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Background: Serum calcitonin (CT) is a well-accepted marker of C-cell proliferation, particularly in
medullary thyroid carcinoma. Chronic glucagon-like peptide-1 (GLP-1) receptor agonist adminis-
tration in rodents has been associated with increased serum CT levels and C-cell tumor formation.
There are no longitudinal studies measuring CT in humans without medullary thyroid carcinoma
or a family history of medullary thyroid carcinoma and no published studies on the effect of GLP-1
receptor agonists on human serum CT concentrations.

Aim: The aim of the study was to determine serum CT response over time to the GLP-1 receptor
agonist liraglutide in subjects with type 2 diabetes mellitus or nondiabetic obese subjects.

Methods: Unstimulated serum CT concentrations were measured at 3-month intervals for no more
than 2 yr in a series of trials in over 5000 subjects receiving liraglutide or control therapy.

Results: Basal mean CT concentrations were at the low end of normal range in all treatment groups
and remained low throughout the trials. At 2 yr, estimated geometric mean values were no greater
than 1.0ng/liter,wellbelowuppernormal ranges formalesandfemales.Proportionsof subjectswhoseCT
levels increased above a clinically relevant cutoff of 20 ng/liter were very low in all groups. There was no
consistent dose or time-dependent relationship and no consistent difference between treatment groups.

Conclusions: These data do not support an effect of GLP-1 receptor activation on serum CT levels
in humans and suggest that findings previously reported in rodents may not apply to humans.
However, the long-term consequences of GLP-1 receptor agonist treatment are a subject of further
studies. (J Clin Endocrinol Metab 96: 853–860, 2011)

Serum calcitonin (CT) is an important biomarker for
C-cell diseases such as medullary thyroid carci-

noma (MTC) and hereditary C-cell hyperplasia (CCH)
because of its sensitivity and specificity (1, 2). Although
CT monitoring is routinely used in patients diagnosed
with MTC, there are no longitudinal studies on serum

CT levels in individuals without underlying thyroid
disease.

Liraglutide is a human glucagon-like peptide-1
(GLP-1) analog designed as once-daily therapy for pa-
tients with type 2 diabetes mellitus. Preclinical studies
of this drug in mice and rats demonstrated that liraglu-
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tide activated GLP-1 receptors on the thyroid C-cells,
causing the release of CT and a dose-dependent effect of
liraglutide on C-cell pathology (3). In rats, liraglutide
was associated in both genders with CCH, C-cell ade-
nomas, and C-cell carcinomas. Of note, rats are sus-
ceptible to spontaneous development of C-cell lesions
with age (4, 5). Very high doses of liraglutide (�45 times
human exposure) also caused a small number of C-cell
carcinomas in female mice.

Cynomolgus monkeys receiving high doses of lira-
glutide (�64-fold human exposure) did not demon-
strate an increase in serum CT levels and did not develop
C-cell pathology (3). In contrast to a rodent C-cell line
(3), where GLP-1 receptor agonists stimulate both
cAMP and CT secretion, liraglutide did not cause CT
stimulation in vitro in a human C-cell line (TT). The TT
cell line and sections of human thyroid tissue have been
shown to have far fewer GLP-1 receptors than rodent C
cells in vitro or in vivo (3). Because of these species
differences, the relevance of rodent data for humans (6)
remains unknown.

To examine the effect of liraglutide on serum CT in
humans, serial CT measurements were incorporated in
a series of clinical studies comparing the efficacy of li-
raglutide with placebo or a variety of standard therapies
for over 5000 patients with type 2 diabetes mellitus or
nondiabetic obese subjects. In addition, the pattern of
serum CT measurements over a 2-yr period was ex-
plored. To date, there are no reports of screening pro-
grams assessing CT levels over time, either in healthy
volunteers or in individuals with diabetes or obesity.
This paper focuses on the results of the liraglutide CT
screening program.

