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Abstract

Introduction: High Grade Prostatic Intraepithelial Neoplasia (HGPIN) was
originally thought to be a cancer precursor, but subsequent data has ques-
tioned its prognostic significance. We analyzed a large cohort of men diag-
nosed with HGPIN for subsequent occurrence of prostate cancer. Methods:
From 2001 to 2011, we identified 567 men with isolated HGPIN and followed
them for subsequent diagnosis of prostate cancer. Results: Two hundred and
five patients were followed (median 5.9 years) without biopsy and remained
clinically free of prostate cancer. The remaining 362 men underwent repeat
biopsies and 133 (37%) were diagnosed with prostate cancer. The number of
cores of HGPIN and whether they were unilateral or bilateral was not predic-
tive for subsequent diagnosis of cancer. Prostate specific antigen was the only
statistically significant predictor for prostate cancer. Conclusions: We found
the incidence of cancer after a diagnosis of HGPIN to be 37%, which is con-
sistent with other published series. This is only marginally higher than in pa-
tients re-biopsied after a prior benign biopsy. It appears that isolated HGPIN
has only a small predictive value for subsequent diagnosis of prostate cancer.
Therefore the finding of HGPIN should be used only in conjunction with
other risk factors and patient considerations in deciding whether to proceed
with further prostate biopsies.
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1. Introduction

Prostatic intraepithelial neoplasia (PIN) consists of atypical cells with the ap-

pearance of neoplasia within prostate acini or ducts, but with minimally or
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non-disrupted basement membrane (basal layer): ie no evidence of invasion.
The abnormal cells share immunohistochemical, morphologic, and genetic
changes with cancer. With its acceptance as a distinct entity in the 1980s, some
have considered PIN to be a predecessor to overt prostate cancer—especially if it
is high grade PIN (HGPIN) [1] [2].

High grade PIN is a not uncommon, with a mean incidence in more contem-
porary data of 7.7% (range from 0% to 24.6%) of all prostatic biopsies [3] [4].
The subsequent diagnosis of prostate cancer in those patients is 21% to 48%,
demonstrating less than complete penetrance [5]-[10]. In a review of multiple
studies of HGPIN patients from 1991 to 2005, the average chance of finding
cancer on subsequent biopsy was 32%. Studies with larger number of patients
(>50) generally have a lower incidence (~25%) [3].

As a result of the perceived association between the HGPIN and prostate can-
cer, some have recommended an aggressive re-biopsy schedule to detect conco-
mitant or subsequent cancer in patients with HGPIN [11] [12]. More recently,
some have suggested that with obtaining more cores than done historically [13],
there is less likelihood of finding cancer on subsequent biopsy in men with
HGPIN, so HGPIN should not be the primary driver for re-biopsy [1]. Conco-
mitant to that, the European Association of Urology guidelines on prostate can-
cer state that HGPIN alone is no longer considered an indication for repeat bi-
opsy [14]. It would appear that the significance of HGPIN and its implications
remains uncertain. We looked at our own experience in a large population to try

to understand the significance of HGPIN on the risk of prostate cancer.

2. Methods

After institutional review board approval, a retrospective review of our patholo-
gy database (which archives all the pathology reports in a computer database)
from 2001 to 2011 was performed to identify all patients who underwent trans-
rectal ultrasound guided prostate biopsy. A total of 6101 prostate biopsies were
identified. There were 650 patients with isolated HGPIN (no cancer) on needle
biopsy. Some of these patients (82) also had atypical small acinar proliferation
(ASAP) on the HGPIN biopsy and initially were included. All patients with
concomitant cancer or previous abnormal biopsies were excluded. HGPIN was
diagnosed on microscopic examination by the presence of cytologically malig-
nant nuclei (vesicular, with prominent nucleoli) seen in prostatic epithelial cells
without evidence of invasion. Transrectal biopsies were done, with the number
of cores taken at the urologists discretion. Specimens were fixed in formalin and
processed routinely by the institution’s pathology department. After identifying
these patients, a comprehensive review of the electronic medical record was used
to identify demographics, including the following criteria: age, number of cores
taken, Prostate specific antigen (PSA), prostate volume, number of repeat biop-
sies, number of cores of HGPIN, laterality (unilateral vs. bilateral) of HGPIN,

incidence of subsequent prostate cancer, and final Gleason score (patients who
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developed prostate cancer). With the preponderance of referrals coming because
of an elevated PSA, the recording of findings on digital rectal exam was impre-
cise and incomplete, so was not thought to be a reliable metric. All patient data
was collected and entered into a spreadsheet that was then utilized for biostatis-

tistical analysis.

