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Abstract
We screened 116 patients with a strong family history of pancreatic cancer using a combination of
endoscopic ultrasound and computed tomography. Ten of these patients underwent surgical resection
at our institution, providing an opportunity to define the morphology of pancreatic precursor lesions
in patients with a strong family history of pancreatic cancer. Eight of the 10 pancreata were available
and these were entirely submitted for histologic examination. The number of pancreatic
intraepithelial neoplasia (PanIN) lesions and intraductal papillary mucinous neoplasms (IPMNs)
were compared with age-matched controls. Parenchymal changes were defined. Selected precursor
neoplasms from 6 pancreata were microdissected and analyzed for KRAS gene mutations. PanINs
were significantly more common in the 8 cases (mean of 10.7% of the duct profiles, range 1.0% to
27.3%) than in the controls (mean 1.9%, range 0% to 9.2%, P<0.01). Different KRAS gene mutations
were identified in separately microdissected precursor lesions in 2 of 6 cases. IPMNs were identified
in 4 of the 8 cases, including 2 pancreata each having 2 distinct IPMNs. Both the IPMNs and the
PanINs, even the low-grade PanIN-1 lesions, were associated with lobular parenchymal atrophy.
Some individuals with a strong family history of pancreatic cancer develop multifocal, noninvasive
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epithelial precursor lesions of the pancreas. PanINs and IPMNs produce obstructive lobular atrophy,
and this atrophy is likely the source of the chronic pancreatitis-like changes seen in these patients.
The multifocal nature of familial pancreatic neoplasia suggests that surveillance of these patients is
warranted after partial pancreatectomy.
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It has been estimated that 10% of pancreatic cancers have a familial basis.31,39 Having a first-
degree relative with pancreatic cancer doubles the risk of developing pancreatic cancer,1 and
the risk increases with increasing numbers of affected relatives.33 Segregation analyses have
suggested that a major gene is responsible for this increased risk,32 but the gene responsible
for the familial aggregation of pancreatic cancer has not yet been identified and effective
screening tests for asymptomatic noninvasive disease have not been fully developed.

Careful examination of the precursor lesions associated with the familial clustering of a cancer
can provide insight into the biologic properties of a familial cancer gene. For example,
innumerable colonic adenomas are present in patients with familial adenomatous polyposis
(FAP), and APC, the gene responsible for FAP, has been therefore classified as a “gatekeeper”
gene.27–29 By contrast, hereditary nonpolyposis colorectal cancer syndrome, as the name
suggests, is not associated with increased numbers of noninvasive precursor lesions, and the
genes responsible for hereditary nonpolyposis colorectal cancer syndrome function as
“genome-maintenance” genes.27,36 By extension, careful examination of the histopathology
of the precursor lesions associated with the familial aggregation of pancreatic cancer will help
to define the biologic properties of the familial pancreatic cancer gene(s).

In addition, characterization of the pathology of noninvasive precursor lesions in patients with
familial pancreatic cancer may also form a basis for the development of screening tests for
early pancreatic neoplasia. For example, the demonstration that many intraductal carcinomas
of the breast are associated with microcalcifications has helped guide mammography for the
early detection of breast cancer,12 which has reduced breast cancer mortality.15,50

We recently screened a series of 116 asymptomatic patients with a strong family history of
pancreatic cancer for evidence of pancreatic neoplasia using a combination of physical
examination, endoscopic ultrasound (EUS), multidetector computed tomography, and, in some
cases, endoscopic retrograde pancreatography.7,8 Ten of these patients underwent pancreatic
resection at The Johns Hopkins Hospital, providing a unique opportunity to define the
morphology of pancreatic precursor lesions in patients with a strong family history of
pancreatic cancer. As the pancreata were removed early, before an invasive neoplasm
developed, they also provide a unique opportunity to study early relatively unmodified
precursor lesions in the pancreas.

