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Abstract
Thyroid cancer is a rare pathology in childhood and adolescence, being responsible for 1.5-3% of all carcinomas in this age group. 
Differentiated thyroid carcinoma is the most commonly found variant, especially papillary carcinoma of the thyroid (PCT). Cur-
rently available data support the hypothesis that growth hormone (GH) as well as insulin-like growth factor 1 (IGF-1) can facilitate 
carcinogenesis. There is a confirmed role of the GH/IGF-1 axis in cancer progression as an initiator of tumorigenesis and neoplastic 
transformation, metastasis, and resistance to chemotherapy and radiotherapy. Presently, application of recombinant GH is an accept-
able method to treat female patients with growth failure during the course of Turner syndrome (TS). This article reports the case of 
a fourteen-year-old female patient with Turner syndrome, Hashimoto thyroiditis, and papillary thyroid carcinoma diagnosed during 
GH treatment. The immunochemical analysis of tumour tissue in our patient revealed intensive brown reaction that labelled expres-
sion of the IGF-1R vs. traced reaction or its lack in normal thyroid tissue. A significant role is played by IGF-1 in the pathogenesis of 
invasion of thyroid cancer; however, this effect is complex, and how it works is not well established.
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Streszczenie
Rak tarczycy jest rzadko rozpoznawany u dzieci i nastolatków i stanowi 1,5–3% nowotworów w tej grupie wiekowej. Najczęściej mamy 
do czynienia ze zróżnicowanym rakiem tarczycy, głównie rakiem brodawkowatym. Obecnie leczenie hormonem wzrostu pacjentek 
z zespołem Turnera jest ogólnie akceptowaną metodą leczenia niskorosłości. Istniejące doniesienia popierają hipotezę, że zarówno 
hormon wzrostu, jak i duże stężenia insulinopodobnego czynnika wzrostu 1 (insulin-like growth factor 1 – IGF-1) mogą sprzyjać nowo-
tworzeniu. Bierze sie pod uwagę rolę osi GH/IGF-1 w progresji procesu nowotworowego, jako inicjatora kancerogenezy, przerzutów 
nowotworowych, oporności na chemioterapię i radioterapię oraz transformację nowotworową. W pracy przedstawiono pacjentkę 
z zespołem Turnera i chorobą Hashimoto, u której podczas leczenia rekombinowanym hormonem wzrostu rozpoznano raka brodaw-
kowatego tarczycy. Badanie immunohistochemiczne tkanki nowotworowej u pacjentki wykazało intensywną reakcję wskazującą na 
obecność receptorów dla IGF-1 oraz bardzo słabą reakcję lub jej brak w zdrowej tkance tarczycy. Dotychczasowe doniesienia wskazują 
na bardzo ważną rolę IGF-1 w patogenezie i inwazyjności nowotworów złośliwych tarczycy. Jest ona złożona i jeszcze nie do końca 
poznana.
Słowa kluczowe: 
zespół Turnera, rak brodawkowaty tarczycy, leczenie hormonem wzrostu, insulinopodobny czynnik wzrostu 1.
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Introduction

Treatment with growth hormone (GH) in adolescent patients 
was approved by the US Food and Drug Administration (FDA) 
in 1985 [1]. In studies performed in children treated with re-
combinant human growth hormone (rGH), an increased risk 
of carcinogenesis has been observed only in patients treated 
because of previous cancer diagnosis, particularly in those in-
dividuals subjected to radiotherapy [2]. Nonetheless, currently 
available data support the hypothesis that growth hormone 
(GH) as well as insulin like growth factor 1 (IGF-1) can facilitate 
carcinogenesis [3, 4].

