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Abstract OBJECTIVE: The high prevalence of goiter in acromegalic patients is well known. 
Several studies revealed increased frequency of thyroid carcinoma in these 
patients. The aim of the study was to evaluate the incidence of thyroid lesions, 
including thyroid cancer in acromegalic patients and to estimate possible factors 
influencing their occurrence, especially high IGF-1 level.
MATERIALS AND METHODS: 86 consecutive patients with acromegaly were 
retrospectively analyzed. 45 patients had been previously treated for acromegaly 
and 41 were newly diagnosed. In all subjects hGH, IGF-1, TSH, FT4 levels were 
determined. Thyroid gland was evaluated in ultrasound examination. Fine needle 
aspiration biopsy (FNAB) was performed in every solid or mixed thyroid nod-
ule.
RESULTS: Thyroid morphology abnormalities were found in 75 patients (87.2%). 
10 patients (11.6%) had diffuse goiter and 65 patients (75.6%) had nodular goiter. 
There were 5 cases of thyroid carcinoma (5.8%): 3 papillary carcinomas and two 
follicular variants of papillary cancer. Out of five cancers three were multifocal, 
one infiltrated thyroid capsule and one was diagnosed at the stage of metastases 
to four lymph nodes.
CONCLUSIONS: Our study confirmed common co-existence of acromegaly and 
thyroid lesions. Furthermore, it revealed considerably high occurrence of thyroid 
carcinoma in these patients. In view of this correlation, the potential role of IGF-1 
in pathogenesis of benign and malignant thyroid neoplasms should be considered. 
Due to high frequency of thyroid cancer in acromegalic patients, we suggest to 
perform fine needle aspiration biopsy in each case of thyroid nodule.
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Abbreviations:
aTPO 	 – anti-thyroid peroxidase antibody
DTC 	 – differentiated thyroid carcinoma
FNAB 	 – fine needle aspiration biopsy
FT4 	 – free thyroxine
hGH 	 – human growth hormone
IGF 	 – insulin-like growth factor
IGFBP 	 – insulin-like growth factor binding protein
MRI 	 – magnetic resonance imaging
OGTT	 – oral glucose tolerance test
TNM classification 	– tumor, lymph nodes, metastasis classification
TRAb 	 – �thyroid-stimulating hormone (TSH)-receptor 

antibodies
TSH 	 – thyroid-stimulating hormone

INTRODUCTION

Acromegaly is a disease caused by increased pituitary 
growth hormone (hGH) secretion, that occurres after 
the closure of epiphyses. The growth promoting effect 
of hGH is mainly mediated by insulin-like growth 
factor 1 (IGF-1), that binds IGF-1 receptors present on 
cell membranes.

The clinical features of acromegaly are connected 
with bony and soft tissue overgrowth. However, neo-
plasms may be one of the complications. Diffuse and 
nodular goiter in acromegalic patients are common 
(Gunay et al. 2003, Wuster et al. 1991). The risk of 
developing thyroid cancers is also greater than in gen-
eral population (Gasperi et al. 2002, Tita et al. 2005).

Frequent co-existence of thyroid lesions with acro-
megaly suggests an important role of elevated hGH and 
IGF-1 levels in their pathogenesis. Insulin-like growth 
factors are essential regulators of cell proliferation, dif-
ferentiation, transformation and apoptosis. Recently, 
they have been suspected of being responsible for cancer 
progression and malignant cell protection from apopto-
sis (Baserga 1995, Humbel 1990, Isozaki et al. 1987, Jen-
kins & Bustin 2004, Lewiński & Wojciechowska 2007, 
Macaulay 1992, Wasko et al. 2005, Völzke et al. 2007)

The aim of our study was to evaluate the frequency 
of benign and malignant thyroid lesions in acromega-
lic patients and to estimate possible factors influencing 
their prevalence, including duration of disease, thera-
peutic methods and hormonal levels, IGF-1 especially.

MATERIAL AND METHODS

86 consecutive patients with acromegaly were retro-
spectively analyzed. There were 52 women and 34 men, 
aged from 24 to 83 (mean age 49,9 ± 11,1) admitted to 
Department of Endocrinology in the period of 2001–
2005. All patients came from area with mild iodine 
deficiency.

Diagnosis of acromegaly was based on clinical signs, 
increased hGH levels, lack of hGH suppression below 
1 ng/ml after a standard oral glucose tolerance test 
(OGTT) and IGF-1 levels over normal values for age 
and gender. The source of hGH excess was found by 

magnetic resonance imaging (MRI). Duration of acro-
megaly was estimated from the clinical history.

45 patients had been previously treated for acromeg-
aly and 41 were newly diagnosed. 20 had been treated 
only by surgery, 13 had been treated only by radiother-
apy, 13 by both surgery and radiotherapy. At the time of 
the study 72 patients had active disease (40 –untreated, 
32 – under treatment with somatostatin analogues) and 
14 were in remission.