Subjects and Methods

Study design and subject inclusion
CT concentration was monitored at baseline and at 12-wk

intervals thereafter in all subjects enrolled in six phase 3 clinical
trials, each with a similar randomized and controlled trial design.
All trials were performed in accordance with the Declaration of
Helsinki, and Good Clinical Practice Guidelines. Each Liraglu-
tide Effect and Action in Diabetes (LEAD) trial had core phases
of 26- to 52-wk duration, and two trials had open-labeled ex-
tensions with data available for up to 104 wk. Key aspects of the
core phases of the six trials have been published previously (7–
12). CT concentrations also were monitored in two phase 3 trials
with Japanese subjects with type 2 diabetes (trial IDs 1700 and
1701), and in one phase 2 trial with nondiabetic obese subjects
(trial ID 1807)—similar to the LEAD trials, the core endpoints
for these three trials are already or soon to be published (13–15).
In all trials, subjects were randomized to receive liraglutide at
doses ranging from 0.6–3.0 mg, active comparator and/or pla-
cebo. Table 1 summarizes these trials.

The primary endpoint in all diabetes trials was glycosylated
hemoglobin (%), and due to ineffective therapy, the number of
subjects exposed to placebo who completed the long-term trials
diminished proportionately more than the number of subjects
treated with liraglutide or active comparators. Subjects were al-
lowed to take concomitant medications during the trials includ-
ing histamine-2 (H2) receptor blockers and proton pump inhib-
itors (PPIs), which are known to increase CT levels (16).

Assay
Serum CT concentration was measured by a highly specific

and sensitive chemiluminescent enzyme immunoassay (Immulite
2000; Siemens Medical Solutions Diagnostics, Deerfield, IL). For
this assay, the upper normal range (UNR) was 5 ng/liter for
females and 8.4 ng/liter for males, and the lower limit of quan-
tification (LLOQ) was 0.7 ng/liter. In the Japanese trials, the
UNRs were 4.43 and 5.87 ng/liter for females and males, respec-
tively, with the LLOQ being 2.0 ng/liter.

TABLE 1. Trial details where CT concentrations were monitored

Trial ID: no.; first

author, year (Ref.)

Core trial

duration

(wk)

Core trial �

extension

phase (wk)

Liraglutide

doses tested

(mg/d)

Randomized

subjects (n)

Mean

age

(yr)

Mean

weight

(kg)

Active comparator

added to pre/run-in

treatment (dose)

Pre/run-in treatment

to which placebo

was added (dose)

Clinicaltrial.gov ID

(extensions)

LEAD-1: 1436; Marre,

2009 (7)

26 N/A 0.6, 1.2, 1.8 1041 56.1 81.6 Rosiglitazone (2–4 mg) Glimepiride (2–4 mg) NCT00318422

LEAD-2: 1572; Nauck,

2009 (8)

26 104 0.6, 1.2, 1.8 1091 56.8 88.6 Glimepiride (4 mg) Metformin

(1500–2000 mg)

NCT00318461(NCT00395746)

LEAD-3: 1573; Garber,

2009 (9)

52 104 1.2, 1.8 746 53.0 92.6 Glimepiride (8 mg) N/A NCT00294723 (extension phase

listed under same ID)
LEAD-4: 1574; Zinman,

2009 (10)

26 N/A 1.2, 1.8 533 55.1 96.3 N/A Metformin (2000 mg)

and rosiglitazone

(8 mg)

NCT00333151

LEAD-5: 1697; Russell-

Jones, 2009 (11)

26 N/A 1.8 581 57.5 85.4 Glargine (variable dose) Metformin (2000 mg)

and glimepiride

(2–4 mg)

NCT00333151

LEAD-6: 1797; Buse,

2009 (12)

26 40 1.8 464 56.7 93.0 Exenatide (10 �g, twice

daily)

Maximum tolerated

dose of metformin

and/or sulfonylurea

NCT00333151

1700; Kaku, 2010 (13) 24 48 0.9 411 58.4 66.1 Glibenclamide (1.25–2.5

mg)

N/A NCT00393718

1701; Seino, 2010 (14) 24 48 0.6, 0.9 267 59.7 65.8 Glimepiride (�2.5 mg) Sulfonylurea NCT00395746
1807; Astrup, 2009 (15) 20 52 1.2, 1.8, 2.4, 3.0 564 45.9 97.2 Orlistat (120 mg) NCT00395746

N/A, Not available in given trial.
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Statistical analysis and pooling
Effects of the various treatments on CT were assessed by

evaluating estimated means of the basal levels (fasting CT) and
outliers of the basal levels.

