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ABSTRACT
Background According to numerous studies in the hamster pancreatic cancer model, islet cells are the most vulnerable to a carcinogen’s 
insult and the induction of islet cell proliferation enhances the neoplastic process, however, the prevention of islet cell neogenesis inhibits 
it. In humans, however, discrepancies exist on the nature of the cancer progenitor cells. The recent discovery of islet cell expansion by 
GLP-1 analogs in type 2 diabetics offered a unique opportunity for comparative studies. Materials and Methods The pancreatic tissue of 
a type 2 diabetic who was treated with Victoza and Byetta for 25 months and died about a year later from pancreatic cancer, was evaluated 
histologically and by immunohistochemistry. Results Differences were found relative to the patterns of the distribution of islets in the 
tissue derived from the ventral and dorsal anlage of the pancreas. In the glucagon-rich and PP-poor dorsal pancreas, most islets were 
well circumscribed and atrophic but many contained intrainsular ductules that were malignant in one case. In the PP-rich, glucagon-
poor ventral pancreas, the islets were ill-defined, varied in size and shape, were much larger than in the control tissue, and in one area 
presented malignant growth. In the PP cell dominated area, islet cell transformation to normal, atypical and malignant ductular structures 
in various stages of differentiation were found, and remarkably in multiple sites. Conclusion This is the first report demonstrating that: 
1) as in the hamster pancreatic cancer model, human islets also appear to present a source of pancreatic ductal neoplasms; and 2) the 
alterations seem to be related to the effects of GLP-1 analogs.
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INTRODUCTION

No clues have emerged on the histogenesis of pancreatic 
cancer in humans. Induction of acinar cell lesions by 
chemical carcinogens in rodents led to the assumption 
that acinar cells are the primary targets of the carcinogens. 
Moreover, the partial ductal cell appearance of some 
of these tumors was considered evidence that ductal 
adenocarcinomas are the result of acinar cell to ductal cell 
transdifferentiation. This hypothesis contrasted with the 
virus- and carcinogen-induced primary adenocarcinoma 
in the Guinea fowl and Syrian Golden hamsters, 
respectively [1, 2]. In fact, in the hamster model, the initial 
step in neoplasia begins within the islets [1]. Numerous 
studies concerned with the role of islet cells in pancreatic 
carcinogenesis verified that any condition that stimulates 
islet cell proliferation and regeneration enhances, whereas 
the prevention of islet cell neogenesis inhibits pancreatic 

cancer formation [1]. In humans, however, such a 
possibility was doubted, as comparable studies in humans 
were absent. Recent findings of a massive proliferation of 
pancreatic islet cells in diabetic patients treated with the 
GLP-1 analog [3] provide an opportunity for comparative 
studies. With this in mind, we identified a case and were 
able to obtain the pancreas of a patient who was treated 
with Victoza and Byetta for 25 months and died from 
complications of pancreatic cancer a year later. 

MATERIALS AND METHODS
The 66-year-old, type 2 insulin-dependent diabetic 

man, was treated with Victoza on September 20, 2009. For 
an unknown reason, the treatment was changed to Byetta 
on October 20, 2010 and continued until December 2011. 
Due to the patient's financial limitations, the treatment 
was switched back to insulin. No serious diseases of the 
patient were known until March 6, 2013, when invasive 
pancreatic adenocarcinoma was diagnosed and removed 
by Whipple operation two weeks later. After recovery from 
the surgery, the patient received adjuvant Gemcitabine for 
five cycles and insulin. He was re-admitted to the hospital 
in September 2013 with liver metastases and was treated 
with palliative FOLFRINOX until he expired in September 
2014. An autopsy limited to the abdomen revealed 
“extensive carcinomatosis with a gelatinous reddish tan 
mass, necrosis and fibrosis throughout the abdomen with 
extreme difficulty locating the remnant of the pancreas.”
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The pre-operative comprehensive metabolic panel 
showed hyper glucosemia, increased Anion Gap, 
decreased albumin and increased alanine and aspartamine 
transferase, alkaline phosphatase and total bilirubin. No 
hormonal profiles were measured. The post-Whipple 
metabolic panel showed almost the same abnormalities. 
Other values, including the estimated GFR, were within the 
normal range. 

The pancreaticogastroduodenectomy specimen was a 
4.8×4.2×3 cm mass that extended into the peri-pancreatic 
fat, within 0.4 cm of the distal pancreatic neck margin, and 
abutted the SMV/SMA vascular groove margins. Metastases 
were identified within one peri-pancreatic lymph node 
(stage PT3,PN1). The pancreatic parenchyma in the region 
of the uncinate process was grossly unremarkable. 

Tissue Processing

Pancreatic tissue was fixed in 10% phosphate buffered 
formalin and processed for histology by conventional 
methods. Serial sections from the tissues that appeared 
to be intact were stained for H&E or processed for 
immunohistochemistry by Avidin-Biotin method using 
the following antibodies: anti-insulin (Cell Signaling 
Technology, Danvers, MA; 1:100 dilution,45 minute 
incubation), anti-glucagon (Cell Signaling Technology, 
Danvers, MA; 1:100 dilution,30 minute incubation), anti-
chromogranin A (Ventana Medical Systems, Tucson, AZ, 
pre-diluted by manufacturer, 36-minute incubation), anti-
PP (Abcam, Cambridge, MA; 1:1,200 dilution, 45-minute 
incubation), and the pre-diluted anti-CA 19-9 antibody 
[PA0424] from Leica Biosystems, Buffalo Grove, IL. 
Multiplex dual chromagen staining (insulin+glucagon, 
PP plus insulin, PP plus CA19-9) was performed using 
the Novocasra mouse monoclonal antibody (product 
code: NCL-L-Insulin), and clone 2D11-HS, the same as 
PA0620(R-T-u), was used. Normal pancreatic tissue 
from a non-diabetic case was used as a control for all 
antibodies. 

