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Introduction 
Lipodystrophy (LD) represents a typical complication 

of drug injections repeatedly performed into the same skin 
area (Richardson 2003) and/or needle reuse (Blanco 2013) 
and is a major complication of subcutaneous insulin therapy, 
including lipohypertrophy (more frequent; LH) and lipoatrophy 
(less frequent; LA). Moreover, a close relationship has been 
documented between dose (and hence volume) of injected 
insulin and LH (Blanco 2013) and the presence of LH has been 
described also with other drugs like pegvisomant (Marazuela 
2007; Bonert 2008; Rochira 2012). A number of injection site-
related adverse events were also reported in the registration 
studies of the long-acting once-weekly formulation of a 
subcutaneously injected Glucagon-Like Peptide 1 Receptor 
Agonists (GLP1-RA) called exenatide (EQW) (Buse 2010; 
DeYoung 2011).

All the above prompted us to evaluate whether EQW could 
cause skin alterations. We decided to examine a limited patient 
sample first, to try and understand whether the phenomenon is 
present even in real life conditions following EQW injections 
and, if so, how long it persists in people correctly performing 
injection site rotation. 

Materials and Methods
We designed a 48 week duration observational study based 

on the electronic records from 72 patients receiving EQW. 

The protocol was prepared according to the Helsinki 
declaration and approved by the local Ethics Committee. 
All patients signed an informed consent to the anonymous 
utilization of their own results.

We included in the study only the electronic records of 
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ABSTRACT

Lipodystrophy (LD) represents a typical complication of 
drug injections repeatedly performed into the same skin area 
and/or needle reuse and is a major complication of subcutaneous 
therapy, including lipohypertrophy and lipoatrophy. It has been 
associated to insulin, as well as, to a number of other drugs 
as pegvisomant, TNFα inhibitors and glucagon-like peptide-1 
receptor agonists (GLP1-Ras) including exenatide and its long-
acting once-weekly formulation (EQW) as already reported in 
specific registration studies. Accordingly, this article provided 

the ultrasound documentation of subcutaneous nodules 
occurring after EQW injections in a series of 56 diabetic 
subjects and described a possible association between the 
ultrasonography structures of observed lesions and missing 
injection site rotation. This was similar to what already reported 
with respect to skin lipohypertrophy and inappropriate insulin 
injection techniques.
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What is already known? 

•	 Lipohypertrophy (LH) represents a typical complication of drug injections repeatedly performed into the same skin area 
and/or needle reuse and is a major complication of subcutaneous insulin therapy;

•	 A close relationship was documented between dose and volume of injected insulin and LH;

•	 Injection site-related adverse events were also reported in the registration studies of the long-acting once-weekly formulation 
of a subcutaneously injected Glucagon-Like Peptide 1 Receptor Agonists (GLP1-RA) called exenatide (EQW).

 What has been added by this paper?

•	 This was the first ultrasonography documentation of subcutaneous nodules after repeated injections of EQW;

•	 we provided the first description of a possible association between the ultrasound structure of observed lesions and 
injection site rotation habits;

•	 Attention should be paid to EQW injection methodology because, when performed within confined areas, repeated shots 
may generate much longer lasting and painful subcutaneous nodules, accompanied by a higher rate of site-related adverse 
events. 
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patients endowed with a complete set, including clinical data 
and reports concerning educational interventions performed 
both before and 48 week after treatment started and the results 
of at least three contacts with the Diabetes Unit staff after 
enrollment (weeks 16, 24 and 48). The latter consisted of a 
thorough examination including injection site inspection/
palpation and skin ultrasound scans according to our previously 
described method (Gentile 2016a). The use of skin ultrasound 
is in fact part of our unit’s standard routine for all patients on 
injections but its frequency was higher than usual for those on 
EQW because a high rate of local side effects had been described 
already in terms of small, non-prominent, subcutaneous nodules 
having a hard-elastic texture (Buse 2010; DeYoung 2011). 

All patients underwent a second educational step 24 weeks 
after treatment started according to our protocol dedicated to all 
patients starting injections (with either insulin or GLP1-RA). 
Patients experiencing generalized side effects were excluded, 
along with those discontinuing treatment, or unable to keep a 
date. Due to that, 56 subjects only were accepted for the study. 

