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The Human GLP-1 Analog Liraglutide and the Pancreas
Evidence for the Absence of Structural Pancreatic

Changes in Three Species

Niels C.B. Nyborg,! Anne-Marie Mglck,” Lars W. Madsen,® and Lotte Bjerre Knudsen*

Glucagon-like peptide (GLP)-1 analogs have been implicated as
a risk factor for pancreatitis in humans. We investigated whether
liraglutide, the once-daily human GLP-1 analog, induces pancre-
atitis in rats, mice, and monkeys. Pancreata from mice, rats, and
nonhuman primates were examined macro- and microscopically.
Evaluation of preneoplastic proliferative lesions in the pancreata
from nonhuman primates was performed. After 2 years of treatment,
3 of 79 male mice in the control group and 2, 1, 1, and 1 mice in the
different liraglutide groups (of 67-79 mice per group) had pancrea-
titis based on microscopic criteria. For females, the numbers were
0 of 79 mice in the control group and 3 mice in all the liraglutide
groups (of 66-76 mice per group). Pancreatitis was not the cause of
death in any animals. There were no cases of pancreatitis, macro-
scopically or microscopically, in 400 rats. Neither pancreatitis nor
preneoplastic proliferative lesions was found in monkeys dosed for
87 weeks, with plasma liraglutide exposure 60-fold higher than that
observed in humans at the maximal clinical dose. In conclusion,
liraglutide did not induce pancreatitis in mice, rats, or monkeys
when dosed for up to 2 years and at exposure levels up to 60 times
higher than in humans. Diabetes 61:1243-1249, 2012

lucagon-like peptide (GLP)-1 receptor agonists

or incretin mimetics provide several advantages

over other diabetes therapies because of their

ability to effectively lower blood glucose with
a low risk of hypoglycemia and the additional benefit of
weight loss (1). Exenatide was the first marketed GLP-1
receptor agonist, introduced in 2005 as a twice-daily in-
jection, to be dosed with the morning and evening meals.
Postmarketing surveillance has suggested a potential as-
sociation between exenatide and the development of acute
pancreatitis (2,3). The number of reported cases, however,
is too low to evaluate whether there is a casual relation-
ship between the use of exenatide and the development of
pancreatitis. Of importance, a recent pharmacovigilance
study using a large health care database has not demon-
strated evidence for an association between exenatide and
pancreatitis and found no increase in pancreatitis associated
with exenatide compared with metformin or glyburide,
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agents not historically linked to the development of pancre-
atitis (4). In support of a relationship between exenatide and
pancreatitis, one preclinical study demonstrated evidence
that exenatide caused pancreatic acinar inflammation in a
juvenile rat model, whereas another study actually demon-
strated an anti-inflammatory response of exenatide in mice
(5,6). Also, exenatide has been tested in a model of chemi-
cally induced pancreatitis in mice, without evidence of a fa-
cilitating effect on pancreatitis (6). Liraglutide was marketed
in 2009 in Europe and in 2010 in the U.S. Liraglutide is a
once-daily human GLP-1 analog with a higher homology to
human GLP-1 (97%) than exenatide (52%) (7,8). The clinical
efficacy for liraglutide has been demonstrated in seven large
randomized studies (9-14). The number of cases with pan-
creatitis following exposure to liraglutide has been very low,
and it has not been possible to establish whether liraglutide is
associated with pancreatitis.

An extensive preclinical development program for
liraglutide has allowed us to investigate whether lifelong
(2-year) dosing of liraglutide in rats and mice up to 36 times
the exposure levels achieved in humans induces changes in
pancreas morphology suggestive or diagnostic of pancrea-
titis. These studies were further supplemented by dosing
liraglutide to nonhuman primates for 87 weeks. The current
study evaluates the macroscopic and microscopic pancre-
atic findings in mice, rats, and nonhuman primates. Fur-
thermore, pancreatic acinar cell proliferation was assessed
in the pancreata from rats treated with liraglutide for 26
weeks, and specific histological evaluation for pancreatic
intraepithelial neoplasia (PanINs) was performed in the
high-dose group of nonhuman primates. This study is the
first to report on lifelong dosing of normal animals with high
doses of an incretin and should provide some insights into
the potential risk for pancreatitis.

