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Abstract
We report our experience about somatotrophinomas without clinical manifestation of acromegaly having radiological- and
surgical-verified invasion of the cavernous sinus. We present the clinical, radiological and hormonal status of three patients
affected by invasive GH-secreting pituitary adenomas without clinical signs and symptoms of acromegaly with elevation of
serum IGF-1 from a series of 142 pituitary adenomas operated in our institute with the aid of intraoperative magnetic resonance
imaging (MRI). Total tumor removal was possible in two of the three cases; the patients show normal hormonal status and no
recurrence at long-term follow-up. In the third case, due to the different features of the tumor, complete resection was not possible
and a multimodal treatment was performed that allowed regularization of the hormonal status and control of the residual tumor.
GH-secreting adenomas without clinical manifestation of acromegaly are uncommon lesions. Total microsurgical excision can be
curative. However, in case of partial removal, a tailored adjuvant treatment should be considered to preserve the quality of life of
the patient and avoid regrowth of the lesion. In not resectable tumors, preoperativemedical treatment with somatostatin analogues
is always an option.

Keywords Silent pituitary adenoma . Somatotrophinoma . GH . Neurosurgery

Introduction

The classification of pituitary adenomas into functional and
non-functional is widely accepted and currently used all over
the world. In the 1970s, a subtype of functional lesions called
Bsilent adenomas^ was introduced [1]. Between 43 and 64%
of silent adenomas are gonadotropinomas; the rest are
somatotroph (9%), corticotroph (2.9–5.7%) and lactotroph ad-
enomas (1–2%) [2].

Silent adenomas are defined as adenomas showing hor-
mone positivity at the histopatological examination without
clinical signs and the early reports regarded silent corticotroph
adenomas [3, 4].

Another category of adenomas are pituitary adenomas,
which are not clinically symptomatic but causing measurable
hormone overproduction in serum [5]. Such cases of GH-
producing adenomas, were described by Tourniaire [6] and
Klibanski [7]. Since then, few studies have been published
[8–15] illustrating morphological and biochemical features
of these lesions not focusing on neurosurgical treatment op-
tions. In contrast to this clinically quiet disease, silent adeno-
mas can develop aggressively and invasively.

The literature finds the invasion of cavernous sinus by pitu-
itary adenomas in between 6 tomore than 10% of patients [16]
and reports an increasing resistance to the treatment [17]. In this
study, we report three explicative cases of somatotrophinomas
without clinical manifestation of acromegaly having radiolog-
ical and surgical verified invasion of the cavernous sinus. We
describe the hormonal pattern of the patients, as well as our
neurosurgical treatment strategy and follow-up.

Material and methods

We present the clinical, radiological and hormonal status of
three patients affected by invasive somatotrophinomas
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without clinical signs and symptoms of acromegaly with ele-
vation of serum IGF-1 from a series of 142 pituitary adenomas
operated in our institute with the aid of intraoperative magnet-
ic resonance imaging (MRI) (Table 1). The surgical and adju-
vant treatment adopted in every case is described together
with their follow-up. All the patients were seen by an endo-
crinologist and the adenomas are categorized using the WHO
2004 classification and its variants successively proposed by
Trouillas et al. [18] and Saeger et al. [19] (Table 2). The cut-off
values for the determination of proliferation rate were MIB-1
> 3% [19] and p53 > 2% [20] (Table 3).

Case 1

A 44-year-old woman came to our institute with a 10-month
history of headache and amenorrhea. Shewas referred 3months
before theadmission toa local endocrinologistwho recommend-
edanMRIof thebrainandserumpituitaryhormonescontrol.The
MRIrevealedan intra-andsuprasellarmasswith initial compres-
sion of the optic chiasm and invasion of the cavernous sinus on
the left side. Initial serumlaboratory investigations (Table1)doc-
umented elevated insulin-like growth factor 1 (IGF-1), normal
basalGHvalue andno suppressionunder 1ng/ml inoral glucose
tolerance test (OGTT) (75 g of glucose). Clinically, there were
neither specific nor associated signs of acromegaly (Table 4).We
performed a selective removal of the tumor via a transsphenoidal
endoscopic-assisted approach using intraoperativeMRI control.
On histopatological examination, the lesions proved to be a pitu-
itary adenoma and the immunohistochemical study showedGH
expressionandPRL(Table3).Soonafter theoperationand in the
following4years, thepatient showednosignsofacromegaly, the
IGF-1 and GH values were in the normal range and the MRI
control displayed no tumor recurrence (Table 1).