The main clinical features of participants are given in Table 
1 and may be briefly summarized as follows: 35 were male, age 
was 55 ± 11 years, diabetes duration was 7 ± 3 years (range 
5-10), 53 were on metformin (48 associated to secretagogues 
or pioglitazone) and 3 who were metformin-intolerant took 
gliclazide and acarbose. High-frequency B-mode skin USSs 
were performed invariably using a linear 20 MHz probe (Philips 
HD3®). Intra-/inter-observatory variability for diagnostic 
accuracy is <3% in our hands (Table 1).

Educational session

At baseline one-to-one sessions lasting up to 15 min were 
led by facilitators specifically trained at using a dedicated starter 
kit to explain the fundamental steps involved in the preparation 
and administration of a simulated dose using the exenatide once-
weekly injection device. After that facilitators asked participants 

to use patient-oriented instructions to prepare a dose of placebo 
using the exenatide once-weekly device and start training by 
injecting it into a rubber ball (Lorenzi 2010). A special effort was 
also made, by delivering written instructions, to explain how 
important a careful injection area and site rotation technique 
is. At week 24, just before the educational refresher session, 
patients were repeatedly asked whether they had properly 
performed site rotation and were regularly checked thereafter 
at all their injection sites, in search of any skin abnormalities. 
All nodules, especially when aggregated, prompted facilitators 
to reinforce educational messages (Table 2). A questionnaire 
containing an arbitrary evaluation score scale was also used to 

Subjects 
n=56

Gender (M/F) 35/21
Age (y) 55 ± 11
BMI (Kg/m2) 29.6 ± 2.5
Mean diabetes duration (y) 7 ± 3
HbA1c (%) 8.2 ± 1.1
Other OHA* (n.) 56
Insulin (n.) 0
Previous CV events or revascularization (n.) 6
Retinopathy/maculopathy (n.) 5
Chronic Kidney Disease mild/moderate (n.) 1
Peripheral vascular disease, or ulcers 0
Active cancer or previous cancer history 0
Mean ± Standard Deviation, n. or percentage.
* OHA=oral hypoglycemic agents; 53 were on metformin (48 
associated to secretagogues or pioglitazone) and 3 metformin-
intolerant took were on gliclazide and acarbose.

Table 1: Characteristics of the population under study.

QUESTIONNAIRE

n.1

Injection sites include arms, thighs and the 
two sides of the abdomen (6 macro-areas): 
how many of them did you use?

Rating

One 6
Two 5
Three 4
Four 3
Five 2
Six 1

n.2

Each of those areas should be used for 
injection site rotation: how many times did 
you comply with this suggestion?
Never 6
Sometimes 6
Often 4
Always 2

Rotation techinque is quoted as insufficient when the score 
exceeds 5 for question 1 and 4 for question 2

n.3

Did you feel any itching and/or notice any 
redness at the injection site? Yes No

Each time I injected it
Only the first few times
Sometimes
Never

n.4

Did you feel any pain at the injection site? 
Each time I injected it
Only the first few times
Sometimes
Never

n.5

Did you feel any burning and/or notice any 
hardening of the skin at the injection site? 
Each time I inject
Only the first few times
Sometimes
Never

Only one answer is accepted for each question

Table 2: Questionnaire administered at visit 24 and 48 to 
investigate upon patients’ habits as for injection site rotation 
and eventually occurring local injection-related side effects. 
Answers generated an arbitrary score scale used to quantify 
behavior and symptom changes.
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draw into the open individual rotation styles and local injection-
related symptoms. Based on that, patients were split into two 
groups: one correctly rotating injection sites (n=11, rotating 
group, RG), the other unable to do so (n=45, non-rotating group, 
NRG).

At week 48, a further education refresher session was 
performed and the questionnaire was administered once again.

