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Pancreatic intraepithelial neoplasia is often associ-
ated with pancreatic ductal adenocarcinoma and is
presumed to be its precursor. It has been difficult to
determine the frequency of these lesions because
until recently, there was no consensus regarding the
terminology and criteria for their grading. Here we
compare the frequency and clinical correlates of
pancreatic intraepithelial neoplasia in pancreata in-
volved by ductal adenocarcinoma and in benign
ones, using the criteria put forward recently. We
evaluated pancreatectomy specimens from 82 pa-
tients with ductal adenocarcinoma and 152 patients
who underwent pancreatectomy for reasons other
than primary malignancy (trauma, pancreatitis,
andmetastatic tumor to pancreas) for the presence,
grade, and number of foci of pancreatic intraepithe-
lial neoplasia. Cases were graded by the highest
grade of pancreatic intraepithelial neoplasia focus
identified. An average of 5.3 sections of pancreas
was available for evaluation (range, 1–28 sections).
Overall, the frequency of pancreatic intraepithelial
neoplasia lesions in ductal adenocarcinoma pa-
tients, including Grade 1A (mucinous duct lesions),
was 82%, which was significantly higher than the
one in benign pancreata �54%, P< .001. There was
a progressive increase from normal pancreata to
pancreatitis and to ductal adenocarcinoma in the
frequency of overall pancreatic intraepithelial neo-
plasia lesions (16%, 60%, and 82%, respectively) and
Grade 3 pancreatic intraepithelial neoplasia (0%,
4%, and 40%, respectively). In most instances, in
any given case of higher-grade pancreatic intraepi-
thelial neoplasia lesion, there were also several foci

of lower grade lesions. The frequency of higher-
grade pancreatic intraepithelial neoplasia lesions (2
and 3) in pancreata resected for ductal adenocarci-
noma was 59%, significantly higher than in those
without primary carcinoma (17%). This progressive
increase in frequency of pancreatic intraepithelial
neoplasia from incidental pancreatectomies (pre-
sumed to have a nonpathologic pancreas) to pan-
creatitis (considered a risk factor for carcinoma)
and to ductal adenocarcinoma constitutes an indi-
rect support for the precancerous role attributed to
pancreatic intraepithelial neoplasia lesions. The
relatively high absolute occurrence of pancre-
atic intraepithelial neoplasia Grade 1A (muci-
nous duct lesions) in benign conditions (43%)
suggests that this group represents a combina-
tion of neoplastic and non-neoplastic lesions.
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Pancreatic ductal carcinoma is one of the most
aggressive cancers, ranking fifth as the cause of
cancer-related deaths in the United States. Annu-
ally, approximately 28,000 people are diagnosed
with pancreatic cancer, and their 5-year survival
rate does not exceed 4% (1). To improve the omi-
nous course of this disease, one of the approaches
would be to develop a reliable screening test that is
capable of detecting precursor lesions (2). This type
of approach has been successfully tried for colorec-
tal neoplasia, for which screening for adenomas in
high-risk groups now represents the standard of
care. However, in pancreas, the study of early can-
cer is more challenging than in other organs be-
cause the pancreas inaccessibility precludes rou-
tine biopsy, and there remains also an incomplete
understanding of its pathogenesis.
The first suggestion of precursor lesions for pan-

creatic carcinoma belonged to Sommers et al. (3),
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who noted an increase in pancreatic duct hyperpla-
sia in patients with cancer compared with in those
with benign pancreata. Subsequent studies con-
firmed these findings, pointing out that hyperplas-
tic or dysplastic lesions of the pancreas are often
found in association with adenocarcinoma (4–10).
In a study of 227 cases of pancreatic carcinoma
compared with 100 control autopsy cases without
primary pancreatic cancer, Cubilla and Fitzgerald
(4) noted that papillary hyperplastic lesions are
more frequent in cancer cases than in non-
neoplastic pancreata, and moreover, marked atypia
and carcinoma in situ were noted exclusively asso-
ciated with invasive carcinoma. Several studies
have tried to evaluate the frequency of hyperplastic
or dysplastic ductal lesions in normal pancreata
from autopsy series (4, 11–16) or in cases with
chronic pancreatitis (17–23). Nevertheless, until re-
cently, it was difficult to determine the exact fre-
quency of dysplasia because there was no consen-
sus regarding the terminology and the criteria for
their grading (2). More than 70 different terms be-
longing to several grading systems were used to
describe focal proliferative and metaplastic lesions
in the human exocrine pancreas (24). Even though
investigators have suggested that some of these le-
sions may represent precursors of ductal carci-
noma, the nomenclature included terms like meta-
plasia, hyperplasia, or hypertrophy that would
imply a non-neoplastic lesion. Moreover, the con-
fusing and redundant nomenclature did not permit
direct comparison between different studies. Re-
cently, a consensus has been reached that coined
the term pancreatic intraepithelial neoplasia (Pa-
nIN) for these lesions (24), as originally proposed by
Klimstra and Longnecker (25) and Brat et al. (26).