Case 2

A 26-year-old woman was referred to our institute for a sellar
tumor. She had a history of oligo-amenorrhea with galactor-
rhea and visual field deficit of the right eye but no signs of
acromegaly (Table 1). The MRI of her brain revealed an intra-
and suprasellar space-occupying mass invading the medial
wall of the right cavernous sinus and developing
subcavernously (Fig. 1). Serum values of IGF-1 and GH were
elevated (Table 1). The tumor was totally removed via a
transsphenoidal endoscopic-assisted approach using intraop-
erative MRI control including the portion invading the cav-
ernous sinus with displacement of carotid artery. Accordingly,
the first intraoperativeMRI control documented a small tumor
remnant in the superior middle cavernous sinus. The surgery
was continued and the residual lesion was removed, as con-
firmed by the second intraoperative MRI control (Fig. 2). The
histology result was pituitary adenoma with GH-expressing
cells. (Table 3). In this case, the tumor can be classified as Ta
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atypical (invasive, p53 > 2). After the surgery, the patient’s
menstrual cycle was regular; 10 months after the surgery, the
patient delivered a healthy baby. The early and 3-years post-
operative hormonal study are reported in Table 1. At the 3-
month follow-up, the MRI of the brain confirmed the total
removal of the lesion without sign of recurrence (Fig. 3a, b).

Case 3

Aman, aged 35, working as general surgeon was examined at
our institute with a 4-months history of decreased libido and
progressive visual field deficit on the right eye during previous
days, without specific or associated signs of acromegaly. The
MRI of his brain showed an intrasellar mass of 30 mm in
maximal diameter with asymmetric suprasellar extension on
the right side and invasion of the right cavernous sinus
(Fig. 4). The basal serum hormonal concentration revealed
elevated PRL, IGF-1 and GH (Table 1). These values were
only available 2 days after the surgery. Because of the partial
and retrospectively incomplete hormonal tests, performed in
another hospital, the patient was first diagnosed as an inactive
adenoma Surgery was performed shortly after admission be-
cause of the progressive visual deficit; if the GH and IGF-1
hormonal values had been available at the admission, another
option could have been a preoperative medical treatment with
potential shrinking of the lesion. The surgical strategy
consisted of a two-step approach. First, the patient was surgi-
cally treated with a transsphenoidal endoscopic-assisted ap-
proach. On histopatological examination, the lesions proved
to be an atypical pituitary adenoma with expression of GH and

PRL (Table 3). The intraoperative MRI control revealed a
partial tumor removal with residual lesion in the right cavern-
ous sinus and suprasellar between the carotid artery and the
right optic nerve (Fig. 5). The patient received further treat-
ment with cabergoline 0.5 mg twice/week without tumor
shrinkage and a second transcranial surgery was performed
to remove the tumor, which was partially compressing the
optic nerve, via a right frontolateral approach. The postopera-
tive course was regular with improvement of visual function
and the patient received medical treatment with somatostatin
analogue. Eight weeks after the second surgery a new hor-
monal dosage showed nearly normal values (Table 1). In light
of such an obviously rapid growth, invasion of cavernous
sinus and already mildly elevated values of p53 and MIB-1,
a gamma-knife treatment was planned for the intracavernous
tumor rest (volume 4.2 cm3). Four months after this therapy,
an MRI control revealed a decreasing volume of the residual
tumor (volume 3.5 cm3) (Fig. 6). At 3-year follow-up, the
IGF-1 value was in the normal range and there was no growth
of the residual lesion (Table 1).