Geometric mean levels of CT
The statistical evaluation of treatment differences in CT was

conducted by a repeated measurement analysis (RMA) for nor-
mal censored data, where the logarithm of CT was the (censored)
response and the trial, time, treatment, gender, and treatment by
time interaction were fixed effects. Subjects were entered as ran-
dom effects. CT was included as a censored variable, because a
large percentage of the CT values was below the LLOQ. Separate
estimation of geometric means and pair-wise comparisons of
treatment effect were made at all visits where CT was measured
to enable an evaluation of the trends over time.

Pooled RMA were performed and presented for wk 26
(LEAD-1 to -5, including all data up to wk 26) and wk 52 and
104 (LEAD-2 and -3 including all data up to wk 104) by pooling
treatment groups by dose of liraglutide, placebo, and active com-
parator. The LEAD-6 trial directly compared two GLP-1 recep-
tor agonists (liraglutide and exenatide); CT concentration data
from this trial were examined separately to investigate any treat-
ment-specific effects. Trial 1807 included patients with obesity
without diabetes mellitus who received higher doses of liraglu-
tide (1.2–3 mg/d) for 52 wk. These data were also analyzed sep-
arately to investigate potential effects of higher liraglutide doses
on CT concentration.

Outlier analysis
CT shift tables were assessed using two approaches with the

following categories: one defined by the UNR in the assay
[�UNR (UNR � 2UNR), and �2UNR], and one defined by CT
values generally considered to clinically indicate underlying C-
cell abnormalities (�20 ng/liter, 20 to �50 ng/liter, 50 to �100
ng/liter, and �100 ng/liter]. Serum CT concentration greater
than 20 ng/liter is considered a potential marker for C-cell disease
that warrants additional evaluation (17).

CT data from 26, 52, and 104 wk are presented; wk 20–28
and wk 48–52 were pooled and will be referred to as wk 26 and
52, respectively.

The following analysis sets were used:

• 26-wk safety analysis set: LEAD 1–6, 1700 and 1701 phase 3
trials, plus the obesity trial 1807 (liraglutide, n � 3551; pla-
cebo, n � 710; active comparator, n � 1412);

• 52-wk safety analysis set: LEAD-2 and LEAD-3, 1700, 1701,
and 1807 (liraglutide, n � 1741; placebo, n � 216; active
comparator, n � 630); and

• 104-wk safety analysis set: LEAD-2 and LEAD-3 (liraglutide,
n � 839; placebo, n � 61; active comparator, n � 320).

Results

Baseline characteristics
Table 1 (7–12) summarizes demographic data from

subjects included in the core phases of the six LEAD trials
and trials 1700, 1701, and 1807 from which CT data were
collected and analyzed. The estimated median baseline CT

concentration across all subjects from the pooled RMA
was at the very low end of the normal range (0.6 ng/liter).

Data from phase 3 trials—26-, 52-, and 104-wk
data

Geometric mean levels of CT
At 26 wk, the estimated geometric mean CT concen-

trations were 0.96, 0.99, and 1.01 ng/liter for liraglutide
0.6, 1.2, and 1.8 mg, respectively. In the pooled active
comparator group and the placebo group, CT concentra-
tions were 0.95 and 0.90 ng/liter, respectively. At 26 wk,
statistically significant treatment differences were appar-
ent between liraglutide 1.8 mg and active comparator
(1.01 vs. 0.95 ng/liter; P � 0.0018) and placebo (1.01 vs.
0.90 ng/liter; P � 0.0281), and between liraglutide 1.2 mg
and placebo (0.99 vs. 0.90 ng/liter; P � 0.0189).

