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Abstract Subtle morphological changes and molecular al-
terations have been reported in normal-appearing tissue in
prostates with high-grade prostatic intragpithelial neopla-
sia (PIN) and prostate cancer (PCa). The severity and the
distribution of these changes and aterations within the
prostate gland have not been addressed in previous publi-
cations. The aim of this study was to investigate morpho-
metrically the nuclear changes of the normal-looking col-
umnar epithelium adjacent to and distant from high-grade
PIN and PCa. Karyometry was performed on the whole-
mount histological sections of three radical prostatectomy
(RP) specimens. Two concentrical lines, one correspond-
ing to the outer surface (or capsule) of the prostate and the
other corresponding to one centimeter towards the center,
were drawn with a black pen on each whole-mount sec-
tion. The part of the prostate tissue between these two
boundaries was then divided into twelve equal sectors or
regions. The part within the inner line was divided into
two regions. The analysis was also performed on the slides
of the apex and base of the prostate. One prostate con-
tained normal-looking epithelium only (case no. 1). An-
other contained both high-grade PIN and PCa, the former
occupying larger areas than the latter (case no. 2). Both
high-grade PIN and PCa were present in the third sample,
in which PCa was more widely distributed than PIN (case
no. 3). The lesion measured in each region was aways the
most severe, e.g., either high-grade PIN or PCa. When nei-
ther were identifiable, then the normal-looking columnar
epithelium was analyzed. For each sector, the mean and
standard deviation of the nuclear area, maximum nuclear
diameter, nuclear roundness factor, and nucleolar area
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were caculated. In normal-looking columnar epithelium,
the mean of the mean nuclear area of the sectors of case
no. 1 was 35.19 ym?2 (SD 4.14). The mean nuclear areasin
cases no. 2 and no. 3 were 37.94 ym? (SD 4.65) and
37.31 pm? (SD 4.36), respectively. The mean of the mean
nuclear area of the sectors with high-grade PIN of case no.
2 was 49.85 um? (SD 8.44), whereas it was 54.26 um?
(SD 2.91) in case no. 3. The mean of the nuclear area val-
ues obtained in the sectors of cases no. 2 and no. 3 with
PCa was 56.74 ym? (SD 6.56) and 61.17 um? (SD 8.13),
respectively. When considering the normal-looking tissue
of the second and third case, 79% and 90%, respectively,
of the regions showed nuclear area values greater than
34.94 um2 (e.g., the 50th percentile of the mean nuclear ar-
eavalues of the regions of the first case). Sectors with nor-
mal-looking epithelium, whose nuclear area was above
this threshold, were both adjacent to and at a distance of
more than 1 cm from those with PIN or PCa. The other nu-
clear features showed a similar trend of value changes.
This study demonstrates that the normal-looking ducts and
acini from prostate harboring preneoplastic and neoplastic
lesions show morphological nuclear abnormalities that are
not seen by the human eyes but that can be detected with
image analysis. Such changes may be of diagnostic impor-
tance, especialy in cases where clinical suspicion for can-
cer prevails after a negative biopsy.

Keywords Prostate - Normal prostate - Prostatic
intragpithelial neoplasia - PIN - Prostate cancer -
malignancy-associated changes - Karyometry -
Quantitative analysis - Morphometry

Introduction

High-grade prostatic intraepithelial neoplasia (PIN) is
considered the precursor of prostate cancer (PCa) of the
peripheral zone [1, 10, 21, 25, 29, 30, 31]. These studies
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have shown that there are close similarities from the
morphological, immuno-histochemical, and molecular
points of view between high-grade PIN and PCa. The in-
vestigations, when made in whole-mount sections, have
allowed the accurate identification of spatial and zonal
distribution of these lesions. In particular, it has been
demonstrated that high-grade PIN usually arises in the
peripheral zone of the prostate, the areain which the ma-
jority (i.e., 70%) of prostatic cancers occur, and both le-
sions are frequently multifocal, indicating a“field” effect
[14, 15, 20, 26, 28].