RESEARCH DESIGN AND METHODS

All animals were purpose bred and obtained from certified and approved
breeders. All studies were carried out under good laboratory practice (15,16)
and applicable national laws regarding the use of animals for biomedical re-
search. Animals were housed in climate-controlled rooms under a 12-h light/
dark cycle and fed standard laboratory animal diets for the respective species
with free access to water. All animals were acclimatized for at least 7 days
before dosing was initiated.

The studies presented below were part of the nonclinical development
program for liraglutide supporting chronic administration in humans. The study
duration ranged from 4 weeks to 2 years. The studies were conducted according
to current International Conference of Harmonization guidelines. Pharmaco-
logical responsive species were studied, i.e., rats (Sprague-Dawley [Crl: CD(SD)
IGS BR]) and nonhuman primates (Cynomolgus Monkey, Macaca fascicularis)
were selected as the rodent and nonrodent species, respectively. CD-1 mice
(Crl:CD-1(ICR)BR) were selected as the second rodent species for the 2-year
carcinogenicity studies.

In rats, 4-, 13-, and 26-week repeated-dose toxicity studies were performed.
Doses of 0, 0.1, 0.25, and 1 mg/kg/day were administered to groups of 10 males
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and 10 females or 15 males and 15 females in the 26-week study. In mice, 4- and
13-week repeated-dose studies were performed. In the 4-week study, doses of
0, 0.1, 0.5, 1.0, and 5.0 mg/kg/day and in the 13-week study doses of 0, 0.2, 1.0,
and 5.0 mg/kg/day were administered to groups of 10 males and 10 females.
Dose selection for the 2-year carcinogenicity studies in rats and mice were
discussed and agreed with the U.S. Food and Drug Administration Carcino-
genicity Assessment Committee. In the 104-week rat study, doses of 0, 0.075,
0.25, and 0.75 mg/kg/day were administered to groups of 50 males and 50
females. In the 104-week mouse study, doses of 0, 0.03, 0.2, 1.0, and 3.0 mg/kg/
day were subcutaneously administered to groups of 67-79 males and 67-79
females. In monkeys, 4-, 13-, 52-, and 87-week studies were performed. In the
4-, 13-, and b2-week studies, the doses were 0, 0.05, 0.5, and 5.0 mg/kg/day and
in the 87-week study 0, 0.25, and 5.0 mg/kg/day. The group sizes were three
males and three females in the 4-week study, four males and four females in
the 13- and 26-week studies, and five males and five females in the 87-week
study. In the 13-week study, an additional two males and two females were
included as “recovery” animals in each of the control and high-dose groups.
These animals had treatment discontinued for 2 weeks before necropsy.
Treatment. All animals received a single daily subcutaneous injection of
liraglutide (Novo Nordisk). A 6 mg/mL liraglutide solution (Victoza) was diluted
with the vehicle. The solutions were prepared weekly and stored at 2-8°C. Dose
volume was 1-5 ml/kg, depending on the species. During treatment, all ani-
mals were observed daily by trained personnel for clinical signs of adverse
effects, and once each week all animals received a detailed clinical exami-
nation, including appearance, movement, and behavior patterns; skin and hair
condition; eyes and mucous membranes; respiration; and excreta. At the end
of the treatment, mice and rats were Killed by exposure to carbon dioxide.
Nonhuman primates received an intravenous injection of an overdose of sodium
pentobarbitone. Each animal was weighed and subsequently exsanguinated.
Evaluation of pancreas. Clinical signs recorded during the in vivo phase were
reviewed at necropsy, and a macroscopic examination of the entire pancreas was
performed in all animals. Any macroscopically abnormal pancreatic tissue was
sampled and microscopically examined. The pancreata were fixed in 10% neutral
buffered formalin for at least 48 h before they were trimmed, dehydrated, and
paraffin embedded according to standard histological procedures. Sections at
a nominal thickness of 4-5 pm were sampled systematically as a homogeneous
transverse section from the midpart of the pancreas representing the pancreatic
body, stained with hematoxylin and eosin and examined under the light micro-
scope. In the microscopic evaluation of rodent studies up to 26 weeks’ duration,
only the control and high-dose animals were examined. In all other studies of
longer duration in rodents and in all nonhuman primate studies, all animals were
examined microscopically. In total, pancreata from 1,483 animals were micro-
scopically examined. The sections were evaluated by a trained toxicological
pathologist. In accordance with standard practice and to increase the chance of
identifying subtle differences between control and dosed animals, the sections
were read unblinded to treatment (17-19). From each group and sex, at least 10%
randomly selected sections were peer reviewed by another pathologist to con-
firm the diagnosis and to ensure consistency between studies. In addition, all
pancreatic sections of mice dosed with liraglutide for 104 weeks were peer
reviewed by a third toxicological pathologist. Internationally accepted diagnostic
criteria were followed for nonneoplastic lesions, including inflammatory, re-
generative, and degenerative conditions, as well as neoplastic lesions (20-23). In
short, macroscopic pathological pancreatic findings were described according to
visual features (e.g., size, color [dark, pale, reddened, or discolored], and con-
sistency [soft or gelatinous]). Microscopically, pancreatitis is a severe and
complex lesion and has been defined either as acute (focal or diffuse), chronic,
or a mix of both. In the acute phase, varying degrees of necrosis, inflammation,
infiltration, hemorrhage, and edema are present. Fat cell necrosis, mineraliza-
tion, and arteritis also can be present. In the more chronic stage, granulomatous
inflammation, fibrosis with loss of acinar tissue, and replacement by simplified
glands or fat are observed. Islets often are unaffected until later stages of the
condition. Focal inflammatory cell infiltration, which is a common background
finding, is defined as a minimal to mild focal accumulation of inflammatory cells,
often mononuclear cells. The histological findings were graded by the patholo-
gist as either absent, minimal, mild, moderate, marked, or severe. Neoplastic
lesions were classified as either benign or malignant.