3. Results

Six hundred fifty men were identified with HGPIN without obvious cancer.
Eighty-two patients also had ASAP, which on univariate analysis was signifi-
cantly associated (p < 0.0001, OR 2.7 [1.6 - 4.3]) with the subsequent diagnosis
of cancer. They were removed from further analysis to avoid confounding the
results of HGPIN. This left 568 patients with HGPIN only. Table 1 shows the
patient characteristics. The median age was 68 years. The majority of the pa-
tients (362, 64%) underwent at least one subsequent biopsy. Of those that did
not undergo a subsequent biopsy, the vast majority (86%) were followed more
than 2 years (clinical follow up). In these patients, a repeat biopsy was not con-
sidered clinically indicated. Of those that underwent subsequent biopsy, the time
to second biopsy was a median of 7 months, with 78% occurring within two
years. Figure 1 shows the patient flow.

In considering only those patients that underwent repeat biopsy (2 = 362),
37% were diagnosed with cancer. Of those diagnosed with cancer, 58% were
found on the first post HGPIN biopsy, while the remaining patients were found
on subsequent biopsies.

For the index biopsy (the first one containing HGPIN), the median number of
cores taken was 13 (range 3 - 55; first quartile 11, fourth quartile 18). The me-
dian PSA was 5.40 ng/ml (quartiles 4.10, 7.70, mean 6.54). PSA density (PSAD)
was a median of 0.11. HGPIN was unilateral in 417 (73%) and bilateral in 151
(27%). Unilateral vs bilateral (OR 1.098 CI 0.710 - 1.698, p = 0.6751) and single

Table 1. Patient characteristics.

Subsequent

All 568 pts biopsy pts No biopsy pts

Median age (years) 68.0 67.7 68.2
Cores taken 13 (1-132) 18 (1 - 132) (re-biopsy) -

Median PSA (ng/ml) 5.40 5.70 5.0

PSAD 0.14 0.18 0.10

% Unilateral HGPIN 73% 73% 75%

% Bilateral HGPIN 27% 27% 25%

% Single core 53% 50% 59%

% multiple cores 47% 50% 41%
Subsequent diagnosis 24% 37% .

with cancer

Pts = patients. PSAD = PSA density. HGPIN = high grade prostatic intraepithelial neoplasia.
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Total 650 HGPIN Patients

568 HGPIN Patients no ASAP

no second biopsy second (or more) biopsy
n=205 (33.4%) n=362 (66.6%)
flu<2yrs f/u> 2 yrs <2yrs >2yrs
n=28 (13.8%) n=177 (86.2%) n=282 (77.9%) n=80 (22.1%)

cancer diagnosis
n=133 (36.7%*)

Figure 1. Patient disposition (f/u = follow up). *of re-biopsy patients 23.4 % of to-
tal patients.

vs multiple cores (OR 1.065 CI 0.721 - 1.572, p = 0.7523) of HGPIN were not
statistically significant predictors for subsequent diagnosis of cancer. For those
with a second biopsy, the PSA median was 5.70 ng/ml (quartiles 3.5, 8.4, mean
7.54). PSAD was a median of 0.12. Both the PSA and PSAD were slightly higher
than in the original cohort. For the second biopsy, the median number of cores
taken was 18 (range 1 - 132, quartiles 12, 20), also higher than baseline. For those
clinically followed without PSA, the median PSA at index biopsy was 5.0 (quar-
tiles 3.4; 7.30, mean 5.85) with a PSAD of median 0.10, both lower than the en-
tire cohort and certainly lower than those that underwent re-biopsy. For those
followed clinically, the median follow up was 5.9 years.

