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AbstrAct

A 43-year-old woman, previously misdiagnosed as having primary hyperthyroidism and treated 
with antithyroid drugs, presented to us with overt hyperthyroidism, high levels of thyroid hor-
mones and elevated thyroid-stimulating hormone (TSH). Μagnetic resonance imaging (MRI)
revealed a pituitary microadenoma extending suprasellarly. the patient responded favorably to 
initial treatment with somatostatin analogs for 2 years but due to the escape phenomenon, tsH 
levels escalated and hyperthyroidism relapsed. transsphenoidal adenomectomy was applied but 
recurrence was again observed due to incomplete tumor removal. Gamma knife radiosurgery 
was finally employed 5.5 years ago, resulting in complete disease remission without evidence of 
long-term complications to date. thyrotropin-secreting adenomas (tsHomas) are rare with an 
estimated prevalence of about one case per million. we retrieved from the literature 14 cases 
of tsHomas treated by gamma knife radiosurgery and compared the outcomes. our results 
demonstrate the efficacy and safety of gamma knife radiosurgery for achieving remission in 
most of the cases, suggesting validation of this technique as an effective treatment option for 
the management of recurrent tsHomas.
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Case report

IntRoductIon

Among pituitary adenomas, thyrotropin-secreting 

adenomas (TSHomas) have the lowest prevalence, 
accounting for 0.5-2.8% of all pituitary adenomas.1-4 
The first case was reported in 1960 by Jailer and 
Holub5 and since then just over 450 cases have been 
published in the literature. About 70% of TSHomas are 
pure adenomas, while the rest are mixed, co-secreting 
mainly growth hormone (GH) and prolactin (PRL).6 
The treatment of choice for TSHomas is surgical 
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removal of the tumor by the transsphenoidal or sub-
frontal approach. However, radical removal is usually 
impossible due to invasion of surrounding structures 
and to the fibrous nature of these tumors, resulting in 
high recurrence or failure rates of 47-78%.7-10 If surgery 
is contraindicated or if it fails to cure, the European 
Thyroid Association guidelines strongly recommend 
treatment with somatostatin analogs (SSA), such as 
octreotide and lanreotide, which have proved to be 
highly effective in a series of studies.9-19 However, 
there are cases where manifestation of adverse effects, 
resistance to or escape from the inhibitory effect of 
SSAs lead to failure of treatment.15,18,19 In these cases 
stereotactic irradiation can be employed.11

Stereotactic irradiation can be delivered either 
in multiple sessions (fractionated stereotactic radio-
therapy or FSRT) or in a single session (stereotactic 
radiosurgery or SRS). Today, gamma knife (GK) is the 
most widespread radiosurgical method. Its accuracy 
is comparable to a surgical blade, though it should 
not be employed for targets bigger than 4 cm since 
they need larger irradiation beams, producing more 
damage to surrounding structures. Although GK has 
to date been used successfully in the treatment of pi-
tuitary tumors for almost 50 years (a review by Koga 
et al20 reports the sizeable number of 38,553 pituitary 
adenomas treated by gamma knife up to 2008), to our 
best knowledge only 14 cases of TSHomas treated 
by GK have been reported in the literature.7-9,21-25 Due 
to the small number of reported cases and their scant 
follow-up, few data are available on the long-term 
efficacy and safety of this technique in the treatment 
of TSHomas. Here, we describe a case of a recurrent 
TSHoma where gamma knife radiosurgery induced 
long-term control of the disease and we review the 
literature on the outcome of TSHoma cases treated 
by the same means.

cAse RePoRt

A 43-year-old woman presented in 2002 to our 
department complaining of palpitations. Eight years 
earlier she had been diagnosed with primary hyperthy-
roidism and treated with antithyroid drugs ever since. 
She reported recurrence of hyperthyroidism follow-
ing every attempt to discontinue medical treatment.

On physical examination she had tremor, extra-

systolic arrhythmia and a palpable thyroid gland. 
Hormonal assessment revealed high free circulating 
thyroid hormones (FT4=32pmol/L, n.v. 11-25 and 
FT3=12pmol/L, n.v. 3.3-8.2) and high TSH concen-
trations (TSH=12.5mIU/L, n.v. 0.3-4). The rest of 
the anterior pituitary hormones were within normal 
range. The response of TSH to TRH stimulation test 
was blunted (TSH 0min=11.5, TSH 30min=15.3, and 
TSH 60min=13.5mIU/L), suggesting the presence of 
a TSHoma. Thyroid ultrasonography demonstrated 
diffuse enlargement of the thyroid gland and magnetic 
resonance imaging (MRI) confirmed the presence of 
a pituitary microadenoma of 9 mm in diameter which 
extended suprasellarly (Figure 1). A pituitary scin-
tigraphy with radiolabeled octreotide revealed high 
uptake of the octreotide by the pituitary gland, thus 
confirming the presence of somatostatin receptors.

