Following immunohistochemical evaluation, the mean
immunohistochemical expression for p/6 was 37.38% +
27.32%, ranging from 0 to 95% (Figure 1). Most cases
showed an immunohistochemical expression percentage
for p16 of up to 50% of marked cells (n=294, 64.3%).
The mean histoscore was 2.70 + 2.24, ranging from 0
to 12. The most frequent histoscores were 1 (n=150,
32.8%) and 2 (n=117, 25.6%). Only 25 (5.5%) cases were
entirely negative for p/6, and 2 cases (0.4%) exhibited the
maximum histoscore (Table 2, Figure 1).

Risk factors for biochemical recurrence in prostate cancer

However, patients with preoperative PSA >10 ng/
ml (p=0.007), involved margins (p<0.001), pT3 staging
(p<0.001), involved lymph nodes (p<0.001), and Gleason
score higher than 3+4 exhibited a higher frequency of
recurrence. Patients with up to 50% of immunopositive
cells for pl16 (p=0.035) or low Histoscore (up to 3)
(p=0.004) also showed a higher frequency of biochemical
recurrence at three years (Table 3).

In multivariate analysis, Gleason score (>3+4)
increased the risk of recurrence at three years by 3.08
times (95% CI=1.69-5.62) (p<0.001), as well as involved
margins which increased this risk by 2.93 times (95% CI
=1.70-5.04) (p<0.001), and p16 with Histoscore up to 3
which increased it by 2.49 times (95% CI = 1.17-5.32)
(p=0.018), independent of other variables (Table 4).

Discussion

In the present study, we sought to assess the

Table 2. Immunohistochemical Profile of Patients with
Prostate Cancer pT2-PT3b

n %
p16 (37.38+27.32%; 0-95%)
Up to 50% 294 64.3
>50% 163 35.7
p16 histoscore (2.70+2.24)
0 25 5.5
1 150 32.8
2 117 25.6
3 50 10.9
4 45 9.8
6 35 7.7
8 32 7.0
9 1 0.2
12 2 0.4

Data expressed in the form of absolute frequency and percentage.

Data expressed in the form of absolute frequency and percentage.
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Figure 1. Histologicaland Immunohistochemical Profile forp / 6 Expressionin Prostateadenocarcinoma. (A) Microscopic
appearance of prostate adenocarcinoma (H&E, 100x); (B) Microscopic appearance of prostate adenocarcinoma (H&E,
400x); (C) Negative immunohistochemical expression profile for p/6 in prostate adenocarcinoma (DAB-H, 400x);
(D) Positive immunohistochemical expression profile for p/6 in prostate adenocarcinoma (DAB-H, 400x).

Table 3. Risk Factors for Recurrence at Three Years of
Patients with Prostate Cancer pT2-pT3b

Recurrence at 3 years

No Yes p-Value
Age
Up to 60 86 (23.2%) 31 (26.5%) 0.464
>60 285 (76.8%) 86 (73.5%)
Preoperative PSA
Upto 10 223 (62.6%)* 55 (48.2%) 0.007
>10 133 (37.4%) 59 (51.8%)*
Involved Margins
No 300 (80.9%)* 66 (56.4%) <0.001
Yes 71 (19.1%) 51 (43.6%)*
Staging
pT2 302 (81.4%)* 71 (60.7%) <0.001
pT3a 60 (16.2%) 32 (27.4%)*
pT3b 9 (2.4%) 14 (12.0%)*
Lymph nodes
Free 357 (99.2%)* 105 (91.3%) <0.001
Involved 3 (0.8%) 10 (8.7%)*
Gleason
Minor equal 343 147 (39.6%)* 14 (12.0%) <0.001
3+4 159 (42.9%)* 46 (39.3%)
443 39 (10.5%) 32 (27.4%)*
8al0 26 (7.0%) 25 (21.4%)*
pl6 %
Up to 50% 212 (61.6%) 82 (72.6%)* 0.035
>50% 132 (38.4%)* 31 (27.4%)
p16 histoscore
Upto3 246 (71.5%) 96 (85.0%)* 0.004

>3 98 (28.5%)* 17 (15.0%)

Table 4. Multivariate Analysis of Predictors of
Biochemical Recurrence at Three Years in Patients with
Prostate Cancer pT2-pT3b

p-Value aHR (CI95%)

