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Patients with acromegaly are at increased risk of developing certain tumors, including
goiter and thyroid nodules, and occasionally autonomous thyroid nodules. A 53-year-old
woman presented at our hospital with untreated acromegaly. She had typical
physical features of acromegaly with pituitary adenoma, and thyrotoxicosis with
thyroid-stimulating hormone suppression was also confirmed. Thyroid ultrasonography
and scintigraphy showed an autonomously functioning thyroid nodule on her right
lobe. Because her thyrotoxicosis was mild, she was initially treated with octreotide for
acromegaly. However, 1 month after octreotide administration, she developed neck pain
and fever with transient thyrotoxicosis. The blood flow around the nodule then decreased
and the excess trapping of isotope detected by scintigraphy was reduced, followed
by normalization of insulin-like growth factor-1 levels and thyroid function. This case
suggests that octreotide may have unexpected effects on autonomous thyroid nodules.
However, further studies are needed to determine the clinical course of autonomously
functioning thyroid nodules, including thyroid function and tumor manifestations, during
octreotide therapy.

Keywords: autonomously functioning thyroid nodule, acromegaly, somatostatin analog, pituitary adenoma,
thyrotoxicosis

INTRODUCTION

Patients with acromegaly are known to be at increased risk of developing certain tumors as a
result of long-term excessive exposure to growth hormone (GH) and insulin-like growth factor
(IGF)-1, which stimulate cell proliferation and have an anti-apoptotic effect (1, 2). It is therefore
important to detect such complications. Thyroid nodules and goiters are particularly frequent in
patients with acromegaly compared with non-disease controls (3). Most of these are adenomatous
goiters (4), but autonomous thyroid nodules can also occur in up to 10% of cases (5). Autonomously
functioning thyroid nodules (AFTNs) are thyroid-stimulating hormone (TSH)-independent,
thyroid hormone-secreting nodules against a background of a TSH-responsive thyroid, and appear
as nodules that have excess trapping of isotope compare to the surrounding normal thyroid tissue
in technetium-99 m pertechnetate scintigraphy. Treatment of AFTNs generally involves surgery,
radioactive iodine therapy, or percutaneous ethanol injection (6, 7). Although the somatostatin
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receptor (SSTR) ligand, octreotide, is known to be a useful
treatment option for acromegaly (8), its effects on AFTNs
remain unclear.

We herein provide the first report of a patient with
acromegaly and AFTN who showed destruction of AFTN
followed by normalization of hyperthyroidism after treatment
with octreotide.

BACKGROUND

A 53-year-old woman with an unusual facial configuration noted
9 years earlier who also had enlarged fingers was admitted
to our hospital with suspected acromegaly. She had a history
of colon polyps, but her family history was negative for
both pituitary and thyroid diseases. She had never smoked
and did not consume alcohol regularly, and was receiving
no medications and supplements. On admission, her height
was 154cm, her body weight was 54.4kg, and her body
mass index was 22.9 kg/m?. Her thyroid gland was slightly
enlarged, and a hard non-painful 30 mm nodule was palpable
at the bottom of the right lobe. She demonstrated the typical
physical signs of acromegaly, including somatic enlargement,
jaw overgrowth, and excessive sweating, but there was no skin
rash and no signs of any other endocrinopathies. She also
showed tachycardia (103 beats per min). Fasting morning blood
analysis showed high levels of GH (11.2ng/mL) and IGF-1
(781 ng/mL), and thyrotoxicosis accompanied by suppression
of TSH (Table 1). Additional blood analysis confirmed that
thyroglobulin antibody, anti-thyroid peroxidase antibody, TSH
receptor antibody, and thyroid stimulating antibody were all
negative (Table 1). Her GH levels were not suppressed during
a 75g oral glucose tolerance test. Magnetic resonance imaging
revealed a pituitary tumor (measuring 25 x 25 x 23 mm)
with invasion of the right cavernous sinus (Knosp grade III)
(Figure 1A). Based on her physical features, pituitary tumor,
and glucose tolerance test result, the patient was diagnosed
with acromegaly. Thyroid ultrasonography and computed
tomography showed multiple nodules inside the thyroid gland,
of which the largest nodule located in the lower right lobe
was partially cystic with a rich blood supply (Figures 1B,C,
2B). She was therefore also diagnosed with an AFTN based
on the results of technetium-99 m pertechnetate scintigraphy
(Figure 2C). Whole-body examination and laboratory findings
suggested no tumors, including in the endocrine organs, other
than the pituitary, and thyroid gland.

