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ABSTRACT

Prostate cancer (PCa) continues to remain most common non-cutaneous malignancy in the United States with a steady
increase in incidence in each year. While PSA testing has evolved as a stand-alone diagnostic and prognostic tool over the
last decades, there remains a growing need to evaluate newer methods for predicting and evaluating the course of this
neoplasm. Few clinical biomarkers specific to cancerous growth have offered some insights into the nature of this disease,
Ki67 a nuclear protein finds a special mention in this regard. Ki67 activity often reported as %Ki67 labelling index and is
found exaggerated in cancerous cells. We present here findings from our pilot study of 18 patients diagnosed with low to
intermediate grade PCa at Moffitt Cancer Center. %Ki67 expression in prostate tissue and adjacent normal tissue was
assessed from diagnostic biopsies. %Ki-67 was scored manually by the study pathologist in the tumor cells and adjacent
normal-appearing tissue in prepared slides. Cutoff for %Ki67 expression selected at 10% akin to established cut-off in
literature. Pilot study comprised of 18 men with average ages 64 (+£7.23). Of these, 67% (n=12) diagnosed with GS 6 (3+3)
and 33% (n=6) with GS 7 (3+4). Average PSA at diagnosis 7.9 + 4.8 ng/mL. %Ki67 expression ranged from 0-15 % in
patient with GS 6, and 0-16% in patients with GS 7. Acknowledging small sample size as a limitation, our research sets
edifice for further research on %Ki67 in well-powered studies. It makes a strong case for need of investigation of this nuclear
protein for clinical adoption as a prognostic tool in patients with low to intermediate grade PCa.

Keywords: Ki67, Prostate cancer, PCa, Active surveillance

Abbreviations: PCa: Prostate Cancer; PSA: Prostate Specific Antigen; AS: Active Surveillance

INTRODUCTION

Prostate cancer (PCa) continues to be the most common non-
cutaneous malignancy among men in the United States [1].
In 2020, the American Cancer Society estimated that there
will be About 191,930 new cases of prostate cancer in the
United States and about 33,330 men will die from this
disease [1]. Over the past two decades, PCa detection with
serum prostate specific antigen (PSA) has led to a significant
increase in the detection of low-grade prostate cancers
(Gleason=6), a stage of disease that poses little risk of either
metastatic spread or death [2-5]. Currently, the diagnosis of
low or intermediate grade PCa is based on clinical (Serum
PSA) or histological criteria (number of positive biopsies,
percentage of tumor infiltration in these biopsies and
histological tumor grade [6-10].

Based on this criterion, studies have demonstrated the
indolent nature of low (Gleason 6) and intermediate grade
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(Gleason 3+4=7) disease, reporting that up to 15% of PSA-
detected prostate cancer in white men and up to 37% in
black men may have never presented clinically within the
patient’s lifetime [11]. Data [10,12] has also suggested that
even if untreated, up to 70% of patients with low-grade and
20% of patients with intermediate grade PCa may not
experience a clinically relevant disease progression within
15 years, implying that 35% of patients in these groups may
be subject to overtreatment [13]. Thus, with a significantly
high disease-specific survival for Gleason 6 tumor [14,15]
and a significantly lower morbidity [2,4,5,16] Active
Surveillance (AS) has been a recommended management
strategy for men with low grade disease. However, patient-
related challenges such as anxiety, depression, doubts about
the possible progression of the disecase as well as higher
decisional conflict regarding selection of AS [17,18] has led
to men on AS ultimately opting for treatment without any
key change in clinical diagnosis. Although there are several
novel prognostic molecular and genetic biomarkers that
continue to be evaluated for clinical utility, specifically to
discriminate between insignificant and lethal cancer in the
earlier stages of prostate cancer, to date, these biomarkers
have not resulted in clinical adoption. The management of
these men thus remains controversial [12,19]. Underscoring
the need to continue to identify and validate additional
prognostic intermediate endpoint biomarkers that are
relevant to early and intermediate stage prostate
carcinogenesis to sufficiently permit timely therapeutic
interventions.

