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Minireview
Progression Model for Pancreatic Cancet

Ralph H. Hruban,? Michael Goggins, showed that they were more common in pancreata with cancer
Jennifer Parsons. and Scott E. Kern than they were in pancreata without cancer. Kozekal. (14)
Departments of Pathology [R. H. H., M. G., J. P., S. E. K.J, Oncology reported similar findings shortly thereafter, and more recently,
[R.H.H., M. G., S. E.K.], and Gastroenterology [M. G.], The Johns Furukawaet al. (15), using three-dimensional mapping tech-
Hopkins Medical Institutions, Baltimore, Maryland 21287 niques, have demonstrated a stepwise progression from mild
dysplasia to severe dysplasia in these pancreatic duct lesions
It has been>10 years since Vogelstein and colleagues (1 (14_16)' These observations were, however, static, gnd it was
2) proposed a progression model for colorectal neoplasia i’nnot universally agreed upon whether these pancreatic duct le-
which they hypothesized that the progression from normal Co_sions represented the intraductal extension of an invasive cancer
lonic epithelium, to small adenomatous polyps, to infiltrating or a(t:rll:r?icparleCslilrjjci)erstov:/r;\::sa/:ezzr:jcir) (igf.iblish the temporal
adenocarcinoma is associated with the activation of oncogenesI tionship bet tic duct lesi di mp
and the inactivation of tumor suppressor genes. Mutations in tn&E1HONSNIP DEWEEN pancreatic duct fesions and invasive car-

APC gene initiate the adenomatous process, resulting in th&'nor:ni' Thebse studies Ipliowlsqd tolbe mque bd'mCU|t thep oned
clonal growth of a single cell (3-5). Over the years, additional ™9 t hope because, unlike the colon, skin, breast, cervix, an

mutations can occur in these adenomas, resulting in waves rostate, the pancreas is not readily accessible to biopsy. None-

clonal expansion and competition among persistent subcloneé, eless, Brat al. (18) have reported three patients who devel-

increasing severity of dysplasia, and eventually in the developpped infiltrating ductal pancreatic adenocarcinoma 17 months to

ment of an invasive adenocarcinoma (L, 2, 6, 7). This geneticlo years after_ the h?stological ident?fic_ation of atypical papillary
progression model not only has formed the basis of our underduct lesions in thelr papcreata: Slmllarly, Broclde al: (19)
standing of the mechanisms underlying the development Ofeported twp patl_ents with atyplcal paplllary_ duct lesions who
colorectal neoplasia, but it also has important implications fordeveloped invasive pancreatic ductal carcinomas years later.
chemoprevention, for the development of genetic screening tes Ithough there have only been a handful of such cases reported,

for the presymptomatic diagnosis of colorectal carcinomas, andey provide strong support that duct lesions in the pancreas can

for the development of prognostic genetic markers (8—-10). progress to invasive cancer (20). . )
Pancreatic cancer is the fourth leading cause of cancer Molecular genetic analyses have provided the third and

death in both men and women: yet, at the time the progressio ost convincing line of evidence that pancreatic duct lesions are

model was proposed for colorectal neoplasms, remarkably it e precursors to infiltrating adenocarcinomas of the pancreas.
was known about pancreatic cancer. For example, in 1988 th@Imost all of the genetic alterations that have been identified in
only significant genetic alteration that had been identified in'm‘”tr""_tlng _d_UCta_‘l adenocarcmomas of the pancreas have also
pancreatic cancer was mutation of theasoncogene (11). The been identified in these_ duct Ies_lons,_and remarkably, the prev-
last 10 years has seen, however, an explosion in our understan@€nce Of these genetic alterations increases as the degree of
ing of pancreatic cancer, and pancreatic cancer is now one of th Fologlcal and architectural atypia in the duct lesions increases
better characterized neoplasms at the genetic level. We belie |g.Pl, Refs.t_21;27t).| . ith minimal cvtoloaical and
that there is now sufficient pathological, clinical, and genetic _ . ancrea 'C_ uct lesions with minima cyoogl_ca _an a_r-
evidence for us to develop a rational progression model forchltectural atypia have been shown to harbor activating point
pancreatic cancer mutations in the Kras oncogene and to overexpress the HER-
The first clue that there may be a distinctive precursorzzlrieUQenetpéot‘:]u?&lgézéé 2,4’ 28|_31)' Flor example, @Hﬂ
lesion to infiltrating adenocarcinoma of the pancreas came from” ) reported tha “UEUIS only rarely Overexpressed in
careful morphological studies (12). In 1976, Cubilla and istologically nc_)rmal pancreatic du<_:ta| ep_lthel!um_,_ but it is
Fitzgerald (13) reported a seminal paper in which they idemiﬁedlovgreTpre;sed r']nt altmoslt "’;" QUctSI_es_llonls ‘Zg?/ sgnlflca}lrllt cyto-
histologically distinct proliferative lesions in the pancreatic ogica a;n darct II ectura igp'?' t'rr_" af:yTb a‘;}o papl atry
ducts and ductules adjacent to infiltrating adenocarcinomas gpancrealic duct lesions without atypia harboras-gene muta-