Presently, application of recombinant GH is an accept-
able method to treat female patients with growth failure during 
course of Turner syndrome (TS). Turner syndrome is the most 
frequent chromosomal aberration in women, with a calculated 
incidence rate of 1:2000 – 1:2500 of all living, white, female 
newborns [5]. In the case of untreated girls with TS, the ma-
jor issue is mean permanent height, which is approximately 
20 cm less than the average height of adult women in cer-
tain populations [6]. The important condition for success is 
application of double doses compared to substitute therapy 
in pituitary gland failure (SNP) – starting at 0.33 mg/kg/week 
to 0.47 mg/kg/week when going further with the therapy [7].

In this report, we presented a patient with TS and Hashi-
moto thyroiditis, who was diagnosed with papillary thyroid 
cancer during recombinant human GH therapy. Thyroid can-
cer is the most common endocrine cancer, with incidence of 
1.0-1.5% of all malignant cancers in children. Until now, in-
creased risk of this type of cancer has not been reported in 
patients with TS. 

Case description 

A fourteen-year-old female patient was TS diagnosed dur-
ing infancy (karyotype 45X). Since early childhood, the patient 
has been under care of a nephrology clinic due to the second-
degree bladder-urethral reflux, agenesis of the right kidney, and 
chronic recurrence of urinary tract infections. At the age of eight 
years, hypothyroidism was diagnosed during a course of Hashi-
moto thyroiditis – thyroid stimulating hormone (TSH) 9.12 mU/ml 
(0.35-4.92), free thyroxine (free T4) 8.9 pmol/l (9.1-21), anti-
thyroid peroxidase antibodies (anty-TPO) 432.42 IU/ml [< 115]. 
Therefore, L-thyroxin treatment was initiated with modified dos-
es according to hormonal results in order to keep the patient 
in euthyreosis, finally reaching 75 μg/d. Family history towards 
thyroid disorders and ionising radiation was negative. At the age 
of nine years and two months recombinant human GH in a dose 
of 0.33-0.047 mg/kg/day was introduced with a very good re-
sponse of acceleration of growth. In the beginning, Genotropin 
was used and then Omnitrope. In addition, the GH dose was 
correlated with the levels of IGF-1 and insulin like growth factor 
binding protein 3 (IGFBP-3) in serum.

At 13 years of age, oestrogen therapy was initiated with low 
doses of oestradiol 1 × 6.25 μg/d (Oesclim 25, BGP Products). 

The oestradiol dose was continuously increased during a year, 
reaching 25 μg/d.

Due to co-existing Hashimoto disease, USG examination of 
the thyroid gland was routinely performed every 6 to 12 months. 
During the exam, in October 2012 (at the age of 13 years and 
11 months) a hypoechogenic lesion was seen in the right lobe 
of the thyroid gland (5.8 × 5.3  × 5.7 mm) without significantly 
visible vascularisation. In addition, three normal lymph nod-
ules were visible near the superior poles of both thyroid lobes. 
Therefore, the next control USG examination was recommend-
ed in three months and GH therapy was stopped because  
of this unclear lesion in the USG exam. In that moment, IGF-1 and 
IGFBP-3 levels were in the normal range for this age with clinical 
and biochemical symptoms of euthyroidism (IGF-1 – 461 ng/ml  
[220-972], IGFBP-3 – 8.04 ng/ ml [3.3-10], TSH – 3.13 mU/ml 
[0.35-4.92], and free T4 – 15.3 pmol/l [9.1-21]). In December 
2012, the USG examination was repeated; the previously de-
scribed lesion in the right lobe of thyroid gland was minimally 
larger (6.6 × 6.1 × 6.0 mm) and tiny vasculature was seen on 
the border. The elasticity imaging showed a  very stiff mass. 
In January 2013 (patient’s age 14 years and 2 months) fine 
needle biopsy was performed and the cytological exam re-
vealed a structure of papillary thyroid cancer (microcarcinoma 
papillare glandulae thyreoideae). The patient was immediately 
qualified for surgery – total thyroidectomy with lymphadenec-
tomy, including removal of central lymph nodules of the neck 
and about thyroid isthmus and both lobes. Also, the histopa-
thology of the surgically removed tissue revealed a structure of 
classical papillary thyroid cancer, and tiny isolated neoplastic 
cells were observed about basic pathologic lesion. Important-
ly, cancerous inflammation did not cross behind the capsule 
of the gland. In addition, the stroma of the right thyroid lobe 
was characterised by colloidal goitre and multifocal reactive 
lymphoplasia. The left thyroid lobe, which was sent separately 
for evaluation, was also characterised by colloidal goitre and 
multifocal reactive lymphoplasia but was free from cancerous 
tissue. central lymph nodules of neck and about thyroid isth-
mus, and the left lobe were submitted for evaluation, and were 
found to be metastasis free (pT1a, N0, Mx).