Histopathological Finding

The invasive tumors presented a wide variation in 
histological make-ups from well-differentiated areas 
to poorly differentiated and anaplastic patterns. The 
remaining pancreatic tissue of the dorsal pancreas was 
atrophic and showed chronic pancreatitis and fibrosis. 
The islets were generally atrophic with most containing a 
reduced number of insulin-positive cells, a relative increase 
of glucagon-positive cells and a few residual PP cells 
consistent with the findings in type 2 diabetics. However, in 
the preserved tumor-free areas of the pancreas, many islets 
showed single or multiple intrainsular ductular structures 
(Figures 1a, 1b) not seen in the control pancreas. A 
conglomerate of round or oval shaped islets containing 
ductular elements in their center was also present (Figure 
1c). A cystic islet composed of a mixture of malignant cells 
and islet cells immunoreactive with anti-chromogranin A 
(CGA) and surrounded by inflammatory cell infiltrate were 
noticed (Figure 1d). This lesion was the exact duplicate of 

the lesions that occur during pancreatic carcinogenesis in 
hamsters [1] (Figure 1f).

The tissue from the uncinate process (ventral pancreas) 
was free of cancer and in the H&E stained slides appeared 
to be well preserved; however, in sections immunostained 
with CGA and pancreatic polypeptide (PP) antibodies, 
a massive expansion of islet cells was noticed, forming 
ovoid, trabecular, branched, linear or an irregular mass 
with indistinct outlines, consistent with the reported 
PPoma cases [4, 5, 6] (Figure 1e). Remarkably, the islet 
cells stained with the anti-PP antibody appeared extremely 
dark and the concentration of the antibody had to be 
reduced to avoid unspecific immunoreactivity. Although 
a concentration of 40 ml was required to visualize the 
PP cells in the normal control tissue, a solution of 10 ml 
still strongly stained the PP cells in this case but not in the 
control tissue. 

Many islet cells of generally large and poor delineation 
were intermingled with ductular structures of different 
epithelial size and large hypo-chromatic nuclei (Figures 
1f, 2a). These insular-ductular complexes could be best 
differentiated and visualized with the dual staining with 
anti-PP and anti-CA19-9 antibodies (Figure 2a). 

The proportion of the insular and ductular elements 
varied in different islets. In general, the more ductular 
cells, the less islet cells (Figures 2b-2d). In some areas, 
almost the entire islet was replaced by ductular elements. 
Indisputable evidence for the development of ductular 
elements from islet cells was the presence of intermediary 
cells, the ductular cells that contained traces of endocrine 
granules (Figures 2d-2f, 3a). With a decreasing number 
of islet cells, the ductular cells showed increasing 
hypertrophy, atypia and patterns consistent with in situ 
carcinoma (Figures 3a-3d). In such lesions, only a few 
or no islet cells were detectable (Figures 4a, 4b). The 
multiplicity of the lesion at different stages of islet cell 
transdifferentiation was extraordinary. In one area of 
about 6 mm in diameter, five such lesions were identified.

In a section taken from the peri-pancreatic tissue near 
the pancreas head, colonies of PP cells (Figure 4d) were 
detected within the connective tissue, presenting features 
consistent with malignant PPoma. The original site of the 
malignant tumor could not be visualized. 

Some differentiated areas of the adenocarcinoma 
contained numerous endocrine cells that were identified 
as insulin and glucagon but not PP cells (Figure 4c), 
possibly implying that the tumor originated from the islets 
of the PP-cell poor ventral pancreatic tissue.

A remarkable observation was that the process of 
malignancy (normal-malignant) did not follow to the 
staging of PAN-IN classification but it seems to occur from 
the normal to the malignant phenotype in a linear fashion. 

The material from the autopsy primarily contained 
necrotic tissue with small islands of scarred and 
inflamed exocrine pancreatic tissue without any specific 
abnormalities.
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Figure 1. The patterns of the islets in the tumor-free areas of the pancreas.
(a). Multiple intrainsular ductules in the tumor-free area of the ventral pancreas expressing CA-19-9 as do the surrounding ductal and ductular cells 
(arrow). Note that the islet is well delineated.  ABC methods. Original magnification x 200. (b). Two well-circumscribed islets with several distended 
intrainsular ductules, some filled with mucinous material. The islet on the left was stained with anti-PP (black in color) and the one on the right with insulin 
(red) and glucagon (black). ABC method, Original magnification x 200. (c). A group of islets with round or ovoid form stained with anti-chromogranin A 
(CGA) in dark brown color. Several of these islets contain intrainsular ductular structures (blue in color). Scattered single or small groups of islet cells 
are in the surrounding tissue (dark brown spots). ABC method, Original magnification x 65. (d). At the region between the ventral and dorsal pancreas, 
malignant cells intermingled with CGA positive cells (dark brown) were found within a cystic islet. The islet cells in the middle of the cyst (in blue color) are 
mostly replaced by fibrotic tissue. ABC method, Original magnification x 100. (e). Distribution of islets composed primarily of PP cells (dark brown) show 
differences in size and shape. In contrast to the islets in the dorsal region, the islets are ill defined. The inset depicts several interconnected islets forming a 
horseshoe shape. The staining intensity of the cells with the anti-PP antibody was remarkably very strong. ABC method, Original magnification x 40. Inset, 
x 100. (f). A large islet in the ventral pancreatic tissue composed primarily of cells immunoreactive with anti-CGA (brown-to-dark brown). In the center of 
the islet there are a few ductules(in pink color) with hypochromatic nuclei. Some unstained cells are also present in the lower middle and the lower right of 
the islet. ABC method, Original magnification x 200.



