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Abstract. Nodular thyroid disease is a very common disorder in patients with acromegaly. Insulin-like growth factor-1
(IGF-1) is a thyroid growth factor, and there is a correlation between IGF-1 levels and thyroid volume (TV) in patients with
acromegaly. There is no study investigating the impact of somatostatin analog (SSA) treatment on thyroid nodule volume in
patients with acromegaly. We aimed to assess thyroid nodule volume change with SSA treatment in patients with persistent
acromegaly. We retrospectively analyzed data from 108 consecutive patients with acromegaly who were followed up by our
clinic after undergoing surgery between 2002 and 2014. Patients who were cured after surgery were excluded. We only
selected 43 patients (21 males, 22 females, mean age 52.8 + 11.9 years) who did not meet the criteria of remission
postoperatively, who were treated with SSA for at least six months and had normal thyroid function. Patients were divided
into three groups (well-controlled, controlled, and active) according to their IGF-1 and growth hormone (GH) levels. All
patients underwent an evaluation of TV and total thyroid nodule volume (TTNV) by ultrasound. TTNV decreased
significantly in patients with well-controlled acromegaly (0.44 [0.75] to 0.23 [0.73], p < 0.001). TTNV did not change in
controlled patients (0.18 [1.28] to 0.13 [1.54], p = 0.959); however TTNV increased in patients with active acromegaly (0.77
[1.46] to 1.03 [1.88], p = 0.028). Successful medical treatment of patients with active acromegaly decreases thyroid nodule

volume. Sustained exposure to IGF-1 may cause an increase in thyroid nodule volume in patients with acromegaly.
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GOITER is very common in patients with acromegaly,
and it can be diffuse or multinodular. In a study of
patients with acromegaly, 92% had an enlarged thyroid
gland as determined using ultrasound; the mean thyroid
size was increased more than five times than normal [1].
According to a recent meta-analysis, nodular thyroid dis-
ease is a very common disorder in patients with acrom-
egaly (prevalence slightly below 60%) [2]. Tramontano
et al. confirmed that insulin-like growth factor-1 (IGF-1)
was a thyroid growth factor in vitro [3]. There is a corre-
lation between IGF-1 levels and TV in patients with
acromegaly [4]. Data on thyroid volume changes after
the successful treatment of acromegaly are contradictory.
Some authors confirm that TV is decreased by the reduc-
tion of IGF-1 and growth hormone (GH) levels with
treatment [3, 5]. In contrast, Cannavo et al. reported no
significant decrease in TV in patients with acromegaly
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followed by a period of 2—7 years [6]. Ongoing exposure
to high serum IGF-1 levels may play a role in the devel-
opment of thyroid nodules in patients with acromegaly
[7]. Volzke et al. reported that high serum IGF-1 levels
were associated with thyroid nodules [8]. However, there
is no study investigating the effect of somatostatin ana-
log (SSA) treatment on thyroid nodule volume in
patients with acromegaly. The aim of this retrospective
study was to evaluate thyroid volume and thyroid nodule
volume change with SSA treatment in patients with acro-
megaly.