Pancreata from all nonhuman primates in the high-dose group were inves-
tigated for PanINs to assess treatment-induced preneoplastic lesions (24,25). The
criteria for PanINs are developed by the Pancreas Think Tank, sponsored by the
National Cancer Institute, and involve the evaluation of small-caliber ducts in-
stead of the main pancreatic duct (25). Cell proliferation in the pancreas in the
26-week rat study was qualitatively assessed in all control and high-dose group
animals by proliferating cell nuclear antigen (PCNA) staining using a mouse
anti-PCNA enhanced polymer one-step conjugate (code U7032; DakoCytomation,
Ely, Cambridgeshire, U.K.).

Statistical analysis. In the rodent studies up to and including 26 weeks’
duration and nonhuman primate studies, the incidence of the microscopic
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changes seen in groups were compared with the control group by a Fisher
exact test. Carcinogenicity studies are designed with the focus on overall
survival (i.e., on providing a sufficient number of animals for a meaningful
evaluation of any organ changes). As outlined by regulatory agencies, the
number of animals to survive should preferably be at least 25 in each group
and sex. During the 104-week mouse and rat studies, the incidence of all the
nonneoplastic changes seen in the groups dosed with liraglutide was com-
pared with the control group by a two-sided Fisher exact test. For neoplastic
lesions, the data were analyzed using Peto time-adjusted methods, and the
incidences in the groups dosed with liraglutide were compared with the
control group. Each sex was analyzed separately, and in all tests a P value
<0.05 was considered statistically significant.

RESULTS

Mouse and rat repeat-dose toxicity studies. Macro-
scopic examination of the pancreas did not reveal any signs
of treatment-induced pancreatitis in the 4- and 13-week
mouse studies or in the 4-, 13-, and 26-week rat studies. In
the 4- and 13-week mouse studies, no histopathological
abnormalities were detected in the high-dose animals. In the
4-week study in rats, one to two animals in the control and
high-dose groups were diagnosed with focal minimal acinar
cell atrophy and minimal basophilic focus. In the 13-week
rat study, inflammatory cell foci of minimal grade were
observed in the exocrine pancreata in four control group
animals but in only one dosed animal in the treatment re-
covery group (i.e., formerly dosed with liraglutide). In the
26-week rat study, the incidence of animals with histologi-
cal findings tended to increase, but there was no significant
difference (P > 0.05) between dosed animals and control
animals (Table 1). There were no histological signs of
pancreatitis in any repeat-dose toxicity studies in rats.
PCNA staining indicated cell proliferation within the nor-
mal range in animals treated with high doses of liraglutide,
compared with animals dosed with the vehicle.