MATERIALS AND METHODS
Patients

The National Familial Pancreas Tumor Registry (NFPTR) was established at The Johns
Hopkins Medical Institutions in 1994.31 As of January 1, 2006, 1545 kindreds had enrolled in
this registry, including 632 kindreds in which at least a pair of first-degree relatives had been
diagnosed with pancreatic cancer (“familial” pancreatic cancer kindreds) and 913 kindreds in
which a family member had been diagnosed with pancreatic cancer, but there were no pairs of
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affected first-degree relatives (“sporadic” pancreatic cancer kindreds).33,51 Two screening
studies of asymptomatic members of the familial pancreatic cancer kindreds have recently been
completed. 7,8 Participants in these studies had to have 3 or more blood relatives with pancreatic
cancer, they had to have at least 1 first-degree relative with pancreatic cancer, and they had to
be 40 years of age or older, or 10 years younger than the youngest family member with
pancreatic cancer. Patients with the Peutz-Jeghers syndrome could also enroll in the screening
studies as the Peutz-Jeghers syndrome has been associated with a significantly increased risk
of pancreatic cancer.16,17 One hundred ten individuals were screened in these studies, called
“Cancer of the Pancreas Screening Study 1 and 2” (CAPS 1 and CAPS 2). Thirty-eight patients
were screened as part of CAPS 1 and 78 individuals were screened as part of CAPS 2.

Surgery was recommended for patients with a suspected pancreatic neoplasm, on the basis of
the presence of a focal lesion such as a mass or cyst in one or more abnormal imaging tests
(EUS, computed tomography or endoscopic retrograde pancreatography) and/or significantly
atypical cells in EUS-guided fine needle aspirates from the pancreas. Serum tumor marker
studies were universally normal at baseline and did not influence the decision to perform
surgery.

Twelve of the individuals in CAPS 1 and CAPS 2 underwent surgical resection for radiologic
evidence of early asymptomatic pancreatic neoplasia, 10 of whom had their surgery at The
Johns Hopkins Hospital. One pancreas resected at Johns Hopkins was extensively frozen for
molecular studies. The freezing and thawing of this case introduced significant histologic
artifacts that made it unsuitable for detailed microscopic examination. This case was therefore
not included in further analyses. Another patient who had surgery at Johns Hopkins had Peutz-
Jeghers syndrome and a large intraductal papillary mucinous neoplasm (IPMN) that caused
dramatic secondary changes in the adjacent pancreatic parenchyma. As our intent was to study
unaltered early changes in the pancreas, this case also was not included in the analyses. Three
of the 8 remaining patients included in this analysis had pancreatoduodenectomies and 5 had
distal pancreatectomies. The clinical details of these patients have been reported elsewhere and
are summarized in Table 1.7,8

It should be noted that, to date, only 1 of the patients screened in CAPS 1 and CAPS 2 has
developed pancreatic cancer. This high-risk patient had a deleterious germline BRCA2
mutation, EUS changes of chronic pancreatitis, and a cystic lesion in the head of the pancreas
that increased in size during follow-up. Surgery was recommended to this patient but the patient
delayed surgery and presented 3 months later with biopsy-proven adenocarcinoma of the
pancreas metastatic to the liver.

Microscopic Examination
The 8 pancreata were serially sectioned and submitted in their entirety for histologic
examination.

Pancreatic Intraepithelial Neoplasia (PanIN)
PanIN was defined according to the currently accepted international nomenclature.21 Briefly,
a PanIN is a microscopic papillary or flat, noninvasive epithelial neoplasm arising in a
pancreatic duct. It is composed of columnar to cuboidal cells with varying amounts of mucin
and degrees of cytologic and architectural atypia. PanINs usually involve ducts <5mm in
diameter. PanINs were further subclassified into PanIN-1, PanIN-2 and PanIN-3 lesions as has
been described.21
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IPMN
IPMN was defined according to the current internationally accepted nomenclature for IPMNs.
22,38 An IPMN is a grossly visible, noninvasive mucin-producing, predominantly papillary or
rarely flat, epithelial neoplasm arising from the main pancreatic duct or branch ducts, with
varying degrees of ductal dilatation. IPMNs were further classified as adenoma (mild dysplaia),
moderate dysplasia, and marked dysplasia as has been described.22,38

The duct profiles and the number of duct profiles containing a PanIN lesion in each histologic
section were counted. Only duct profiles likely to contain PanIN lesions were counted. The
ducts had to be large enough to have a well-defined connective tissue layer by light microscopy.
At the other extreme, larger duct profiles representing interlobular ducts were not counted, as
proliferative lesions in these larger ducts are much more likely to be IPMNs than PanINs.21,
22,38 The ducts counted were therefore larger than intercalated ducts but smaller than
interlobular ducts.