Our objective in the present study was to investi-
gate the PanIN occurrence in a series of pancreata
involved by primary ductal adenocarcinoma, com-
pared with a series of pancreata resected for rea-
sons other than primary pancreatic neoplasms, us-
ing the criteria put forth in this recent consensus
study. Because several investigators established
that chronic pancreatitis represents a risk factor for
ductal adenocarcinoma (18, 19, 27, 28), we segre-
gated the non-neoplastic pancreata group based on
the presence or absence of chronic pancreatitis.

MATERIALS AND METHODS

Selection of Cases
From the files of Detroit Medical Center and Kar-

manos Center Institute, we selected 234 patients
with primary pancreatic ductal adenocarcinoma
and non-neoplastic pancreatic pathology. The
cases selected fell into 2 diagnostic categories: 82
consecutive cases of pancreatic ductal adenocarci-
noma (35%) covering the period 1983–2000 and 152
consecutive cases of non-neoplastic pancreata
(65%) spanning the period 1977–2000 (Table 1). The
non-neoplastic group was heterogeneous and in-
cluded 86 cases of chronic pancreatitis (37%), 36
cases (15%) in which the resected pancreatic tissue
did not reveal any pathology (including 19 cases
with incidental pancreatectomies caused by trau-
matic events i.e., fire arm lesions), and 30 cases with
secondary tumors involving the pancreas or
peripancreatic tissue (13%). In 212 cases (91%), the
patients underwent a pancreatectomy procedure,
and in 22 cases (9%), a pancreatic biopsy was per-
formed. We assessed each case from the non-

Table 1. Distribution of Cases, Average Number of Pancreatic Slides Examined Per Case and Surgical Procedure in

Various Diagnostic Categories

Diagnostic Group Number of Cases (%)

Number of
Slides

Examined/Case
[Mean (range)]

Procedure

Resection Number (%) Biopsy Number (%)

Non-neoplastic pancreas 152 (65%) 4.57 (1–38) 130 (86%) 22 (14%)
“Normal” Pancreas 36 (15%) 3.36 (1–30) 33 (92%) 3 (8%)
Trauma (GSW) 19 (8%) 1.57 (1–3) 19 (100%) 0 (0%)
Other 17 (7%) 5.35 (1–30) 14 (82%) 3 (18%)

Pancreatitis 86 (37%) 5.69 (1–38) 69 (80%) 17 (20%)
Secondary tumors 30 (13%) 2.8 (1–9) 28 (93%) 2 (7%)
Gastric
adenocarcinomas

12 (5%) 2.31 (1–5) 12 (100%) 0 (0%)

RCC 5 (2%) 5.2 (2–9) 5 (100%) 0 (0%)
Colon
adenocarcinomas

4 (2%) 1.75 (1–3) 3 (75%) 1 (25%)

GIST 2 (1%) 3.5 (3–4) 2 (100%) 0 (0%)
Unknown primary 3 (1%) 2.33 (1–4) 3 (100%) 0 (0%)
Other1 4 (2%) 3 (1–5) 3 (75%) 1 (25%)

Pancreatic DA 82 (35%) 6.71 (1–28) 82 (100%) 0 (0%)
Total 234 5.32 (1–38) 212 (91%) 22 (9%)

GSW, gunshot wound; RCC, renal cell carcinoma; GIST, gastrointestinal stromal tumor; DA, ductal adenocarcinoma.
All percentages are rounded to the nearest integer.
1 Lymphoma (1), Merkel cell carcinoma (1), granular cell tumor of common bile duct (1), retroperitoneal leiomyosarcoma (1).
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neoplastic category for the presence of pancreatic
fibrosis and atrophy to establish what percentage
from the secondary tumor group had associated
chronic pancreatitis changes and also to ascertain
that the “normal” pancreata group actually lacked
chronic pancreatitis.

In the neoplastic group we selected only cases of
ductal adenocarcinoma; other primary pancreatic
tumors were excluded. We also eliminated from the
secondary tumor group cases with ampullary or
duodenal carcinoma invading into the pancreas.
Overall, an average number of 5.32 (range, 1–38)
sections of pancreas per case were available for
evaluation, and this figure varied widely across dif-
ferent diagnostic groups: 3.36 slides/case in “nor-
mal” pancreata, 5.69 slides/case in chronic pancre-
atitis, 2.8 slides/case in secondary tumors, and 6.71
slides/case in pancreatic ductal adenocarcinoma
(Table 1).