Mouse carcinogenicity study. At necropsy, no overt
macroscopic signs of pancreatitis were noted in mice fol-
lowing 2 years of liraglutide exposure. The most frequent
finding was a pale pancreas in female mice, with no differ-
ence between control and dosed animals. One low middle-
dose liraglutide female mouse had pancreatic masses
identified at necropsy as a result of the infiltration of ma-
lignant lymphoma cells. The microscopic examination of
pancreata from all animals revealed pancreatitis in few
animals in all dose groups except in the female control
group (Table 2). Of these, two cases of pancreatitis were
associated with either metastatic leiomyosarcoma or me-
sothelioma infiltrating the pancreas. There was no overall
dose relationship between treatment groups. There was
an equal distribution of the histological pancreatitis into
focal, diffuse, and chronic (active) pancreatitis, with zero

TABLE 1
Incidences of exocrine pancreata histological findings in the
26-week rat toxicity study with liraglutide

Male rats Female rats

Liraglutide dose (mg/kg/day) 0 10 O 1.0
Animals examined 15 15 15 15
Animals with no abnormalities detected 7 8 14 10
Microscopic pancreatitis 0 0 0 0
Acinar cell atrophy 2 5 0 2
Focal inflammation of exocrine pancreas 6 3 1 4
Inflammatory cell infiltration periductal 2 3 0 1
Eosinophilic focus 0 1 0 0

One animal may have more than one diagnosis.
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TABLE 2
Incidences of microscopically identified pancreatitis in mice and rats dosed with liraglutide for 2 years and monkeys dosed for
87 weeks
Male Female
Mice
Liraglutide (mg/kg/day) 0 0.03 0.2 1.0 3.0 0 0.03 0.2 1.0 3.0
Animals examined 79 67 67 67 79 79 67 66 66 76
Animals with microscopic pancreatitis 3 2 1 1 1 0 3 3 3 3
Focal pancreatitis
Minimal 1 0 0 0 0 0 1 0 1
Mild 0 1 1 0 0 0 1 0 1
Diffuse pancreatitis
Minimal 0 1 0 0 0 0 0 0 0 1
Mild 2 0 0 0 0 0 0 1 1 0
Moderate 0 0 0 0 0 0 1 0 1* 0
Marked 0 0 0 0 0 0 0 0 0 1
Chronic/chronic-active
Minimal 0 0 0 0 0 0 1 0 0 0
Mild 0 0 0 0 0 0 0 1 0 0
Moderate 0 0 0 1t 1 0 0 0 0 0
Rat
Liraglutide (mg/kg/day) 0 0.075 0.25 0.75 0 0.075 0.25 0.75
Animals examined 50 50 49 50 50 50 50 50
Animals with microscopic pancreatitis 0 0 0 0 0 0 0 0
Monkey
Group (mg/kg/day) 0 0.25 5 0 0.25 5
Animals examined 5 5 5 5 4 5
Animals with microscopic pancreatitis 0 0 0 0 0 0

The doses of liraglutide correspond to 0.2-, 1.6-, 13-, and 36-fold the maximum recommended human dose at 1.8 mg/day based on area under
the curve (0-24 h) for mice; 0.5-, 2.4-, and 8.1-fold for rats; and 9- and 63-fold for monkeys. No animals had macroscopically identified
pancreatitis. The histological diagnosis of pancreatitis was categorized as focal or diffuse, as chronic or chronic-active, and graded into
minimal, mild, moderate, or marked based on the severity. *One female mouse had histological-verified pancreatitis associated with a met-
astatic leiomyosarcoma originating from the ceacum. 1One male mouse had histological-verified pancreatitis associated with a mesothelioma

infiltrating the pancreas.