402JOP. Journal of the Pancreas - http://pancreas.imedpub.com/ - Vol. 18 No. 5 –Sep 2017. [ISSN 1590-8577]

JOP. J Pancreas (Online) 2017 Sep 29; 18(5):399-408.

a b

c d

e f
Figure 2. Insulo-ductular complexes in the ventral pancreas. ABC method was used for immunostaining. 
(a). An islet composed of PP cells (dark brown) is fragmented by numerous ductular elements (in pink color) occupying a large portion of the islet. CA-
19-9 reactive elements are in black and the cytoplasm of the ductal and acinar cells are in pink color. A few small islets, some intermingled with ductular 
cells are seen at the upper right. ABC method, combined anti-PP and anti-CA19-9 antibodies, Original magnification. Original magnification x 200. (b). 
The insulo-ductular cell group (pink in color) has seemingly replaced major portions of the original islet cells (dark brown). Ductular cells are composed 
of a cuboidal cell with large nuclei with no atypia. CGA, ABC method, Original magnification. Original magnification x 200. (c). Several islets in the dorsal 
pancreas stained with anti-CG-A antibody (brown in color) contain small cystic-like ductules that replace a small or large portion of the islets. In the upper 
right islet, the lower portion of the islet is separated from the islet (arrow). Original magnification x 65. (d). Irregularly shaped ductular structures have 
substituted a major portion of the islet cells stained with anti-CGA antibody in dark brown color. Note that some of the ductular cells (intermediary cells) 
contain PP hormones (arrow). Differences are recognizable in the arrangement, size, and opacity of the ductular nuclei. A few unstained cells are seen in the 
center. Original magnification x 200. (e). Several cells of a ductule with large cuboidal and cylindrical cells present intermediary cells that contain various 
amounts of granules stained with anti-CGA in dark brown color. A group of islet cells stained dark brown are attached to the ductule.  Another ductule with 
a few islet cells  (dark brown) in its wall is in the upper right corner. ABC method, Original magnification x 400. (f). Two ductules with hyperplastic cells are 
composed of many intermediary cells. The chunk of islet cells attached to the lower ductule represent the remnant of an original islet. Anti-CGA, x Original 
magnification x 400.
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Figure 3. Islet cells of the ventral pancreas stained with anti-PP antibody by ABC methods.
(a). Several atypical ductular structures with pleomorphic cells and scattered PP cells (black) in between. Intermediary cells are seen in one area (arrow). 
Original magnification x 400. (b). A large ductule with pleomorphic and locally crowded nuclei imitating Ca in situ. There are several PP cells (black) 
attached to the ductule and seemingly present the basal layer of the duct. Original magnification x 400. (c). Cross sections of a duct with nuclear atypia and 
a mitotic figure (arrow; see also figure E)) are encircled by a wall of inflammatory cells, typically seen around malignant lesions. Hyperplastic ductular cells 
are present in the surrounding area along with the remnants of islets (dark brown patches) . Original magnification x 40. (d). Several variously shaped 
ductules with pleomorphic nuclei. Remnants of an islet (dark brown) are seen in the lower left corner. Original magnification x 200. (e). High power view 
of the lesion in Figure C presenting nuclear atypia and a mitotic figure (arrow). Original magnification x 400. (f). A twisted large ductules with irregularly 
arranged pleomorphic nuclei. No endocrine cells. Original magnification x400.

DISCUSSION
No clues have emerged on the histogenesis of pancreatic 

cancer in humans. While the histological appearance of 
pancreatic cancer suggests a ductal cell of origin, genetic 
studies have suggested that, under different experimental 
conditions, different pancreatic cell types may undergo 
malignant transformation [7, 8, 9, 10, 11, 12]. Accordingly, a 

range of different cell types have been proposed as putative 
pancreatic progenitor and cancer-initiating cells, including 
pre-existing acinar cells, pre-existing β-cells, pancreatic 
ductal cells, and cells expressing the mesenchymal marker 
nestin [11, 12].

The primary derivation of cancer cells from 
pancreatic islets, as verified by numerous studies 
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in the hamster pancreatic cancer model [1], has not 
been generally accepted. In this model, the induced 
adenocarcinomas closely mimic the human pancreatic 
ductal adenocarcinomas in clinical, morphological, 
biological and genetic characteristics [1] initiates from 
the intra-insular ductules, the existence of which was 
already recognized by Bensley in 1911 [13]. Our studies 
confirmed the presence of intrainsular ductules also in 
the human pancreas [1] and presented evidence for the 
potential of hamster and human islet cells to readily 
transdifferentiate into ductal and other pancreatic and 
extra-pancreatic cells in vitro [14, 15, 16, 17, 18, 19, 20, 
21] and in vivo [17]. Moreover, we have demonstrated 
that the treatment of cultured pure hamster islets in 
vitro by pancreatic carcinogen grow in vivo as ductal 
adenocarcinoma [16].