In addition to the changes within the pancreatic ducts, the parenchymal lesions associated with
the duct lesions were documented. Particular attention was paid to the pancreatic lobules
associated with PanIN lesions and any associations between PanINs and parenchymal
pathology were carefully documented.

Controls
Two age-matched controls were examined for each case. Controls were selected from patients
who underwent surgical resection of a portion of their pancreas for serous cystadenoma (n=12),
lymphoepithelial cyst (n=3), or a solid-pseudopapillary neoplasm (n=1) at our institution
between February 1, 2005 and January 31, 2006. The controls were age matched with the cases
such that the controls were within 5 years of age of their matched case. If a control older than
the case was available, it was selected over controls younger than the case. As a result, 13 of
the 16 controls were the same age or older than their matched case. When possible, the controls
were also gender matched with the cases, such that 14 of the 16 controls were gender matched
with their paired case.

KRAS Mutational Analysis
Selected PanINs and IPMNs were microdissected from formalin-fixed, paraffin-embedded
tissue sections as has been described.18 The neoplastic cellularity of the microdissected PanINs
was ~80%. DNA was isolated using the QiAamp DNeasy Tissue Kit (Qiagen, Valencia, CA).
KRAS gene sequencing was performed using BigDye 1.0 and a 377XL capillary sequencer
(ABI, Applied Biosystems, Foster City, CA).

Statistical Analyses
The number of PanIN profiles were compared between individuals who underwent whipple
resection and those who underwent distal pancreatectomy using the Mann-Whitney rank sum
test, and the percentage of ducts involved by PanINs in the cases was compared with the
percentage in controls using Wilcoxon-rank sum. The Spearman rank correlation was used to
determine the relationship between the percentage of ducts with PanIN lesions and the EUS
score. Analyses were performed using STATA version 8.

RESULTS
Patients

The cases included 5 males and 3 females. They ranged in age from 38 to 73 years (mean 54.5
y). They had between 3 and 5 family members previously diagnosed with pancreatic cancer,
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and 3 of the 8 had been diagnosed clinically with diabetes mellitus. The EUS findings are
summarized in Table 1. The controls included 8 males and 8 females. They ranged in age from
38 to 78 years (mean 56.3 y).

IPMNs
IPMNs were identified in 4 of the 8 cases. Two of the cases had 2 IPMNs each, and 2 of the
cases had a single IPMN. These 6 IPMNs were all IPMN-adenoma (low-grade dysplasia) and
none were associated with an invasive cancer. The 6 IPMNs ranged in size from 6mm to 1.5
cm. All 6 IPMNs were associated with adjacent areas of parenchymal atrophy. These areas
were upstream from the IPMNs and characterized by acinar dropout, islet aggregation, fibrosis,
and fatty replacement of the pancreatic parenchyma. These areas were not further evaluated in
the studies correlating PanIN lesions with parenchymal changes.

PanIN
PanIN was identified in all 8 cases (Table 2). In the cases, a mean of 34 PanIN lesions (profiles)
was identified per resected portion of pancreas. By contrast, the 16 controls included in the
current study harbored a mean of only 1.9 PanIN profiles per surgically resected portion of
pancreas. Similarly, in a previous study of 122 surgically resected pancreata with chronic
pancreatitis (mean age 55 y) we found a mean of 3.3 PanIN profiles per surgically resected
portion of pancreas.47

The PanIN lesions identified in the 8 cases in the current study were mostly PanIN-1 and
PanIN-2 lesions, but in 1 of the 8 pancreata the lesions reached the level of PanIN-3. The PanIN
lesions in the cases were remarkably extensive, involving as many as 27.3% of the duct profiles
in 1 of the pancreata (mean 10.7%, range 1.0% to 27.3%). There was no difference in the
number of PanIN profiles in the head of the gland (mean 31.3 per resection specimen) as
compared with the number in the tail of the gland (mean 35.8 per resection specimen) (P=0.65).
The number of PanIN profiles in the cases increased with patient age (r=0.81, P<0.015).