to two animals in each category. Figure 1 shows the histo-
logical features of a normal exocrine pancreas, a pancreas
with minimal inflammatory cell infiltration, and mild or
moderate pancreatitis, in both the control and liraglutide-
dosed animals, respectively. The histological examination
of the exocrine and endocrine pancreata revealed several
common histological changes (Table 3). The most frequent
diagnoses were mild to moderate focal inflammatory cell
infiltration, diffuse edema, acinar cell degranulation, and
vacuolation. There was no significant difference in inci-
dences between groups in either sex (P > 0.05). A few
animals in all groups had islet cell hyperplasia with no
significant difference in incidences between treatment
groups in either sex (P > 0.05). Two male mice, one con-
trol animal and one low middle-dose animal, had islet
adenoma. No islet cell carcinomas were observed.

Rat carcinogenicity study. Necropsy findings were few,
and the most frequent finding was pale pancreas. No mac-
roscopic or microscopic signs of pancreatitis were noted in
rats dosed for 2 years with liraglutide (Table 2). The histo-
logical examination of the pancreas for neoplastic and
nonneoplastic histological changes (Table 4) showed sev-
eral common findings in the exocrine pancreas, with no
evidence of treatment-related effects (P > 0.05). The most
common finding was that of pancreatic atrophy being ob-
served at a higher rate in males than females but with no
significant difference between groups in either sex (P >
0.05). Additional examination of the endocrine pancreas did
not show any treatment-related effects concerning islet cell
hyperplasia and benign adenomas.

diabetes.diabetesjournals.org

Nonhuman primate repeat-dose toxicity studies. There
were no macroscopic observations compatible with pan-
creatitis in the 4-, 13-, and 52-week studies. There were no
microscopic signs of inflammatory responses in the exo-
crine pancreas in the 4-week study. In the 13-week study,
minimal focal inflammatory cell infiltration in the exocrine
pancreas was seen in one control female and one high-dose
liraglutide male (of six monkeys at each dose level and sex).
After a recovery period of 2 weeks following the 13-week
treatment, minimal inflammatory cell foci were noted in one
high-dose recovery male monkey. In the 52-week study,
minimal focal inflammatory cell infiltration of the exocrine
pancreas was seen in one male in the high-dose group, one
female in the low-dose group, and in one control male
monkey. There were no histological signs of pancreatitis or
signs of proliferative or preneoplastic lesions in the exo-
crine ductal epithelium (PanINs) in nonhuman primates
dosed for up to 52 weeks. In the 87-week nonhuman pri-
mate study, there were no histological signs of pancreatitis
(Table 2). Focal inflammatory cell infiltration in the pan-
creas was observed in a few animals in the high-liraglutide
dose group (Table 5). No proliferative or preneoplastic
lesions were found in exocrine ductal epithelium (PanINs),
when examining all the high-dose group animals.

DISCUSSION

The diagnosis of pancreatitis in humans relies on clinical
symptoms of severe abdominal pain and three key labo-
ratory findings: 1) increased amylase, 2) increased lipase,
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FIG. 1. Photomicrographs of exocrine pancreata sections obtained from male control mice (upper panel) and male high-dose liraglutide mice
(lower panel; 3 mg/kg/day dose), from the 2-year carcinogenicity study in mice. The left column shows pancreata with no abnormal findings. The
middle column shows pancreata with minimal inflammatory cell infiltration. The right column shows pancreata with acute pancreatitis. Magni-

fication is X 10 objective.

and 3) radiographic findings showing an edematous pan-
creas (26). Macroscopic examination of an acute inflamed
pancreas in humans reveals edematous areas with hemor-
rhage and necrosis (27). Repeated attacks of acute pan-
creatitis eventually leads to fibrous scarring, thinning of the
exocrine glands that makes the pancreas look smaller and
fibrous at necropsy (28,29). In principle, the diagnosis of
pancreatitis in animals relies on the same diagnostic criteria
as that in humans (i.e., on clinical observations suggesting
abdominal pain or discomfort and increases in amylases
and lipase). In long-term dosing studies such as those
reported here, pancreatitis in animals may be diagnosed
when the animal is killed for animal welfare reasons, when
the animal dies during the study, or when the animal is
killed as scheduled at the end of the experimental phase
and subjected to necropsy and microscopic examination
of the pancreas (29).

