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Case Report

Background

The incidence of type 2 diabetes is rising worldwide. The 
increasing prevalence of obesity is an important risk factor. 
Other underlying mechanisms of abnormal β-cell function 
may be more complex including not only environmental 
factors but also different mechanisms such as genetic sus-
ceptibility. In diabetic patients, relative insulin deficiency is 
caused by insulin resistance in different tissues such as 
muscle and fat cells and excessive glucagon secretion.1 
Furthermore, the reduction of responsiveness to 2 incretin 
hormones, glucagon-like peptide-1 (GLP-1) and glucose-
dependent insulinotropic polypeptide (GIP), plays a role.1

A variety of therapeutic options are available for diabe-
tes. When initial treatment with diet, lifestyle changes and 
metformin does not suffice an add-on therapy to metformin 
becomes necessary for most patients. Which agent should 
be combined with metformin still remains unclear. While 
therapies with sulphonylurea (SU), insulin, and thiazoli-
dinediones (TZD) are widely used, control of diabetes is 
not always achieved.2 Furthermore, side effects such as 

hypoglycemia are frequently observed in the application of 
insulin or SU.2 Weight gain is an important side effect of 
insulin, SU, and TZD therapy.2 Increased fracture rate with 
TZD and gastrointestinal disturbances with metformin are 
the most frequent adverse effects and may cause limitation 
of treatment.2 In order to optimize therapy for diabetes, 
new drugs have been developed to achieve both better con-
trol of diabetes and reduction of adverse reactions. Newer 
drugs such as dipeptidyl peptidase-4 (DPP-4) inhibitors 
improve insulin secretion and inhibit glucagon release but 
do not have clinically relevant effects on gastric emptying, 
appetite, or weight.3

Lately other incretin-based therapies, such as GLP-1 
receptor agonists, have come into focus through their 
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Abstract
Objective: To report a case of systemic hypersensitivity to the glucagon-like peptide-1 (GLP-1) receptor agonist exenatide 
used in diabetes care to provide significant information within the context of postmarketing safety surveillance of this new 
drug class. Case Summary: We report on a 52-year-old male with insufficiently controlled diabetes. GLP-1 agonist 
treatment was indicated and the patient was started on 5 to 10 µg exenatide (Byetta) twice daily, which had to be stopped 
after 1 month due to intolerable nausea. One year later, an attempt with 0.6 to 1.8 mg liraglutide (Victoza) once daily was 
well tolerated but lacked efficacy after a few months. Finally, the patient was started on 2 mg exenatide (Bydureon) once 
weekly. Concomitant treatment included metformine 1000 mg twice daily and candesartan/hydrochlorothiazide (Blopress 
Plus) 16/12.5 mg once daily. A few hours after the second injection, local urticaria and disseminated pruritus evolved 
and after the third injection pruritus, urticaria, and shortness of breath developed, which resolved to antihistamines and 
corticosteroids. Intradermal tests were positive for Byetta (1:1000) and Bydureon (1:100) (both exenatide), while Victoza 
(liraglutide) was negative (1:10). Specific immunoglobulin E (IgE) to the drugs was not available for testing. Discussion: 
An objective causality assessment revealed that the adverse effect to exenatide (Bydureon) was probable (Naranjo 
probability scale: score of 8). Consistency was established through positive skin tests and the biological explanation that 
the administration of GLP-1 receptor agonists has been associated with antibody formation. Conclusion: Considering 
emerging use of GLP-1 receptor agonists, systemic hypersensitivity should be recognized as a risk in clinical practice.
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working mechanism that not only improves glycemic control 
but also facilitates weight loss.4 This may have a positive 
effect on frequent comorbidities in diabetes. In fact one study 
has been conducted evaluating the positive effect on patients 
with adipositas only, potentially expanding the indication 
spectrum for this new drug class (see also clinicaltrial.gov 
NCT00781937). The very short plasma half-life of native 
GLP-1 peptide, due to rapid inactivation by the protease-
DPP-4 and by renal clearance, reduces the clinical potential 
of the native peptide.5 The effectiveness of GLP-1 receptor 
agonists for the treatment of diabetes type 2 thus required a 
continuous application of these agents via infusion or 
repeated injections and prompted the development of new 
drugs with longer action.