Data Collection
For all selected cases, we reviewed the pathology

reports and recorded the demographic parameters
(age, gender, race) and also the location of the
resected pancreatic tissue (head, body, or tail).
When clinical data were available, history of diabe-
tes, smoking, or alcohol abuse were also recorded.
In each of the selected cases, all available slides
were evaluated by two of the authors (AA and VA)
for the presence, grade, and number of foci of Pa-
nIN lesions using the four-tier classification put
forth recently (24). Borderline lesions that were dif-
ficult to classify were graded by consensus. We as-
signed to each case the highest grade of PanIN
lesion that was identified, regardless of whether
lower grade lesions were present. In other words, a
case of a given PanIN grade could also contain
areas with lesions of lower grade. For example, a
case classified as Grade 2 might also contain PanIN
1A or 1B lesions but no PanIN 3 (Table 2). However,
in documenting the “absolute” frequencies of each
PanIN grade, any PanIN lesion present in these
cases was included in the calculation (irrespective
of whether they had additional lesions of higher
grade). In evaluating the number of foci of PanIN,
any involved duct that was not clearly connected to
another was counted as a separate focus. Because

in cases with ductal adenocarcinoma it is often
difficult to distinguish between PanIN 3 foci and
cancerization of ducts or even infiltrative large-duct
units, we identified as high-grade PanIN lesions
only those located distantly from the infiltrative
tumor, surrounded by pancreatic parenchyma. A
particular challenge was posed by the discrimina-
tion between foci of high-grade PanIN (2 or 3) and
reactive inflammatory changes in the cases with
atrophic pancreatitis. Although this differentiation
is at times very difficult, we found a couple of
criteria to be helpful. Inflammatory reaction in-
duces changes mainly in cytology but not as many
changes in architecture. As a consequence, reactive
ducts may have significant cytological atypia mim-
icking that seen in PanINs 2 and 3 lesions but lack
the distinctive micropapillary architecture, loss of
polarity, tufting, and stratification characteristic of
PanIN lesions. In reactive cytological atypia, despite
the presence of nuclear enlargement and nucleolar
prominence, the nuclei are often round with
smooth contours and finely dispersed chromatin,
and the cytoplasm is eosinophilic. Finally, in the
presence of a significant inflammatory infiltrate,
especially composed of PMNs, the diagnosis of re-
active change was favored over dysplasia.

Data Analysis and Statistical Methods
Individual t statistics and P values were obtained

to assess the differences in the mean values of the
continuous variables (age and number of slides ex-
amined per case) between various diagnostic
groups and also between cases with PanIN and
without PanIN lesions. To determine statistical sig-
nificance, we used a conservative Bonferroni cor-
rection or Tamhane’s T2 method when equal vari-
ance was not assumed, to ensure that the combined
Type I error probability when performing multiple
tests was 0.05.

The association between the diagnostic catego-
ries ranked normal, pancreatitis, secondary tumors,
and pancreatic ductal adenocarcinoma and fre-
quency of PanIN-positive cases was assessed by
Kendall’s tau coefficient. Separate �2 tests were per-
formed to correlate PanIN frequency with gender,
race, and history of smoking, alcohol abuse, and

Table 2. Methodology Used for Grading the Cases

PanIN Lesion(s) Identified in a Given Case

1A 1B 2 3

PanIN grade assigned
to the case

1A Present Absent Absent Absent

1B May be present Present Absent Absent
2 May be present May be present Present Absent
3 May be present May be present May be present Present

PanIN grade assigned to a given case represented the grade of the highest PanIN lesion identified in that case.
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diabetes. When the expected frequency was �5,
Fisher’s exact test was used.

To assess the independent influence of pancre-
atic diagnostic categories and various demographic
variables (age, gender, race, and history of smoking,
alcohol abuse, and diabetes) on the proportion of
PanIN-positive cases, we used a multivariate logis-
tic regression model (29) with the diagnostic cate-
gories and demographic variables as the indepen-
dent variables and the logit of PanIN probability as
the dependent variable. The number of pancreatic
slides examined in each case was variable across
different diagnostic categories. Therefore, to con-
trol for differences in frequency of occurrence of
PanIN that are produced by variations in sampling
of the organ, we included the number of slides
examined as an independent variable in our multi-
variate model.