By wk 52, the mean absolute concentrations of CT were
0.76, 0.84, and 0.83 ng/liter for liraglutide 0.6, 1.2, and
1.8 mg, respectively. For the active comparator and pla-
cebo groups, mean CT concentrations were 0.77 and 0.66
ng/liter, respectively. Mean CT concentrations were sta-
tistically higher with liraglutide 1.8 mg (P � 0.0472) and
1.2 mg (P � 0.0400) compared with placebo but not com-
pared with active comparator.

The results of serum CT levels over time for up to 104
wk for three doses of liraglutide, for placebo, and for ac-
tive comparators are illustrated graphically in Fig. 1 (3).
Subjects exposed to liraglutide for 104 wk had no clini-
cally significant increases in serum CT concentration from
wk 52, with estimated levels being 0.73, 0.79, and 0.76
ng/liter for liraglutide 0.6, 1.2, and 1.8 mg, respectively.
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FIG. 1. Least squares mean CT concentration over 104 wk for
liraglutide 0.6 mg (n � 242), 1.2 mg (n � 492), and 1.8 mg (n � 489);
active comparator (n � 492); and placebo (n � 122). Patient CT data
were pooled from LEAD-3 and LEAD-2. CI, Confidence interval.
[Reprinted with permission from Bjerre Knudsen et al.: Endocrinology
151:1473–1486, 2010 (3). © The Endocrine Society.]
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CT concentrations of 0.70 and 0.58 ng/liter were seen in
subjects receiving active comparator and placebo, respec-
tively. Statistical differences were found when comparing
liraglutide 1.2 mg with placebo (P � 0.0223), but all other
treatment group comparisons were found to be nonsig-
nificant (P � 0.05). In all subjects including those exposed
to liraglutide for up to 104 wk, CT concentrations were
low and remained low throughout the trial period.

Outlier analysis
The majority of subjects did not switch category from

baseline to wk 26, 52, and 104.
At wk 26, 52, and 104, respectively, 2.7, 2.3, and 3.1%

of liraglutide-treated subjects shifted from baseline to a
higher CT category (i.e. from below the UNR to above the
UNR, from between UNR and 2 � UNR to above 2 �
UNR). These percentages were very similar to those for
subjects treated with an active comparator, where 2.2, 2.1,
and 3.1% of subjects shifted to a higher CT category at wk
26, 52, and 104, respectively. For placebo, 1.7 and 1.4%
of subjects shifted to a higher CT category at wk 26 and 52,
whereas no patients shifted to a higher category at 104 wk.

Shift tables for subjects changing from lower to a higher
category (from �20 ng/liter to above; from 20 to �50
ng/liter to above; and from 50 to �100 ng/liter to above)
were comparable across the three groups over time. For
liraglutide, 0.3, 0.2, and 0.1% switched to a higher cate-
gory at wk 26, 52, and 104. The percentages were 0.3, 0.3,
and 0.3% for the active comparator and 0.1, 0.0, and
0.0% for placebo.

During the trials, the proportions of subjects with CT
concentration above 20 ng/liter remained below 2%, and
there were no clear trends in increase or decrease in these
proportions between weeks or between treatment groups
(Table 2).

At baseline, 25 subjects had serum CT above 20 ng/
liter; 14 were in the liraglutide group, nine received active
comparator, and two were in the placebo group (Table 2).
In the subset of liraglutide-treated subjects with baseline
CT above 20 ng/liter (14 of 3551), there was no consistent
pattern in the change of CT concentration over time. A
total of 15 of the 25 subjects with baseline CT above 20

ng/liter withdrew from the trial; six (three subjects receiv-
ing liraglutide and three subjects receiving active compar-
ator) withdrew because of increased CT levels. Two of
these 25 subjects (one in the liraglutide group and one in
the comparator group) were taking H2 receptor blockers
or PPIs at baseline.