Studies as early as in the 1990s have also explored the
prognostic utility of intermediate endpoint biomarkers of
proliferation  such  as %Ki67  expression  [20,21].
Immunohistochemistry detection of Ki-67, a nuclear protein,
which is expressed in all phases of the cell cycle except the
resting GO phase. The magnitude of its expression has been
shown to provide insights into the aggressiveness and the
invasiveness of the tumor [22], in addition to the progression
of not only aggressive prostate cancers but also the indolent
variants [20,23,24]. Ki67 expression has, in addition, been
shown to be highly enhanced in prostatic carcinoma and
remains low in benign and normal prostatic cells [25,26].
Ki67 labeling index has been demonstrated as an
independent predictor of high-grade disease in prostate and
other cancers and has been consistently identified as an
independent prognostic factor in prostate cancer tissue, and
has been corroborated as a negative prognostic factor in
PCa. Although a few studies have examined % Ki67
expression in cores positive for PCa in men diagnosed with
low or intermediate grade PCa, to date, these studies have
not reported data on their observations of % Ki-67 in
adjacent normal tissue, data that may inform expression in
the tumor microenvironment, relevant in identifying
biomarkers for cancer chemoprevention.
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The goal of this manuscript is to present results of our pilot
data evaluating %Ki67 expression in tumor foci and adjacent
normal tissue from the archival prostate biopsy tissue of men
diagnosed with low Gleason score 6 (3+3) or intermediate
grade PCa (Gleason 7(3+4)) at the Moffitt Cancer Center
and managed on active surveillance.

MATERIALS AND METHODS

The study was part of a larger clinical trial, current approved
by the institutional review board (Advarra). %Ki67
expression selected for this study was assessed from
representative formalin-fixed paraffin-embedded prostate
tissue and adjacent normal-appearing tissue obtained from
mp-MRI-targeted biopsies in cores positive for prostate
cancer, from men on Active Surveillance getting treatment at
the Genitourinary Department of Moffitt Cancer Center. The
slides were prepared and analyzed by a single Moffitt
Cancer Center pathologist. The H&E stained sections were
evaluated by light microscopy for presence of cancer by the
pathologist and %Ki-67 were scored manually in the tumor
cells and adjacent normal-appearing tissue and reported
separately for each tissue as average %Ki-67 expression.
Cutoff for %Ki67 expression was selected at 10%, akin to
what was established by previous research teams [20,27].
Demographic and diagnostic information (like PSA, Gleason
Score) of the patients was obtained from their electronic
medical record. Descriptive statistics for the study
population were generated in Microsoft Excel.

RESULTS AND DISCUSSION

Demographic data of the patient population is summarized
(Table 1). The average age of men in this study population
was 64 years (£7.23), 78% (n=14) identified as white, 17%
(n=3) as black and 6% (n=1) as other. Majority (n=17, 94%)
confirmed non-Spanish, non-Hispanic ethnicity. The average
BMI for the group was 29.14 (+5.91). Clinical data is
presented (Table 2). Of the total 18 patients, 67% (n=12)
were diagnosed with GS 6 (3+3) and 33% (n=6) with GS 7
(3+4). The average PSA at diagnosis was 7.9 = 4.8 ng/mL.
Table 3 presents the %Ki-67 expression data. Using a cutoff
of %Ki-67 expression of 10[27,20], we observed that among
the 12 patients diagnosed with GS 6 (3+3), 91.7% (n=11)
had %Ki67 expression <10% and 8.3% (n=1) had %Ki67
expression >10%. The range of %Ki-67 in men with low
grade PCa was 0-15%. Of the 6 cases diagnosed with GS 7
(3+4) PCa, 83.3% (n=5) had % Ki67 expression <10% and
16.7% (n=1) had % Ki67 expression >10%. The range of %
Ki-67 in this cohort of men with intermediate grade PCa was
0-16%. The %Ki67 expression in the adjacent normal-
appearing tissue was 1% for all cases except one where it
was 2% where patient had GS 7(3+4) and PCa diagnosis
with more than 50% individual biopsy core involvement.
The stroma for all cases, however, was non-reactive.
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Table 1. Demographic characteristics of subjects in the = We present here preliminary data of %Ki-67 expression in
pilot. prostate cancer tissue and adjacent normal tissue for 18
Characteristics patipnts th were diagnosed with low Gleason score 6(3+3)