Material and Methods

Subjects selection and measurements

We retrospectively analyzed data from 108 consecu-
tive patients with acromegaly who were followed up by
our clinic after undergoing surgery between 2002 and
2014. Patients who were cured after surgery were exclu-
ded. Cure is currently defined as normal age-adjusted
IGF-1 level and a random GH <1 ng/mL or nadir GH in
OGTT <0.4 ng/mL [9, 10]. We only selected patients
who did not meet the criteria of cure postoperatively,
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who were treated with SSA for at least six months and
had normal thyroid function (43 patients; 22 females/21
males). The patients were divided into three groups
according to basal GH and IGF-1 after at least six
months’ treatment with SSA. If the GH level of a patient
was less than 1 ng/mL and IGF-1 levels were within the
age-sex adjusted normal range, each specific patient was
categorized into the well-controlled group. The control-
led group was defined as GH levels less than 1 ng/mL
and IGF-1 levels were not within the age-sex adjusted
normal range. Patients whose GH and IGF-1 levels were
not within normal range were categorized into the active
group. All patients were using the same SSA. All
patients in the active group were using Sandostatin LAR
30 mg. Seven (50%) patients used Sandostatin LAR 20
mg and 7 (50%) used Sandostatin LAR 30 mg in the
well-controlled group. In the controlled group, there
were 13 (61.9%) patients using Sandostatin LAR 20 mg,
and 8 (38.1%) using Sandostatin LAR 30 mg. All
patients were residing in areas with similar iodination
status [11]. The prevalence of sonographic nodules in our
country is 23.5% and 37.4% between the ages of 18 and
65 years and above 65 years, respectively [12]. Unfortu-
nately, due to the retrospective nature of our study, data
on urinary iodine content were unavailable for most
patients. Free thyroxine (fT4), thyroid-stimulating hor-
mone (TSH), antithyroid peroxidase (Anti-TPO), and
antithyroglobulin (Anti-Tg) antibodies results of all
patients were evaluated. All patients were ecuthyroid
according to biochemical test results. The GH and IGF-1
levels were analyzed using chemiluminescence on an
IMMULITE 2000 Xpi (Siemens Healthcare Diagnostics
Inc.). Serum IGF-1 levels were compared with the age-
sex adjusted normal range. TSH and fT4 were measured
using specific electrochemiluminescence immunoassays
with a commercially available kit (Immulite 2000, Bio
DPC, Los Angeles, CA, USA). The normal range for {T4
is 0.74-1.52 ng/dL. TSH levels ranging between 0.55—
4.78 mIU/L were considered normal. The demographic
data and medical history of all subjects were recorded,
and anthropometric measurements were performed.
Weight, height, waist circumference (WC), and hip cir-
cumference (HC) were measured. Body mass index
(BMI) was calculated by dividing the weight by the
square of the height (kg/m?). Our study was performed in
accordance with the recommendations of the Declaration
of Helsinki. Ethics committee approval and written
informed consent of the participants were obtained prior
to the study.

Thyroid ultrasound
All patients underwent an evaluation of thyroid vol-
ume (TV) and total thyroid nodule volume (TTNV)

using ultrasound. Thyroid ultrasonography (USG) was
performed using high-resolution B-mode ultrasound
images (EUB 7000 HV; Hitachi, Tokyo, Japan) with a
13-MHz linear array transducer. The volume of each
lobe was calculated using the ellipsoid model formula
(length x thickness x width % 0.52) [13]. Nodule size
was determined using the same formula as for TV [1].
Total TV >18 mL in men and >13 mL in women was
considered as goiter [14]. TV was considered as the sum
of the volumes of each lobe. The volume of each nodule
was calculated using the formula used in the TV calcula-
tion. TTNV was considered as the sum of the volumes of
all nodules. USG was not always performed by the same
person on every patient because of the long duration of
the follow-up; however, all examinations were recorded
in the database of the Endocrinology Unit and were, for
that reason, re-read and compared by the same person
who was unaware of the therapy taken by the patients at
the time of our retrospective evaluation.

Statistical analysis

Statistical analyses were performed using the Statisti-
cal Package for Social Sciences (SPSS) Version 15.0 sof-
tare package (SPSS, Inc, Chicago, IL, USA). The data
are presented as a number of cases, mean, standard devi-
ation, median with minimum and maximum. Normality
was tested using the Kolmogorov-Smirnov and Shapiro-
Wilk W test. One-way analysis of variance (ANOVA)
with the Scheffe post hoc test or the Kruskal-Wallis H
test with Bonferroni adjusted Mann-Whitney U test was
used to compare the differences between three independ-
ent groups. The paired-samples t-test or Wilcoxon’s
signed-rank test was used to compare the differences
between two measurements (beginning and end). A two-
sided p value <0.05 was considered statistically signifi-
cant for all analyses. Decrease in nodule volume as a
dependent variable was modelled using binary logistic
regression. Factors affecting thyroid nodule volume were
taken as independent variables.

Results

Forty-three patients with acromegaly (21 males, 22
females, mean age 52.8 + 11.9 years) who meet the
inclusion criteria were enrolled in the study. The mean
period of follow-up was 5.0 £+ 1.8 years. The duration of
treatment was found to be shorter in patients in the well-
controlled group (4.1 £ 1.7 years) than in the active
group (6.5 £ 2.3 years) (p = 0.012). There was no differ-
ence between the controlled group (5.0 + 1.3 years) and
the well-controlled group regarding treatment periods.
The mean age, sex distribution, TSH, FT4 values, and
initial TV did not differ statistically between the three
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Table 1 Characteristics of patients