the pancreas. They called these duct lesions “hyperplasias” antbqns.’ and the prevalence of thgsg mutations wagmoreas:‘es
with increasing degrees of atypia in the duct lesions (reviewed

in Ref. 22). These alterations in #&s and Her-2heu are be-
lieved to be “early” genetic events in the development of pan-
i i creatic neoplasia because they occur in pancreatic duct lesions
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Fig. 1 Progression model for
pancreatic cancer. Normal duct
epithelium progresses to infil-
trating cancer léft to right)
through a series of histologi-
cally defined precursors
(PanINs). The overexpression
of HER-2heuand point muta-
tions in the Kras gene occur
early, inactivation of thepl6

_ T St W gl B W gene at an intermediate stage,
. ) i & ﬂ/\\ . = = far . A
AT B = = = & g and the inactivation ofp53,
— Normal — | PanIN-1A 4 }— PanIN-1B —}— PanIN-2 — PanIN-3 ——M8M8 DPC4. and BRCA2occur rela-
~—— Her-2/neu ——» pl6 > pS3 wvelv |
o it tively late.
BRCA2

al. (24) microdissected a series of duct lesions and demonstratedmor suppressor genes. AlthougRC appears to be the “gate-
biallelic inactivation of thepl6 gene in three of nine duct keeper” gene in the development of colonic neoplasia, a gate-
lesions. Wilentzet al. (23) extended these observations by keeper gene for the initiation of pancreatic neoplasia has not
immunohistochemically labeling over 125 pancreatic duct le-been identified (3).
sions for thep16 gene product. They not only confirmed that This model has a number of important implications:
pl6is frequently inactivated, but they also correlated the loss of (a) If we define a neoplasm as a clonal cell population that
pl6 gene expression with the severity cytological and architec-has highly patterned alterations in cancer-causing genes, then
tural atypia in the duct lesions (23). Nine (30%) of 30 flat, 4 pancreatic duct lesions are true neoplasms. The nomenclature
(27%) of 15 papillary, 37 (55%) of 67 papillary with atypia, and should reflect the neoplastic nature of these lesions, and indeed,
10 (71%) of 14 carcinomais situ duct lesions showed loss of the terminology PanIRlwas proposed by the National Cancer
pl6 expression (23). The differences in p16 expression betweelmstitute- sponsored Pancreatic Think Tank held in Park City,
the flat and papillary lesions and between the nonatypical andJtah in September 1999.
atypical duct lesions were statistically significant. Thus, loss of (b) This progression model suggests that molecular genetic
pl6 expression occurs most frequently, but not exclusively, inbased screening tests can be developed to detect early pancreatic
higher-grade duct lesions. neoplasms before they have spread beyond the gland (39, 40).
Loss of thep53, DPC4,and BRCA2tumor suppressor For example, mutant Kas genes can be detected in samples of
genes appears to occur late in the development of pancreatituodenal fluid and stool from patients with pancreatic cancer,
neoplasia. Loss of heterozygosity at chromosome 17p (the loand Berthiiemy et al. (41) have demonstrated that these genetic
cation of thep53 gene) and at 18q (the location of tBPC4 alterations may be present in samples of pancreatic secretions
gene), loss oDPC4gene expression, abnormalitiespif3gene  more than a year before a neoplasm is clinically apparent in the
expression, and biallelic inactivation of tBRRCA2tumor sup-  pancreas (28, 41-44).
pressor gene have all also been reported in pancreatic duct (c) This progression model suggests that these early pan-
lesions (22, 26, 27, 32, 33). However, in contrast taak; creatic duct lesions in the pancreas might also be reasonable