A total of 892 of 5673 (16%) subjects included in the
26-wk population were receiving H2 receptor blockers or
PPIs, which have the potential to increase serum CT (611,
186, and 95 subjects in the liraglutide, active comparator,
and placebo groups, respectively). Seven of the 14 liraglu-
tide-treated subjects who had at least one postbaseline CT
value above 20 ng/liter were taking these agents, whereas
the number of subjects in the active comparator and pla-
cebo groups was one (of nine) and zero (of two),
respectively.

Direct comparison of two GLP-1 receptor agonists
A trial studying the effect of liraglutide vs. exenatide

(12) provided the opportunity to compare the CT response
to liraglutide (1.8 mg once daily) with that of exenatide (10
�g twice daily), another GLP-1 analog. At 26 wk, the
estimated geometric mean CT concentration in the lira-
glutide group (0.38 ng/liter) was indistinguishable from
the exenatide group (0.36 ng/liter; P � 0.5630) (Fig. 2);
0.4% of liraglutide-treated and 1.2% of exenatide-treated
subjects shifted to a higher CT category during the study
(i.e. from below the UNR to above the UNR, from be-
tween UNR and 2 � UNR to above 2 � UNR).

Liraglutide at doses above 1.8 mg/d—clinical
study in nondiabetic obese subjects

CT concentrations in obese subjects without diabetes
receiving liraglutide (up to 3 mg daily) were compared
with those receiving orlistat (120 mg three times daily) or
placebo (Fig. 3). The estimated median serum CT concen-

TABLE 2. Subjects with CT concentrations �20 ng/liter
at baseline and at wk 26, 52, and 104 of trial treatment

Liraglutide
Active

comparators Placebo
Baseline 14 (0.39) 9 (0.64) 2 (0.28)
Wk 26 30 (0.84) 12 (0.85) 3 (0.42)
Wk 52 13 (0.75) 13 (1.11) 0
Wk 104 14 (1.67) 6 (1.88) 0

Data are expressed as number (percentage).
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FIG. 2. Least squares mean CT concentration over 26 wk in LEAD-6
for liraglutide 1.8 mg (n � 233) and exenatide 10 �g (n � 231). CI,
Confidence interval.
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tration remained in the low end of the normal range over
52 wk in all treatment groups.

Clinical adverse events related to C cells
Six cases of C-cell pathology were identified during the

course of these studies: four subjects receiving liraglutide

(subjects 1–4) (0.11%), and two subjects in the active
comparator group (0.14%) (subjects 5 and 6) (Table 3).
Subjects 1 to 4 were all found to have CCH. Subject 5,
in the active comparator group, had C-cell pathology
that was consistent with CCH but was interpreted by
the pathologist as “medullary carcinoma in situ.” Sub-
ject 6, in the active comparator group, had MTC with
a basal CT concentration above 1000 ng/liter. Subject 2
had a baseline CT concentration above the reference
range but below 20 ng/liter, whereas subjects 1 and 4
had baseline CT concentrations above 20 ng/liter (21.5
and 22.3 ng/liter, respectively). Subject 3 had a normal
baseline CT concentration but elevated CT after cal-
cium stimulation at 52 wk. All six patients underwent
thyroidectomy as a consequence of CT measurements.
Since these analyses were performed, a seventh subject
also has been identified as having C-cell pathology dur-
ing a trial (18). During the trial, a male subject receiving
liraglutide 1.2 mg plus metformin had an elevated CT
concentration at baseline but below 20 ng/liter (11.84
ng/liter). A diagnosis of mild nodular hyperplasia/focal
CCH was recorded. Although there were fluctuations in
CT concentrations among these seven subjects during
the trial periods, no consistent pattern was noted (data
over time not shown).
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FIG. 3. Geometric mean CT levels over 52 wk in trial 1807 for
liraglutide 1.2 mg (n � 95), 1.8 mg (n � 90), 2.4 mg (n � 93), and 3.0
mg (n � 93); orlistat (n � 122); and placebo (n � 98).