No signs of pancreatitis, acute or chronic, were noted by
the trained personnel performing the macroscopic exami-
nation of the animals. In the mouse carcinogenicity study,
in which the animals were treated for most of their life-
time, 20 animals were diagnosed with pancreatitis follow-
ing microscopic examination. These animals were equally
distributed between treatment groups. Eight of these ani-
mals were killed as scheduled and 12 were prematurely
killed or found dead, and in none of these was pancreatitis
given as cause of death. Peritonitis was ascribed as the
cause of death in two animals, and this could have resulted
from acute pancreatitis. However, the microscopic evalua-
tion revealed pathological changes of such low magnitude
that pancreatitis could not be assumed to be the cause of
death. One previously published study evaluated pancreati-
tis in mice dosed with liraglutide and exenatide. This study
showed that both exenatide and liraglutide increased anti-
inflammatory signals in the pancreas, PAP, and Regllla. The
article suggests that PAP could be a protective signal for the
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pancreas (6). The article also reports testing exenatide in
a model of pancreatitis, induced with the cholecystokinin
(CCK) agonist cerulein. Exenatide did not worsen symp-
toms and did not increase amylase levels more than cer-
ulein alone. Again, PAP was increased. The most important
differences between the previously published studies and
ours are the number of animals, as well as our use of di-
agnostic criteria in accordance with current internationally
accepted guidelines (20-25) and confirmation of the di-
agnosis by peer review. In our studies, although there
were a variety of additional findings in the exocrine and
endocrine pancreata in the mice treated for 104 weeks
with liraglutide, most of these were infrequent and in-
consistent. There was a small increase in a few findings
in the highest-dose group with liraglutide (e.g., diffuse
edema, inflammatory cell infiltration, and vacuolation)
(Table 3). The incidences were, however, not statistically
significantly different from those observed in the control
group, and, furthermore, the exposure levels in the mouse
at this dose level is 36-fold higher than that in humans at
the maximal recommended dose level of liraglutide of 1.8
mg/day. Our data show that acute pancreatitis does occur
in both control and liraglutide-dosed mice but in very few
animals. Also, minimal to mild focal inflammatory cell in-
filtration is a common finding in several organs in rodents
and is not related to pancreatitis (29).

The literature on GLP-1 reports a possible effect on
ductal cell differentiation into an endocrine phenotype (30),
and this has contributed to the discussion that there may
be undesirable effects of GLP-1 on ductal cells (31). In our
26-week rat study, proliferation seemed to be similar in
control and dosed animals. Thus, liraglutide did not seem to
change cellular proliferation in the ductal or acinar epithe-
lium of the exocrine pancreas. Our rat data are in contrast to
a study that reported on exenatide (5). That study reports an
increase in lipase levels, acinar inflammation, and number of
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TABLE 3

Incidences of all neoplastic and nonneoplastic histological findings in the exocrine and endocrine pancreata in the 2-year mouse study,

other than pancreatitis

Male mice Female mice
Liraglutide (mg/kg/day) 0 0.03 0.2 1.0 3.0 0 0.03 0.2 1.0 3.0
Exocrine pancreas
Animals examined 79 67 67 67 79 79 67 66 66 76
Animals with no abnormalities detected 60 52 54 53 56 48 35 41 34 36

Exocrine pancreas
Mesothelioma (malign), metastasizing 0
Hemangioma (benign) 0
Metastasis from primary tumor in skin 0
Metastasis from primary tumor in alimentary tract 0
Metastasis from primary tumor in muscle 0
Infiltration by lymphoma cells 4
Infiltration by leukemia cells 1
Infiltration by histiocytic sarcoma 0
Peritonitis 1
Arteritis/periarteritis 0
Fat necrosis 0
Inflammatory cell infiltration 2
Pigmented macrophages with focal inflammation 0
Diffuse edema 2
Acinar cell hypertrophy 1
Focal basophilic alteration 1
Acinar cell degranulation 2
Focal vacuolar degeneration 0
Vacuolation 2
Focal mineralization 0
Atrophy 0
Duct ectasia 0
Hemopoiesis, extramedullary, mesenteric 0
Endocrine pancreas