Statistical analysis

Continuous variables were reported as mean ± Standard 
Deviation and were compared between groups by Student’s 
t-test for independent samples or analysis of variance (ANOVA) 
as needed. Non-parametric tests were used when appropriate. 
Categorical variables were summarized as frequency or 
percentage and their bivariate associations were evaluated by 
Chi-square with Fisher exact test. The analyses were carried 
out using STATA software, Version 12 (Stata Corp, College 
Station, TX, USA). P-values <0.05 were chosen as statistically 
significant (Table 2).

Results
Overall injection site-related adverse event rate in RG and 

NRG patients is described in Table 3. As shown, at week 24 
nodules were detectable in both groups with a similar rate, but 
more multiple nodules were found more often in NRG patients 
(80.0% vs. 54.6% in RG; p<0.01); at week 48 clustered nodules 
within a 5 × 5 cm skin area were detected at a much higher rate 
in NRG patients (66.7% vs. 9.2% in RG; p<0.01). As opposed 
to that, to a week 48 RG people displayed a significantly 
decreased nodule rate compared to week 24 (90.9 vs. 54.6%; 
p<0.01), while the reduction of the NRG was much smaller and 
not significant (95.6 vs. 89.0%; p n.s.) and even only one case of 

clustered nodules in RG vs. 30 subjects NRG (66.7%; p<0.01). 
Moreover, at week 24, NRG patients had a significantly higher 
rate of injection site-related adverse events (S-RAE). In both 
NRG and RG a further, yet statistically insignificant, reduction 
in S-RAE was observed from 24 to 48 weeks. 

However, when subjects injected EQW into restricted areas 
without rotating sites correctly, their skin profile was severely 
altered (Figure 1) and, along with local injection symptomatic 
side effects, persistent signs of subcutaneous inflammation were 
documented by USSs (Figures 2-4 and Table 3). 

		  SUBJECTS (n=56) 
No Rotation Rotation 
n % n % p
45 80.4 11 19.6

Total Injections at 24 weeks
Total Injections at 48 weeks

1080
2160

-
-

246
528

-
-

-
-

Subjects with palpable nodules (w24) 43 95.6 10 90.9 ns
Injections associated with nodules (w24) 40 88.9 9 81.8 ns
Subjects with > 1 palpable nodule (w24) 36 80.0 6 54.6 <0.01
Subjects with palpable nodules (w48) 45 100 6 54.6 <0.01
Clustered nodules within a 5 × 5 cm skin area (subjects) 30 66.7 1 9.2 <0.01

INJECTION SITE-RELATED ADVERSE EVENT (S-RAE)
Over 24 weeks (n. [%] of total injections) 99 9.2 32 2.9 <0.01
Over 48 weeks (n. [%] of total injections) 102 4.7 26 1.2 <0.01
Pruritus/urticaria over 24 weeks (n. [%] of total injections) 54 5.0 30 2.8 <0.01
Pruritus/urticaria over 48 weeks (n. [%] of total injections) 67 3.1 51 2.4 ns
Irritation / Burning over 24 weeks (n. [%] of total injections) 33 3.1 12 1.1 <0.01
Irritation / Burning over 48 weeks (n. [%] of total injections) 47 2.2 21 0.9 <0.05
Pain over 24 weeks (n. [%] of total injections) 76 7.1 12 1.1 <0.01
Pain over 48 weeks (n. [%] of total injections) 89 4.1 20 0.9 <0.05

Table 3: Subcutaneous nodule and other injection site-related adverse event rate in correctly rotating (RG) and non-rotating 
(NRG) patients.

Figure 1: Appearance of a right arm site where repeated, 
overcrowded EQW injections had been performed.
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Conclusion
This article provided for the first time the ultrasonography 

documentation of subcutaneous nodules after EQW injections 
and described a possible association between the ultrasound 
structure of observed lesions and injection site rotation behavior, 
in analogy with what had been widely shown in terms of skin 
lipohypertrophy and inappropriate insulin injection techniques.