PanIN lesions in the 16 age-matched controls were limited to PanIN-1 and PanIN-2 lesions
and involved a mean of 1.9% of the duct profiles (range 0% to 9.2%). The percentage of ducts
involved by PanIN lesions in the controls was significantly lower than in the 8 cases (P<0.01).
No IPMNs were identified in the 16 controls.

KRAS Gene Analysis
Activating point mutations in the KRAS gene are early events in the development of pancreatic
neoplasia.14 We microdissected precursor lesions (PanINs and IPMNs) from 6 of the pancreata.
These were low-grade precursor lesions, including genotyped PanIN-1, PanIN-2, and IPMN-
adenoma. In 2 of the 6 cases (cases 7 and 8) different KRAS gene mutations were found in
different precursor lesions (Table 3). In 2 cases, 1 mutation was identified (cases 1 and 6). In
case 4, two lesions were analyzable and both were wild type, and in case 5, only 1 lesion was
analyzable and it was wild type. The presence of different KRAS gene mutations in different
precursor lesions microdissected from the same pancreas suggests that these lesions are the
product of multifocal disease, and not caused by a single large branching precursor lesion
involving multiple ducts.

Parenchymal Changes Associated With PanINs
The pancreatic parenchyma not associated with PanINs or IPMNs was histologically
unremarkable (Fig. 1A). The lobular units were well defined and generally free of
inflammation. The acinar cells were of normal size with abundant apical granular cytoplasm,
and they formed barely perceptible lumina.
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A spectrum of parenchymal atrophy was associated with the PanINs in the cases (Figs. 1B–F).
These atrophic changes had a remarkable predisposition to involve lobular units such that the
changes in a single lobular unit were uniform, and a lobule with marked atrophy could be
adjacent to a histologically normal lobule. The subtlest changes included a thinning of the
acinar cells with a loss of the apical granular cytoplasm and slight dilatation of the acinar lumina
(Fig. 1B). Other lobular units had a more significant loss of acinar cells such that only a few
cells with granular eosinophilic cytoplasm remained (Figs. 1C, D). These were usually in
continuity with small ducts such that it was difficult to distinguish between ductal cells and
acinar cells. The small ducts themselves were often prominent and occasionally formed
tortuous cords of small ducts toward the center of the residual lobular unit (Fig. 1E).

The most dramatic lobular changes in the cases included marked acinar dropout such that
essentially no acinar cells remained (Fig. 1F). These lobular units were instead composed of a
central, slightly dilated duct surrounded by aggregates of islets of Langerhans embedded in
fibro-fatty connective tissue.

These atrophic changes were often associated with the PanINs (Figs. 2A–D). In 4 of the 8
pancreata (cases 5, 6, 7, and 8) there was an almost one-to-one association between PanIN
lesions and atrophy of the lobular unit surrounding the duct with the PanIN (Figs. 2A–D). This
association was present, but not as striking as in another pancreas (case 4) and only rarely
observed in the 3 pancreata with the less than 10 PanIN profiles (cases 1, 2, and 3). The
association of lobular atrophy with PanINs was even seen with flat PanINs without significant
cytologic or architectural atypia (PanIN-1A).

A similar, albeit less dramatic, association was noted in the 16 controls between PanIN lesions
and lobular parenchymal atrophy (Fig. 3). The association between nonfamilial PanINs and
lobular parenchymal atrophy has been reported previously13 and was seen even with PanIN-1A
lesions (Fig. 3).