Subtle morphological changes, called malignancy-
associated cellular markers or malignancy-associated
changes, have been reported in normal-appearing tissue
in prostates with high-grade PIN and PCa [3, 19, 24].
Two recent papers have addressed this issue by using im-
age analysis techniques and have demonstrated that the
normal-looking epithelium shows sub-visual abnormali-
ties in the distribution of the nuclear chromatin [3, 19].
In one of these two studies, the non-malignant tissue sur-
rounding the PCa was compared with tissue from the
transition zone affected by benign prostatic hyperplasia
(BPH) [19]. In the other study, abnormalities were de-
tected up to 6 mm away from PIN and PCa. The analysis
was conducted in the peripheral zone and using only a
glass dide of a conventiona size (e.g., 76x26 mm) per
case [3]. At present, information is not available on how
diffuse the epithelial abnormalities of the normal-looking
ducts and acini can be in radical prostatectomy (RP)
specimens with PCa and PIN.

The aim of this study was to investigate karyometri-
cally the severity and the spatia distribution of the nu-
clear changes of normal-looking columnar epithelium in
whole-mount sections of RP specimens containing both
high-grade PIN and PCa.

Materials and methods

Three RP specimens, examined with the whole-mount technique,
were used in this study. The criterion adopted in the selection of
this material was to have a prostate without morphologically de-
tectable preneoplastic and neoplastic lesions [case no. 1: 55 years
old; prostate volume (specimen measured with the ellipsoid vol-
ume formula) 44.75 cc], a prostate in which a limited amount of
cancer was present, high-grade PIN, and normal-looking tissue be-
ing identifiable in several areas (case no. 2: 60 years old; prostate
volume 39.55 cc), and a prostate in which cancer occupied a great
proportion of the gland, high-grade PIN, and normal-looking pros-
tate being also recognizable (case no. 3: 65 years old; prostate vol-
ume 36.63 cc). The first prostate was removed together with the
bladder because of bladder cancer. Bladder cancer did not involve
the prostate. The second and the third were removed because of
PCa. Inflammation, BPH, or low-grade PIN was not identified in
any of the three cases. None of the patients had received chemo-,
hormone- or radiation therapy before surgery.

The material had been processed at the Institute of Pathologi-
cal Anatomy and Histopathology of the University of Ancona
School of Medicine. Briefly, the RP specimens had been covered
with India ink and fixed for 24 h in neutral buffered formalin
(4%). To enhance a quick and uniform penetration of the fixative,
prostate specimens were injected with formalin solution. The ra-
tionale behind the injection procedure was that, during immersion
in aformalin solution, the fixative only slowly diffuses toward the

Fig. 1 Whole-mount section from case no. 1. This section is close
to the prostate base (e.g., F). The black lines divide the tissue into
14 sectors, 12 roughly corresponding to the non-transition zone
(e.g., peripheral and central zones according to McNeal) and two
to the transition zone

center of the specimens. When the periphery of the prostate is
fixed, the presence of cross-linked proteins is thought to hinder
further diffusion of the fixative toward the center of the specimen
(so-called crust effect). After fixation, the prostate specimens had
been step-sectioned at 0.5-cm intervals perpendicular to the long
axis (apical to basal) of the gland. The distal (apical) and proximal
(basal) parts of the prostates and the seminal vesicles had been re-
moved from the RP specimens and submitted for histologic exam-
ination. The cut specimens had been post-fixed for an additional
24 h and then dehydrated in a graded alcohol series, cleared in xy-
lene, embedded in paraffin, and examined histologically as 5-um
thick whole-mount sections. The number of sections differed be-
tween the three prostates, depending on the size of the RP speci-
men. The size of the glass slide used for this study was
76x50 mm. The whole-mount sections were identified in a consec-
utive manner with capital letters (A, B, etc), aways starting from
the most apical section.

Quantitative analysis

Quantitative analysis was performed by one of us (ALF) on hema-
toxylin and eosin-stained histological sections. For the purpose of
the analysis, two concentric lines, one corresponding to the outer
surface (or capsule) of the prostate and the other 1 cm towards the
center, were drawn with a black pen on each whole-mount section.
The part of the prostate between these two boundaries, roughly
corresponding to the non-transition zone (e.g., peripheral and cen-
tral zones according to McNeal), was then divided into twelve
equal sectors numbered clockwise from 1 to 12. The length of
each sector along its external contour was at least 1 cm. The part
of the prostate delimited by the inner line was divided into two
halves or regions (e.g., sectors 13 and 14), as shown in Fig. 1. The
quantitative evaluation was also performed on the histological sec-
tions of the apex and base (each slide was considered as a region
or sector).