RESULTS

A total of 908 foci of PanIN were identified in 149
of 234 cases (64%) and were graded according to
published criteria (24). Representative examples of
the four PanIN grades identified in our series are
displayed in Figure 1. In 53% of the cases, the
pancreatic tissue examined originated from the
head of the pancreas (the patient underwent a pan-
creatoduodenectomy procedure or the biopsy was
directed toward the head of the pancreas), whereas
in 29% of the cases, it was obtained from the tail of
the organ (from distal pancreatectomies proce-
dures). The precise location was unknown in 18% of
the cases because either a total pancreatectomy
was performed (5% of cases) or the type of surgery
was not available (12% of cases). If we consider only
the PanIN-positive cases, the average number of
PanIN foci detected in each case (PanIN density),
expressed as number of PanIN lesions per slide of
pancreatic tissue examined, was 1.23 foci/slide.
This number was lower within the “normal” pan-
creata group (0.48 foci/slide) and higher in chronic
pancreatitis, secondary tumors and pancreatic car-
cinoma groups (1.45, 1.56, and 1.1 foci/slide, re-
spectively). An ANOVA test with posthoc Tam-
hane’s T2 correction revealed significant statistical
differences in PanIN lesion density between so-
called normal pancreata on one side and secondary
tumors (P � .0001), chronic pancreatitis (P � .03),
and pancreatic carcinoma (P � .002) on the other
side.

Table 3 displays the proportion of PanIN-positive
cases, including detailed PanIN grades in different
diagnostic categories. The ductal adenocarcinoma
group had a significantly higher frequency of cases
with PanIN than the group with no primary malig-
nancy (82% versus 54%, P � .0001). There was a

progressive increase in the frequency of cases with
PanIN from so-called normal pancreata (28%) to
secondary tumors and chronic pancreatitis (60%
and 63%, respectively) and to ductal adenocarci-
noma (82%). Kendall’s tau coefficient of correlation
between the frequency of PanIN-positive cases and
diagnostic category was 0.363, P � .0001. Interest-
ingly, there was no significant difference in the
frequency of occurrence of PanIN between cases
with chronic pancreatitis (63%) and the secondary
tumors group (60%), P � .78. From a total of 30
cases of secondary tumors, 18 cases (60%) were
associated with atrophy and fibrosis of the pan-
creas, whereas 12 cases (40%) had an unremarkable
pancreas. In this group, the cases of secondary tu-
mors associated with chronic pancreatitis had a
higher frequency of PanIN than did cases with an
unremarkable pancreas (72% versus 42%); however,
this difference was not statistically significant (P �
.09), probably related to the low number of obser-
vations. This result suggests that the increased fre-
quency of PanIN-positive cases in the secondary-
tumors diagnostic category, compared with in the
so-called normal category, may be partially related
to the presence of chronic pancreatitis in 60% of
these cases.

The distribution of PanIN grades across pancre-
atic diagnostic categories showed significant differ-
ences. The cases with so-called normal pancreata
displayed only PanIN 1 as the highest grade (28%;
1A � 13%, 1B � 15%) and no PanIN 2 or 3 lesions.
The cases with pancreatitis exhibited predomi-
nantly PanIN 1 lesions (38%; 1A � 26%, 1B � 13%),
but a significant proportion also displayed PanIN 2
(20%), and only a few exhibited PanIN 3 lesions
(5%). The ductal adenocarcinoma group had a fre-
quency of PanIN 1 and PanIN 2 (24% and 18%,
respectively) that was similar to that of pancreatitis
cases; however, 40% of cases displayed PanIN 3
lesions. A representative example of PanIN 3 from a
case of chronic pancreatitis is illustrated in Figure
1D. The distribution of grades in secondary tumors
group resembled the one in chronic pancreatitis;
the prevalence of PanIN 1, 2, and 3 lesions was 43%,
13%, and 3%, respectively. The low incidence of
PanIN 1A lesions in some of the categories is the
result of our convention in assigning to each case
the highest grade of PanIN found and does not
imply that these lesions were rare. Actually, in most
instances, cases with high-grade PanIN exhibited
also foci of 1A and 1B grade lesions. The absolute
frequency of PanIN 1A lesions (that is, the propor-
tion of cases exhibiting PanIN 1A lesions, irrespec-
tive of the presence of higher grade PanIN) was 43%
in both pancreata without and with ductal
adenocarcinoma.

Figure 2 displays the correlation between age and
proportion of cases involved by PanIN. Overall,
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there was a significant direct correlation between
age groups and PanIN frequency (Kendall’s tau cor-
relation coefficient � 0.3, P � .0001). The average
age of patients with and without PanIN lesions was
60.4 and 49.3 years, respectively, P � .0001. The
mean age in ductal adenocarcinoma cases in our
series was 66.7 years, significantly higher than the
mean ages in the so-called normal and chronic
pancreatitis categories (40.4 years, P � .0001; and
51.5 years, P � .0001, respectively; Table 4). As a
result, the observed progressive increase in PanIN
frequency that was noted from “normal” pancreata
to pancreatitis and to ductal adenocarcinoma may
be related partially to the increase in mean age.
Therefore, to investigate the independent correla-
tion between pancreatic pathology and frequency
of PanIN-positive cases, we attempted to correct for
differences in age distribution between diagnostic
categories by including the age in a multivariate
model.