Variables Overall Controlled Well controlled Active P
Gender (male/female) 21/22 10/11 6/8 5/3 0.667
Age (years) 52.8+11.9 544+£11.0 52.8+15.0 48.6+7.4 0.510
Treatment duration (years) 5.0+ 1.8 50+1.3 41+£1.7 6.5+23 0.012*
Age at diagnosis (years) 478 £11.8 494+ 11.0 48.6 £ 14.5 42.1+74 0.286
Height (cm) 171.0+9.9 171.8 +10.1 168.7 +£ 8.9 173.0+ 11.5 0.562
Weight (kg) 86.9+£9.6 87.7+8.8 83.6+7.7 90.8+13.4 0.342
BMI (kg/m?) 29.7+2.2 29.8+2.4 29.4+2.2 30.2+2.0 0.618
TSH (1IU/m) 20+1.1 1.9+1.0 2.1+1.1 20+1.3 0912
Free T4 (ng/dL) 1.2+02 1.2+0.2 1.2+0.2 1.3+0.2 0.503

Data were presented mean + standard deviation.
Statistically significant one is written in bold.
2 Well Controlled Group versus Active Group

Table 2 GH, IGF-1, TV, TTNV and Nodule maximum diameter change before and after treatment

Variables Overall Well Controlled Controlled Active A

GH beginning 5.02 [6.00] 4.30 [4.91] 6.37 [8.47] 8.52[10.59] 0.025°
end 1.38 [1.92] 0.33 [0.54] 2.01 [1.00] 2.97 [1.64] <0.001°
p* <0.001 <0.001 0.002 0.012

IGF-1% ULN beginning  522.0 [437.0] 428.0 [357.5] 516.5[386.3]  1,066.0 [493.0] 0.002¢
end 218.0 [168.0] 179.0 [60.0] 281.5[95.8] 515.5[332.3]  <0.001¢
P’ <0.001 <0.001 0.001 0.025

Thyroid Volume (mL) beginning  13.61 [9.24] 13.88 [7.89] 10.98 [7.60] 23.12 [27.73] 0.111
end 10.51 [8.85] 9.73 [5.57] 9.93 [6.16] 25.22 [30.23] 0.041°
p’ 0.001 <0.001 0.272 0.889

Total nodul Volume (mL) beginning 0.34 [1.01] 0.44 [0.75] 0.18 [1.28] 0.77 [1.46] 0.887
end 0.23 [1.05] 0.23 [0.73] 0.13 [1.54] 1.03 [1.88] 0.894
P 0.102 <0.001 0.959 0.028

Single nodul Maximum Diameter beginning 8.00 [9.00] 8.00 [9.00] 8.00 [N/A] 5.00 [N/A] 0.442
end 7.00 [7.00] 7.00 [7.00] 7.00 [N/A] 6.00 [N/A] 0.695
P’ 0.763 0.180 0.655 N/A

Multipl nodul Maximum Diameter beginning  10.50 [6.50] 10.00 [6.00] 13.50 [11.0] 12.00 [5.75] 0.919
end 10.50 [9.00] 8.00 [6.50] 15.50 [11.0] 12.50 [6.25] 0.335
P’ 0.015 0.002 0.892 0.041

Data were presented as median [IQR].

Statistically significant ones are written in bold.

# Significant between beginning and end measurements

§ Significant between cure, well controlled and active groups
2 Controlled group versus Active group.

b Controlled group versus Well controlled and Active groups.
¢ Active group versus Controlled and Well controlled groups.
4 All groups are statistically different each other.

N/A: Not Available, IGF-1% ULN (Upper Limit of Normal)

groups (Tables 1, 2). At the time of the thyroid exam-  [7.89] (median, [range]), 10.98 [7.60] and 23.12 [27.73],
ination, the mean IGF-1 level was 616.5 + 313.4 ng/mL.  respectively. There was a low correlation between TV in
On the date of diagnosis, the mean TV of the well-  patients with acromegaly and basal IGF-1 levels (r =
controlled, controlled, and active groups were 13.88  0.375, p = 0.05) and BMI (» = 0.373, p = 0.05). There
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Table 3 Nodule maximum diameter and frequency

SINGLE NODUL MULTIPL NODUL
Frequency n,% 11 (31.4%) 24 (68.6%)
Baseline 8.54+£4.29 13.34 +£7.84
Maximum Diameter (mm) Follow-up 8.45+3.93 12.17£7.07
P 0.763 0.015
Table 4 Diameter change of soliter nodul
SINGLE NODUL (n) UNCHANGED INCREASED DECREASED TOTAL
<lem 3 (100%) 2 (50%) 2 (50%) 7 (63.6%)
>1 cm 0 2 (50%) 2 (50%) 4(36.4%)
TOTAL 3 4 4 11
p=0.217 <1 cm and >1cm nodules similar to rates of change
Table 5 Diameter change of multipl nodul
MULTIPL NODUL (n) UNCHANGED INCREASED DECREASED TOTAL
<lem 0 3(33.3%) 9 (64.3%) 12 (50%)
>1 cm 1 (100%) 6 (66.7%) 5 (35.7%) 12 (50%)
TOTAL 1 9 14 24
p =0.049 The reduction rate of nodules <1 cm was significantly higher.
was a highly significant correlation between TV in  Median (mL)
patients with acromegaly and duration of disease (r = 2% ] m Baseline Follow-Up
0.715, p = 0.01). TV decreased significantly in all o |
patients (13.61 [9.24] to 10.51 [8.85], p = 0.001). TV
decreased significantly in the well-controlled group — 0.80
(13.88 [7.89] to 9.73 [5.57], p < 0.001). TV did not 0.60