The lesion measured in each sector was always the most se-
vere, e.g., either high-grade PIN or PCa. When neither lesions
were identifiable, then the normal-looking columnar (secretory)
epithelium was analyzed. A Zeiss-Kontron IBAS-AT Image Ana-
lyzer (Munich, Germany) combined with a Zeiss light microscope
equipped with a 100x oil immersion objective was used. All dis-
tinguishable nuclei in a microscopic measurement field were sys-
tematically selected, starting from the upper left corner of the
measurement field. To find the number of nuclei to be measured,
the running mean procedure was applied. The measurement of 30
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Normal-looking
epithelium
eCase No 1 2
osNA 31.19 33.22
*ND 6.91 7.21
*NRF 0.97 0.92
*NuA 1.23 1.41
High-grade
PIN
eCase No 2 2
*NA 48.22 53.19
ND 891 9.37
*NRF 0.94 0.95
*NuA 2.35 2.79
Prostatic
carcinoma

eCase No 2 2
*NA 55.33 52.41
eND 9.22 9.75
*NRF 0.93 0.96
*NuA 3.39 3.59

Fig. 2 Gallery of individual nuclei with their corresponding fea-
ture values. The first row shows nuclei that look morphologically
very alike; however, differences are detected karyometrically. Nu-
clei from the prostatic intraepithelial neoplasia (PIN) and prostate
cancer (PCa) sectors are shown for comparison in the second and
third rows

nuclel was sufficient to have a cumulative average within the 95%
limits. To be sure of adequate sampling, 50 nuclei were measured
in each case. The selected nuclei had clearly visible boundaries.
Disintegrated nuclei or disintegrated cells were not measured.

The resulting measurements were recorded and, for each sec-
tor, the mean and standard deviation of the following features
were calculated (nuclear area, maximum nuclear diameter, nuclear
roundness factor, and nucleolar area). The maximum nuclear di-
ameter is the largest of the Feret diameters, measured in 32 differ-
ent directions (i.e., a an angular resolution of 5.7°). The nuclear
roundness factor is a size-independent indicator of the regularity
of aprofile. It was calculated according to the following formula:
1 divided by (4xTt>nuclear area divided by the squared nuclear pe-
rimeter). Its value is 1.0 for a circle and below 1.0 for irregular
structures. When a nucleus contained more than one nucleolus, all
the nucleoli were evaluated, and their area was summed up. There-
fore, in our study, the nucleolar area was derived from the total
nucleolar area of each nucleus.

The intra- and inter-observer variation was assessed in six sec-
tors, two for each case. Two observers (RP and AS) performed the
measurements. Correlation coefficients greater than 0.95 were ob-
tained in the repeated measurements of the nuclear area, maximum
nuclear diameter, and nucleolar area. The nuclear roundness factor
was less reproducible, the correlation coefficients of the repeated
evaluations being lower than 0.90.

The Z-score transformation of the mean sector value of each
feature was also performed in order to have al of the features ex-
pressed in the same scale of values. To do this, the mean and stan-
dard deviation of the normal-looking tissue of case no. 1 were
used to transform the feature values of all of the sectors of al of

the cases. The following formula was used: Zi=(Xi-M)/SD, where
Zi is the Z-score of a given sector, Xi is the mean value of the
same sector, and M and SD are the mean and SD of the feature
mean values of the sectors of case no. 1. As an example, when
considering the nuclear area (expressed in square micrometers),
the mean and SD of case no. 1 are 35.19 and 4.14, the mean vaue
of sector no. 6 of the most apical whole-mount section being
32.75. Then, the Z-score of this sector is (32.75-35.19)/4.14=
0.589.

Statistical analysis was done using a Macintosh computer with
StatView (Abacus Concepts, Inc., Berkley, Calif.). Nonparametric
tests, e.g., Mann-Whitney, Kruskal-Wallis, and Spearman’s rank
correlation tests, were used.

Results

Ninety-nine sectors were identified in case no. 1, 80 in
case no. 2, and 65 in case no. 3. Normal-looking tissue
was present in 100, 47, and 15% of the sectors of cases
no. 1, no. 2, and no. 3, respectively. High-grade PIN was
identified in 47% and 6% of the sectors of cases no. 2
and no. 3, PCa being present in 6% and 79% of the sec-
tors, respectively. The Gleason sum of the PCa of the
second and third prostate was 6 and 7, respectively. Both
were of stage pT2b NO MO RO.