In our view, the potential of insular cell to ductal 
cell transdifferentiation and malignancy is linked to a 
combination of specific features, including: 1) the existence 
of a unique islet-acini microcirculation, where circulating 
blood preferentially and directly nourishes the islets [22, 
23, 24], 2) the presence of a massive amount of growth 

factors produced by the islet cells (insulin and IGF-1), and 
3) the existence of highly specialized drug-metabolizing 
enzymes within the islet cells of humans and other 
mammals [25, 26, 27, 28, 29]. Remarkably, some of the 
potent carcinogen-metabolizing enzymes are restricted 
to the islet cells [25, 26]. These anatomical, physiological 
and pharmacological characteristics seem to make the islet 
cells the primary target of blood-borne carcinogens leading 
to their malignant transformation via transdifferentiation 
to ductular cells. The rapid proliferation of these ductular 
elements is entertained by a massive amount of growth 
factors produced by the surrounding islet cells.

In the hamster model, the carcinogenic process is 
initiated with the formation of new ductular structures or 
the expansion of pre-existing ductular structures within 
and around the islets [1], similar to the lesions found in this 
study and presented in Figures 1a, 1b. These intrainsular 
ductular cells undergo malignant transformation and 
occupy the islets, many of which become cystic, similar 
to the lesions in Figure 4c. The gradual transformation 
event of islet cells to benign and malignant ductular cells is 
substantiated by the presence of intermediary cells (cells 

b

c d

a

Figure 4. (a). A portion of a duct with abnormal epithelial cells and pleomorphic nuclei, a lesion consistent with Ca in situ. A portion of the seemingly 
separated duct in the lower middle area is encircled by PP cells (black), ABC method, Orginal magnification x 400. (b). A cross section of a duct with 
malignant epithelium surrounded by islets of different size and shape stained with anti-PP antibody (black). ABC methods, Original magnification x 200. (c). 
Malignant glands in well-differentiated area of adenocarcinoma containing numerous insulin and glucagon cells at the base of the epithelium (black). ABC 
methods Original magnification x 200. (d). Large, irregular PP-cell aggregates, consisting with the term PP-oma within the connective tissue attached to the 
uncinate process. No intimate connection between this lesion and pancreatic tissue could be found. ABC method Original magnification x 100.
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of ductal phenotype harboring endocrine granules) within 
the islet-ductular cell complexes (Figures 2d-2f, 3a). 

Of particular interest were the differences in the 
patterns of the described transdifferentation process in the 
tissue from the ventral and dorsal pancreas. In the dorsal 
pancreas, where islets are usually well defined and seem 
to be pseudo-encapsulated, proliferating ductular cells and 
their secretion cause cystic islets and provide a breeding 
ground for cancer cells exposed to a high concentration of 
insulin and IGF-1 [30, 31]. In the ventral pancreas, however, 
where islets are borderless, the transdifferentiated cells 
splinter the islets gradually and replace them completely. 
The demonstration of insulin and glucagon but not PP cells 
in the well-differentiated area of the cancer, could point 
to their origin from the dorsal pancreas. Future focused 
studies could clarify whether the identification of cancer-
associated endocrine cells in tumors can differentiate 
cancers derived from the ventral or dorsal pancreas.

A number of experiments in the hamster model 
concerned with the prevention of pancreatic cancer [1] 
demonstrated that the induction of islet cell neogenesis 
and stimulation of islet cell replication by pharmaceutical 
drugs or diets significantly enhances the carcinogenic 
process, while prevention of islet cell replication and 
nesidioblastosis significantly inhibit it [1, 32, 33, 34, 35, 36, 
37, 38]. It was contemplated that the same situation may 
apply to the human cases based on the epidemiological 
results linking the increase of pancreatic cancer in obese 
people, who have enlarged pancreatic cells [39, 40, 41, 42]. 
However, the possibility of direct stimulation of human islet 
cells were missing until the emergence of a recent study 
demonstrating a massive expansion of islet cells in type 2 
diabetics treated with GLP-1 analogs [3]. The alterations 
described in that publication were almost identical to 
those observed at the early stages of carcinogenesis, as 
presented in a recent publication [43].

Whether the lesions observed in the presented case 
are linked to the treatment of the patient with Victoza and 
Bayetta is presently difficult to answer, as the treatment 
(12 months with Victoza and 13 months with Byetta) 
ceased about a year earlier. Morphologically, the reported 
expansion of insulin and glucagon cells in the pancreas of the 
incretin-treated patients were not seen in the tumor-free 
tissue of the dorsal pancreas of this case. On the contrary, 
the islets in this region of the pancreas were atrophic 
and the patient was diabetic. However, the presence of 
intrainsular ductular structures in several areas (Figures 
1a-1c) that have never been reported in the literature and 
not observed by us in the pancreas of normal and diabetics 
[44] is a hallmark of carcinogenesis in the hamster model 
[1] and hints to the effects of the drugs. Is it possible that 
genetic alteration caused by the drugs triggered islet-
ductal cell transdifferentiation that perpetuated even 
after their cessation? The intrainsular malignant cells in  
Figure 1D, which is a characteristic finding in carcinogen-
treated hamsters but has never been reported in the human 
pancreas, could be a positive answer to this question. The 

extraordinary multiplicity of the lesion at different stages 
of islet cell transdifferentiation also is in line with this 
possibility. Since these lesions have never been reported 
in the pancreas of diabetic patients, the role of diabetes 
as an etiological factor appears very unlikely. Whether 
or not the invasive pancreatic cancer of the patient arose 
from one of these foci or by their coalescence remains an 
unanswered question. 