TABLE 3. Human CCH reported in the liraglutide clinical development program

Subject
no. Gender Reason for thyroidectomy Treatment

Overall
duration of

treatment (d)

Duration of
treatment at

onset (d) Pathology

1 Male Elevated CT (21.5 ng/liter)
reported at randomization

Liraglutide 0.6 mg � metformin 190 1 Bilateral nodular goiter, CCH

2 Male Elevated CT reported at
baseline (15.1 ng/liter) and 9
months after randomization
(22.3 ng/liter)

Liraglutide 1.8 mg � metformin 363 280 Papillary microcarcinoma/physiological
CCH/goiter/benign thyroid nodules

3 Female Elevated stimulation test at
12-month visit (CT
concentrations were 80.7
and 94 ng/liter at 5 and 10
min after stimulation,
respectively). Baseline CT
was normalb

Liraglutide 1.2 mg 484 356 Diffuse CCH

4 Male Elevated basal CT at baseline
(22.3 ng/liter)a

Liraglutide 1.8 mg 28 1 Bilateral neoplastic nodular CCH

5 Male Elevated basal CT reported
approximately 3 months
after randomization
(12.1 ng/liter)a

Glimepiride � metformin 370 87 Neoplastic CCH (MTC in situ)

6 Male Elevated CT (1023 ng/liter)
reported 2 months before
randomization and remained
elevated

Insulin glargine � metformin �

glimepiride
145 �55 MTC/benign thyroid nodules

7c Male Elevated CT (11.84 ng/liter)
recorded at baseline

Liraglutide 1.2 mg � metformin 164 1 Mild nodular hyperplasia/focal CCH
(probably reactive)

a Reference range, 0.7–8.4 ng/liter. Calcium stimulation test, UNR 90 ng/liter for females and 130 ng/liter for male subjects.
b Subject had �10-fold elevation of CT in response to calcium stimulation prior to receiving liraglutide; however, the maximum CT level achieved
was 21.2 ng/liter, which although at the 90th percentile for females in the study, is well below the cutoff of 90 ng/liter.
c A seventh case of C-cell pathology was reported during a trial that was not included in this original data analysis set.
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Discussion

C-cell pathology in rodents was discovered during the pre-
clinical testing for liraglutide (3) and exenatide (19), both
GLP-1 receptor agonists. GLP-1 receptors are easily iden-
tified on thyroid slices from rodents and on rodent C-cell
lines in tissue culture (3). Based on in vitro and in vivo
rodent experiments, Bjerre Knudsen et al. (3) have pro-
posed the following mechanism to explain C-cell pathol-
ogy in rodents: GLP-1 receptor activation causes cAMP
and CT synthesis and release from the rodent C cells. Over
time, this continued stimulation may cause CCH and in
some animals C-cell neoplasia, including adenomas and
carcinomas.

In contrast, nonhuman primate and human thyroid
glands and the human TT cell line express very low
levels of C-cell GLP-1 receptors. The human TT cell
line, unlike rat thyroid C-cell lines, does not respond to
GLP-1 receptor agonists with an acute release of CT (3).
Nonhuman primates do not develop C-cell pathology
after up to 18 months of treatment with high doses of
GLP-1 agonists. Conversely, some animal models may
develop CCH after as few as 4 wk of exposure to oral
vitamin D and calcium (20).

Serum CT concentration is a widely accepted and
validated biomarker of pathological C-cell prolifera-
tion. CT is measured routinely as an important part of
the follow-up of patients with known MTC and in some
individuals with the genetic predisposition (mutated
RET oncogene) to MTC (21). CCH is a premalignant
lesion in patients with familial multiple endocrine neo-
plasia 2, but there are no data on progression of CCH
in patients without RET oncogene mutations or familial
MTC. Indeed, surgical and autopsy specimens suggest
that CCH is relatively common in the normal popula-
tion, up to 30% in studies by Guyétant et al. (22, 23).
CT concentrations in the multiple endocrine neoplasia
2 population with CCH are well described, but in con-
trast, data on serum CT in patients with sporadic CCH
are sparse.