After surgery, biochemical assays revealed adequate stim-
ulation of TSH (104.41 uIU/ml [0.35-4.94]), thyroglobulin con-
centration below 1 ng/ml, normal level of thyroid thyroglobulin 
antibodies (anti-Tg 23.42 IU/ml [< 115]), normal ionised cal-
cium level (1.16 mmol/l [1.05-1.30]), and normal concentration 
of parathormone in serum (PTH) 87.00 pg/ml [16.00-87.00]. In 
the scintigraphic exam with 131J there was a visible concentra-
tion of tracer in thyroid remnants of the right, left, and pyramidal 
lobes; however, pathological concentration of radioactivity was 
not observed. Therefore, according to the primary process of 
the neoplastic disease and additional results, the performed 
treatment was accepted as completed, and there was no rec-
ommendation for further therapy using 131J, according to Polish 
Endocrine Society recommendations from 2010 [8].

Presently, the patient remains under the control of the De-
partment of Nuclear Medicine and Oncological Endocrinology 
in the Centre of Oncology, Gliwice, Poland and the Department 
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of Paediatric Endocrinology of the Medical University of Gdansk, 
Poland. In addition, the function of parathyroid glands is normal, 
and the patient is being treated with suppressed doses of L-thy-
roxin. We have been continuing hormonal replacement therapy 
with oestrogen and progesterone. The results of controlled im-
aging exams and laboratory assays are normal, and the patient 
has been in continuous and total clinical remission of neoplastic 
disease.

The control USG exam does not show any changes in thy-
roid remnant. Laboratory exams revealed: anti-Tg 2.24 IU/ml 
[< 115], TSH (0.15 mIU/ml [0.35-4.94]), and free T4 20.9 pmol/l 
[9.1-21]. Presently, height and body weight are within the av-
erage values for this population: height: 164 cm (50c), body 
mass: 58 kg (50c) (Fig. 1). The percentile graphs for Polish chil-
dren from 2010 were used for evaluation [9].

Evaluation of the insulin-like growth factor 1 
receptor presence in tumour cells

Insulin-like growth factor 1 receptor expression in papil-
lary carcinoma cells from the patient was studied by immuno-
chemistry. Polyclonal antibody against human IGF-1 receptor 
(Gene tex) was used in 1:150 dilution. For staining the REAL TM 
(real time), the EnVision TM Detection System Peroxidase/DAB 
(Dako Poland) was used. Immunochemical analysis of tumour 
tissue in our patient revealed intensive brown reaction that la-
belled expression of the IGFIR vs. traced reaction or its lack in 
normal thyroid tissue (Fig. 2, 3).

Figure 2. The immunochemical analysis of tumor tissue in our 
patient revealed intensive brown reaction that labeled expres-
sion of the IGFIR vs. traced reaction or its lack in normal thyroid 
tissue. Magnification 100×

Figure 3. The immunochemical analysis of tumor tissue in our 
patient revealed intensive brown reaction that labeled expres-
sion of the IGFIR vs. traced reaction or its lack in normal thyroid 
tissue. Magnification 50×

Figure 1. The percentile graph for patient S.W.
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Discussion

The risk factors for thyroid cancer include: iodine deficiency, 
ionising radiation, sex, age, protooncogenes, hormones, and 
growth factors. All of them can change the biology of cancer. 
For example, iodine deficiency enhances secretion of thyrotro-
pin (TSH), which, together with growth factors. i.e. epidermal 
growth factor (EGF) and IGF-1, may express the mitogenic ef-
fect on normal follicular cells [10].