There is currently no information about the long-term 
effects of the incretins on pancreatic islets. The results of the 
clinical trials list at least eight cases of pancreatic cancer in 
incretin-treated diabetics that were not considered as side 
effects of the drugs, based on the short interval between 
the treatment and cancer diagnosis [45]. According to 
the assessment report for GLP-1 based therapies 25July 
2013 EMA/474117/2013, in clinical trials, a few cases 
have been reported for some products. Although the data 
currently available from clinical trials do not indicate an 
increased risk for pancreatic cancer with these medicines, 
cases of pancreatic cancer have been reported in the post-
marketing setting. A cumulative review of the cases has 
been undertaken and the majority (19 out of 29) had a 
time to onset of less than six months, a period considered 
too short to suggest a causal relationship. 

The role of GLP-1 analogs in pancreatic cancer varies 
widely between the studies and based on the findings, 
multi-district litigation (MDL) were established. Some 
trials, including SAVOR-TIMI (of saxagliptin) and EXAMINE 
(of alogliptin), found no difference between dipeptidyl 
peptidase 4 (DPP-4) inhibitor treatment and placebo 
with regard to pancreatitis or pancreatic cancer [46]. In a 
recent study, pancreatic cancer rate was 9.39% vs. 2.61% 
for population controls, with an adjusted odds ratio of 3:6, 
suggesting that these drugs are strongly associated with 
pancreatic cancer [47]. In a more recent investigation 
0.3% of patients receiving Liraglutide had pancreatic 
cancer compared to 0.1% in the placebo group, giving a p 
value short of a significance (P<0.6 [48]. Obvious reason 
for the lack of consistency in the incidence of pancreatic 
cancer in incretin treated patients is the missing autopsy 
procedure are performed in these patients, who clinically 
did not present any symptoms of pancreatic cancer and, 
hence remained false-negative.

The side effects of the incretins given for a short time 
and the lasting effects after their cessation are unknown. 
Although proliferation of insulin and glucagon cells has been 
identified as the hallmark of the drugs in humans [3], no 
report exists on their effects on the PP cells. The malignant 
PP cell tumor in the present study could well be related to 
the effect of the drugs on these cells as well. Future, more 
detailed studies could clarify the issue. Nevertheless, the 
present experimental and clinical data are not sufficient to 
rule out the late adverse effects of these drugs on pancreatic 
islets. It is conceivable that while withdrawal of the drug 
normalizes the structure of the pancreatic tissue in part, 
but leaves some transformed cells behind. Although based 
on a known long latency of pancreatic cancer this risk is 
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trivial, it could explode the already existing premalignant 
lesions, particularly in type 3 diabetics. It must be pointed 
out that hyperplastic in situ carcinomas and adenocarcinomas 
occur in some cases as incidental lesions and are unrelated 
to the cause of death [49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 
59, 60, 61]. These “silent” cancers are vulnerable to rapid 
growth in any condition leading to increased insulin and 
IGF-1 production. Support for this view is the increased 
pancreatic weight and ductal/ductular hyperplasia in incretin-
treated animals and patients [3]. The reported and registered 
short latency of pancreatic cancer in clinical trials, mentioned 
previously is in-line with this likelihood. It could be argued 
that the alterations seen in this case could represent one of the 
incidental cases. However, such an impressive alteration of islets 
at different stages of transdifferentiation and in association with 
pancreatic and endocrine neoplasm has never been reported or 
observed. Moreover the concomitant occurrence of pancreatic 
adenocarcinoma and endocrine tumors is extremely rare 
[49]. Adenocarcinoma and PPoma were not seen in any of the 
reported cases. The induction of PP cell and insulin cells in the 
duodenal mucosa of a patients treated with incretin [62] justifies 
the notion that these drugs affect the synthesis of hormones also 
in extrapancreatic tissue as they do in the thyroid glands [63]. 

CONCLUSION
This is the first report demonstrating that: 1) as in 

the hamster pancreatic cancer model, human islets 
also appear to present a source of pancreatic ductal 
neoplasms, and 2) the alterations seem to be related 
to the effects of GLP-1 analogs. Given the >20 million 
known patients with type 2 diabetes in the United States 
alone, and the numerous GLP-1−based drugs, either 
available now or in the final stages of development, the 
potential impact of the adverse effects of this class of 
drugs is considerable. The heart of the problem with 
this assessment is the lack of data from the pancreas 
of incretin-treated diabetics, in the same fashion 
as Butler and associates did [3]. The ideal study to 
answer the question definitively would involve large-
scale pathohistological examination of the pancreas 
of deceased type 2 diabetics treated with incretins, 
comparative results of the treatment of type 2 and type 3 
diabetics, databases from multiple countries, providing 
enough data on new users as well as prevalent users in 
order to eliminate bias from the duration of use. 

Acknowledgments
We thank Dr. JD Wren and Dr. CL Nguyen from 

the Department of Pathology, Gibbs Cancer Center, 
Sparanburg, SC, and Department of Surgery, Gibbs Cancer 
Center, Sparanburg, SC, respectively, for providing us with 
the material for this publication. 