The correlation between the number of slides
examined in each case and PanIN frequency is il-
lustrated in Figure 3. There is a progressive increase
in the proportion of PanIN-positive cases with in-
crease in the number of slides examined, suggest-
ing a sampling phenomenon. Because there were
differences in the average number of slides exam-
ined in various diagnostic categories, from 3.36
slides/case in so-called normal pancreata to 6.7
slides/case in ductal adenocarcinoma (Table 1),
similar to the case with age, to investigate the in-
dependent correlation between pancreatic pathol-
ogy and PanIN frequency, we attempted to correct
for nonuniform sampling by including the number
of slides examined as an independent variable in
our model.

We did not find any statistically significant cor-
relations between PanIN frequency and gender,
race, history of diabetes, smoking, and alcohol
abuse (Table 5). There was a trend for a higher
proportion of PanIN-positive cases in females ver-
sus males (70% versus 59%, respectively, P � .1). For
the history of diabetes, smoking, and alcohol abuse,
the lack of statistical significance may be the result
of the low number of cases in which these data were
available (diabetes, smoking, and alcohol con-
sumption histories were recorded in 57, 70, and 65
cases respectively). In the cases in which the loca-
tion of PanIN foci was known, there was a trend for
PanIN to occur more often in the head than in the
tail of the pancreas (72% versus 60%, respectively, P
� .1; Table 6). When only cases with ductal adeno-
carcinoma were considered, PanIN lesions were
more frequently associated with carcinoma of the
pancreatic head (53/63; 84%) than of the tail (9/13;
69%), P � .2.

A multivariate logistic regression model correlat-
ing the frequency of PanIN-positive cases with di-

FIGURE 1. Representative examples of the four PanIN grades. A,
PanIN 1A. Flat epithelial lesions with tall columnar cells and abundant
supranuclear mucin. The nuclei are basally located and bland. B, PanIN
1B. Same cytology as PanIN 1A, but with papillary, micropapillary, or
basally pseudostratified architecture. C, PanIN 2. Often papillary, rarely,
can be flat. Show loss of cellular polarity nuclear stratification,
crowding, enlarged nuclei and hyperchromatism. When present,
mitoses are normal. D, PanIN 3. Equivalent to CIS, papillary,
micropapillary, or cribriform architecture. Shows budding off of small
clusters of cells into the lumen, luminal necrosis. Significant degree of
atypia is present with apical and abnormal mitoses. This lesion is from
a 43-year-old male with chronic pancreatitis and no evidence of
invasive cancer on the distal pancreatectomy resection specimen.
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agnosis, number of examined slides, and age is
presented in Table 7. The model shows that con-
trolling for sampling variable (i.e., the number of
slides examined in each case) and age, there is a
significant independent correlation between the di-
agnostic category and PanIN frequency. The ad-
justed odds ratios for having PanIN lesions in pan-
creatitis and secondary-tumor groups versus
normal were 3.3 and 3.05 respectively, and in the
primary ductal adenocarcinoma versus “normal”
were 4.7. Secondary tumors and chronic pancreati-
tis had a similar probability of PanIN occurrence,
probably caused in part by the associated pancre-
atic fibrosis and atrophy that were present in 60% of
metastatic tumors. The number of slides examined
correlated independently with PanIN occurrence,
accounting for the sampling effect. Age variable
also showed a direct and independent correlation
with PanIN probability, the adjusted odds ratio for
a 1-year increase in age being 1.02. The other vari-
ables, location, gender, race, and history of diabe-
tes, smoking, and alcohol consumption, did not
correlate significantly with PanIN frequency in our
model. Figure 4 illustrates a graphic representation
of our multivariate regression model showing that
even controlling for the number of slides examined
and for the age, there is a progressive increase in

frequency of PanIN-positive cases from normal
pancreata to pancreatitis and to primary ductal ad-
enocarcinoma. Also, in each diagnostic category,
there is an increase in PanIN occurrence with age.

DISCUSSION

During the last decade, a wealth of knowledge
has been accumulated regarding the molecular pa-
thology of pancreatic cancer (30). It is recognized
now that pancreatic carcinoma is a genetic disease
produced by progressive mutations in cancer-
related genes (31). Among these, inactivation of the
p16 (MTS1/INK4A/CDKN2) tumors suppressor
gene has been reported as a frequent occurrence in
several studies (approximately 95% of pancreatic
cancers) (30, 32–40). It is closely followed by inac-
tivation of p53 (50–75% of cancers) (30, 33, 34, 37,
41–50) and DPC4 tumor suppressor genes (55% of
cancers) (30, 33, 34, 37, 51–54). Among the onco-
genes, activation by point mutation of the K-ras
gene is found in almost all pancreatic carcinomas
and appears to be an early event in carcinogenesis
(30, 33, 34, 37, 44, 55–61).