Presented here, the case of the patient with TS, who was 
diagnosed with papillary thyroid cancer during GH treatment, 
is the third published case of PTC among girls with TS. Two 
previous cases were described by Cabanas et al. in 2005 [11].

However, it is difficult to prove that the papillary thyroid can-
cer diagnosed in our patient is linked to previously continued 
treatment with GH and oestrogens as well as autoimmunologic 
thyroid inflammation or chromosomal aberration previously di-
agnosed.

Theoretically, the risk of cancer development in a  patient 
cohort with TS may be linked to lack of one copy of a gene 
or several genes located on chromosome X, which physiologi-
cally avoid inactivation during early embryogenesis [12]. Dur-
ing the course of TS, it may lead to expression of only one allele 
of these genes, whereas the expression is for both alleles in 
healthy women with 46,XX (physiological) karyotype [13]. There 
are many genes on chromosome X that are linked to oncogen-
esis. Loss of chromosome X or its fragments has been report-
ed in the course of many cancers, e.g. meningioma, prostate 
cancer, and melanoma [13]. Described loss of fragments of 
chromosome X suggest a  presence on this chromosome of 
one or more suppressor genes or genes coding proteins in-
volved in DNA repair, mutations of which may be linked to the 
pathogenesis of cancer [14].

Patients with TS autoimmunological disorders are often 
observed, i.e. juvenile autoimmune thyroiditis (JAT), Addi-
son’s disease, albinism, and alopecia [15]. However, the link 
between autoimmune thyroiditis disease and thyroid cancer 
is controversial. Cytological analyses do not confirm this link, 
although most studies containing surgical data prove a  high 
frequency of tumours among patients with autoimmune thy-
roiditis. Differences in patient selection contributed to this vari-
ability that was associated with geographic and ethnic diversity 
in the prevalence of autoimmune thyroiditis and thyroid cancer 
[15]. Juvenile autoimmune thyroiditis has also been described 
as a protective factor [16, 17].

Generally, GH treatment in patients with TS is accepted 
in the world; however, the issue of the safety of this type of 
treatment was raised by Bolar et al. [18]. The authors analysed 
data from 5220 patients with TS, who had been treated with 
recombinant human GH during the preceding 20 years. While 
this retrospective study indicated that treatment with GH in this 
group of patients is safe, the risk of cancer in patients with TS 
during GH therapy seems to be similar to that seen in the rest 
of the population of children treated with recombinant GH. The 
frequency of diagnosis of new cases of cancer in this group 
of patients was 0.11%, compared with 0.06% in the group of 

children without genetic anomalies [18]. Large, retrospective 
studies comparing cytogenetic results and registry of data re-
garding registry of cancer morbidity, which analysed all togeth-
er 5400 women with TS, showed only some increase in the risk 
of carcinogenesis in this patient cohort. It was noted for mela-
noma and various cancers of the Central Nervous System, but 
mainly meningioma. [19]. Larizza et al. retrospectively evaluat-
ed 87 TS women. Follow-up included periodic ultrasound of the 
neck, abdominal and pelvic organs, dermatologic evaluation, 
and faecal occult blood test. Karyotype was 45,X in 46 patients. 
During follow-up, 63 girls were treated with growth hormone, 
65 with oestroprogestin replacement therapy and 20 with L-thy-
roxine. Autoimmune diseases were present in 29 TS. A total of 
17 neoplasms in 14 out of 87 patients were found. Correlation 
among karyotypes, used therapy, coexisting autoimmune dis-
orders, and incidence of cancer was not confirmed [20]. 