Figure 2 shows a galery of nuclei of normal-looking
tissue, high-grade PIN, and PCa. The nuclei from nor-
mal-looking tissue looked morphologicaly similar.
However, they differ from the morphometrical point of
view. Nuclei from PIN and PCa are shown for compari-
son. These nuclei appeared different both histologically
and morphometrically from those of the normal-looking
tissue.
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Fig. 3 A scattergram obtained 18

with the mean and SD of the

4 High-grade PIN
nuclear area of each sector. i

16 H PCa

O Normal-looking epithelium

There is a continuum from
normal-looking epithelium to
prostatic intraepithelial neopla-
sia (PIN) and prostate cancer
(PCa). A certain degree of
overlap exists between the val-
ues of normal-looking epitheli-
um and those of PIN

SD OF NUCLEAR AREA (sq. pm)

Concerning normal-looking columnar epithelium, the
mean nuclear area of al sectors of case no. 1 was
35.19 um? (SD 4.14). The mean of the same features in
cases no. 2 and no. 3 was 37.94 um2 (SD 4.65) and
37.31 ym?2 (SD 4.36), respectively. The differences were
statistically significant (Kruskal-Wallis test; P=0.0005).
The mean of the mean nuclear area of the sectors with
high-grade PIN of case no. 2 was 49.85 um? (SD 8.44),
whereas it was 54.26 um?2 (SD 2.91) in case no. 3. The
differences were not statistically significant (Mann-
Whitney test; P=0.1574). The mean of the nuclear area
values obtained in the sectors of cases no. 2 and no. 3
with PCa was 56.74 ym? (SD 6.56) and 61.17 um?
(SD 8.13), respectively. The differences were not statisti-
caly significant (Mann-Whitney test; P=0.2566).

The other nuclear features showed a similar trend of
value changes (data not shown). The values of the nucle-
ar area were highly correlated with those of the maxi-
mum nuclear diameter (correlation coefficient: 0.99).
Correlation coefficients lower than 0.90 were seen be-
tween these two features and nuclear roundness factor
and nucleolar area.

Figure 3 shows the scattergram obtained with the fol-
lowing two features: mean and SD of the nuclear area of
each sector. There is a continuum from normal-looking
epithelium to PIN and PCa, which extends from the low-
er left corner of the bivariate graph to the upper right
corner. A quite extensive overlap exists between the val-
ues of PIN and those of PCa. When considering normal-
looking epithelium, there are two groups of sectors, one
separated from PIN and located in the lower left corner
of the bivariate graph and the other showing overlap
with those of PIN.

Figure 4, Fig. 5, and Fig. 6 report graphically the val-
ue of the mean nuclear area for each sector of the whole-
mount sections of the three cases. The horizontal line in

75 85

MEAN NUCLEAR AREA (sq. um)

each graph is the 50th percentile or median of the mean
nuclear area of the sectors of case no. 1 (eg.,
34.94 um?). Concerning normal-looking epithelium, 50%
of the regions of case no. 1 are above it, whereas in case
no. 2 and case no. 3, the proportions are 79% and 90%,
respectively. All PIN and PCa regions are above it.
When the threshold is set at the 75th percentile of the
mean nuclear area of normal-looking epithelium of case
no. 1 (e.g., 37.33 um2), the proportions of regions whose
nuclear area values are greater than this threshold are
25%, 58%, and 60%, respectively in cases no. 1, no. 2,
and no. 3. The sectors with high-grade PIN and PCa are
all above this percentile. In case no. 1, most of the sec-
tors with nuclear area values above this percentile were
clustered in the prostate sections taken from the most
apical part of the gland.

Figure 5 and Fig. 6 al'so show that the regions of nor-
mal looking epithelium with nuclear area greater than
34.94 um? are both adjacent to the sectors with PIN and
PCa and distant from them (the nuclear area values of
the normal-looking epithelium adjacent to PIN and those
adjacent to PCa did not show statistically significant dif-
ferences). Since the length of an individual sector along
its external contour is equal to 1 cm or even greater than
this, these figures show that, within an individual whole-
mount section, the normal-looking epithelium with a nu-
clear area above the 50th percentile are present at a dis-
tance of more than 1 cm from the lesion. Such sectors
belong both to the non-transition and transition zones of
the gland. Since the whole-mount sections were cut from
adjacent dlices of prostate of 0.5 cm in thickness, Fig. 5
and Fig. 6 show how the nuclear area of the normal-
looking epithelium changes from section to section in an
apical to basal direction.