Several investigators conducting morphologic
studies of normal and neoplastic pancreata have
reported putative precursor lesions for pancreatic
carcinoma identified in the ductal system exhibit-
ing various degrees of architectural changes (usu-
ally papillary or micropapillary) and cytological
atypia (3–9). Those investigators based their as-
sumption that these lesions are preneoplastic on
the static observation that they are associated with
ductal carcinoma and also on their morphologic
similarity to cancer. It also seemed logical to search
for the precursors of ductal carcinoma within the
ductal elements. More convincing evidence was
provided by Brat et al. (26) in a dynamic study in
which the investigators reported on three patients
who developed pancreatic ductal carcinoma 17
months to 10 years after identification of atypical
papillary lesions in their pancreases. Brockie et al.
(62) in a similar study reported two patients with
dysplastic lesions who developed carcinoma 9 and

Table 3. Frequency of PanIN-Positive Cases (highest grade PanIN lesion used for assigning grade) and Average

Number of PanIN Foci Per Case in Different Diagnostic Groups

Diagnostic Group
Number
of Cases

Mean Number of
Foci/Case (range)

PanIN (%) PanIN 1A (%) PanIN 1B (%) PanIN 2 (%) PanIN 3 (%)

Non-neoplastic 152 4.9 (1–35) 82 (54%) 28 (18%) 28 (18%) 21 (14%) 5 (3%)
Normal 36 2.2 (1–6) 10 (28%) 4 (13%) 6 (15%) 0 0
Pancreatitis 86 5.96 (1–35) 54 (63%) 22 (26%) 11 (13%) 17 (20%) 4 (5%)
Sec Tumors 30 3.5 (1–10) 18 (60%) 2 (7%) 11 (37%) 4 (13%) 1 (3%)

With CP 18 4.38 (1–10) 13 (72%) 0 10 (56%) 2 (11%) 1 (6%)
No CP 12 1.4 (1–2) 5 (42%) 2 (17%) 1 (8%) 2 (17%) 0

DA 82 7.55 (1–35) 67 (82%) 3 (4%) 17 (21%) 15 (18%) 33 (40%)
Total 234 6.1 (1–35) 149 (64%) 31 (13%) 45 (19%) 36 (15%) 38 (16%)

CP, chronic pancreatitis; DA, pancreatic ductal adenocarcinoma.
All percentages are rounded to the nearest integer.

FIGURE 2. Correlation of age with PanIN frequency. Kendall’s tau
correlation coefficient � 0.3, P � .0001.
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29 years later. In recent years, several investigators
have demonstrated that the molecular alterations
commonly found in pancreatic ductal adenocarci-
noma (activation of K-ras oncogene and inactiva-
tion of p16, p53, and DPC4) are also encountered in
PanIN lesions (16, 42, 63–72). Moreover it appears
that the incidence of these alterations is increasing
proportionally with the degree of cytological and
architectural atypia (73). Yamano et al. (74), in an
elegant study, microdissected a total of 126 foci of
dysplastic and invasive pancreatic carcinoma and
analyzed them for allelic loss. They found a pro-
gressive accumulation of allelic loss from what they
referred to as intraductal nonpapillary hyperplasia
to papillary hyperplasia to severe dysplasia and to
invasive ductal adenocarcinoma, supporting the
paradigm that the invasive component evolves
through successive genetic changes from the intra-
ductal component.

Until recently, a uniform classification of pancre-
atic intraductal lesions arising in small ducts was
lacking. A study analyzing the degree of reproduc-
ibility in classifying intraductal lesions found little
consensus between expert pancreatic pathologists
(24). The reason for the lack of agreement was that
�70 different diagnostic terms belonging to several
distinct grading systems were used by the eight
pathologists who were involved in that study and
also that in several cases the diagnoses rendered for
a single duct lesion ranged from hyperplasia to

metaplasia to dysplasia to carcinoma in situ. Sub-
sequently, those investigators agreed on a standard
nomenclature and diagnostic criteria for these le-
sions, selecting the terminology pancreatic intra-
epithelial neoplasia (PanIN). This new classification
system was then evaluated for reproducibility,
which was fair for Grade 1 and 3 and poor for Grade
2 PanIN lesions (24).