Discussion

Acromegaly is a complex disease characterized by an exces-
sive production of GH mostly due to a secreting pituitary
adenoma. Characteristics of this pathology are somatic chang-
es such as growth of the extremities, frontal bossing and
prognatism together with cardiovascular, respiratory and en-
docrine dysfunctions. These factors negatively influence both

Table 2 Clinicopathological
classification of pituitary
adenomas by Trouillas and
Saeger based on invasion
(cavernous or sphenoid sinus) and
proliferation (considering MIB-1
and p53)

Trouillas classification Saeger classification

Grade 1a: non-invasive tumour Grade 1: non-proliferative adenoma

Grade 1b: non-invasive and proliferative tumour 1a: non-invasive

Grade 2a: invasive tumour 1b: invasion at one site

Grade 2b: invasive and proliferative tumour 1c: invasion at two or more sites

Grade 3: metastatic tumour (cerebrospinal or systemic metastases) Grade 2: proliferative adenoma

2a: invasion at one site

2b: invasion at one site

2c: invasion at two or more sites

2d: pituitary carcinoma

Table 3 Immunohistochemistry
and expression of p53 and MIB-1 Sex, age GH PRL p53 (%) MIB-1 (%) Trouillas

classification
Saeger
classification

Patient 1 F, 44 ++ + < 2 1–2 Type 2a Type 1b

Patient 2 F, 26 +++ – < 5 2–3 Type 2b Type 2b

Patient 3 M, 35 ++++ ++++ 2–3 3 Type 2b Type 2c

Immunopositivity; +, < 10%; ++, 10–25%; +++, 26–50%; ++++, > 50%. Tumor type according to Trouillas and
Saeger. PRL prolactin. GH growth hormone
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the quality and duration of patient’s life with a mortality rate
significantly higher than the normal population [21].

Past studies reported a particular type of tumor, silent GH
adenomas,expressingGHimmunohistochemicallybutnotcaus-
ing elevation of IGF-1 and GH serum level clinical manifesta-
tions of acromegaly has been reported [1]. Another category of
adenomas is made of by somatotrophinomas with a serum ele-
vation of IGF-1 but not manifested signs of acromegaly [5, 22].

The pathogenetical mechanism leading to the lack of clin-
ical signs despite presence of a GH-secreting adenoma and
elevated GH/ IGF-1 values is still matter of debate. The hy-
pothesis of secretion of an Binactive^ form of GH seems not to
be valid in somatrotopinomas due to the high values of IGF-1
stimulated by the action of GH [22]. Some studies postulate a
relation with duration of secretion [22, 23], even if it has been
obse rved tha t some of the pa t i en t s wi th s i l en t
somatotrophinomas had been exposed to surplus of GH secre-
tion for many years [11]. Another theory supports the concept
of continuum of hormonal expression with a completely silent
adenoma on the lower part of the scale and a fully active
adenoma with biochemical and clinical sign of the pathology
on the other end [23]. This notion relates to the concept of a
diminished efficacy of secretion in silent GHomas. Finally,
other authors find a greater resistance of young women to

GH due to the observation that GH-producing adenomaswith-
out clinical signs are more frequent in this population.

There are few previous studies on GH-producing tumor
without acromegaly give data about proliferation parameters
(MIB-1, p53)and invasionofadjacent structures [9, 13, 24, 25].

In the population studied by Naritaka et al. [9], three of the
seven patients with silent GHomas presented invasion of the
cavernous sinus. However, none of the cases had an overex-
pression of MIB-1 and/or p53. Other cases presented in the
literature showed aggressive behavior due to their invasive-
ness [13] that could have been associated with high prolifera-
tion rate [24, 25]. In our cases, we find (Table 3) that all three
patients presented an invasion of the cavernous sinus and in-
creased proliferation parameters in two of them. Thus, Case 2
and 3 can be classified as atypical (invasive and p53 > 2%)
confirming the tendency of corticotrophinomas without acro-
megaly to be more aggressive than the classic counterpart. We
also classified our lesion following the variants proposed by
Trouillas et al. [18] and Saeger et al. [19]. These classifications
can better highlight some differences between these tumors
that can affect their subsequent treatment, such as the different
invasion pattern between case 2 and 3.

Due to the low frequency of these lesions, there are not suffi-
cient data available in the literature to choose the optimal treat-
ment.Our population includes three clinically silent lesionswith
different morphological and histopathological features. Thus, a
different management strategywas applied for every case.