S OO OHONOHWORODOHOHWOOOOO

Animals examined 79 67
Animals with no abnormalities detected 74 65
Islet cell adenoma (benign) 1 0
Infiltration by lymphoma cells 2 0
Islet cell hyperplasia 2 2

—_
—_

—
SO ONOHRONODOHROOHWOHRHROOO RO

SO MHFNONOHFHFNOWOOOODODODODODODOOO
S OO OHOWOHHFOWOOOOOROODOOHH
S OHOKRODOOHIINODVODOODODODUNOODOOO
OHHOWOOOHOONOOOHFHEEROOHOO
—
HOFROKRFEFNOOWHWOOONOWO~ROOO

66 67 78 78 64 65 66 74
63 66 75 73 61 64 60 71
1 0 0 0 0 0 0 0
0 0 0 2 0 1 3 1
2 1 3 3 3 0 3 2

The incidence of pancreatitis is shown in Table 2. One animal may have more than one diagnosis.

pyknotic nuclei in 10 male and 10 female rats treated for
75 days with exendin4. No similar findings were made in
our rat studies, even with much longer duration, very high
doses, and a considerably higher number of animals. We did
find pathological changes (e.g., acinar cell atrophy) (Table 4).
However, this was common in the control groups as well
and was not related to the dose of liraglutide. None of the
other sporadic findings are associated to pancreatitis or
early stages hereof. Also, literature using acinar cells or
cell lines with a good amylase secretion response to CCK-8
has shown only a very small potentiation by exendin-4 on
CCK-8-induced amylase release (32) and no effect of GLP-1
on either amylase release alone or potentiation of CCK-8—
induced release (33,34). Our data confirm this lack of a
direct adverse effect of GLP-1 on acinar cells.

The current studies were conducted before the potential
association between GLP-1 agonists and pancreatitis in
humans was described; therefore, we do not have data on
plasma markers of pancreatitis. However, a recent article
on exenatide, reporting on data in numerous diabetic ani-
mal models with up to 4 weeks of dosing, shows no in-
creases in amylase, lipase, or triglyceride plasma levels (35).
One additional study has been quoted as showing evidence
of GLP-1-induced pancreatitis in rodents. The actual study
uses the human islet amyloid polypeptide transgenic rat and

diabetes.diabetesjournals.org

reports pancreatitis in one of eight animals dosed with the
dipeptidyl peptidase4 inhibitor sitagliptin, as well as an
increase in ductal metaplasia and proliferation. Although
dipeptidyl peptidase-4 inhibitors inhibit degradation of en-
dogenous GLP-1 in humans, the data from animals are much
less clear, and the study does not include measurements of
GLP-1 levels following sitagliptin dosing, nor does it include
data on a GLP-1 analog (36). The commentary that accom-
panied the publication of the article suggested a concern
that long-term, asymptomatic pancreatitis may lead to pan-
creatic cancer (31). Although such a concern is valid, be-
cause of the lack of long-term human studies, our studies do
not support a direct link between pancreatitis or pancreatic
cancer and GLP-1 receptor activation, even with continuous
exposure to high levels of a human GLP-1 analog.

In the nonhuman primates, focal inflammatory cell infil-
tration was seen. This inflammatory cell infiltration, a com-
mon finding in nonhuman primates, consisted of small
clusters of a few mononuclear cells surrounded by gland
cells with normal appearance, and they had no histological
resemblance to pancreatitis (37). Improved diagnostic
classification of the early stages of pancreatic cancer has
been developed over the last decades (24,25). Using this
histological classification system, reevaluation of pancreata
sections from the high-dose group of nonhuman primates
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TABLE 4

Incidences of all neoplastic and nonneoplastic histological findings in the 2-year rat study, in the exocrine and endocrine pancreas