or intermediate grade PCa (Gleason 7(3+4)) at the Moffitt

N 18 Cancer Center and managed on active surveillance.

Currently, serum PSA, Gleason score, clinical and
pathological tumor staging remain routinely used methods
Weight (kg) 8969 + 18.61 for clinical diagnosis and management of prostate cancer.
However, these clinical biomarkers and endpoints require a

Age (yr) 64 +7.23

Height (m) Ull-gs 2= 0l long-term intervention with agents since PCa has a long
Bady M e ) 1SS0 2T Sl e s, o] e
Race, No. (%) adjacent normal.
White 14 (78%) Table 2. Clinical presentation of disease (N=18).
Black 03 (17%) Gleason score, No. (%)
Other 01 (6%) GS6 12 (67%)
Ethnicity, No. (%) GS7 06 (33%)
Non- Spanish, Non-Hispanic 17 (94%) PSA 79£4T17
Spanish, Hispanic 01 (6%)

Table 3. Percentage Ki67 data in pilot.

Gleason Score 6 (n=12)

Ki67% in PCa Ki67% in Benign Ki67% in stroma
4.50% 1% Non-reactive
3% 1% Non-reactive
3% 1% Non-reactive
7.50% 1% Non-reactive
4% 1% Non-reactive
0% (very small PCa focus) * 1% Non-reactive
15% 1% Non-reactive
Ca not found” 1% Non-reactive
Ca not found” 1% Non-reactive
Ca not found* 1% Non-reactive
5% 1% Non-reactive
9% 1% Non-reactive

Gleason Score 7 (n=6)

Ki67% in PCa Ki67% in Benign Ki67% in stroma
16% 1% Non-reactive
7.50% 1% Non-reactive
6% 2% Non-reactive
5% 1% Non-reactive
2.50% 1% Non-reactive
Ca not found* 1% Non-reactive

#since only one slide per patient was analyzed by the pathologist, some slides did not show PCa positive cores
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Studies in the past have consistently observed an
exaggeration of %Ki67 expression in cancer cells compared
to minimal to none in adjacent normal cells [25,26,28].
However, to our knowledge our review is one of the few to
report these findings in tangible numbers.