Both cases 1 and 2 were treated only surgically with the aid
of intraoperative MRI. An approach that can be useful espe-
cially in presence of invasive lesions where residual tumor can
be overlooked. This occurred in case 2, where the first intra-
operative imaging revealed a rest in the superior part of the
cavernous sinus that was definitively removed during the
same surgical session. In both patients, the surgical goal was

Table 4 Common clinical signs of acromegaly. In our case series, there
were neither specific nor associated signs

Specific signs of acromegaly Associated signs of acromegaly

Growth of extremities Sleep apnea

Frontal bossing Carpal tunnel

Prognatism Hypertension

Large tongue Colon polyps

Fig. 1 Case 2: preoperative
sagittal and coronal T2-weighted
images showing the intra- and
suprasellar pituitary adenoma
invading the right cavernous sinus

Neurosurg Rev (2017) 41:999–10051002



reached. After the documented complete removal of their ad-
enoma, the patients did not need further treatment and/or hor-
monal substitution during the postoperative period. At the 3-
months follow-up, we found normal serum values of GH and
IGF-1 in both patients with a better suppression in OGTT for

case 1(0.72 ng/ml) than case 2 (1.3 ng/ml). Both patients
showed no recurrence at long-term follow-up. The difference
in OGTT results could be due to the different quantity of GH-
producing cell in the two lesions. Nevertheless, this factor and
the higher values of proliferative parameters (MIB-1, p53) did

Fig. 2 Case 2: intraoperative
sagittal and coronal T2-weighted
images showing the total removal
of the lesion via transsphenoidal
endoscopic-assisted approach

Fig. 3 Case 2: sagittal and
coronal T2-weighted images
performed 3-months after surgery.
The MRI of the brain confirmed
the total removal of the lesion
without sign of recurrence

Fig. 4 Case 3: preoperative
sagittal and coronal T2-weighted
images showing the pituitary
adenoma with extension
suprasellar on the right side and
invasion of the right cavernous
sinus

Neurosurg Rev (2017) 41:999–1005 1003



not influence the clinical course of the patients after the mi-
crosurgical complete removal, as proved by the regular hor-
monal values and absence of recurrence after 3 years.

Case 3 has different features, thus a tailored management
strategy was applied. Its appearance in MRI showed an inva-
sion in two points (type 2c of Saeger). After the first
transsphenoidal approach, we achieved the removal of the
sellar mass with residual at cavernous sinus and in suprasellar
area demonstrated with intraoperative MRI. The histology
revealed an expression of GH and PRL in diffuse cell groups
and elevated proliferation parameters. The treatment with
cabergoline during the 4 weeks interval before the second
operation did not show volume reduction of the residual le-
sion. The second surgery was performed, as initially planned,
to remove the suprasellar part compressing the optic nerve.
Thus, as a complete removal of the lesion was unfeasible,
we chose to combine an adjuvant medical and radiotherapy
treatment obtaining control of the residual lesion at 1 year.
This patient could have been a candidate for medical treatment

at first step if the hormonal status had been available preoper-
atively; but due to the local incarceration of tumor between
optic nerve and carotid observed intraoperatively, we doubt
that surgery could have been avoided in order to improve the
visual deficit.

Conclusions

Somatothropinomas without clinical manifestation of acro-
megaly are uncommon lesions. Every case should be evaluat-
ed initially, taking into consideration patient’s clinical condi-
tion, MRI appearance and immunohistochemical features of
the tumor. Total microsurgical excision can be curative; how-
ever, in case of partial removal, a tailored adjuvant treatment
should be considered to preserve the patient’s quality of life
and avoid regrowth of the lesion. In not resectable tumors,
preoperative medical treatment with somatostatin analogues
remains always an option.

Fig. 5 Case 3: intraoperative
sagittal and coronal T2-weighted
images showing partial tumor
removal with residual lesion in
the right cavernous sinus and right
suprasellar space between carotid
artery and the right optic nerve

Fig. 6 Case 3: sagittal and
coronal T2-weighted images
4 months after second surgery and
gamma-knife treatment showing
decreased volume of the residual
tumor

Neurosurg Rev (2017) 41:999–10051004
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