Currently, 2 GLP-1 receptor agonists for subcutaneous 
(sc) use are on the market. Exenatide is available either for 
twice daily (bid) (Byetta) or once weekly (qwk) (Bydureon), 
and liraglutide (Victoza) is available for once daily (qd) 
application. Liraglutide is a DPP-4-resistant fatty acylated 
GLP-1 molecule that binds noncovalently to serum albumin 
and exhibits more potent and sustained glucose-lowering 
effects compared to GLP-1.6 With a half-life of about 13 
hours, a once daily sc administration suffices.7 Liraglutide 
treatment is initiated with 0.6 mg once daily, increased to 1.2 
mg after 1 week, and sometimes increased to up to 1.8 mg.7

Exenatide (exendin-4) is a DDP-4-resistant GLP-1 
receptor agonist enhancing the expression of key genes, 
glucose-dependent insulin secretion, suppression of gluca-
gon secretion, and slowing down gastric emptying.8 
Exenatide (Byetta) has a half-life of 2.5 hours and has to be 
given twice daily. As it is given in micrograms, treatment is 
started with 5 µg and increased to 10 µg after 4 weeks if 
possible.7 Exenatide once weekly formulation (Bydureon) 
has been developed using biodegradable polymeric micro-
spheres that entrap exenatide.9 It is encorporated into a spe-
cific biomaterial, a matrix of poly(d,l-lactide-co-glycide) 
(PLG), and with this extended release preparation a gradual 
drug delivery at controlled rates is achieved.10 Eliminated 
via the kidneys, a stable plasma level is obtained after 5 to 
10 weeks of sc injection of 2 mg exenatide qw, comparable 
to the peak concentrations in exenatide bid.9

The most common adverse events are gastrointestinal 
symptoms such as diarrhea, nausea, and vomiting.4 They 
are considered to be a class effect of GLP-1 receptor ago-
nists and may often be overcome after a few injections. In 
the LEAD-6 trial in which liraglutide qd was compared to 
exenatide bid, gastrointestinal side effects were most pro-
nounced with exenatide bid compared to liraglutide qd with 
28% having nausea and 9.9% vomiting compared with 
25.5% and 6.0%, respectively.11 After 8 to 10 weeks, the 
percentage of patients that reported nausea with liraglutide 
was below 10%, while in the exenatide group it remained at 
about 10%.11 This was reduced even further after 26 
weeks.11 In the DURATION-1 trial, comparing exenatide 

qwk to bid, the incidence of nausea (26% vs 35%) and vom-
iting (11% vs 19%) was lower in the exenatide qwk group 
compared to the exenatide bid group.12 An explanation for 
the different incidence rates of gastrointestinal side effects 
dependent on the application frequency may be found in a 
tachyphylaxis that may occur when a continuous exposure 
with GLP-1 agonist is present, which is the case in the lira-
glutide qd and exenatide qwk groups.13 Other adverse 
events such as heachaches,11 pancreatitis, and thyroid disor-
ders have been reported in a small number of cases.14 In the 
LEAD-6 trial about 7% of patients receiving exenatide 
reported unspecified skin and subcutaneous tissue disorders 
in comparison to 3% of patients receiving liraglutide.11 In a 
meta-analysis including >5000 patients on exenatide bid 
only a subset of patients had an increase of immune-related 
adverse events, such as local injection site reactions and 
local urticaria.15 Generally, the treatment was considered to 
be safe and well tolerated without reports on systemic 
hypersensitivity reactions.15