Because cavernous sinus invasion of the pituitary tumor
was suspected, we administrated daily octreotide injections (100
pg/day) for 2 weeks followed by monthly octreotide long-acting
release (LAR) (20 mg/month), leading to effective suppression
of excessive GH. However, she developed fever and right neck
pain 1 month after octreotide administration, accompanied
by a transient elevation of thyroid hormones (Figure 2A). At
that point, thyroid ultrasonography showed debris-like material

Abbreviations: AFTN, autonomously functioning thyroid nodules; GH, growth
hormone; IGF-1, insulin-like growth factor-1; LAR, long-acting release; SSTR,
somatostatin receptor; TSH, thyroid-stimulating hormone.

TABLE 1 | Laboratory tests on admission.

Variable Reference range Value
GH (ng/mL) <21 11.2
IGF-1 (ng/mL) 77-212 781
LH (mIU/mL) 14.4-62.2 16.6
FSH (mIU/mL) 36.6-168.8 43.9
Estradiol (pg/mL) <10.0 <10.0
TSH (nU/mL) 0.38-4.31 <0.01
T3 (pg/mL) 2.1-3.8 4.44
T4 (ng/dL) 0.82-1.63 1.80
ACTH (pg/mL) 7.2-63.3 45.4
Cortisol (g/dL) 4.0-23.3 6.8
PRL (ng/mL) 45285 43.0
intact-PTH (pg/mL) 10-65 43
Anti-thyroglobulin antibody (IU/mL) <28 <28
Anti-thyroid peroxidase antibody (IU/mL) <16 <16
Thyroid stimulating antibody (%) <120 <120
TSH receptor antibody (IU/L) <2.0 <2.0

GH, growth hormone; IGF-1, insulin-like growth factor-1; LH, luteinizing hormone;
FSH, follicle-stimulating ~ hormone;  TSH,  thyroid-stimulating  hormone;  ACTH,
adrenocorticotropic hormone; PRL, prolactin; PTH, parathyroid hormone.

inside the cystic lesion and reduced blood flow compared with
the previous scan (Figure 2D). The excess trapping of isotope
detected by scintigraphy had also decreased (Figure 2E). There
were no obvious changes in the other thyroid nodules. Her
fever and neck pain were treatable with non-steroidal anti-
inflammatory drug and antibiotics, and we therefore continued
octreotide-LAR. Her pituitary tumor shrank from 25 x 25 x
23mm to 18 x 21 x 2Ilmm as well as AFTN (Figure 2F),
and her free T3, T4, and IGF-1 levels normalized after 4
months octreotide treatment. The patient has never relapsed into
thyrotoxicosis to date.

DISCUSSION

To the best of our knowledge, this is the first reported case
of a patient with acromegaly in whom an automaticity of an
AFTN was completely suppressed by octreotide treatment.
SSTR ligands including octreotide and lanreotide, are well-
established to be useful for managing acromegaly both in
controlling hormone levels and tumor shrinkage (9-12). The
SSTR ligand, octreotide, acts mainly on SSTR2-expressing
GH-producing pituitary adenomas (9-11, 13), and has
also been reported to be beneficial in some SSTR2-positive
hormone-excess disorders such as insulinoma (14, 15) and
gastroenteropancreatic neuroendocrine tumors (16, 17).
However, there is currently no direct evidence for the efficacy
of octreotide in AFTN. There have been inconsistent reports
regarding SSTR2 expression patterns in autonomous thyroid
nodules (18, 19).

The current patient showed AFTN destruction with release of
excess thyroid hormone after octreotide therapy. It is possible
that this patients AFTN might have expressed SSTR2 and thus
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FIGURE 1 | (A) Magnetic resonance imaging showed a pituitary tumor demonstrated less enhancement than the normal pituitary gland after intravenous contrast
administration with invasion of the right cavernous sinus. (B,C) Thyroid enhanced computed tomography and ultrasonography showed several nodules inside the
thyroid gland, of which the largest located at the bottom of the right lobe contained a cystic component and high vascularity.

responded to octreotide LAR. Notably, the AFTN but not the
other thyroid nodules shrank after octreotide treatment. Previous
ultrasonographic study also showed that octreotide therapy for
active acromegaly resulted in a reduction of goiter size (20).
In addition, an in vitro study using a rat thyroid follicular cell
line showed that serum from patients with acromegaly increased
DNA synthesis compared with serum from normal subjects,
while DNA synthesis was decreased by serum from hypothyroid
patients (21). These results suggest the possibility that reduction
of IGF-1 itself caused by octreotide treatment exerted inhibitory
effects on AFTN via suppression of incremental DNA synthesis.
Another study reported that both GH and IGF-1 were assumed
to affect thyroid growth because thyroid cells synthesize IGF-
1 under the control of GH, and also express IGF-1 receptor
(22). However, octreotide notably failed to reduce nodule size
in subjects with nodule goiters (20). These facts imply that
octreotide treatment seemed to affect only AFTN in our case
of patient; however, the patient did not undergo resection of
the AFTN and we were therefore unable to assess its SSTR
expression status.