In greater detail, we previously documented that skin 
lipohypertrophy can take various forms, including small, 
invisible, yet palpable subcutaneous nodules at insulin injection-
sites (Gentile 2016b) and this was reported by other groups for 
EQW as well (Buse 2010; DeYoung 2011) . EQW is based on a 
2 mg dose of exenatide encapsulated in 40 mg poly(D,L-lactide-
co-glycolide) (PLG) microspheres within a total volume of 0.65 
mL. In a placebo-controlled study, EQW associated injection site 
nodules were reported by 80% patients (Amylin Pharmaceuticals, 
Inc., data on file) (DeYoung 2011). An informal communication 
from DURATION-1 study staff pointed out that nodules were 
generally 0.5–0.75 cm in diameter, and their incidence seemed 
to decline over time, even in patients with numerous earlier 
episodes. Some nodules were only palpable, whereas others 

Figure 2: Panel a: Single hypoechoic nodule 8 mm below the skin surface detected after 4 weeks after EQW injection (thigh); Panel 
b: Multiple hypoechoic nodules with hyperechoic border found 8 weeks after clustered injections.

Figure 3: Ultrasound image of multiple nodules found 8 weeks after injections performed within a small skin area in the arm. 
Nodules displayed hypoechoic patterns with hyperechoic borders. 

Figure 4: Enlarged details of a single nodule with marked 
peripheral hyperechoic and reactive borders from an area of 
clustered nodules observed 8 weeks after injection.
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were visible. Nodules vanished in all but two DURATION-1 
patients, who took longer but eventually solved this problem. 
One of these patients withdrew (Buse 2010). The rate of nodule-
associated adverse events (including long-standing pain, skin 
thickening, redness, bleeding, or inflammation) was low in the 
placebo-controlled trial (6.7%) and in DURATION-1 (0.7%) 
(Buse). Other injection site adverse events observed during 
DURATION-1 were generally mild in intensity and relatively 
rare, and mostly disappeared within a month. The most common 
among them was pruritus at the injection site, although its rate 
appeared to wane over time from 11.0% between weeks 4 and 6 
to 4.6% between weeks 28 and 30 (Grimm 2013). 

Actually a mild inflammatory ‘‘foreign body reaction’’ can 
occur in response to injected microspheres. In a prototypical 
reaction (Anderson 2008), polymorphonuclear leukocytes, 
monocytes/macrophages, and lymphocytes migrate to a foreign 
body. After several weeks, macrophages predominate and 
subsequently fuse to form giant cells enclosing the foreign-
body, often associating with a fibrous capsule surrounding 
the reaction site. In the case of microspheres, it is thought that 
the macrophages and giant cells contribute to biodegradation 
by incorporating fragments as the microsphere polymers 
hydrolyze. Just because of the foreign body reaction, then, small 
nodules may be observed at the injection site after subcutaneous 
injection of any drugs using PLG microsphere technology 
(Anderson 1997).

The thick hyperechoic nodule borders ultrasonographically 
described in small areas where several EQW injections had been 
performed close to one another and their persistence longer than 
observed in the case of small, single nodules found in correctly 
site rotating patients seem to point to an exaggerated foreign 
body reaction (Anderson 1997).

This phenomenon occurred equally at any sites (i.e., 
arms, legs or abdomen). We cannot establish whether or not 
it affects EQW pharmacokinetics as the only paper trying to 
evaluate exenatide bioavailability/pharmacokinetics could not 
detect any differences related to local reactions, yet EQW is 
quite different from plain exenatide (Calara 2005), therefore 
studies are warranted concerning possible associations between 
injections related skin changes and EQW bioavailability/
pharmacokinetics.

The fact that in both NRG and RG a slight, yet statistically 
insignificant reduction in S-RAE was observed from 24 to 48 
weeks allows hypothesizing that educational activities provide 
best results in the beginning, and after 24 weeks their effects 
stabilize letting typical drug consequences take center stage.

For the time, however, we can only say that, when performed 
within confined areas, EQW injections generate much longer 
lasting, and painful subcutaneous nodules accompanied by 
higher S-RAE rates.

The limitation of this study is represented first of all by 
the small sample size and secondarily by its observational 
nature. Further investigations on larger samples are warranted 
to confirm our findings. Still it takes credit for describing for 

the first time new morphological aspects related to the EQW 
injection technique.

While waiting for further information on drug bioavailability/
pharmacokinetics, we underline the need to improve training of 
patients undergoing such treatment.
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