Case Report

We report on a 52-year-old male Caucasian patient who had 
an established diagnosis of diabetes mellitus type 2 diag-
nosed 6 years earlier. Further known comorbidities were 
obesity (body mass index [BMI] 36.3 kg/m2), arterial hyper-
tension, obstructive sleep apnea syndrome (OSAS), nonal-
coholic steatohepatitis (NASH), lumbal cervical pain 
syndrome, and depression. Because of insufficient glyce-
mic control with oral antidiabetic drugs and desired weight 
reduction, the patient qualified for GLP-1-receptor agonist 
therapy. In 2009, he first received 5 µg sc exenatide (Byetta) 
bid, which was increased to 10 µg sc exenatide bid after 1 
month. This had to be stopped shortly after 1 month because 
of intolerable nausea. In October 2010, an attempt with 0.6 
mg sc liraglutide (Victoza) was initiated, which was well 
tolerated also after the dosage increased to 1.8 mg sc but 
was suspended because of insufficient effects after a few 
months. In August 2012, the patient was started on 2 mg sc 
exenatide (Bydureon) with once weekly administration. 
The glycated hemoglobin (HbA1c) at that time was 7.2%. 
Concomitant treatment included Metformin 1000 mg bid, 
and Candesartan/Hydrochlorothiazide (Blopress Plus) 
16/12.5 mg qd. In contrast to exenatide treatment 3 years 
ago, no gastrointestinal effects presented. Some hours after 
the second injection though, local injection site urticaria 
and disseminated pruritus developed. The patient at that 
point did not seek medical advice but after resolution of 
symptoms continued his treatment. After the third injection, 
a generalized pruritus, urticarial rash, throat itching, and 
shortness of breath appeared after a few hours. This time the 
patient presented immediately to his treating diabetologist 
and symptoms resolved after application of oral antihista-
mines and corticosteroids. Treatment with exenatide was 
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discontinued while concomitant medications remained 
unchanged and symptoms did not reappear.

Further personal history revealed that the patient was a 
self-employed dental-technician, drunk alcohol rarely, and 
was a current cigarette smoker with cumulative 40 pack 
years. His maternal grandmother had diabetes mellitus 2. 
Allergological evaluation revealed no history of allergic 
disorders, atopic diseases, or drug hypersensitivity. Before 
the above-described reaction no food intake or concomitant 
medication took place.

Oral and written informed consent was obtained. Skin 
prick tests were negative for liraglutide (Victoza) and 
Bydureon and questionable for Byetta, both exenatide. 
Intradermal tests were performed in a 1:10 dilution series, 
showing positive results for Byetta (1:1000) and Bydureon 
(1:100) (both exenatide), while Victoza (liraglutide) was neg-
ative in a solution of up to 1:10. Laboratory results were nor-
mal for total immunoglobulin E (IgE), mast cell tryptase, 
complement factor concentration, and activity. There were no 
other abnormal laboratory findings. Determination of spe-
cific antibodies to exenatide was not available. Experimental 
basophil activation test with exenatide (Bydureon) was nega-
tive in the patient, who was a nonreleaser to anti-IgE-receptor 
agonists and formyl-methionyl-leucyl-phenylalanine. To 
control for nonspecific test results, skin tests were performed 
on 2 patients under exenatide treatment and 2 healthy, unex-
posed controls. One patient was on treatment with Bydureon 
and the second patient on treatment with Byetta, both exena-
tide. Both patients had tolerated their medication well with-
out adverse events. The 2 unexposed healthy controls did not 
have regular treatment. All 4 had negative intradermal tests 
with both exenatide preparations (Bydureon, Byetta) and 
liraglutide (Victoza) up to 1:10 dilutions. Experimental baso-
phil activation tests with exenatide (Bydureon) were per-
formed on all 4 volunteers showing negative test results.

In our patient, a diagnosis of a systemic immediate type 
allergic reaction to exenatide, possibly mediated by IgE, 
was retained and reported to the appropriate pharmacovigi-
lance organization.

Discussion

Diabetes mellitus type 2 is a major health care problem and 
new therapeutics are required for patients with lacking gly-
cemic control. New drug classes such as GLP-1 receptor 
agonists are emerging in diabetes care and with their posi-
tive effect on weight reduction the indication spectrum may 
expand even further. We report on a patient with a probable 
systemic hypersensitivity reaction to exenatide (Bydureon).