The other nuclear features showed a trend of value
changes similar to those of nuclear area. As an example,



Fig. 4 Mean nuclear areafor
each sector of the whole-mount
sections of case no. 1. The
horizontal linein each graph is
the 50th percentile or median
of the mean nuclear area. Of
the sectors, 50% have a nuclear
area above it. Each column rep-
resents a sector. Sector no. 1is
the first column on the left of
the graph
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Fig. 5 Mean nuclear areafor 90
each sector of the whole-mount 801 A
sections of case no. 2. The sec- 70
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Fig. 7 shows graphically the values (expressed in
Z-scores) of al of the nuclear features of sector no. 6,
which is located in the posterior part of the non-transi-
tion zone of the prostate, for al of the whole-mount sec-
tions. In case no. 1, the profile of the sector feature val-
ues differs only dlightly from one whole-mount section
to another, the difference being sharp in the comparison

5 6 7 8 9 10 11 12 13 14

SECTORS

with the sectors with PIN or PCa. The sectors of normal-
looking tissue of cases no. 2 and no. 3 show a pattern of
feature value profile which is intermediate between that
seen in case no. 1 and that associated with PIN or PCa.



631

Fig. 6 Mean nuclear areafor 90
each sector of the whole-mount 801 A
sections of case no. 3. All pros- 70
tatic intraepithelial neoplasia 60
(PIN) and prostate cancer 50 -
(PCa) regions are above the 40
50th percentile of the mean nu- 30 4
clear area of the sectors of case 90 1
no. 1 (horizontal linein each i
graph). Concerning normal- 10
looking epithelium, 90% of the
regions, including those of the
apex and base, are above it 90
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Discussion

The present image analysis-based investigation demon-
strates that the nuclei of the normal-looking epithelium
of the two prostates with PIN and PCa show a diffuse
abnormality which is intermediate in severity between
that seen in case no. 1, where only normal-appearing tis-
sue was present, and that of PIN and PCa.

The normal-looking tissue in prostates with PIN and
PCa was investigated quantitatively in two previous stud-
ies [3, 19]. Bartels et al. [3] documented changes in the
chromatin pattern in secretory cell nuclei. High-resolution
images of nuclei were recorded, and a set of features de-
scriptive of the chromatin texture and spatial distribution
were computed. From these data-sets, features undergoing

MEDIAN

SECTORS

a monotonic trend of progression were selected and plot-
ted to reveal trends of progression from PIN to PCa [2].
Sets of images were also recorded in the histologically
normal-appearing tissue at defined distances from the
margin of high-grade PIN or PCa to explore the spatial
extension of the sub-visual morphological changes. The
described changes appeared to be detectable in the histo-
logically normal-appearing tissue for distances of up to
6 mm from the margin of PIN or PCa [3]. Recently, also,
Mairinger et al. [19] reported the presence of changes in
the distribution and organization of the nuclear chromatin
in cells of non-tumor tissue in vicinity to PCa and com-
pared them with those of BPH nuclei.

There are similarities and differences between the two
studies mentioned in the previous paragraph. The great-
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Fig. 7 Graphical representation of the
values of all the nuclear features of
sector no. 6 for all the whole-mount
sections. The features corresponding to
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est similarity isthat both dealt with the evaluation of the
chromatin pattern; the results obtained in the two studies
were very similar. The differences are that the authors of
the first study used hematoxylin and eosin-stained histo-
logical sections and that only secretory cells were evalu-
ated [3], whereas the researchers of the other study per-
formed the analysis in Feulgen-stained cell nuclei ex-
tracted from the disintegration of 50-um thick sections
cut from paraffin blocks [19]. The advantage of the ap-
proach of the first group was that the secretory cells
were measured at defined distances from a lesion. This
could have not been achieved with the approach of the
other group due to the type of cytological preparation
utilized. This could explain why they used the transition
zone tissue for comparison.