Biochemical and immulogical investigation included 
measurements of serum hGH, IGF-1, free T4 (FT4) and 
TSH in every patient. Serum free T4 concentration and 
TSH level were measured by electrochemiluminescence 
immunoassay (ECLIA) with Modular Analytics E170 
system (Roche Diagnostic, Germany). Serum hGH con-
centration was measured by IRMA (BioSource Europe 
S.A., Nivelles, Belgium), with a sensitivity of 0,066 ng/
ml. Serum IGF-1 was determined by radioimmunoas-
say RIA-CT (BioSource Europe S.A, Nivelles, Belgum), 
with a sensitivity of 3.4 ng/ml. Anti-thyroid peroxidase 
antibody (aTPO) and thyroid-stimulating hormone 
(TSH)–receptor antibodies (TRAb) were measured 
when Hashimoto thyroditis or Graves’ disease were 
suspected.

Thyroid was evaluated in ultrasound examination 
(Aloka SSD 1100) with a 7.5 MHz linear transducer 
(Tokyo, Japan). Thyroid volume was calculated with the 
ellipsoid formula: width [cm] x length [cm] x thickness 
[cm] x π/6 for each lobe. Goiter was defined when the 
thyroid volume exceeded 18ml in females and 25ml in 
males. Presence of thyroid nodule(s) defined nodular 
goiter.

Fine needle aspiration biopsy (FNAB) was performed 
in every solid or mixed thyroid nodule. All biopsy and 
thyreoidectomy specimens were respectively cytologi-
cally and histologically reviewed.

Thyroid cancers were staged according to tumor, 
lymph node, distant metastasis (TNM) classification. 
All patients with cancer after total thyreoidectomy were 
referred to routine follow-up procedures for DTC (dif-
ferentiated thyroid carcinoma).

The control group consisted of 92 participants from 
area with mild iodine deficiency, matched for age and 
gender to the study group. It reflected the prevalence of 
thyroid disorders in general population.

The incidence of both diffuse and nodular goiter in 
acromegalic patients in comparison to the study group 
was analyzed with Chi2, Yates correction test. One-
sided exact Fisher’s test was used to evaluate the preva-
lence of thyroid cancer and to compare the occurrence 
of nodular goiter between the first and the second study 
groups.
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RESULTS

Thyroid morphology abnormalities were found in 75 
patients (87.2%), considerably more than in the control 
group (p<0.001). 10 patients (11.6%) had diffuse goitre 
(volume 18.14 – 49.74ml, mean 31.8ml) and 65 patients 
(75.6%) had nodular goitre (volume 1.27–135.3ml, 
mean 40.2ml) (Fig. 1).	

The patients were divided into two groups. The first 
group included 45 patients with disease duration of 
over five years; the second group included 41 subjects 
with disease duration of less than five years. In the first 
group diffuse and nodular goiter was diagnosed in 3 
and 38 patients (6.7% and 84.4%) respectively. In the 
second group diffuse and nodular goiter was diagnosed 
in 7 and 27 patients (17% and 65.9%) respectively 
(Fig. 2). The incidence of nodular goiter was higher in 
patients with acromegaly duration of more than 5 years 
(p=0.9).

16 patients underwent total or subtotal thyroidec-
tomy. The reasons for thyroid surgery were a large 
goiter (volume > 50ml) or suspicious clinical (and/or 
ultrasound features) in five patients, nodulus follicularis 
in two patients, nodulus oxyphilicus in two patients, 
nodulus hyperplasticus in four patients and carcinoma 
papillare in three patients.

Among sixteen operated patients histological exami-
nation revealed five well-differentiated papillary thy-

roid carcinomas (p=0.02 in comparison to the control 
group). Two of these were follicular variants.

Three thyroid cancers had been detected by FNAB 
before surgery, and two were discovered at histo-
logical examination after subtotal thyroidectomy 
for large goiter. The latter were re-operated for total 
thyroidectomy.

There were four women and one man among acro-
megalic patients with DTC. The mean age was 48.2 with 
a range of 45–52. At the time of diagnosis acromegaly 
was active in three patients with estimated duration of 
the disease 12 to 20 years. One thyroid carcinoma had 
been revealed before acromegaly was diagnosed.

Out of five cancers revealed in the study three were 
multifocal and two were solitary lesions (one microcar-
cinoma with diameter <10mm.

DISCUSSION

The high prevalence of diffuse and nodular goiter in 
acromegalic patients has been widely proven (Kasagi et 
al. 1999, Wuster et al. 1991). In our study the frequency 
of thyroid morphology abnormalities was also increased 
in comparison with general population. It was slightly 
higher in patients with the duration of acromegaly of 
over 5 years. The percentage of nodular goiter in our 
study was also higher in this group (84.4%).