HER-2heu,andpl6, these gene abnormalities appear to occurtargets for chemoprevention (45, 46). For example, the progres-
almost exclusively in duct lesions with significant cytological sion model for colorectal carcinoma has formed the basis for
and architectural atypia (carcinoriresitu; reviewed in Refs. 22 chemoprevention trials in patients with familial adenomatous
and 34). polyposis (10). Similarly, patients with an inherited susceptibil-
The timing of DNA methylation, of telomerase activation, ity to pancreatic cancer may also be a reasonable group to study
and of a number of low frequency genetic alterations, such ashe benefit of chemoprevention of pancreatic cancer (37,
inactivation of theMKK4, STK11 ALK5, and TGFBR2tumor 47-52).
suppressor genes, remains to be defined (35-38). What doesn’'t this model suggest? This model doesn't
These pathological, clinical, and molecular observationsimply that all PanINs progress to infiltrating carcinomas. In-
can now form the foundation for a progression model for pan-deed, low-grade PanINs probably only rarely, if ever, progress,
creatic cancer. Just as there is a progression in the colorectuakin to aberrant crypt foci in the colon (53). Additional studies
from normal colonic epithelium, to adenoma, to infiltrating are needed to determine whether specific morphological find-
carcinoma, so too is there a progression in the pancreas fronmgs or genetic abnormalities can predict which PanINs have a
normal ductal epithelium, to duct lesions, to invasive ductal
adenocarcinoma (20). This progression is associated with mul-
tiple genetic alterations including activating point mutations in
the Kras gene, the overexpression of HER:@l and the  3The abbreviation used is: PanIN, pancreatic intraepithelial neoplasia.
inactivation of thepl6, p53 DPC4, and occasional\ BRCA2  “Internet address: http://pathology.jhu.edu/pancreas_panin.
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significant risk of progressing. The model also does not rule outsis and correlated with positive reactions of carcinoembryonic antigen.
other pathways for the development of infiltrating ductal ade-Arch. Pathol. Lab. Med.118: 227-234, 1994.
nocarcinomas. For example, it is possible that carcinomas witti6. Kloppel, G., Bommer, G., Rikert, K., and Seifert, G. Intraductal

DNA replication errors progress through an alternate pathwa}prollferanon in the pancreas and its relationship to human and experimental

(54). Additional studies are needed to examine such pc)ssigarcinogenesis. Virchows Arch. A Pathol. Anat. Hi887:221-233, 1980.

bilities 17. Littges, J., Schlehe, B., Menke, M. A., Vogel, |., Henne-Bruns, D., and
) L . . Kldppel, G. The K-ras mutation pattern in pancreatic ductal adenocarci-
In summary, infiltrating carcinomas of the pancreas appeahoma usually is identical to that in associated normal, hyperplastic, and
to arise from histologically well-defined precursor lesions in the metaplastic ductal epithelium. Cancer (Phil&g; 1703-1710, 1999.
small ducts and ductules of the pancreas. These lesions, calle@. Brat, D. J., Lillemoe, K. D., Yeo, C. J., Warfield, P. B., and Hruban,
PanINs, harbor a number of well-characterized genetic alterR. H. Progression of pancreatic intraductal neoplasias (high-grade
ations. A better understanding of the genetic progression in th&anIN) to.lnflltratlng adenocarcinoma of the pancreas. Am. J. Surg.
pancreas will form the basis for future early detection andPathOI"zz_' 163-169, 1998. )
chemoprevention studies. 19. Brock|e, E., Anand,_A., anq A_Ibores-Saavedra, J. Progression of
atypical ductal hyperplasia/carcinorimesitu of the pancreas to invasive
adenocarcinoma. Ann. Diagn. Path@:,286-292, 1998.
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