change significantly in the controlled group (10.98 [7.60]
to 9.93 [6.16], p = 0.272) and in the active acromegaly
group (23.12 [27.73] to 25.22 [30.23], p = 0.889).

The number of single nodules was 11 (31.4%), and
multiple nodules was 24 (68.4%). The baseline single
nodule maximum diameter (SNMD) was 8.54 + 4.29
mm, and at follow-up it was 8.45 = 3.93 (p = 0.763). The
baseline multiple nodule maximum diameter (MNMD)
was 13.34 + 7.84 mm, and at follow-up it was 12.17
+ 7.07 mm (p = 0.015) (Table 3). The numbers of the
affected nodules were specified (Tables 4, 5).

The prevalence of thyroid nodules was found as 81%
in the well-controlled group, 85.7% in the controlled
group, and 75% in the active group (p > 0.05). The
TTNV decreased significantly in patients with well-
controlled acromegaly (0.44 [0.75] to 0.23 [0.73], p <
0.001) (Table 2). The TTNV did not change in controlled
patients (0.18 [1.28] to 0.13 [1.54], p = 0.959); however,
it increased in patients with active acromegaly (0.77
[1.46] to 1.03 [1.88], p = 0.028) (Table 2 and Fig. 1). The
MNMD decreased significantly in patients with well-
controlled acromegaly (10.00 [6.00] to 8.00 [6.50], p =

0.40 -
0.20 -
0.00 - T .

Well controlled Controlled

Active Overall

TTNYV change after SSA treatment

The TTNV decreased significantly in patients with well-
controlled acromegaly. Although TTNV did not change in
the controlled patients, it increased in patients with active
acromegaly.

Abbreviations: TTNV, total thyroid nodule volume.

0.002). The MNMD did not change in controlled patients
(13.50 [11.00] to 15.50 [11.00], p = 0.892); however, it
increased in patients with active acromegaly (12.00
[5.75] to 12.50 [6.25], p = 0.041). The SNMD did not
change (Table 2). In a binary logistic regression analysis,
a decrease in IGF-1 levels (OR = 4.13; 95% CI: [1.3—
8.34]; p = 0.011) was found to be a significant predictor
affecting decrease in thyroid nodule volume. Patients in
the well-controlled group were associated with a 4.2-fold
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decrease in thyroid nodule volume (OR = 4.2; 95% CI:
[3.44-6.57]; p = 0.009).

Discussion

In this study, we assessed TV, TTNV, and nodule max-
imum diameter change after SSA treatment in patients
with acromegaly. Among 43 newly diagnosed acrome-
galy patients, who were followed up over a period of 5.0
+ 1.8 years, we observed a significant decrease of TV in
patients with well-controlled acromegaly. However, TV
did not change in controlled patients and patients with
active acromegaly. The TTNV decreased significantly
in patients with well-controlled acromegaly. Although
TTNV did not change in the controlled patients, it
increased in patients with active acromegaly. MNMD
decreased significantly in patients with well-controlled
acromegaly. Although MNMD did not change in the
controlled patients, it increased in patients with active
acromegaly. SNMD did not change, likely because our
patient number was too small.

GH replacement therapy in patients with GH defi-
ciency was associated with increased thyroid volume.
GH/IGF-1 signaling influences thyroid function and
morphology. The suppression of the GH/IGF-1 signal
may affect thyroid morphology [15]. In our study, we
found that successful medical treatment in patients with
acromegaly could reduce thyroid nodule volume. Our
results are compatible with other studies [3, 6, 7]. To our
knowledge this is the first study to evaluate TTNV and
nodule maximum diameter change after SSA treatment
in patients with acromegaly.