Similar to previous studies, we observed an enhanced
expression of Ki67 in the malignant tissue corroborating the
underlying proliferative activity compared to benign
adjacent with a normal cell turnover. In their systematic
literature review, Carneiro et al [21] documented studies
investigating role of Ki67 expression on tissue samples
obtained from prostatectomy, biopsy and transurethral
resection specimens. Their review demonstrated an
association between elevated Ki67 and aggressiveness
(p=0.037) as well as shorter tumor-specific survival
(p=0.0007). Similar results were reported in a systematic
review by [29], where they reviewed 21 studies on localized
PCa managed on active surveillance or treated radically and
found elevated %Ki67 significantly associated with
decreased survival outcomes. They also noted in their review
that low %Ki-67 expression tumors showed significantly
higher odds of disease-free survival at 5 (OR=0.32, CI=0.23-
0.44, p<0.00001) and 10 years (OR=0.31, CI=0.20-0.48,
p<0.00001) compared to high %Ki67 expression tumors
[23]. Reported their findings from the largest cohort of
prostate cancer patients treated conservatively (active
surveillance) and showed Ki67 (cut off value 5.42%)
staining as a significant prognostic factor for cancer-specific
(HR=1.09 (1.07-1.10), p<0.001) and overall survival
(HR=1.06 (1.05-1.07), p<0.001). %Ki67 expression was
reported as a significant prognostic marker for cancer-
specific survival in men with intermediate (p=0.049) and
high-risk prostate cancer (p=0.001) by their group [23]. In a
follow-up study by their group, they [20] evaluated in the
same cohort of conservatively managed men utilizing needle
biopsy specimen and showed % Ki67 expression (cut off
value 10%) as a significant, independent prognostic marker
of prostate cancer death both in univariate (HR=3.42 (1.76,
6.62), x2 (1 df) =9.8, p=0.0002) and multivariate analysis
(HR=2.78 (1.42, 5.46), x2 (1 df) =7.0, p=0.008) [20].
Additionally, in a study conducted by Nagao et al [30], it
was found that % Ki67 expression (cut off value=4.1) levels
were significantly valuable in distinguishing clinically
significant and insignificant prostate cancers as defined by
Epstein and PRIAS criteria. They also reported a significant
association between elevated %Ki67 expression and
increasing PSA levels (p<0.05) as well with increasing
Gleason score (p<0.01) [30]. Their findings corroborated
with another study [27], where they had prospectively
analyzed needle and radical prostatectomy for a cohort of
279 patients, and reported a significant association between
elevated levels of %Ki67 (cut off=10%) expression and
advancing tumor stage (p=0.036), lymph node involvement
(p<0.001), seminal vesicle infiltration (p<0.001) and large
tumor diameter (p=0.039). They reported a significant
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(p<0.01) prognostic utility of %Ki67 expression in low
grade prostate cancers (Gleason score <7), and prostate
cancers with only one tissue core positive (p<0.01) [27].

Ki67 labeling index is thus an independent predictor of high-
grade disease in prostate and other cancers and has been
consistently identified as an independent prognostic factor in
prostate cancer, including in localized disease. In addition to
the clinical parameters such as serum PSA, volume of tumor
and Gleason score, the evaluation of the effectiveness of
treatment effectiveness for PCa based on the change in the
intermediate  biomarkers of proliferation (% Ki-67
expression) in malignant and adjacent normal cells is thus
well justified. However, despite an overwhelming evidence
supporting the prognostic utility of Ki67 expression in
predicting the course of PCa, there remains a lack of clinical
adoption of the same [10,28]. This lack in translation has
largely been attributed to incongruity on cut-off values
[10,31], especially in low to intermediate grade PCa. As our
study population solely comprised of men with low to
intermediate grade PCa, the majority (n=16) in our study
population showed %Ki67 expression <10%. The two cases
with %Ki67 expression >10% also showed an extensive
individual core involvement (>50%), similar to findings
reported in the literature, where higher %Ki67 expression is
reported in more aggressive disease. Additionally, we
observed Ki67 expression at 2% in benign and 6% in
malignant tissue despite a low-grade Gleason score (GS 6).
However, the percentage involvement of individual cores for
this case remained high (>50%) similar to the cases with
intermediate risk. These observations establish the need to
continue to further identify and wvalidate non-clinical
prognostic factors in addition to clinical markers for PCa in
well powered studies.

The major limitation to our study is that it was a pilot study
with a small sample size. Thus, these results need further
validation in well powered studies. Second, our study
utilized a random single slide from 12 core biopsies for each
of these subjects which may have contributed to some
underrepresentation of %Ki67 expression, based on the
sampling. However, we have compared our findings to what
is reported in the literature and set a foundation for further
investigation and validation of this biomarker in both the
cancer tissue as well as the adjacent normal.

CONCLUSION

We report here early findings of % Ki67 expression in cores
positive for PCa in addition to adjacent normal tissue in men
diagnosed with low or intermediate grade PCa. Although the
study was a pilot trial and not well powered, the data
demonstrates congruence to previous data in the literature.
Additionally, our data underscores the need to continue to
examine Ki-67 expression in cancer and adjacent normal
tissue or in the tumor microenvironment, relevant in
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evaluating efficacy of agents in chemoprevention and
treatment.
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