The patient refused surgical removal of the tu-
mor and was initially treated with a combination 
of lanreotide and antithyroid drugs. Lanreotide was 
started at a dose of 60 mg once monthly which was 
gradually escalated to 120 mg. Consequently, a eu-
thyroid state was restored and the tumor shrank by 2 
mm. These favorable results lasted up to 2 years, at 
which point, in 2004, the hyperthyroidism relapsed 
indicating that TSH secretion had escaped from the 
inhibitory effect of the somatostatin analog. Tumor 
size steadily increased and by 2006 it again measured 
9 mm in diameter in MRI visualization, while TSH, 
FT4 and FT3 levels averaged 30.39mIU/L, 34pmol/L 
and 13pmol/L, respectively (Figure 2). After a sud-
den episode of paroxysmal atrial fibrillation, which 
resulted in hospitalization, the patient gave consent 
and underwent endonasal transsphenoidal adeno-
mectomy on 29/6/2006. Postoperative MRI revealed 
a residual tumor mass of 3 mm in diameter, while 
postoperative TSH decreased to 5mIU/L. Histological 
examination by immunohistochemistry proved posi-
tive for TSH and negative for GH, PRL, FSH, LH and 
ACTH, confirming the diagnosis of a pure TSHoma. 
Further molecular and pathological analysis, such as 
the determination of the Ki-67 signaling index, was 
not conducted.

One year later TSH concentrations had increased to 
9.0mIU/L with FT3 and FT4 values within the upper 
normal range. Αlternative treatment with radiosur-
gery was proposed to the patient, which was initially 
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refused. While waiting for her decision whether or 
not to undergo radiosurgery the patient became hy-
perthyroid. We chose to administer antithyroid drugs 
based on our previous experience with lanreotide, 
which proved to be inefficient in this patient in the 
long run. In 2009, TSH reached its highest ever level 
of 78mIU/L, while in the MRI visualization the size 
of the residual adenomatous tissue had slightly in-
creased to 0.4x0.2 cm. In May 2010, the patient finally 

underwent stereotactic radiosurgery with Leksell 
Gamma Knife® Perfexion, which led to normalization 
of thyroid hormone secretion and disappearance of 
the pituitary lesion, as shown in post-radiation MRI. 
The patient did not experience any side effects from 
this treatment.

To date, 5.5 years after radiosurgery (October 
2015), the patient has remained euthyroid without any 
treatment (TSH=3.76mIU/L, n.v. 0.3-4.2, FT4=0.94 
ng/dl, n.v. 0.8-2 and FT3= 3.30 pg/ml, n.v. 2-4.4) and 
without experiencing any short-term or long-term 
complications. Recent MRI visualization, performed 
in 2013, showed no evidence of the pituitary adenoma 
(Figure 3).

figure 1. Coronal (a) and sagittal (b) MRI images of the pitu-
itary gland, revealing a pituitary adenoma, 9 mm in diameter at 
diagnosis (February 2002).

figure 2. Coronal (a) and sagittal (b) MRI images of the pi-
tuitary gland, prior to transsphenoidal adenomectomy (April 
2006) visualizing a pituitary adenoma, 9 mm at its maximum 
diameter. The images were taken after failure of treatment with 
lanreotide for 2 years.
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dIscussIon And ReVIew  
of tHe LIteRAtuRe

We present a case of TSHoma successfully treated 
with gamma knife surgery after failure of conventional 
surgery and escape from somatostatin analog adjuvant 
therapy. The gold standard of TSHomas treatment is 
surgical removal of the tumor. Recent data from a 

retrospective study published by Gatto et al report a 
post-surgical complications rate of 60% as regards 
TSHomas, while the same figure is only 12% in the 
case of GHomas matched for age, sex and tumor size.26 
In our presented case, surgical adenomectomy was 
performed without any complication but resulted in 
incomplete removal leaving a residual mass of 3 mm 
in diameter, and recurrence occurred a little over a 
year postoperatively.