This report provides data on the long-term CT response
to liraglutide in subjects with type 2 diabetes and obese
subjects without diabetes. In addition, it is the first longi-
tudinal study of serum CT changes over time in individuals
without known C-cell pathology. Although screening data
are available on serum CT concentrations in populations
with nodular thyroid disease, no large-scale, cross-sec-
tional or longitudinal data on CT serum concentrations
are available in individuals without known thyroid
disease.

The baseline CT concentrations were low in subjects
with diabetes and in those with obesity with estimated

median values of 0.6 ng/liter (UNR females, 5 ng/liter;
males, 8.4 ng/liter) for the LEAD trials. Baseline CT con-
centrations were above 20 ng/liter in 0.28–0.64%. In
many screening studies, a CT concentration above 20 ng/
liter is used to trigger further evaluation (17).

There was no consistent change in CT concentrations
over time (up to 104 wk) with any dose of liraglutide or in
the comparator groups. There were no differences be-
tween CT responses to liraglutide or exenatide, two dis-
tinct GLP-1 analogs. The CT concentration was statisti-
cally higher at wk 26 and 52 in liraglutide compared with
comparators. However, these levels were well within the
normal range, the geometric mean difference between
groups was around 0.1 ng/liter, and there is no indication
that these differences are of clinical significance. The re-
sponse of CT to calcium stimulation (which magnifies the
sensitivity of baseline CT measurements) was indistin-
guishable between liraglutide and comparators in human
subjects (3).

There was no pattern of further CT increase in the pop-
ulation with baseline (before drug exposure) CT concen-
trations above 20 ng/liter, although 15 of these 25 subjects
did withdraw from the studies in some cases for surgical
intervention of moderately elevated CT levels. The pro-
portion of subjects moving to a higher category of CT
concentration was low and did not differ between treat-
ment groups. Subjects receiving H2 receptor blockers or
PPIs, agents known to increase serum CT concentration,
did not have a further increase in CT concentrations with
liraglutide.

The initial analysis revealed that six subjects were
found to have histologically documented C-cell disease,
with identical prevalence in the liraglutide and nonlira-
glutide (or comparator) groups: one case of MTC and five
cases of CCH. The case of MTC occurred in a subject who
was not treated with liraglutide. Four subjects had base-
line CT elevations, whereas the other two with CCH de-
veloped increased CT concentrations during the trial, one
who was treated with liraglutide and the other who was
treated with active comparator. One additional case of
CCH was also reported in a subject with elevated baseline
CT concentrations, presenting a total of seven cases of
histologically documented C-cell disease.

Based on these data, we find no evidence that liraglutide
stimulates CT release from human C cells. By inference, we
find no evidence that liraglutide is a potential cause of
C-cell proliferation or C-cell pathology in humans based
on the CT response pattern. However, we recognize that
the longest duration of exposure, i.e. 2 yr, and the number
of subjects exposed may not be sufficient to demonstrate
clinically significant C-cell pathology. On the other hand,
the fact that CT levels did not increase, even in subjects
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withbaselineCTelevations, suggests that thehumanCcell
is poorly responsive to GLP-1 receptor agonists. This is
distinctly different from the reported increase in CT levels
in individuals treated with PPIs, an increase presumed to
be secondary to a direct effect of gastrin on the C cell (16).

The strength of this study is the large number of CT
measurements in over 5000 subjects over time, using a
highly sensitive CT assay. There are, however, several po-
tential limitations of this study. We have examined thyroid
pathology in only a limited number of subjects demon-
strating elevated or changing CT concentrations. This is
also true of almost all studies using CT measurements in
individuals with thyroid nodules. Although it is conceiv-
able that liraglutide could cause C-cell proliferation with-
out CT release, there are no data to support such a hy-
pothesis; in rodents, CT release always accompanies C-cell
pathology. It is possible that subjects with established
MTC would have a different response to GLP-1 receptor
agonists. This concern deserves further study, but we
would propose that individuals with MTC or RET-posi-
tive family members of MTC kindreds not receive GLP-1
analogs.

Together, these data do not support any significant risk
for the activation or growth of C cells in humans in re-
sponse to GLP-1 receptor agonists including liraglutide
over the 2-yr period that it has been studied.
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