Our study documents the frequency of intraduc-
tal pancreatic lesions in non-neoplastic pancreata
as well as in glands involved by pancreatic ductal
adenocarcinoma using the nomenclature and cri-
teria defined by the recent consensus paper (24).
We found a progressive increase in PanIN occur-
rence from so-called normal pancreata (28%), to
pancreatitis—considered a risk factor for carci-
noma (63%)—and to ductal adenocarcinoma (82%).
We also noted a progressive increase in the propor-
tion of high-grade versus low-grade lesions from
benign pancreata (displaying predominantly PanIN
1A and 1B), to ductal adenocarcinoma (where
�50% of PanIN lesions were Grade 3). Because our
data showed that the age of the patients as well as
the number of slides examined in each case corre-
lated with PanIN frequency, we analyzed a multi-
variate logistic regression model to evaluate the
independent influence of each variable on the fre-
quency of intraductal lesions. This model showed
that there was a statistically significant direct cor-
relation between the frequency of PanIN-positive
cases and diagnostic categories (normal, pancreati-
tis, carcinoma), even controlling for age and sam-
pling variables. Age showed a direct and indepen-
dent correlation with PanIN frequency in a
multivariate analysis. The other variables analyzed
(gender, race, location, and history of diabetes,
smoking, and alcohol consumption) did not show
any significant correlation with PanIN frequency in
either univariate or multivariate analysis.

Our findings constitute indirect support for the
precancerous role attributed to PanIN lesions. The
progressive increase in the frequency of PanIN le-
sions and also in the ratio of high-grade versus
low-grade PanINs from normal pancreata to pan-

Table 4. Distribution of Mean Age, Gender, and Race Across Different Diagnostic Categories

Diagnostic Category Mean Age (range) yr
Sex1 Number (%) Race2 Number (%)

M F CC AA

Non-neoplastic 50.9 (16–84) 110 (72%) 42 (28%) 41 (53%) 37 (47%)
Normal 40.4 (16–79) 25 (69%) 11 (31%) 7 (70%) 3 (30%)
Pancreatitis 51.5 (17–84) 64 (74%) 22 (26%) 21 (46%) 25 (54%)
Sec Tumors 62.1 (35–80) 21 (70%) 9 (30%) 13 (59%) 9 (41%)

DA 66.7 (43–87) 33 (41%) 48 (59%) 44 (75%) 15 (25%)
Total 56.4 (16–87) 143 (61%) 90 (39%) 85 (62%) 52 (38%)

DA, ductal adenocarcinoma.
All percentages are rounded to the nearest integer.
1 Gender data were available in 233 cases.
2 Race data were available in 137 cases.

FIGURE 3. Correlation of number of pancreatic slides examined per
case with the frequency of PanIN.
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creatitis and to carcinoma is in keeping with the
currently proposed model of pancreatic carcino-
genesis, which hypothesizes a progression from
normal epithelium to low-grade dysplasia (PanIN 1
and 2) to high-grade dysplasia/carcinoma in situ
(PanIN 3) and to infiltrating carcinoma (10, 73, 75,
76). A significant finding in our study was the high
frequency of PanIN 1A lesions, also formerly known
as mucinous duct lesions or mucinous metaplasia,
identified in pancreata without primary neoplasms.
The frequency of “pure” PanIN 1A was 18%; how-
ever, the total frequency of PanIN 1A lesions in this
subgroup (including the cases that had a higher
grade PanIN associated) was 43% (19% in normal
pancreata, 53% in pancreatitis, and 40% in second-
ary tumors), because most cases with PanIN 2 or 3
displayed also low-grade PanIN lesions. The ubiq-
uitous presence of PanIN 1A in benign pancreata
suggests that this group most likely includes both
flat non-neoplastic and neoplastic lesions that are
morphologically similar. The neoplastic PanIN 1A
may represent the earliest step towards neoplasia,

and only a very small percentage of them will
progress eventually to higher-grade lesions and in-
vasive carcinoma. In keeping with this, molecular
studies have showed that a proportion of nonatypi-
cal flat intraductal lesions display K-ras mutations,

Table 5. PanIN Frequency by Gender, Race, History of Diabetes, Smoking, and Alcohol Abuse (highest grade PanIN

lesion used for assigning grade)

Gender pos/tot (%) Race pos/tot (%) Diabetes pos/tot (%) Smoking pos/tot (%) Alcohol pos/tot (%)

M F CC AA � � � � � �

PanIN (%) 85/143 (59%) 63/90 (70%) 56/85 (66%) 34/52 (65%) 11/14 (79%) 30/43 (70%) 36/52 (69%) 15/18 (83%) 12/20 (60%) 36/45 (80%)
P-value* 0.1 0.9 0.5 0.2 0.09

M, male; F, female; CC, Caucasian; AA, African-American.
All percentages are rounded to the nearest integer.
* Chi-square test.