Other Changes in the Cases
Amyloid deposition in the islets of Langerhans was seen in 3 of the 8 cases, 2 of whom were
clinically diagnosed with type II diabetes mellitus before surgery. Two cases had acinar nodules
in the pancreas, 1 case had a small abscess presumably from a previous biopsy, and 1 pancreas
had a mixed inflammatory cell infiltrate. This mixed inflammatory cell infiltrate, in contrast
to the atrophic changes described earlier, did not follow a lobular pattern, but instead,
inflammatory cells extended across lobules. Inflammatory pancreatitis was not present or, at
most, was only minimal in the other cases.

PanIN Versus EUS
As previously reported,8 EUS changes were graded from 0 to 9, with 1 point each given for
echogenic foci, echogenic strands, lobularity, main ductal dilation, visible side branches,
echogenic duct walls, duct irregularity, cysts, and stones.9,20,48,53 The Spearman correlation
between the percentage of ducts with PanIN lesions in the 8 cases (Table 2) and the EUS score
(Table 1) was 0.85 (P<0.007). These results are shown in Figure 4.

DISCUSSION
We describe 2 striking histologic changes in pancreata surgically resected from patients with
a strong family history of pancreatic cancer. First, these pancreata are remarkable for multiple
precursor lesions, including PanIN lesions, involving as many as 27.3% of the duct profiles in
a single distal pancreatectomy. Second, the precursor lesions in these pancreata, even the low-
grade PanIN-1 lesions, were often directly associated with lobular atrophy of the surrounding
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pancreatic parenchyma. The latter association was also present, although much more focally,
in the controls.

The number of PanINs identified in the cases with a strong family history of pancreatic cancer
was remarkably high. All 8 cases contained PanINs, a total of 273 PanIN profiles were
identified in the cases (mean 34 PanIN profiles per resected portion of pancreas), and the
density of PanIN profiles in the cases was significantly greater than that observed in age-
matched controls (P<0.01). These multiple PanIN profiles represent multifocal disease as
demonstrated by the distinct KRAS gene mutations identified in separately microdissected
precursor lesions from 2 of the patients.

The finding of such a high density of multifocal precursor lesions in a single pancreas suggests
that the portion of the gland not resected in these individuals retains a significantly increased
risk of developing an invasive pancreatic cancer. Although one might argue that these patients
would benefit from a total pancreatectomy, the benefit of such surgery is unproven, whereas
the risks are real. A patient has been reported who died after a prophylactic total
pancreatectomy, and all patients who undergo a total pancreatectomy develop brittle diabetes
mellitus.6 Therefore, short of total pancreatectomy, our recommendation for the patients in this
series with multiple precursor lesions has been continued surveillance of the pancreatic
remnant, using EUS and CT or magnetic resonance cholangiopancreatography.

The distinctive pattern of lobular atrophy associated with PanINs observed in the pancreata in
this study has also been reported focally in elderly patients by Detlefsen et al13 and diffusely
in patients with a strong family history of pancreatic cancer by Meckler et al.41 Meckler et
al41 concluded that the “dysplasia appeared to develop within the microcystically dilated
intralobular glands and ducts.” This conclusion suggested that the familial pancreatic cancer
gene could be a pancreatitis-inducing or cyst-inducing gene. When compared to findings in
animal models, however, the morphology of lobular atrophy observed in all 3 series of patients
suggests that it is the epithelial precursor lesions that are causing the parenchymal atrophy and
duct dilatation. 13 Surgical obstruction of the pancreatic duct in animal models causes a
stereotypic series of changes in the pancreas and these are the very same alterations identified
in the pancreata in all 3 series of patients.2,4,5,10,30,35,44,52,54