Conflict of Interest 
The authors declare that they have no conflict of interest.

References
1. Pour PM. Hamster as a Pancreatic Cancer Model. History, 
Carcinogenesis, Etiology, Histogenesis, Molecular Biology, Comparative 
data, Diagnosis, Prevention, Therapy, and Tumor Atlas. www.
pancraepedia.org. ebook.

2. Toshkove I, Kirev T, Bannash P. Virus-induced pancreatic cancer 
in guinea fowl. An electron-microscopical study. Int J Pancreatol 1991; 
10:51-64. [PMID: 1661771]

3. Butler AE, Campbell-Thompson M, Gurlo T, Dawson DW, Atkinson M, 
Butler PC. Marked expansion of exocrine and endocrine pancreas with 
incretin therapy in humans with increased exocrine pancreas dysplasia 
and the potential for glucagon-producing neuroendocrine tumors. 
Diabetes 2013; 62:2595-604. [PMID: 23524641]

4. Vinik A, Feliberti E, Perry RR. Pancreatic Polypeptide (PPoma). J Clin 
Pathol 2006; 59:1087–1090. [PMID: 25905295]

5. Larsson LI, Schwartz T, Lundqvist G, Chance RE, Sundler F, Rehfeld 
JF, et al. Occurrence of human pancreatic polypeptide in pancreatic 
endocrine tumors. Possible implication in the watery diarrhea syndrome. 
Am J Pathol 1976; 85:675-684. [PMID: 998736]

6. Bordi C, Togni R, Baetens D, Ravazzola M, Malaisse-Lagae F, Orci 
L. Human islet cell tumor storing pancreatic polypeptide: a light and 
electron microscopic study. J Clin Endocrinol Metab 1978; 46:215-219. 
[PMID: 374422]

7. Esposito I, Konukiewitz B, Schlitter AM, Klöppel G. Pathology 
of pancreatic ductal adenocarcinoma: facts, challenges and future 
developments. World J Gastroenterol 2014; 20:13833–13841. [PMID: 
25320520]

8. Maitra A, Leach SD. Disputed paternity: the uncertain ancestry of 
pancreatic ductal neoplasia. Cancer Cell 2012; 22:701–703. [PMID: 
23238009]

9. Ray KC, Bell KM, Yan J, Gu G, Chung CH, Washington MK, et al. 
Epithelial Tissues Have Varying Degrees of Susceptibility to KrasG12D-
Initiated Tumorigenesis in a Mouse Model. PLoS ONE 2011; 6:e16786. 
[PMID: 21311774]

10. Kong B, Michalski CW, Erkan M, Friess H, Kleef J. From tissue turnover 
to the cell of origin for pancreatic cancer. Nat Rev Gastroenterol Hepatol 
2011; 8:467-472. [PMID: 21750515]

11. Murtaugh LC, Kopinke D. Pancreatic Stem Cells. StemBook. 2008: 
http://www.stembook.org

12. Ku HT. Minireview: pancreatic progenitor cells--recent studies. 
Endocrinology 2008; 149:4312–4316. [PMID: 18535096]

13. Bensley R. Studies on the pancreas of the gujnea pig. Am J Anat 1911; 
12:297. 

14. Schmied BM, Liu G, Matsuzaki H, Ulrich A, Hernberg S, Moyer MP, 
et al. Differentiation of islet cells in long-term culture. Pancreas 2000; 
20:337-347. [PMID: 10824687]

15. Schmied BM, Ulrich A, Matsuzaki H, Ding X, Ricordi C, Moyer MP, et al. 
Maintenance of human islets in long term culture. Differentiation 2000; 
66:173-180. [PMID: 11269943]

16. Schmied BM, Ulrich A, Matsuzaki H, Li CH, Pour PM. In vitro pancreatic 
carcinogenesis. Ann Oncol 1999; 10:41-45. [PMID: 10436783]

17. Pour PM, Schmied BM, Ulrich AB, Friess H, Andren-Sandberg A, 
Büchler MW. Abnormal differentiation of islet cells in pancreatic cancer. 
Pancreatology 2001; 1:110-116. [PMID: 12120188]

18. Thiel AM. Untersuchungen uber das Gefass-System des 
Pankreaslappchen bei verschiedenen Saugern mit besonderer 
Berucksichtigung der Kapillarknauel der Langerhansschen Inseln. Z 
Zellforsch 1994; 39:3398-372. 

19. Lucas-Clerc C, Massart C, Campion JP, Launois B, Nicol M. Long-
term culture of human pancreatic islets in an extracellular matrix: 
morphological and metabolic effects. Mol Cell Endocrinol 1993; 94:9-20. 
[PMID: 8375579]

20. Yuan S, Rosenberg L, Paraskevas S, Agapitos D, Duguid WP. 
Transdifferentiation of human islets to pancreatic ductal cells in collagen 
matrix culture. Differentiation 1996; 61:67-75. [PMID: 8921586]



407JOP. Journal of the Pancreas - http://pancreas.imedpub.com/ - Vol. 18 No. 5 –Sep 2017. [ISSN 1590-8577]

JOP. J Pancreas (Online) 2017 Sep 29; 18(5):399-408.