Table 6. PanIN Frequency in Head versus Tail of the Pancreas (highest grade PanIN lesion used for assigning grade)

Location

Head
pos/tot (%)

Tail Number (%)
Total Pancreatectomy

pos/tot (%)
Unknown

pos/tot (%)

PanIN 1A 35/123 (10%) 12/70 (17%) (0%) 6/29 (21%)
PanIN 1B 19/123 (15%) 17/70 (24%) 4/12 (33%) 5/29 17%
PanIN 2 26/123 (21%) 8/70 (11%) (0%) 2/29 (7%)
PanIN 3 30/123 (24%) 5/70 (7%) (0%) 3/29 (10%)
Total PanIN 88/123 (72%) 42/70 (60%) 4/12 (33%) 16/29 (55%)

All percentages are rounded to the nearest integer.

Table 7. Multivariate Logistic Regression Model

Variable � coefficient P-value Odds Ratio 95% CI of Odds Ratio

1. Diagnostic
“Normal” — 0.03 — —
CP 1.19 0.012 3.3 1.3–8.4
20 1.12 0.06 3.05 0.9–9.9
DA 1.55 0.005 4.7 1.6–14.15

2. No of examined slides 0.17 0.0005 1.19 1.1–1.3
3. Age 0.02 0.04 1.02 1.001–1.05
4. Location Not significant
5. Gender Not significant
6. Race Not significant
7. Hx of diabetes Not significant
8. Hx of smoking Not significant
9. Hx of alcohol consumption Not significant

CI, confidence interval; CP, chronic pancreatitis; 20, secondary tumor group; DA, pancreatic ductal adenocarcinoma.

FIGURE 4. Graphic representation of the multivariate logistic
regression model. The number of examined slides was set at 5.3 slides/
case (mean value in our study). CP, chronic pancreatitis; DA, ductal
adenocarcinoma; Sec, secondary tumors.
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HER-2/neu overexpression, and very rare p16 mu-
tations (63, 64, 66, 68, 69, 77, 78). It has been agreed
by several investigators that K-ras mutation repre-
sents the earliest step in carcinogenesis and that
additional genetic alterations are required for pro-
gression towards carcinoma (64, 68, 79). As such,
PanIN 1 lesions represent the equivalent of low-
grade prostatic intraepithelial neoplasia (PIN) or of
the aberrant crypt foci found in the gastrointestinal
tract, which also display K-ras mutations (80).

We identified a trend in our study for an in-
creased occurrence of PanIN lesions in the head of
the pancreas versus in the tail (72% versus 60%,
respectively). These findings are in concordance
with the results of Kozuka et al. (5) but not with
those of Luttges et al. (16), who found dysplastic
lesions to be evenly distributed throughout the
pancreas. Also pancreatic head adenocarcinomas
were more often associated with PanIN lesions than
tail cancers (84% versus 69%, respectively). This
increased incidence of dysplasia in the head of the
pancreas compared with in the tail may represent a
potential explanation for the preferred localization
of ductal adenocarcinoma in the head of the gland.

Interestingly, the group of secondary tumors that
is metastatic to the pancreas displayed a frequency
of PanIN-positive cases (60%) similar to that of the
chronic pancreatitis group (63%). Within this group
of secondary tumors, there was a difference in Pa-
nIN frequency between pancreases with associated
fibrosis and atrophic changes versus those without
atrophy (72% versus 43%). Moreover, the case dis-
playing a focus of PanIN 3 was from the subgroup
with pancreatic atrophy. Although the small num-
ber of cases in this diagnostic category prevents us
from formulating statistically significant correla-
tions, one explanation for these findings could be
that the increase incidence of PanIN is related to
pancreatic fibrosis and atrophy that is present in
60% of pancreata with secondary tumors. Another
potential mechanism might be local (paracrine) in-
duction of PanIN by the metastatic tumor.

The present study complements previous mor-
phologic investigations that analyzed the presence
of hyperplastic and dysplastic lesions in non-
neoplastic and neoplastic pancreas. Kozuka et al.
(5), in a study examining 1174 pancreata from au-
topsy specimens, found an increase in the occur-
rence of nonpapillary, papillary, and atypical hy-
perplasia in cancerous pancreata versus non-
neoplastic ones. Luttges et al. (16) found on 140
non-neoplastic pancreata an incidence of muci-
nous cell hypertrophy, ductal papillary hyperplasia,
and adenomatoid ductal hyperplasia of 68%, 36%,
and 40%, respectively. These lesions are probably
similar to PanIN 1A and 1B lesions that we found in
51% of non-neoplastic pancreata (absolute PanIN
1A and 1B frequency, regardless of whether higher

grade lesions were present). The present study is
nevertheless, to our knowledge, the first one that
comprehensively investigates pancreatic dysplasia
using the new consensus criteria for defining PanIN
lesions. As opposed to the previous reports, it will
allow direct comparison to results of similar studies
that used the same criteria in defining PanIN le-
sions. A more clear image of PanIN incidence in
various patient groups, including the ones at high
risk for developing pancreatic carcinoma, would be
helpful for future studies attempting to design
screening tests for detection of precancerous
lesions.
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