The first change after experimental ligation of the pancreatic duct in animal models is a thinning
of the acinar cells with a loss of the apical granular cytoplasm and retention of the basal
basophilic cytoplasm. 10,44,54 This acinar cell thinning is associated with slight dilatation of
the acinar lumina (compare with Fig. 1B). The acinar cells then die through the processes of
necrosis and apoptosis.19,52 Acinar cell loss progresses over time until only a few cells with
granular eosinophilic cytoplasm remain, and eventually it is difficult to distinguish between
ductal cells and acinar cells (compare with Figs. 1C–E). In the end stages, there is a marked
acinar dropout such that essentially no acinar cells remain (compare with Fig. 1F). The lobular
units are then composed of a central, slightly dilated duct surrounded by aggregates of islets
of Langerhans and embedded in fibro-fatty connective tissue.30 The histologic changes
reported here (Fig. 1), by Detlefsen et al, and by Meckler et al are essentially phenocopies of
these features seen in animal models of pancreatic duct ligation.41 It therefore seems that it is
not the atrophy that is causing the PanINs to develop, but rather that it is the PanINs which
develop first, producing multiple foci of small duct obstruction, in turn progressing to
multifocal lobulocentric atrophy.13

The initial event in some forms of familial pancreatic cancer therefore seems to be the
development of multiple intraductal neoplasms (PanINs and IPMNs). By analogy with FAP,
this pattern of epithelial neoplasia suggests that some cases of familial pancreatic cancer are
caused by mutations in a gatekeeper gene.27,28 Gatekeeper genes are genes that directly
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regulate the emergence of incipient neoplasms by exerting control over stem cell numbers,34

promoting senescence, or perhaps by inhibiting cell proliferation or promoting cell death. In
the original gatekeeper models of neoplasia,24,25,49 only one mutation, in addition to the
germline mutation, is needed to initiate neoplasia. If an inherited mutation in a gatekeeper gene
is recessive, the lesions are focal, rather than diffuse, and the second hit occurs in the second
allele of the gatekeeper gene. Examples of gatekeeper genes include the RB, VHL, NF1,
MEN1, and APC genes. Inactivation of a gatekeeper gene tends to lead to a very specific tissue
distribution of cancer, and individuals with an inherited mutation in a gatekeeper gene have as
much as a 103 increased risk of developing cancer.27,28 The cases in this study with multiple
precursor lesions thus reasonably fit the characteristics of inherited mutations in a recessive
gatekeeper gene.

The striking association we observed between precursor lesions (PanINs and IPMNs) and
obstructive changes in the pancreatic parenchyma correlates with chronic pancreatitis-like
changes observed radiologically in these patients (Fig. 4). Chronic pancreatitis-like changes,
including chronic pancreatitis-like abnormalities of the ducts (ectasia, irregularity, saccules)
and parenchyma (heterogeneity, lobularity), were observed by EUS and by endoscopic
retrograde cholangiopancreatography (ERCP) in two-thirds of the 109 patients screened in
CAPS 1 and CAPS 2.7,8 These changes correlate with markers of neoplasia including abnormal
DNA methylation in the pancreatic juice,40 and were significantly more common and more
severe in individuals from familial pancreatic cancer kindreds than in controls, even after
adjusting for age and alcohol exposure.8 Similar changes have also been reported by others in
patients with a strong family history of pancreatic cancer.6 Brentnall et al6 screened 14 patients
with a strong family history of pancreatic cancer using a combination of EUS, ERCP, and spiral
computed tomography. Nine of these 14 were found to have heterogenous pancreatic
parenchyma on EUS and 8 had ERCP changes including irregular and poor duct filling, and
ectactic ducts with saccules. The histologic changes of lobular parenchymal atrophy we
describe correlate with the heterogenous pancreatic parenchyma seen on EUS, whereas the
precursor lesions themselves, particularly the small IPMNs, explain the irregular and poor duct
filling, and the ectactic ducts seen by ERCP.

These observations therefore provide a morphologic basis to an approach to screening for early
pancreatic neoplasia, particularly multifocal intraductal precursors of the type seen in familial
pancreatic cancer. Multifocal PanINs and IPMNs will produce multiple foci of atrophy and
cyst formation scattered in a background of intact pancreatic parenchyma. This heterogeneous
pattern of atrophy will produce, as observed in the current study, and in the patients reported
by Brentnall et al, a heterogeneous pattern on EUS. This heterogeneity can be quantified using
the standard deviation of the gray-scale distribution (pixel densities) of the B-mode
sonographic image.43 Indeed, Morita et al reported that the mean brightness and standard
deviation derived from the gray-scale histogram increase after pancreatic duct ligation in dogs.
43 Simply put, although the precursor lesions may be too small to visualize by currently
available imaging technologies, the effects they produce on the pancreatic parenchyma can be
detected and quantified.