When surgery fails to cure, as in this case, or if 
it is contraindicated, medical treatment with soma-
tostatin analogs can be implemented. Two cases of 
TSHomas effectively treated with SSA monotherapy 
have recently been published.27,28 Most TSHomas 
express somatostatin receptors and are considered 
highly sensitive to SSAs. However, common side 
effects of these drugs, such as gastrointestinal dis-
turbances, cholelithiasis and glucose intolerance as 
well as resistance to treatment and the TSH escape 
phenomenon, often contribute to treatment failure. 
Escape from efficacious treatment was the reason 
for discontinuing it in this case. Alternative treatment 
employed in cases of recurrence has been stereotac-
tic irradiation. Stereotactic irradiation of pituitary 
adenomas is mainly performed with the use of the 
gamma knife radiosurgery method. A recent review 
of published studies conducted from 2000 to 2014 
on the long-term efficacy and safety of GK treatment 
for either non-functioning or GH-, ACTH- and PRL-
secreting pituitary adenomas treated mainly with GK 
radiosurgery by Minniti et al indicates excellent long-
term tumor control (85-100%), long-term biochemical 
remission in about 50% of the cases, no significant 
visual complications and a relatively low (15-35%) 
incidence of late radiation-induced hypopituitarism.29 
We retrieved 14 published cases of TSHomas treated 
by gamma knife radiosurgery (Table 1). However, 
due to the rarity of the tumors, data on the long-
term efficacy and safety of the method in the case of 
TSHomas are anecdotal.

In many of these 14 cases of TSHomas treated 
by gamma knife, information regarding tumor size, 
grade of extrasellar invasiveness and irradiation is 
missing. Wherever it is available, it is striking that 
by the time of diagnosis most of the tumors presented 
extrasellar extension and in terms of size they were 

figure 3. Recent coronal (a) and sagittal (b) MRI images of the 
pituitary gland, at 3 years follow-up after successful gamma 
knife radiosurgery, showing absence of residual tumor (April 
2013).
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table 1. Reported cases of TSHomas treated by gamma knife radiosurgery
Reference n, sex Age 

(years)
size treatment follow-up outcome 

(thyroid 
function)

outcome  
(MRI)

Brucker-Davis, 
19997

1, F 63 macro TSS, GK 1 year Euthyroid, 
α-subunit 

normalization

Residual 
macrotumor

Losa, 19998 3, NA 
1, F

NA 3 NA, 
1 macro

TSS, GK Up to  
2 years

3 Euthyroid,  
1 Hypothyroid

2 Reduction  
in size,  
2 Stable

Ohki, 199921 1, F 64 macro-invasive TSS,GK 16 months Euthyroid NA

Kon, 200122 1, M 52 macro-invasive TSS, SSA, 
cabergoline,  

repeated TSS,  
GK

7 months 
Under SSA 
treatment

Euthyroid NA

Socin, 20039 1, NA NA NA TSS, GK irradiation NA NA NA

Clarke, 200823 1, NA NA NA TSS, GK NA NA NA

Kasliwal, 
201224

1, M 24 NA Preoperative 
stabilization with 
SSA, TSS, GK

1 year Euthyroid Reduction  
in size

Zhao, 201225 4, M 57, 17, 50, 48 1 micro, 
2 giant-invasive,  
1 macro-invasive

1GK alone,
3SSA, TSS, GK

3 years, 
2 years, 
1 year, 

4 months

Euthyroid Residual  
tumor

Present case, 
2015

1, F 43 micro-invasive SSA, TSS, GK 5.5 years Euthyroid No evidence  
of adenoma

M: male; F: female; TSS: transsphenoidal surgery; GK: gamma-knife; MRI: magnetic resonance imaging; NA: not available; SSA: 
somatostatin analogs.

macroadenomas (≥1 cm at their maximum diameter). 
In two cases reported by Zhao et al, the TSHoma was 
giant-sized, measuring more than 4 cm at its maxi-
mum diameter, whereas in one case reported by the 
same researchers the TSHoma was a microadenoma. 
The latter is the only case reported in the literature 
as having been treated by GK radiosurgery alone. In 
the rest of the cases, as well as in our case, gamma 
knife radiosurgery was performed as a second-line 
treatment on the residual tumor after transsphenoi-
dal adenometomy. In some of the reported cases, 
medical treatment with SSA was implemented for 
a short period preoperatively to induce biochemical 
control and tumor shrinkage and thereby ensure bet-
ter postoperative results. In the presented case, the 
use of SSA was extended for a much longer period 
of time because of the patient’s refusal to undergo 

transsphenoidal surgery as a primary treatment. In 
one case reported by Kon et al, SSA treatment was 
applied for a year after the implementation of GK 
radiosurgery in order to control the disease until the 
radiosurgery effect became fully apparent. This might 
be a useful practice, as a recently published retro-
spective study on a series of pituitary adenomas by 
Mak et al indicated that statistically significant tumor 
size reduction occurs not earlier than 1 year after GK 
radiosurgery administration. Further reduction, to a 
lesser extent, continues during the following years as 
well.30 A recent review and meta-analysis by Chen, 
Li et al carried out on a series of non-functioning 
pituitary adenomas indicated that tumor volume has 
a statistically significant predictive value of GΚ ef-
fectiveness and safety. Tumor volumes under 4 ml 
were associated with better tumor control and fewer 
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