Recurrence at 3 Years

Age (>60) 0.175 1.51(0.83-2.73)
PSA (>10) 0.107 1.53 (0.91-2.58)
Gleason (>3+4) *<0.001 3.08 (1.69-5.62)
Involved margins *<0.001 2.93 (1.70-5.04)
Staging 0.207 2.13 (0.66-6.88)
Lymph nodes 0.117 4.20 (0.70-25.28)
pl6 <50% 0.416 1.31 (0.69-2.49)
p16 (histoscore up to 3) *0.018 2.49 (1.17-5.32)

* p<0.05, Fisher's exact test or Pearson's chi-square test (n, %).
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* p<0.05, multinomial logistic regression; aHR, adjusted hazard ratio;
95% CI, 95% confidence interval of the aHR.

influence of p/6 immunohistochemical expression on
the biochemical recurrence rate of prostate cancer. It
was possible to observe a protective role of p/6 in these
tumors. In addition, we identified independent prognostic
factors for recurrence within three years, including p/6
immunohistochemical expression.

In the present sample, most cases were in patients
over 60 years of age, data similar to the literature that
shows that adenocarcinomas are more common from the
fifth decade of life onwards, with an increase from that
period onwards [21, 22]. Furthermore, 75% of the sample
presented Gleason scores with a good prognosis, with
scores 3+4 or 3+3 being the most frequent. It is known
that Gleason scores are the most reliable clinical predictor
of disease progression, with scores >7 having a higher risk
of extraprostatic extension [23].

Several factors can influence recurrence; however, not



all men who experience biochemical recurrence progress
in pathology, particularly at the end of initial treatment,
where approximately 15 to 52% of patients experience
disease recurrence, initially detected due to elevated serum
PSA levels, known as biochemical recurrence [24, 25].

Although means for detecting PSA at deficient levels
are already available, in patients who have undergone
radical prostatectomy, biochemical recurrence typically
occurs with serum PSA values above 0.2 ng/mL significant
[24]. At the end of radiotherapy, a PSA value elevated
by 2 ng/mL above the patient’s NADIR is considered
significant [24, 25]. In the studied sample, Gleason
scores were higher than 3+4, and involvement of surgical
margins was independently associated with biochemical
recurrence.

After radical prostatectomy (RP), both metastasis and
biochemical recurrence have prognostic implications.
These are mainly classical pathological classifications
such as extraprostatic extension (pT3a), seminal vesicle
involvement (pT3b), and positive surgical margins, which
are used to classify patients at high risk of biochemical
recurrence [26, 27].

In this regard, loss of p16 expression has been shown
to have significant prognostic value in the biochemical
recurrence of these tumors [28]. P16 is a regulatory protein
that negatively regulates the cell cycle by inhibiting
cyclin-dependent kinase 4 (CDK4) through interaction
with CDK6 and cyclin D1 [28]. Increased levels of p/6
lead to decreased phosphorylation of the retinoblastoma
protein (Rb), thereby inhibiting the progression of the
cell cycle from the G1 to the S phase [6]. Inactivation of
p16 by various factors can promote or even be the causal
factor of multiple neoplasms [28, 6].

In oropharyngeal and cervical tumors, positivity
for p16 is associated with a better prognosis [29, 30]
Sethi et al., 2000a. Similarly, studies in the oral cavity
suggest a protective role of p/6 in disease progression
[31] and in various other tissues [29, 32]. Inoculation of
adenovirus containing p/6 vectors drastically suppresses
cell growth, leading prostate adenocarcinoma cell
cultures to senescence [33] by suppressing pRB [34], thus
making p/6 immunohistochemical expression in prostate
adenocarcinomas a supportive diagnostic tool, given its
direct relationship with Gleason scores [11].

Chakravarti et al. [12] and Kudahetti et al. [35]
described a direct relationship between loss of
expression of this protein and poor prognosis in prostate
adenocarcinoma. On the other hand, Boldrini et al. [36]
and Takahara et al. [37] showed that in advanced prostate
adenocarcinomas, p/6 immunohistochemical expression
is directly associated with higher Gleason scores, thus
serving as a predictor of poor prognosis. Therefore,
depending on the clinical and pathological stage, p/6
immunohistochemical expression exhibits distinct
behaviors in prostate adenocarcinoma.

The main limitation of this study is that we only
studied recurrence-free survival since most of these
tumors have a low mortality rate, making it impossible
to analyze overall survival. However, recurrence-free
survival is one of the primary outcomes that impact
overall survival in prostate cancer and is a critical analysis
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parameter considered in this study.

In Conclusion, the loss of p/6 immunohistochemical
expression has been directly associated with a high rate
of biochemical recurrence in prostate adenocarcinomas,
serving as an independent predictor of poor prognosis.
In addition, Gleason scores (>3+4) and compromised
margins increase the risk of recurrence in an average of
three years.
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