It is also not completely proven that hormonal therapy with 
GH can be linked to cancer growth in children with monoge-
netic disorders with their known predisposition to cancer, i.e. 
neurofibromatosis, Noonan syndrome, and Fanconi syndrome 
[21]. In addition, several reports have been published about en-
dometrial cancer incidence in women with TS, which are proba-
bly linked to wrongly performed hormonal replacement therapy 
rather than directly being linked to TS [22]. Further studies are 
needed to define the overall risk for neoplasia and to determine 
the role of the loss of the X-chromosome and hormonal. None-
theless, many publications have confirmed the safety of using 
recombinant GH in children. The report of the Paediatric En-
docrine Society Drug and Therapeutics Committee from 2015 
confirmed the safety of GH treatment in children [23]. 

On the other hand, analysis of several publications provides 
data confirming the role of IGF-I in carcinogenesis and develop-
ment of malignant cancers. This growth factor impacts initiation 
as well as progression of cancer [24, 25]. Finally, IGF-1, in ad-
dition to the previously-mentioned endocrine effect on cancer 
progression, is directly secreted by cancerous cells and acts 
locally by auto- and paracrine effects [26].

It was showed that expression of insulin-like growth factor 
1 receptor (IGF-1R) is increased in many types of cancer, and 
this effect plays a significant role in carcinogenesis [26]. The 
binding of IGF-1 to its receptor stimulates cell proliferation and 
inhibits apoptosis. Furthermore, activation of the IGF-1R intrin-
sic tyrosine kinase initiates phosphorylation of many intracel-
lular proteins, which causes the mitogenic effect. Expression 
of the IGF-1R is regulated by growth factors – IGF-1, platelet-
derived growth factor (PDGF), epidermal growth factor (EGF), 
and fibroblast growth factor (FGF) as well as steroid hormones 
[27, 28]. Inclusion of oestrogen treatment in our patient could 
also induce elevated levels of IGF-1 in serum and, consequent-
ly, cancer stimulation.

In in vitro experiments, it was confirmed that growth fac-
tors are actual cytokines with regulatory properties towards 
proliferation of follicular thyroid cells. There is a positive correla-
tion between IGF-1 concentration and risk of thyroid cancer. In 
a paper published in 1989, Minuto et al. concluded that IGF-1 
is involved in proliferation of thyroid cells through its auto- and 
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paracrine effects [29]. Takahashi et al. showed, using immuno-
chemical techniques, that the source of IGF-1 in growing thy-
roid gland is follicular cells [30]. Finally, Yashiro et al. showed 
significant elevation in the concentration of IGFBP3 in cells of 
papillary and medullary thyroid cancers [31]. Consequently, 
Lewiński et al. showed that IGF-1 has a stimulatory effect on 
expression of its own gene in papillary, medullary, and anaplas-
tic thyroid cancers [32].

Conclusions

In summary, there is evidently a  complex of many coex-
isting factors facilitating development of PTC in our patient, 
including high doses of GH used to improve definite growth, 

accompanied by an autoimmune disorder of thyroid and oes-
trogen substitute therapy. Based on current publications, there 
is a significant role of IGF-1 in the pathogenesis of invasion of 
thyroid cancer; however, this effect is complex and its workings 
are not well established. Further studies are also needed to 
define the overall risk for neoplasia, and to determine the role 
of the loss of the X-chromosome and hormonal. In our opinion 
our results raise the possibility that, under some circumstanc-
es, GH treatment may have effects unknown to us. Continued 
follow-up of these children is imperative. At the moment, in ac-
cordance with clinical practise guidelines for the care of girls 
and women with Turner syndrome: proceedings from the 2016 
Cincinnati International Turner Syndrome Meeting, the thyroid 
gland is, on ultrasound, not different from that seen in the gen-
eral population [33].
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