A thyroid nodule is a separate lesion in the thyroid
gland that can be radiologically distinguished from the
thyroid parenchyma [16]. IGF-1 stimulates synthesis of
protein and DNA in thyrocytes, and stimulates the prolif-
eration and differentiation of these cells [17, 18]. Ongo-
ing exposure to high serum IGF-1 levels may play a role
in the development of thyroid nodules in patients with
acromegaly [9]. Volzke et al. reported that high serum
IGF-1 levels were associated with thyroid nodules [10].
In our study, TTNV decreased in patients with well-
controlled acromegaly. Although TTNV did not change
in controlled patients, it increased in patients with active
acromegaly. The increase in TTNV without a change in
TV in patients with active acromegaly may partly be
explained by the impact of the sustained increase in
IGF-1, which could be greater in the thyroid nodule
when compared with normal thyroid parenchyma.

Nodule development is most commonly associated
with initial IGF-1 levels in patients with acromegaly. For
this reason, close monitoring of nodular thyroid disease
is important in the surveillance of patients with active

acromegaly. Thyroid nodules can vary dynamically
according to acromegaly disease activity, and nodule
growth should be closely monitored in patients with
active acromegalic disease against the risk of malignancy
[19]. In our study, the odds showed that a decrease in
IGF-1 levels and the presence of the well controlled
group were releated with an approximately four-fold
decrease in thyroid nodule volumes. Therefore, close
monitoring of nodular thyroid disease in patients with
active acromegaly is very important using IGF-1.

Studies proved the presence of somatostatin receptors
in healthy thyroid tissue as well as benign and malignant
disease processes in the thyroid gland. Somatostatin
receptor subtypes 2 and 5 are the most common somatos-
tatin receptors found in the thyroid gland, subtypes 1 and
3 are rarely present, and subtype 4 is never found [20,
21]. Somatostatin (SRIH) inhibits basal and TSH-
induced adenylate cyclase activity, in both normal and
neoplastic human thyroid tissue [22, 23]. Uberti et al.
demonstrated that SRIH had a direct inhibitory action on
growth by suppression of 3H-thymidine incorporation in
normal and goitrous human thyroid cell suspensions
[24]. SRIH inhibited cell growth through suppression of
the stimulatory effects of IGF-1 and TSH on a rat thyroid
follicular cell line [25]. Thyroid size increases in active
acromegaly and can be reduced with treatment that
reduces IGF-1 levels to normal values [3, 7]. A similar
reduction in TV was reported by Miyakawa ef al. [6]. In
our study, a significant IGF-1 reduction was seen all
three groups, but a significant TV decrease was demon-
strated only in patients with well-controlled acromegaly.

IGF-1 as a major factor that promotes thyroid growth,
and differentiation is also produced locally by fibroblasts
in the thyroid gland under the control of GH [26, 27].
Studies confirmed that patients with active acromegaly
had higher thyroid volume as a result of increased IGF-1
levels. Whereas some studies observed a direct relation-
ship between IGF-1, GH levels, and goiter [3, 6, 28, 29],
some studies found no positive correlation between TV
and IGF-1 or GH levels [7, 8, 30]. Although there was no
correlation between GH levels and TV in our study, a
highly significant correlation between TV and basal
IGF-1 levels was found in the patients with acromegaly.

The influence of TSH on goiter formation in patients
with acromegaly is complex [31]. An inverse correlation
between thyroid volume and TSH levels was observed
by some researches [3, 6]. Takahashi et al. reported that
IGF-1 had a minimal effect on Fischer rat thyroid
follicle-5 (FRTL-5) cell lines when there was no TSH
[30]. A study by Cheung et al. confirmed that GH ther-
apy did not increase thyroid size in patients with hypopi-
tuitarism. The effect of IGF-1 on thyroid growth is not
independent of TSH [32]. Cheung et al. propounded that
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TSH was considered to have a significant role in goiter
development in an early stage of acromegaly. On the
other hand, when thyroid autonomy has already devel-
oped as in a later stage, the presence of TSH is not essen-
tial for a further rise in TV [3]. In our study, there was no
correlation between TV and TSH levels.

Unfortunately, due to the retrospective nature of study,
a fixed standard follow-up protocol for thyroid nodules
was not defined. The most important limitations of our
study are the lack of a control group to compare nodular
thyroid disease. Although there was no control group, it
is known that the prevalance of sonographic nodules in
our country is 23.5% and 37.4% between the age of 18
and 65 years and above 65 years, respectively (12). The
incidence of nodular thyroid disease is well known in

patients with acromegaly.

In conclusion, successful medical treatment of patients
with active acromegaly decreases thyroid volume and
thyroid nodule volume. Sustained exposure to IGF-1
may cause an increase in thyroid nodule volume in
patients with acromegaly.
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