21. Kerr-Conte J, Pattou F, Lecomte-Houcke M, Xia Y, Boilly B, Proye 
C, et al. Ductal cyst formation in collagen-embedded adult human islet 
preparations. A means to the reproduction of nesidioblastosis in vitro. 
Diabetes 1996; 45:1108-14. [PMID: 8690159]

22. Bunnag SC, Bunnag S, Warner NE. Microcirculation in the islet 
of Langerhans of the Mouse. Anat Rec 1963; 146:117-123. [PMID: 
14016852]

23. Fujita T, Murakami T. Microcirculation of Monkey pancreas with 
special reference to the insulo-acinar portal system: A scanning electron 
microscope study of vascular cast. Arch Histol Jpn 1973; 35:255-263. 

24. Henderson JR, Daniel PM. A morphometric study of the endocrine 
and exocrine capillaries of the pancreas. Q J Exp Physiol 1979; 64:267-
275. [PMID: 3898188]

25. Ulrich A, Schmied BM, Standop J, Schneider MB, Lawson T, Friess H, 
et al. Differences in the expression of glutathione S-transferases in the 
normal pancreas, chronic pancreatitis, secondary chronic pancreatitis 
and pancreatic cancer. Pancreas 2002; 24:291-297. [PMID: 11893938]

26. Ulrich AB, Standop J, Schmied BM, Schneider MB, Lawson TA, Pour 
PM. Species differences in the distribution of drug-metabolizing enzymes 
in the pancreas. Toxicol Pathol 2002; 30:247-253. [PMID: 11950168]

27. Standop J, Schneider MB, Ulrich A, Chauhan S, Moniaix N, Buchler 
MW, et al. The pattern of xenobiotic-metabolizing enzyms in the human 
pancreas. J Toxicol Envir Health Part A 2002; 65:1379-1400. [PMID: 
12396872]

28. Standop J, Ulrich AB, Schneider MB, Buechler MW, Pour MP. 
Differences in the exptression of xenobiotic metabolizing enzyme 
between islets derived from the ventral and dorsal anlage of the pancreas. 
Pancreatology 2002; 2:510-518. [PMID: 12435863]

29. Ulrich AB, Standop J, Schmied BM, Schneider MB, Lawson TA, Pour 
PM. Expression of drug-metabolizing enzymes in the pancreas of hamster, 
mouse, and rat, responding differently to pancreatic carcinogenicity of 
BOP. Pancreatology 2002; 2:519-527. [PMID: 12435864]

30. Lupulescu AP. Effect of prolonged insulin treatment on carcinoma 
formation in mice. Cancer Res; 1985; 45:3288-3295. [PMID: 3891081]

31. Bergmann U, Funatomi H, Kornmann M, Beger HG, Korc M. Increased 
expression of insulin receptor substrate-1 in human pancreatic cancer. 
Biochem Biophys Res Commun 1996; 220:886-90. [PMID: 8607861]

32. Pour PM, Duckworth W, Carlson K, Kazakoff K. Insulin therapy 
prevents spontaneous recovery from streptozotocin-induced diabetes in 
Syrian hamsters. An autoradiographic and immunohistochemical study. 
Virchows Arch A Pathol Anat Histopathol 1990; 417:333-3341. [PMID: 
2146799]

33. Pour PM, Permert J, Mogaki M, Fujii H, Kazakoff K. Endocrine aspects 
of exocrine cancer of the pancreas. Their patterns and suggested biologic 
significance. Am J Clin Pathol 1993; 100:223-230. [PMID: 8379530]

34. Pour PM, Kazakoff K. Stimulation of islet cell proliferation enhances 
pancreatic ductal carcinogenesis in the hamster model. Am J Pathol 1996; 
149:1017-1025. [PMID: 8780405]

35. Fienhold MA, Kazakoff K, Pour PM. The effect of streptozotocin 
and a high-fat diet on BOP-induced tumors in the pancreas and in the 
submandibular gland of hamsters bearing transplants of homologous 
islets. Cancer Lett 1997; 117:155-60. [PMID: 9377543]

36. Pour PM, Donnelly K, Stepan K. Modification of pancreatic 
carcinogenesis in the hamster model. 3. Inhibitory effect of alloxan. Am J 
Pathol 1983; 110:310-314. [PMID: 6829709]

37. Pour PM, Stepan K. Modification of pancreatic carcinogenesis in the 
hamster model. VIII. Inhibitory effect of exogenous insulin. J Natl Cancer 
Inst 1984; 72:1205-1208. [PMID: 6371345]

38. Schneider MB, Matsuzaki H, Haorah J, Ulrich A, Standop J, Ding XZ, et 
al. Prevention of pancreatic cancer induction in hamsters by metformin. 
Gastroenterology 2001; 120:1263-1270. [PMID: 11266389]

39. Naeye RL, Roode P. The sizes and numbers of cells in visceral organs 
in human obesity. Am J Clin Pathol 1970; 54:251-253. [PMID: 5453216]

40. Ogilvie RF. The islands of Langerhans in 19 cases of obesity. J Pathol 
Bacteriol 1933; 37:473-481. 

41. Ogilvie RF. The endocrine pancreas in human diabetes. In: Brolin SE, 
Hellman B, Knutson (eds). The structure and metabolism of the pancreatic 
islet. Wenner-Gren Center International Symposium series 3, Pergamon 
Press, Oxford.1964; 499-511. 

