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ABSTRACT

Aggressive pituitary adenomas (APA) are adenomas that show rapid growth, invasiveness,
frequent or multiple relapses, or are resistant to conventional therapies. Clinical-imaging
assessment of aggressive pituitary adenomas with the aid of magnetic resonance imaging (MRI)
plays an important role in early prediction, further disease outcomes and aggressive behavior of
adenomas.

Purpose of the Study: was to assess the correlation of neuroimaging data with the hormonal
activity of APA.

Materials and Methods: The study included 74 patients with aggressive pituitary adenomas. The
average age of the patients was from 12 to 69. The patients underwent a basal assessment of the
level of pituitary hormones: prolactin (PRL), GH (growth hormone), insulin-like growth factor-1 (IGF-
1) and blood cortisol by the RIA method, as well as an MRI study. Knop's classification was used to
assess the invasion.

Results: The hormonal workup showed prevalence of inactive pituitary adenomas among
aggressive adenomas. No correlation was found between the hormonal activity of aggressive
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equivalents of aggressiveness.

in T2 modes.

adenomas and the volume of pituitary adenomas. Moreover, MRI data indicated that invasion into
the cavernous sinus of the Il degree and heterogeneity of the adenoma may be considered

Conclusion: The established patterns support the need for visualization assessment of aggressive
pituitary adenomas and strongly suggest the evaluation of the degree of aggression based on
tumor heterogenecity, chiasm compression, hypo- and iso-intensity in T1 mode and hyperintensity

Keywords: Aggressive pituitary adenomas; neuroimaging.

1. INTRODUCTION

Determination of aggressive behavior of pituitary
adenomas relies heavily on imaging assessment
of adenomas. The criteria for aggressiveness
include the rapid growth of the tumor,
invasiveness in adjacent tissues and tolerance to
traditional therapy. [1] In fact, at least the first 2
criteria are diagnosed by using magnetic
resonance imaging (MRI), which emphasizes the
essential role of MRI in the diagnosis of
aggressive pituitary adenomas. [2]

In addition, MRI examination can provide a
prognostic assessment of tumor aggressiveness
before surgical treatment. Moreover, the
diagnosis of pituitary carcinoma (PC) is
established only if imaging methods have
revealed craniospinal or systemic metastases,
which in turn determines the key role of MRI in
the differential diagnosis of APA and PC.
Consequently, MRI examination for patients with
aggressive pituitary tumors should be assessed
adequately and accurately as the primary
prognostic diagnostic method. [3]

Thus, the role of visualization assessment of
APA is sharply increased not only for
establishing the correct diagnosis, but also for
predicting the subsequent behavior of pituitary
adenoma.

1.1 Purpose of the Study

To assess the correlation of neuroimaging data
with the hormonal activity of APA.

2. MATERIALS AND METHODS

We examined 74 patients with APA (35.1% men
(n = 26) 64.8% women (n = 48)) The range of the
patients age was from 12 to 69 (the average age
was 46.5 + 4.09 years). The diagnosis of APA
was established on the basis of a carefully
collected history, clinical-hormonal and imaging
studies, and MRI results.

In order to identify the hormonal activity of
adenomas, all patients underwent a basal
assessment of the levels of pituitary hormones
as: PRL, GH, IGF-1 and blood cortisol level
measured by the RIA method. All patients
were divided into 4 groups depending on
their hormonal activity: prolactinomas, ACTH-

dependent Cushing's syndrome (ACTH. d.
CS9), acromegaly\GH-secreting adenomas
and non-functional pituitary adenomas
(NFPA).

All patients received contrast agents according to
indications. The following Scanning technique
was used: T2-TSE transversal projection, T2-
TSE sagittal projection, T1-TSE, coronal
projection, T1-TSE sagittal projection.

According to the classification, the following
visualization features were assessed:

1. The size of the adenoma-estimated in
three projections. The adenoma volume
calculated using the Di-Chiro-Nelson 2
ellipsoid formula.

2. The intersection of the tumor from the
intercarotid lines (Knops) assessed as:

o Oth degree, intact cavernous sinus

o 1st degree, spread of the tumor to the
intracarotid line.

o 2nd degree, spread of the tumor to the
lateral line of the tumor

o 3rd degree, spread of the tumor beyond the
lateral line

o 4th degree, complete surrounding of the
cavernous segment of the ICA with a tumor

3. Involvement of the sphenoid sinus.

4. Compression of the chiasm.

5. The shape of the tumor, a sign of lobular
structure and non-uniformity.

6. Intensity in T1 and T2 modes.

7. Tumor necrosis and [/ or adenoma
degeneration.

8. Apoplexy.
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Statistical analysis of data was performed using
GraphPad Prism 9 software. In descriptive
analysis, continuous variables were summarized
and expressed as median and inter or mean and
standard deviation (based on distribution), and
categorical variables were expressed as absolute
values and percentages.