Originally discovered in Gila monster saliva, the active 
ingredient in exenatide is a 39-amino-acid synthetic version 
of exendin-4, a peptide that shares only 53% amino acid 
homology with human GLP-1.16 Liraglutide, on the other 
hand, is 97% identical to the native hormone.7

The concentration of liraglutide is much higher com-
pared to exenatide, but the fraction of the hormone that is 
not bound to albumin is very low, probably leading to a 
similar concentration of free hormone in both medications.7 
As for the large depot of bound liraglutide, its concentration 
does not vary much throughout the day and allows a varia-
tion in injection timing. The concentration of exenatide, on 
the other hand, varies from very low to therapeutic levels 
throughout the day.17

Consistent with the potentially immunogenic properties 
of therapeutic proteins, the administration of GLP-1 recep-
tor agonists is often associated with antibody formation 
(IgG > IgM > IgA). Furthermore, as GLP-1 inhibitors can 
prolong actions of certain neuropeptides and chemokines, 
there is a possibility of allergic reactions occurring.18 As 
neither mice nor humans contain a gene encoding for an 
exendin-4-related peptide,16 exendin-4 is recognized as a 
foreign peptide by the immune system.19 In a mouse model, 
the exposure with exendin-4 has been shown to lead to an 
activation of humoral and cellular immune responses.19 In 
human diabetic subjects treated with twice daily exenatide, 
development of anti-exendin-4 antibodies occurred in 41% 
to 49% of treated patients after 30 weeks of therapy.20

The incidence of antibody formation to exenatide 
appears to be more frequent in patients on exenatide in 
comparison to patients receiving liraglutide.4 In the 
LEAD-6 study, liraglutide qd was less immunogenic than 
exenatide bid, less than 10% of liraglutide-treated patients 
developed antibodies to liraglutide, and no apparent effect 
on efficacy was shown.21 In the DURATION-1 study, 
exenatide qwk was compared to bid and antibodies were 
more frequently observed in the exenatide qwk compared 
to bid.12 No higher predictive value of individual HbA1c 
change in the group with increased antibody titers was 
shown.12 In fact, the reduction in HbA1c was greater in 
exenatide qwk group with −1.9% (standard error (SE) 0.1) 
compared to −1.5% (SE 0.1) in the exenatide bid-treated 
patients.12

On the other hand, in the DURATION-3 study in which 
exenatide qwk was compared to insulin glargine, a reduced 
mean reduction in HbA1c in the antibody-positive group 
of −1.3% (SE 0.1) versus a mean reduction in the anti-
body-negative group of −1.6% (SE 0.1) was assessed.22 
Also, Faludi et al showed that even though re-exposure 
with exenatide did not increase antibody formation or 
incidence of adverse events, positive antibody titers were 
associated with impaired efficacy in reducing HbA1c.23 
Studies with another GLP-1 receptor agonist taspoglutide 
were aborted because of increased events of hypersensi-
tivity.4 Their occurrence was higher than expected.4 
Although uncommon with an incidence of <1%, it was 
potentially associated with antidrug antibody formation.4 
This was confirmed in a recent study where taspoglutide 
elicited more hypersensitivity and allergic disorders than 
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exenatide, and anti-taspoglutide antibodies occurred sig-
nificantly more frequent compared to anti-exenatide 
antibodies.24

We report a rare case of a systemic hypersensitivity 
reaction to exenatide (Bydureon). The reaction described 
above appeared after the second injection and reappeared 
more profoundly after the third application of the drug. 
The time between administration of exenatide and the 
reaction were few hours. Thus, a temporal coherence 
existed. Symptoms resolved after administration of antial-
lergic medication and did not reappear after discontinua-
tion of exenatide. No alternative cause for the 
above-described symptoms was detected according to the 
patient history, so a conclusive differential diagnosis was 
missing. The drug was not administered again as after the 
positive skin tests the risk for another hypersensitivity 
reaction was considered to be too high. In the skin tests 
there was a positive reaction to both substances containing 
exenatide, while liraglutide was negative. The more pro-
nounced reaction to exenatide bid (Byetta) may be 
explained by the different drug formulation in comparison 
to exenatide qwk (Bydureon).

Furthermore, as described above, a consistent biological 
explanation exists as the administration of GLP-1 receptor 
agonists has been shown to be associated with antibody for-
mation, and GLP-1 inhibitors can prolong actions of certain 
neuropeptides and chemokines that may increase the possi-
bility of an allergic reaction. While most studies did not 
report an effect on efficacy and safety,15 some reports did 
assess a possible effect on both efficacy, such as a reduction 
in HbA1c improvement,22 and safety, such as hypersensitiv-
ity,4 in GLP-1 agonists.

We therefore consider the above-described case to be a 
probable adverse drug reaction to exenatide according to 
the adverse drug reaction probability scale described by 
Naranjo,25 with a score of 8 out of 13.