42. Butler AE, Galasso R, Matveyenko, Rizza RA, Dry S, Butler PC. 
Pancreatic duct replication is increased with obesity and tye 2 diabetes in 
humans. Diabetologia 2010; 53:21-26. [PMID: 19844672]

43. Pour PM, Talmon G. Pancreatic Alteration Induced by Incretins 
is Consistent with the Changes at the Early Stages of Pancreatic 
Carcinogenesis in the Hamster Model. 2016: 

44. Saruc M, Iki K, Pour PM. Morphometric studies in human and 
experimental pancreatic cancer argues against the etiological role of type 
2 diabetes in pancreatic cancer. J Histology 2010; 25:423-432. [PMID: 
20183795]

45. Assessment report for GLP-1 based therapies. 25 July 2013 
EMA/474117/2013.

46. Scirica BM, Bhatt DL, Braunwald E, Steg PG, Davidson J, Hirshberg B, 
et al. SAVOR-TIMI 53 Steering Committee and Investigators. Saxagliptin 
and Cardiovascular Outcomes in Patients with Type 2 Diabetes Mellitus. 
N Engl J Med 2013; 369:1317-1326. [PMID: 23992601]

47. Tucker ME. Study Suggests Incretin Drugs Don't Cause Pancreatic 
Cancer.

48. Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann JF, 
Nauck MA, et al. Liraglutide and Cardiovascular Outcomes in Type 2 
Diabetes. N Engl J Med 2016; 375:311-22. [PMID: 27295427]

49. Goh BK, Ooi LL, Kumarasinghe MP, Tan YM, Cheow PC, Chow PK, et 
al. Clinicopathological Features of Patients with concomitant intraductal 
Papillary Mucinous Neoplasm of the Pancreas and Pancreatic Endocrine 
Neoplasm. Pancreatology 2006; 6:520-526. [PMID: 17124434]

50. Tomioka T, Andrén-Sandberg A, Fujii H, Egami H, Takiyama Y, Pour 
PM. Comparative histopathological findings in the pancreas of cigarette 
smokers and non-smokers. Cancer Lett 1990; 55:121-128. [PMID: 
2265410]

51. Kimura W, Morikane K, Esaki Y, Chan WC, Pour PM. Histological and 
biological patterns of microscopic ductal adenocarcinomas detected 
incidentally at autopsy. Cancer 1998; 82:1839-1849. [PMID: 9587115]. 

52. Sommers SC, Murphy SA, Warren S. Pancreatic duct hyperplasia and 
cancer. Gastroenterology 1954; 27:629-640. [PMID: 13210601]

53. Collins JJ Jr, Craighead JE, Brooks JR. Rationale for total 
pancreatectomy for carcinoma of the pancreatic head. N Engl J Med 1966; 
274:599602. [PMID: 5930007]

54. Wilson C, Imrie CW. Occult pancreatic cancer with recurrent acute 
pancreatitis. Postgrad Med J 1986; 62:765-767. [PMID: 3774710]

55. Tomita T, Vacha E, Rengachery S, Watanabe I. Occult adenocarcinoma 
of the pancreas in a patient with Lindau’s disease. Am J Dig Dis 1978; 
23:80–83. 

56. Compagno J, Oertel JE. Microcystic adenomas of the pancreas. A 
clinicopathologic study of 34 cases. Am J Clin Pathol 1978; 69:289-298. 
[PMID: 637043]

57. Warshaw A, Compton C, Lewandrowski K, Cardenosa G, Mueller P. 
Cystic tumors of the pancreas. Ann Surg 2012:432-445. 

58. Fernández-del Castillo C, Targarona J, Thayer SP, Rattner DW, 
Brugge WR, Warshaw AL. Incidental pancreatic cysts: Clinicopathologic 
Characteristics and Comparison With Symptomatic Patients. Arch Surg 
2003; 138:427-434. [PMID: 12686529]

59. Lüttges J, Reinecke-Lüthge, Mollmann B, Kloppel G. Ductal changes 
and K-ras mutations in the disease-free pancreas: analysis of type, age 
relation and spatial distribution. Virchows Arch 1999; 435:461-468. 
[PMID: 10592048]



408JOP. Journal of the Pancreas - http://pancreas.imedpub.com/ - Vol. 18 No. 5 –Sep 2017. [ISSN 1590-8577]

JOP. J Pancreas (Online) 2017 Sep 29; 18(5):399-408.

60. Tada M, Ohashi M, Shiratori Y, Okudaira T, Komatsu Y, Kawabe T, et al. 
Analysis of K-ras mutation in hyperplastic duct cells of the pancreas without 
pancreatic disease. Gastroenterology 1996; 110:227-231. [PMID: 8536861]

61. Costentin L, Pages P, Bouisson M, Berthelemy P, Buscail L, Escourrou 
J, et al. Frequent deletions of tumor suppresoor genes in poure pancreatic 
juice from patients with tumoral or non-tumoral pancreatic diseases. 
Pancreatology 2002; 2:17-25. [PMID: 12120000]

62. Talmon G, Wren J, Nguyen, CL, Pour PM. Pancreatic polypeptide cell 
proliferation coexisting in a patient with pancreatic adenocarcinoma 
treated with a GLP-1 analog. Pancreas 2017; 46:820-824. [PMID: 
28609372]

63. Elashoff M, Matveyenko AV, Gier B, Elashoff R, Butler PC. Pancreatitis, 
pancreatic, and thrroid cancer with glucagon-like peptide-1-based 
therapies. Gastroenterolgy 2011; 141:150-156. [PMID: 21334333]