The pathogenesis of thyroid nodule formation in 
acromegaly has not been explained. Undoubtedly, the 
risk of thyroid lesions development depends on the 
duration of acromegaly. Persistently elevated IGF-1 
level correlates with thyroid volume and predisposes to 
thyroid nodule formation (Gasperi et al. 2002, Junik et 
al. 1997). Furthermore, previous studies have demon-
strated that benign and malignant thyroid tumors tend 
to escape from the requirement for exogenous source 
of IGF-1 and begin its autocrine production (Williams 
et al. 1989, Yashiro et al. 1994). The concentration of 
IGF-1 in thyroid nodules has been shown much higher 
than in normal thyroid tissue, what supports the IGF-1 
dependent theory (Minuto et al. 1989).

There are reports charging an increased amount 
of connective tissue and excessive collagen synthesis 
in thyroids of acromegalic patients. They assume that 
thyroid follicles are squeezed into the meshwork of 
connective tissue and form a nodular growth pattern 
(Ramelli et al. 1982, Verde et al. 1986).

In comparison to previous researches, our study 
revealed considerably high frequency of thyroid carci-
noma (5.8% of examined subjects) (Tab. 1). There were 
three papillary carcinomas and two follicular variants 
of papillary cancers. Although the prognosis for differ-
entiated thyroid carcinomas is usually favourable, these 
five cancers revealed features of particular aggression. 
Three of them were multifocal, one infiltrated thyroid 
capsule and one was diagnosed at the stage of metasta-
ses to four lymph nodes.

Fig.1. Thyroid abnormalities in the study group.

Fig.2. Prevalence of diffuse and nodular goiter according to 
the duration of acromegaly.
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The pathogenesis of thyroid carcinoma in acromegaly 
is still unclear. Possibly elevated hGH and IGF-1 levels 
cause nodular goiter, which then undergoes malignant 
transformation (Franceschi et al. 1999, From et al. 2000) 
An important carcinogenic role of IGF-1 has been high-
lightened since previous researches reported, that apart 
from autocrine and paracrine production thyroid can-
cers have significantly more IGF-1 binding sites (IGF-1 
receptors) (Vella et al. 2007).

Growth hormone stimulates the secretion of IGF-1. 
However, hGH also induces the production of IGF-
binding protein 3 (IGFBP 3), which binds 70–80% of 
circulating IGF-1 and inhibits cellular growth (Wolk 
2004). Thus, peripheral tissues are exposed to both 
growth promoting and growth inhibiting factors. These 
opposite consequences have interested scientists for a 
long time. It has been proved, that high level of IGF-1 
correlates positively with increased risk of colon cancer, 
prostate cancer and premenopausal breast cancer (Chan 
et al. 1998, Cullen et al. 1990, Matyja et al. 2006, Popovic 
et al 1998). In our study two subjects with thyroid carci-
noma suffered also from breast cancer.

The influence of IGFBP3 on carcinogenesis is still 
discussed. On the one hand, in acromegaly the concen-
tration of this protein is low, what increases the active 
pool of mitogenic IGF-1. On the other hand, studies 
demonstrated that elevated IGFBP 3 level correlates 
positively with greater risk of premenopausal breast 
cancer (Renehan et al. 2004)

Discussing the priority of hGH-dependent mecha-
nism in pathogenesis of thyroid cancers, we must 
admit, that there are theories supporting the role of 
TSH. Studies performed on the FRTL-5 rat thyroid cell 
line demonstrated that IGF-1 alone is not able to induce 
a notable increase in cell number. Together with TSH 
the effect is much more significant (Isozaki et al. 1987, 
Takahashi et al. 1990). The progression through the 
cell cycle stimulated by IGF-1 was also minimal, unless 
TSH induced cell competence (Cheung et al. 1996). 
However, on the other hand, researches carried out on 
thyroid cell cultures showed, that the mitogenic effects 
of TSH alone are hardly unnoticed and they are greatly 
potentiated by IGF-1 (Dumont et al. 1992, Milazzo et al. 
1992, Roger et al. 1988). Most of the patients examined 
in our study had TSH levels either low or within normal 
range. Thus, elevated hGH and IGF-I concentrations 
appear to emerge as the key factors of thyroid morphol-
ogy disorders

There are many other factors, which may induce 
carcinogenesis. One of the therapeutic methods in 
acromegaly is radiotherapy. Two of examined subjects 
were exposed to ionized radiation. We must take into 
account the fact, that it could also induce or fasten the 
development of thyroid morphology abnormalities.

The mechanisms underlying frequent benign and 
malignant tumors in acromegaly are complex. However, 
in view of this correlation, the potential role of IGF-1 in 
their pathogenesis should be considered.

Conclusions 
Our study confirmed that diffuse and nodular goiters 
are common in acromegalic patients. Furthermore, it 
also revealed considerably high occurrence of thyroid 
carcinoma. Thus, we suggest, that fine needle aspira-
tion biopsy should be performed in each case of thyroid 
nodule in acromegalic patients.
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