Conclusion

Considering emerging use of GLP-1 receptor agonists in 
this new drug class, short- and long-term risks connected 
with incretin treatment should be recognized. Systemic 
hypersensitivity reactions were rare in the early phase stud-
ies, despite the high rate of anti-exenatide antibodies. Our 
case, however, demonstrates that the putative formation of 
IgE antibodies to exenatide may be associated with hyper-
sensitivity and thus may lead to potentially serious adverse 
reactions. With increasing numbers of patients treated with 
GLP-1 receptor agonists and self-administration outside of 
medical facilities, treating doctors and patients should be 
instructed accordingly. Severe adverse events should be 
reported as part of postmarketing safety surveillance to the 
appropriate pharmacovigilance organization.

Declaration of conflicting interest

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

References

	 1.	 DeFronzo RA. Insulin resistance, lipotoxicity, type 2 dia-
betes and atherosclerosis: the missing links. The Claude 
Bernard Lecture 2009. Diabetologia. 2010;53:1270-1287. 
doi:10.1007/s00125-010-1684-1.

	 2.	 Nathan DM, Buse JB, Davidson MB, et al. Medical manage-
ment of hyperglycemia in type 2 diabetes: a consensus state-
ment of the American Diabetes Association and the European 
Association for the Study of Diabetes. Diabetes Care. 
2009;32:193-203. doi:10.2337/dc08-9025.

	 3.	 Ahren B. Clinical results of treating type 2 diabetic patients 
with sitagliptin, vildagliptin or saxagliptin-diabetes control 
and potential adverse events. Best Pract Res Clin Endocrinol 
Metab. 2009;23:487-498. doi:10.1016/j.beem.2009.03.003.

	 4.	 Madsbad S, Kielgast U, Asmar M, Deacon CF, Torekov 
SS, Holst JJ. An overview of once-weekly glucagon-like 
peptide-1 receptor agonists-available efficacy and safety 
data and perspectives for the future. Diabetes Obes Metab. 
2011;13:394-407. doi:10.1111/j.1463-1326.2011.01357.

	 5.	 Deacon CF, Nauck MA, Toft-Nielsen M, Pridal L, Willms 
B, Holst JJ. Both subcutaneously and intravenously admin-
istered glucagon-like peptide 1 are rapidly degraded from the 
NH3-terminus in type 2 diabetic patients and in healthy sub-
jects. Diabetes. 1995;44:1126-1131.

	 6.	 Chang AM, Jakobsen G, Sturis J, et al. The GLP-1 derivative 
NN2211 restores beta-cell sensitivity to glucose in type 2 dia-
betic patients after a single dose. Diabetes. 2003;52:1786-1791.

	 7.	 Madsbad S. Exenatide and liraglutide: different approaches 
to develop GLP-1 receptor agonists (incretin mimetics)—pre-
clinical and clinical results. Best Pract Res Clin Endocrinol 
Metab. 2009;23:463-477. doi:10.1016/j.beem.2009.03.008.

	 8.	 Nielsen LL, Young AA, Parkes D. Pharmacology of exenatide 
(synthetic exendin-4): a potential therapeutic for improved gly-
cemic control of type 2 diabetes. Regul Pept. 2004;117:77-88.

	 9.	 Kim D, MacConell L, Zhuang D, et al. Effects of once-weekly 
dosing of a long-acting release formulation of exenatide of 
glucose control and body weight in subjects with type 2 dia-
betes. Diabetes Care. 2007;30:1487-1493.

	10.	 Tracy MA, Ward KL, Firouzabadian L, et al. Factors affect-
ing the degradation rate of poly(lactide-co-glycolide) micro-
spheres in vivo and in vitro. Biomaterials. 1999;20:1057-1062.

	11.	 Buse JB, Rosenstock J, Sesti G, et al; LEAD-6 Study Group. 
Liraglutide once a day versus exenatide twice a day for type 
2 diabetes: a 26-week randomised, parallel group, multina-
tional, open-label trial (LEAD-6). Lancet. 2009;374:39-47. 
doi:10.1016/S0140-6736(09)60659-0.