Although the data do not allow us to draw conclusions about the optimal age at which to begin
screening high-risk patients for pancreatic cancer, the observation that the number of PanIN
profiles in the cases increased significantly with patient age (r=0.81, P<0.015) suggests that
age should be strongly factored into any screening program.

At first glance it would seem that intraductal precursor lesions produce the lobular parenchymal
atrophy by physically obstructing the affected duct. The atrophic changes were, however,
observed even in association with flat, low-grade lesions (Fig. 3). The epithelial cells of the
lesions clearly do not obstruct the lumen, suggesting that other mechanisms may contribute to
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the atrophy observed. For example, mucins and aquaporins are known to be abnormally
expressed in PanINs, and their expression could alter the viscosity of intraluminal secretions
causing a relative reduction in their flow.26,37,45,46 Alternatively, the precursor lesions could
aberrantly express proteins which prematurely activate proteases such as trypsinogen.45 The
premature activation of trypsinogen has been shown to play a role in the development of
obstructive atrophy in the pancreas,42 and PanINs are known to ectopically express a number
of proteins.45 For example, the expression of even a small amount of enterokinase on the
surface of PanINs could prematurely activate trypsinogen, initiating a cascade of enzyme
activation that leads to atrophy.

Finally, our findings suggest that a vicious cycle may develop in the pancreata of patients with
a strong family history of pancreatic cancer. We have shown that the precursor lesions cause
lobular chronic pancreatitis. The resultant episodes of tissue injury and repair may disrupt
homeostatic mechanisms that govern stem cell regulation, furthering neoplastic progression,
which would in turn produce more lobular chronic pancreatitis, continuing the vicious cycle.
3,11,23

In summary, some patients with a strong family history of pancreatic cancer develop numerous
noninvasive epithelial precursor lesions including PanINs and IPMNs. These lesions are
associated with lobular atrophy of the pancreatic parenchyma. The multifocality of the
precursor lesions suggests that an inherited mutation of a gatekeeper gene is responsible for
some cases of familial pancreatic cancer. The lobular atrophy associated with these precursor
lesions provides an explanation for the chronic pancreatitis-like changes seen in these
pancreata, and the patchy nature of this atrophy suggests an approach for screening for early
pancreatic neoplasia in at-risk individuals.
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FIGURE 1.
Normal pancreatic lobule (A) and progressive lobular atrophy (B–F). The earliest changes
included a mild dilatation of the acinar lumina associated with a thinning of the acinar cells
and a subtle loss of acinar granularity (B). More significant lobular atrophy included a
considerable loss of acinar cells such that only a few cells with granular eosinophilic cytoplasm
remained (C–E). Eventually no acinar cells, and in some lobules no ductal cells, remained (F).
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FIGURE 2.
In most of the pancreata there was a dramatic association between PanIN and the lobular
atrophy (A–D). For example, in (A) notice the normal lobules associated with a normal duct
(top) contrasting with the dramatic atrophy of the 3 lobular units associated with PanIN lesions
involving 3 branching ducts toward the center and lower half of the field. Similar associations
between PanINs and lobular atrophy can be appreciated in (B–D).

Brune et al. Page 14

Am J Surg Pathol. Author manuscript; available in PMC 2009 September 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FIGURE 3.
Low-magnification image of a PanIN, in a patient without a family history, associated with
lobular parenchymal atrophy (A). High-magnification view of a PanIN-1A lesion in a control
associated with lobular atrophy (B). Note the few remaining acini associated with the duct, the
fibrosis, and the aggregation of islets. Low-magnification and high-magnification views of a
PanIN-1A lesion in a control associated with lobular atrophy (C and D).
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FIGURE 4.
Percentage of ducts with PanIN lesions versus the EUS score for the 8 cases included in this
analysis.
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