An approach similar to that previously adopted by
Bartels et al. [3] was followed in our study. This allowed
us to use whole-mount sections to obtain accurate infor-
mation on how diffuse the nuclear changes are and on
their exact location within a prostate in relation to areas
of PIN and PCa. To the best of our knowledge, ours rep-
resents the first detailed attempt to accomplish a com-
plete mapping of the nuclear abnormalities in RP speci-
mens. In this study, it was decided to restrict the analysis
to the evaluation of the area, diameter, and form of the
nuclei and area of the nucleoli, because these features
correspond to those usually routinely evaluated by pa-
thologists, e.g., features related to the size and shape of
nuclei and nucleoli.

Recent studies have pointed out that the normal-looking
prostate epithelium may also show some molecular chang-
es, such as those concerning glutathione S-transferase and
telomerase activity, which are similar to those usually pres-
ent in the associated preneoplastic and neoplastic lesions
[24].

The data in the literature point toward the possibility
that in the prostate and other organs, the cases with ma-
lignancy-associated cellular markers represent two dis-
tinct groups [4, 6, 8, 11, 13, 18, 22, 24, 27]. One could
be related to the field effect of the agents that caused the
initial lesion, and the other could represent the response
to factors secreted by a premalignant or malignant le-
sion.

Support for the existence of the first group comes
from the observation that some abnormalities usually
seen in the preneoplastic and neoplastic lesions are occa
sionally detected in normal-appearing prostate tissue [5,
24]. The changes related to the field effect of the agents
that caused the initial lesion might be seen as the onset
of the development of prostatic neoplasia [24, 32]. It
might well be that under certain conditions, the lesion
can progress to a premalignant stage and may then, due
to severe genetic instability, result in a clone that has the
ability to invade. Data related to the formation of DNA
adducts in normal tissue adjacent to cancer in humans
support this hypothesis [9, 17]. According to Han et al.
[12], the selective occurrence of a DNA adduct in thetis-
sue of origin of carcinomas and preceding carcinoma de-
velopment suggests a causal relation between adduct for-
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mation and prostate cancer development in testosterone
plus estradiol-17 beta-treated rats. Further support can be
found in studies in which alelic loss was found in nor-
mal lobules adjacent to breast cancer [16]. At the mor-
phological level, the genetically atered lobules demon-
strated no evidence of hyperplastic or neoplastic chang-
es. According to Dairkee [8], these observations may re-
flect the existence of a*“ predisposing field” within which
a morphologically normal, yet aberrant, focal area be-
comes committed to malignant progression, leading
eventually to invasive cancer.

Support for the existence of the second group of cases
with malignancy-associated cellular markers can be
found in a study by MacAulay et al. [18] of bronchia bi-
opsies from patients with and without lung cancer. This
investigation showed that changes in the distribution and
organization of the nuclear chromatin, defined as malig-
nancy-associated change (MAC), were present in lung
cancer patients and absent in healthy individuals. The
disappearance of MACs was noted in the subgroup of
patients in which the lung with the tumor had been re-
sected. These experimental results support the hypothe-
sis that the changes are due to some communication
from already transformed cells to the normal cells in the
vicinity. These changes are probably not specific in their
nature and might also be seen in association with other
lesions, such as inflammation.

It is possible to use the sub-visual morphological
changes as a tool in the management of patients with
PIN or PCa. In particular, the possibility of identifying
cases with subtle alterations may be applicable to specif-
ic clinical situations, such as the detection of malignancy
in the prostate when only benign-appearing tissue is ob-
served in abiopsy due to inadequate sampling [23].

In conclusion, the normal-looking columnar epitheli-
um from prostates harboring preneoplastic and neoplas-
tic lesions present with diffuse nuclear abnormalities that
are not seen by the human eyes but that can be detected
with an image analysis system. The changes are hypoth-
esized to represent either the surrounding tissue's re-
sponse to signals given off by the premalignant or malig-
nant lesion or a response in the surrounding tissue to the
field effect of the agents that caused the initial lesion.
However, it is not to be excluded that other lesions, such
as inflammation, might induce nuclear changes, similar
to those we documented here, in normal-looking tissue.

Notes added in proof Excerpt from a publication based on the
world health organization (WHO) Collaborative Project and Con-
sensus Conference, Stockholm, 8-9 June 2000: “There are four
other possible findings in the prostate (low-grade PIN, atypical ad-
enomatous hyperplasia (AAH), malignancy-associated foci, and
atrophy) that may be premalignant, but the data for these are much
less convincing than that for high-grade PIN” [7].
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