It is more likely that treatment of the patient’s acromegaly
might have changed the blood supply to the AFTN, given that the
intra-thyroid blood flow is known to be increased in patients with
acromegaly and can be normalized by octreotide treatment (23).
In addition, somatostatin analogs inhibit angiogenesis via the
downregulation of nitric oxide and vascular endothelial growth
factor, eliciting anti-tumor effects (17). In fact, the vascularity
around the AFTN was obviously reduced after octreotide
treatment in our patient. Overall, it is possible that a lack of
vascular flow to the already partially cystic nodule, perhaps due to
areduction in GH/IGF-1 by octreotide, caused loss of function of
the AFTN through hypoxia and progressive hemorrhagic/cystic
destruction of the nodule. Periodic ultrasound assessment

confirmed shrinkage of this nodule, but we were unable to
confirm the changes histologically.

Regarding thyroid function, excessive GH stimulates
peripheral conversion from T4 to T3, which effect is reversed
by octreotide (24). Indeed, the T3/T4 ratio appeared to be
ameliorated after octreotide LAR administration in the current
patient. Moreover, octreotide has been shown to suppress
both GH and TSH secretion in patients with acromegaly,
with no significant effect on thyroid function (8). Octreotide
treatment appeared to trigger destructive inflammation of
the AFTN in the present case, accompanied by transient
worsening of her hyperthyroidism, and neck pain, followed
by complete resolution of her hyperthyroidism. The reduction
in the accumulation of technetium-99m pertechnetate on
the nodule suggested that cystic degeneration of the nodule
and tissue destruction resulted in death of the autonomous
tissue. Although we were unable to perform a pituitary
stimulation test because of the large size of the pituitary
tumor, her TSH levels recovered to the normal range during
the patient’s clinical course. This suggests that the TSH
suppression was due to excessive thyroid hormone secretion
by the AFTN, rather than impaired TSH secretion due to the
pituitary tumor.

The current patient suffered from both acromegaly and
hyperthyroidism. Although there was a possibility of multiple
endocrinopathies including McCune-Albright syndrome, there
were no obvious physical or laboratory signs of other
endocrinopathies. The coexistence of functioning thyroid
nodules and acromegaly has been reported previously (5). AFTNs
may develop as a result of somatic gene mutations in the TSH
receptor (25) or in the alpha subunit of the stimulatory G protein
(26), which is also known to cause GH-producing pituitary
adenomas (27). Both GH and IGF-1 are assumed to affect thyroid
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FIGURE 2 | (A) High IGF-1 level and thyrotoxicosis with TSH suppression were confirmed on admission. One month after octreotide treatment, the patient developed
neck pain and fever accompanied by transient thyroid hormone elevation. IGF-1 levels and thyroid function subsequently normalized under octreotide treatment. Thin
arrows, daily octreotide injection (100 wg/day); bold arrows, monthly octreotide-LAR injection (20 mg/month). (B,C) Thyroid ultrasonography (US) showed the largest
thyroid nodule in the right lobe (34.4 x 25.3 x 23.3 mm) with high vascularity and a cystic region. This nodule showed as excess trapping of isotope in
technetium-99 m pertechnetate scintigraphy against a low background of the thyroid. (D,E) One month after octreotide long-acting release treatment, the patient
developed right cervical pain and temporary worsening of thyrotoxicosis. At that point, the blood flow surrounding the nodule decreased and the accumulation shown
by scintigraphy was reduced. (F) Four months after octreotide treatment, thyroid US showed that the autonomous thyroid nodule had shrunk (20.3 x 13.8 x
12.8mm) and most of the cystic lesion had been reduced. Adm., administration day; X, first day of octreotide treatment; LAR, long-acting release.
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growth (22), however, whether such GH/IGF-1 stimulation could
induce AFTN or if these endocrine disorders share a common
background remains unclear.

CONCLUDING REMARKS

In conclusion, we report a patient with AFTN accompanied
by acromegaly who was effectively treated with octreotide. This
case suggests that octreotide may have some unexpected effects
on AFTN, followed by normalization of not only IGF-1, but
also thyroid function. However, further studies are needed
to determine the clinical course of AFTN, including thyroid
function and tumor manifestations, during octreotide therapy.

ETHICS STATEMENT

The need for ethical approval for this case report was
waived by the ethical approval or institutional review board
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