For patients with a positive biopsy for cancer the median PSA was 9.1 ng/ml
(range 0.4 - 217.1, quartiles 5.6; 15.8, mean 13.93.) For those that had a negative
biopsy the median PSA was 5.1 ng/ml (range 0.2 - 56.3, quartiles 3.0; 7.7, mean
6.25).

The grade for those diagnosed with cancer was Gleason 6 in 49.2%, Gleason 7
in 40% and Gleason 8 and 9 in 8%; 20% had primary Gleason 4 with only 2 pa-
tients with primary Gleason 5 cancer.

Evaluating the factors of age, baseline PSA, PSAD, unilateral vs bilateral
HGPIN, and single core vs multicore HGPIN—only PSA (p = 0.0002) and PSAD
(p < 0.001) were significate in the univariate logistic regression with cancer di-
agnosis as the outcome. A multivariate logistic regression model using the same
5 covariates used in the univariate analysis and cancer diagnosis as the response
variable was fit. Model selection methods were used and all included only PSA in
the model (p = 0.0002). The c-statistic of 0.611 indicated that this model with
only baseline PSA would predict slightly better than chance. A receiver operator
curve using this model demonstrated three potential cutpoints for PSA, 6.1, 4.8
and 2.8 ng/ml, but the area under the curve was no better than 0.59 for any one
of them, with a positive predictive value no better than 42.8% for any one of
them. Just looking at PSA levels, for those with a baseline PSA of <5 ng/ml, 26%
were subsequently diagnosed with cancer, for PSA 5 - 10 ng/ml, 39% and for
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PSA > 10 ng/ml, 55%. A chi square test showed that there was a significant dif-
ference in the distribution of patients with or without cancer between these three
PSA groups (p = 0.0007).

4. Discussion

This data represents one of the largest single institution reports on the finding of
HGPIN with subsequent re-biopsy. As with most reports, there is no require-
ment that all patients are re-biopsied, and follow-up generally is limited. The
lack of a standard protocol for the management of HGPIN makes it difficult to
precisely determine the indications for subsequent biopsy and the determination
of the exact risk of HGPIN for the subsequent detection of prostate cancer. As
we evaluated our data and compared it with published results, it is apparent un-
iversally the selection bias is high. For example, from the literature, follow-up
biopsy of patients with a finding of HGPIN does not appear to be the routine,
generally under 50% (46% [12], 45% [15], 27% (year one) [16]). In our series,
almost 2/3 underwent re-biopsy.

We observed that 37% of our patients were found to have prostate cancer on
re-biopsy. The majority of those biopsies occurred within two years (median 7
months). The median number of cores increased from 13 on the baseline biopsy
to 18 on the re-biopsy. The rapidity of re-biopsy and the increase in the number
of cores would indicate that in those patients, the finding of HGPIN was con-
cerning, prompting re-intervention. The positive rate is comparable to some of
the larger studies with an overall positive biopsy rate similar to our 37% (broadly
23% - 44% but mostly in the 32% - 36% range [11] [12] [17] [18]). It is noted
that when biopsies are restricted to the first year after the finding of HGPIN, the
cancer rate is lower at 18% - 23% [9] [16] [19].

The detection of cancer on re-biopsy is trending downward. This has been at-
tributed to more aggressive biopsy techniques initially, with more cancers being
detected up front [1]. Specifically, even a small shift from 6 to 8 cores to 8+ cores
on the initial biopsy reduces the subsequent finding of cancer [9]. By the year
2000, there was a concerted change from 6 core sextant biopsies to 10 or 12 cores
[13].

There have been efforts to improve the predicative power of HGPIN. The in-
formation available usually includes age, number of cores, PSA, PSA density,
PSA velocity, number of cores involved with HGPIN, and whether there was un-
ilateral vs bilateral involvement. However, not all these parameters are available
in every series and the results are not consistent. It is also notable that the pa-
thology is not always clear. In a study with patients from the 1990s, of 346 pa-
tients with a diagnosis of HGPIN, 101 of them were eliminated on pathology re-
view [17]. This is from an institution noted for their genitourinary pathology,
which speaks to the subjectivity of pathologic diagnosis. Subsequently, the same
institution reported on 791 men with isolated HGPIN, all of whom had a second

biopsy within a year [9]. It was not reported as to how many other patients had
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high grade PIN and were not biopsied. However, of the 791 men, 18% had can-
cer, and with their selection factors, neither PSA nor number of HGPIN cores
proved predictive (Table 2).