Male rats Female rats
Liraglutide dose (mg/kg/day) 0 0.075 0.25 0.75 0 0.075 0.25 0.75
Exocrine pancreas
Animals examined 50 50 49 50 50 50 50 50
Animals with no abnormalities detected 32 26 30 36 46 41 39 42
Acinar cell adenoma (benign) 1 1 0 0 0 0 0 0
Focal acinar cell hypertrophy 2 4 1 1 0 0 2 0
Atrophy 13 20 19 12 4 8 8 7
Periarteritis 1 0 0 0 0 1 0 0
Lymphocytic infiltration 0 0 0 0 0 1 0 0
Infiltration by lymphoma cells 0 0 1 0 0 0 1 0
Infiltration by histiocytic sarcoma 0 0 0 0 0 0 0 1
Infiltration by leukemia cells 1 0 0 0 0 0 0 0
Diffuse acinar cell atrophy 0 0 0 1 0 0 0 0
Pigment deposits 1 0 0 0 0 0 0 0
Endocrine pancreas
Animals examined 50 50 49 50 50 50 50 49
Animals with no abnormalities detected 44 49 44 46 50 50 50 48
Islet cell adenoma (benign) 6 1 2 1 0 0 0 1
Mixed acinar/islet cell adenoma (benign) 0 0 0 1 0 0 0 0
Islet cell hyperplasia, focal 0 0 3 2 0 0 0 0

One animal may have more than one diagnosis.

dosed for 87 weeks revealed no indication of early pan-
creatic intraductal proliferation at exposures of liraglutide
higher than 60-fold that in humans.

Our studies underline several important parameters to
take into consideration when designing studies to look for
histological diagnosis of rare findings such as pancreatitis.
The number of animals has to be very large, and the use of
trained pathologists using classified diagnostic criteria to
ensure the consistency of the findings is important. When
a novel drug has to be approved for use in diabetes, life-
time (2-year) carcinogenicity studies in rodents have to be
conducted. Such studies are designed with a focus on se-
curing the overall survival of preferably at least 25 animals
per group per sex through the 2-year dosing period. Even
with 67-79 mice in each group per sex, we only found
pancreatitis in a maximum of 3 mice in each group per sex.
In group sizes of 50 rats, no animals were found to have
pancreatitis. With such low incidences, statistical analyses
often may not have sufficient power to show a statistically

TABLE 5

significant outcome. For example, in female mice, in which
the incidence in the control animals was 0 of 79, an in-
cidence of 6 of 79 would be needed to result in a P value
of <0.05. Therefore, it is important to evaluate the find-
ings qualitatively if there are dose-dependent effects, even
if they are not statistically significant. Dose dependency
is a strong indicator of a true drug-induced adverse ef-
fect. However, no such effects were seen in the present
studies.

In conclusion, animal safety studies are used as a tool to
identify target organs and potential signals of special
concern for human safety. On the other hand, studies in
animals can never rule out adverse findings in humans.
Potential limitations to our studies are that we used only
healthy, nondiabetic animals and that none of the com-
mon risk factors for pancreatitis in humans were pres-
ent. Nevertheless, our studies do support that a simple
pharmacological induction of pancreatitis by liraglutide
is unlikely.

Incidences of exocrine and endocrine pancreatic nonneoplastic histological changes in the 87-week monkey study

Male monkeys Female monkeys

Liraglutide dose (mg/kg/day)
Exocrine pancreas
Animals examined
Animals with no abnormalities detected
PanINs in the ductal epithelium
Minimal focal lobular atrophy
Minimal perivascular inflammatory cell infiltration foci
Minimal ductal inflammatory cell infiltration foci
Minimal parachymal inflammatory cell foci
Endocrine pancreas
Animals examined
Animals with no abnormalities detected
Mild focal hemagiectasis in islets

0 0.25 5 0 0.25 5
5 5 5 5 4 5
5 5 2 5 4 4
NE NE 0 NE NE 0
0 0 1 0 0 1
0 0 1 0 0 0
0 0 1 0 0 0
0 0 1 0 0 0
5 5 5 5 4 5
4 5 5 5 4 5
1 0 0 0 0 0

NE, not examined.
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