	12.	 Drucker DJ, Buse JB, Taylor K, et al. Exenatide once weekly 
versus twice daily for the treatment of type 2 diabetes:  

 at Instituto Superiore Di Sanita on July 3, 2014pmt.sagepub.comDownloaded from 

http://pmt.sagepub.com/


Steveling et al	 5

a randomised, open-label, non-inferiority study. Lancet. 
2008;372:1240-1250. doi: 10.1016/S0140-6736(08)61206-4.

	13.	 Jelsing J, Vrang N, Hansen G, Raun K, Tang-Christensen M, 
Knudsen LB. Liraglutide: short lived effect on gastric empty-
ing-long lasting effects on body weight. Diabetes Obes Metab. 
2012;14;531-538. doi:10.1111/j.1463-1326.2012.01557.

	14.	 Elashoff M, Matveyenko AV, Gier B, Elashoff R, Butler PC. 
Pancreatitis, pancreatic, and thyroid cancer with glucagon-
like peptide-1-based therapies. Gastroenterology. 2011;141: 
150-156. doi:10.1053/j.gastro.2011.02.018.

	15.	 MacConell L, Brown C, Gurney K, Han J. Safety and toler-
ability of exenatide twice daily in patients with type 2 diabetes: 
integrated analysis of 5594 patients from 19 placebo-controlled 
and comparator-controlled clinical trials. Diabetes Metab 
Syndr Obes. 2012;5:29-41. doi:10.2147/DMSO.S28387.

	16.	 Pohl M, Wank SA. Molecular cloning of the helodermin and 
exendin-4 c-DNAs in the lizard: relationship to vasoactive intes-
tinal polypeptide/pituitary adenylate cyclase activating poly-
peptide and glucagon-like peptide 1 and evidence against the 
existence of mammalian homologues. J Biol Chem. 1998;273: 
9778-9784.

	17.	 Cvetkovic RS, Plosker GL. Exenatide: a review of its use in 
patients with type 2 diabetes mellitus (as an adjunct to metfor-
min and/or a sulfonylurea). Drugs. 2007;67:935-954.

	18.	 Drucker DJ. Dipeptidyl peptidase-4 inhibition and the treat-
ment of type 2 diabetes: preclinical biology and mechanisms 
of action. Diabetes Care. 2007;30:1335-1343.

	19.	 Baggio L, Holland D, Wither J, Drucker D. Lymphocytic 
infiltration and immune activation in metallothionein pro-
moter-exendin-4 (MT-Exendin) transgenic mice. Diabetes. 
2006;55:1562-1570.

	20.	 Buse JB, Henry RR, Han J, Kim DD, Fineman MS, Baron 
AD. Effects of exenatide (exendin-4) on glycemic control 
over 30 weeks in sulfonylurea-treated patients with type 2 
diabetes. Diabetes Care. 2004;27:2628-2635.

	21.	 Buse J, Montanya E, Sesti G, et al. The incidence of anti-
body formation and the levels of antibodies are lower with 
liraglutide than exenatide in a head-to-head comparison. 
Diabetologia. 2010;53(suppl 1):S341.

	22.	 Diamant M, Van Gaal L, Stranks S, et al. Once weekly 
exenatide compared with insulin glargine titrated to target in 
patients with type 2 diabetes (DURATION-3): an open-label 
randomised trial. Lancet. 2010;375:2234-2243. doi:10.1016/
S0140-6736(10)60406-0.

	23.	 Faludi P, Brodows R, Burger J, Ivanyi T, Braun DK. The effect 
of exenatide re-exposure on safety and efficacy. Peptides. 
2009;30:1771-1774. doi:10.1016/j.peptides.2009.06.026.

	24.	 Rosenstock J, Balas B, Charbonnel B, et al. The fate of taspo-
glutide, a weekly GLP-1 receptor agonist, versus twice-daily 
exenatide for type 2 diabetes: the T-emerge 2 trial. Diabetes 
Care. 2013;36:498-504. doi:10.2337/dc12-0709.

	25.	 Naranjo CA, Busto U, Sellers EM, et al. A method for estimat-
ing the probability of adverse drug reactions. Clin Pharmacol 
Ther. 1981;30:239-245.

 at Instituto Superiore Di Sanita on July 3, 2014pmt.sagepub.comDownloaded from 

http://pmt.sagepub.com/