In a second large study, 45% (n = 328) underwent further biopsy and 36%
were diagnosed with cancer [15]. A single core of HGPIN was not predictive for
a subsequent diagnosis of cancer (HR 1.19, CI 0.87, 1.82, p = 0.41), while two
cores or more were (HR 2.56, CI 1.83, 3.60, p < 0.0001). Noteworthy is that pa-
tients with two cores positive for HGPIN (HR 2.73) had a higher risk for cancer
diagnosis than 3 (HR 2.11) or greater than 4 cores (HR 2.70) which shows the
inconsistency of subgroup analysis. Concomitantly, they analyzed a group of pa-
tients with a prior benign biopsy and 25% were diagnosed with cancer on
re-biopsy. The benign biopsy patients had a higher PSA (8.49 ng/ml) than the
HGPIN patients (6.83 ng/ml) so may have just been a higher risk group.

In one final study 262 patients underwent vigorous re-biopsy (20 - 26 cores);
32% were diagnosed with cancer. [18] It should be noted that a higher number
of cores taken initially resulted in fewer cancers at re-biopsy (<12 cores initially,
38% cancer vs 23% with more than 12 cores, p = 0.01). They found that multiple
cores of HGPIN were more predictive (40%) than a single core (25%, p = 0.013).
They did not state the PSA for those groups, but patients with a cancer diagnosis
had a higher PSA (mean 7.7) than those without (mean 6.6, p= 0.031). On mul-
tivariate analysis, they found that PSA, age, and number of cores were predictive
for the diagnosis of cancer.

In addition to the institutional studies outlined above, there are several large

series based on biopsies sent to reference labs. In one such study, 204 patients

Table 2. HGPIN and predictive factors for subsequent cancer diagnosis.

Predictive factors for finding of cancer

#HGPIN % of total Bx time Percentage Number Unilateral
Study patients HGPIN frame positive for  Age PSA PSAD  PSAV Cores of or bilateral
re-biopsied  patients cancer HGPIN HGPIN
Herawi [9] 791 NS <lyr 18% No NS NS NS No NS
Lee [15] 328 45% <2.56 yr 36% NS NS NS NS Yes Yes
Roscigno [18] 262 NS 3-30 mo 32% Yes Yes NS NS Yes NS
Schlesinger [11] 204 NS <14 mo 23% NS NS NS NS NS NS
O’Dowd [16] 4902 27% <lyr 23% No Yes NS NS NS NS
Merrimen [12] 564 44% <1.91yr 27% Yes NS NS NS Yes NS
Taneja [19] 1185 100% 1 -3 years 32% Yes Yes NS Yes NS NS
7 mo
Current study 362 64% . 37% No Yes Yes NS No No
median

Bx = biopsy. PSA = prostate specific antigen. PSAD = prostate specific antigen density. PSAV = PSA velocity. Uni = unilateral. NS = not stated.
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with HGPIN had tissue submitted from a re-biopsy and 23% (47 patients) were
found with cancer [11]. From their review of the literature, they found that the
rate had declined from pre-1995 (36%) to 2002-2003 (21%). They advocated
“that isolated PIN in an extended biopsy warrants repeat biopsy”. In another
large series from the 1990s, on initial biopsy, 38% were diagnosed with cancer.
Only 4% were diagnosed with HGPIN (2 = 4902), 27% of whom had another
specimen sent in within a year. Twenty three percent of them were found with
cancer, which was similar for the patients with benign findings on the first biop-
sy (20%) [16]. In a third such study, from 12304 biopsies, initially 47% were di-
agnosed with cancer and 10% (72 = 1283) were diagnosed with HGPIN [12]. The
PSA for those patients was a mean of 7.86 (£14.61) vs 6.97 (+3.63) in those that
had a benign biopsy. Five hundred sixty-four (44%) of the HGPIN patients had
another biopsy and 27% were diagnosed with cancer. For the 17% of the benign
biopsy patients that underwent re-biopsy, 22% were diagnosed with cancer (p =
0.019). Those with a single core of HGPIN had no greater risk of cancer diagno-
sis (OR 1.02) than those with benign disease. Those with multiple cores did, in-
creasing with each additional core until 5 and then the OR decreased and the p
value became non-significant, again indicating the danger of retrospective data
and diminishing numbers. It is noteworthy that those with multiple cores of
high grade PIN also had a higher PSA (8.86 ng/ml) than those with a single core
(6.47 ng/ml), which raises the issue that other factors (other than the number of
HGPIN positive cores) may have contributed. None the less, they stated: “Re-
sults suggest that follow up should be more rigorous in patients with multifocal
PIN. We recommend that patients with multifocal HGPIN undergo repeat bi-
opsy within 1 year.” (page 489). As seen in Table 2, the literature is inconsistent
and a review of multiple studies showed that the number of cores positive for
HGPIN was not predictive [3].

Many retrospective reports call for prospective studies to help resolve the is-
sue, but those are rarely done. There is one prospective study in HGPIN pa-
tients. While the goal of the study was the prevention of subsequent prostate
cancer, since all the patients were mandated for re-biopsy, the results are infor-
mative.

Toremifene citrate is an estrogen receptor modulator used in breast cancer.
Some early studies suggested that it might modulate the development of prostate
cancer. To that end, a randomized study was undertaken in HGPIN patients
(with at least a 10 core biopsy and PSA < 10 ng/ml) [19]. Nineteen percent also
had atypical small acinar proliferation, which was found to be a significant pre-
dictor for cancer (HR 1.91) on multivariate analysis, but were not excluded from
analysis. Biopsies were required at 12, 24 and 36 months. Toremifene citrate did
not change the rate of cancer diagnosis. Of the patients that completed the study,
32% (378/1185) were diagnosed with prostate cancer. The positive biopsy rate at
year 1 was 17.9%, year 2 was 12.9% and year 3 was 13.6%. Interestingly, 60% of

the patients with a single core of HGPIN were free of cancer at 3 years vs 51% (p
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< 0.001) with more than one core, but this dropped out as a significant finding
on multivariate analysis. At least in this study, the finding of multiple cores was
not an independent predictive factor. Overall, it is likely these patients represent
a somewhat lower risk sampling (PSA < 10 ng/ml) of HGPIN patients, but the
32% risk of prostate cancer should be a fairly reliable benchmark—it certainly is
consistent with the larger retrospective studies discussed above.

After 20 years of discussion, the exact significance of HGPIN remains elusive.
It has been argued that in the era of increased (10+) biopsy cores that the finding
of HGPIN should be considered a benign finding [3]. Others still argue that
HGPIN is a precursor for prostate cancer (apparently with very slow or incom-
plete penetrance), or at the least a marker for prostate cancer [2]. In most stu-
dies, HGPIN patients with a subsequent diagnosis of prostate cancer, on the av-
erage, have a higher PSA than those who don’t, demonstrating that there is at
least one confounding factor for the diagnosis of cancer.

Given that the re-biopsy rate in the literature is below 50%, it is clear that the
finding of HGPIN alone is not mandating a re-biopsy. Urologists are already
considering other factors (age, comorbidities, PSA level) to determine whether
another biopsy is indicated.

The overall incidence of cancer on biopsy after a finding of high grade PIN is
~30%. This is significantly lower than that of initial biopsy (47% [12], 38% [16]).
In studies that have a comparative cohort with benign biopsy undergoing
re-biopsy, there is not a great difference in the positive cancer rate between those
patients (22% [12], 20% [16]) and patients re-biopsied after a diagnosis of high
grade PIN (27% [12], 23% [16]). Altogether, it does not appear an isolated find-
ing of high grade PIN is a strong predictor of subsequent diagnosis of cancer and
would appear only to be a relative risk. For patients with high grade PIN, other
than a slightly higher awareness, we are left with our imperfect standard indica-
tors for re-biopsy, such as absolute PSA, change in PSA (including velocity),
PSA density, symptoms, and physical exam weighed against the patient’s age and
comorbidities. Until better markers are discovered, this is the current “state of
the art” with HGPIN.
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