Pearson's coefficient and r> were calculated to
assess the correlation.

3. RESULTS

According to the results of the hormonal workup
prolactin-secreting  pituitary adenoma was
diagnosed in 29.3% (n = 22) of patients. From
these, 77% are women (n = 17) 33% are men (n

=5). The mean age in the group was 36.14 (SDS
+ 12.36). ACTH-dependent Cushing's syndrome
was diagnosed in 25.3% (n = 19) of patients.
From these, 79% are women (n = 15) and 21%
are men (n = 4). The average age of the subjects
was 32.42 (SDS + 10.43). Somatotropin-
secreting pituitary adenoma accounted for
21.3% (n = 16) of the studied, where 62% (n =
10) were women and 37% were men (n = 6). The
average age in this group was 42.81 (SDS *
12.04). 22.9% (n = 17) of patients were in the
group of non-functional pituitary adenomas
(NFPA) with an aggressive course, where the
female gender was 35% (n = 6) and 64% were
men (n = 11). The average age of patients
in this group was 43.35 (SDS + 15.93)
(Fig. 1A, B)
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Fig. 1. Age and sex characteristics of the main groups
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Fig. 2. Correlation between the hormonal activity of prolactinomas (A) and ACTH.d.CS (B) with
the volume of adenomas. Correlation coefficient according to Pearson (r) A =0.03178; B =
0.5204; (R2) A =0.001; B =0.2708
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Fig. 3. Correlation of hormonal activity of GH-secreting adenomas GH (A), IGF-1 (B) with the
volume of adenomas. Correlation coefficient according to Pearson A = 0.02805; B = -0.08665.
(R2) A =0.0007870; (R2) B = 0.007509

The correlation between the hormonal activity of
aggressive adenomas and the volume of pituitary
adenomas was studied. According to the results
of the study, in all study groups, there was no
significant relationship between the levels of
hormones such as prolactin (P = 0.8884), IGF-1,
growth hormone (P = 0.678) and blood cortisol
(P = 0.02) with the volume of adenoma (Fig. 2.A,
B. and 3).

Thus, the level of hormonal activity and the
volume of adenoma were not predictors of
aggressive behavior of adenoma.

Invasion into the cavernous sinus in the studied
patients with aggressive pituitary adenomas was
present in varying degrees. Grade 0 (intact

cavernous sinus) -20% (n = 15), Grade | - 13.5%
(n = 10), Grade Il - 21.6% (n = 16), Grade Il -
29.3% (n = 22) accounted for the largest part,
where Grade IV-15.6% (n = 11). (Fig. 4A).

MRI studies showed that in patients with Grade
[l according to the Knosp Scale, an irregular
tumor shape prevailed 49% (n = 10), a sign of
lobular structure and heterogenicity in 61.1% (n =
13), and visual disturbances in the form of
chiasmal syndrome 60.8% (13). In 36% (n = 7) of
the subjects, focal erosion of the main sinus was
observed, where the main symptom was
rhinorrhea. 18.9% (n = 4) had a focal lesion of
the central nervous system (CNS), where the
complaint of patients with hypoacusia and ataxia
prevailed. Destruction of adenoma and apoplexy,
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respectively, were observed in 27% and 9% of
patients respectively.(Fig. 4 B).

According to MRI data, invasion of the cavernous
sinus of the Ill degree and heterogenicity of the
adenoma may be considered as equivalents of
aggressiveness.

Comparative analysis of intensity in two modes
of MRI T1 and T2 showed that APAs are iso-
intensive (57.875% SD + 20.34) and
hypointense (37.625% SD = 22.46) in T1 mode.
In T2 mode 46.6% (SD = + 16.85) hyperintense,
31.15% ((SD = £ 12.4) hypointense and 22.3%
(SD = + 16.8) isointense (Fig.5).
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Fig. 4. Knops classification of adenoma invasion

into the cavernous sinus. B. Features of MRI

imaging studies in patients with Grade lll-invasion
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Fig. 5. Intensity of AAG adenomas in T1 (A) and T2 (B) modes

4. DISCUSSION

Rapid growth is the main criterion for determining
the aggressiveness of the tumor, but the volume
of the adenoma is difficult to be determined at an
early stage, and dynamic MRI is usually
performed every 6 months or every year. Today,
in oncological practice, 3D-MRI is used to
calculate changes in tumor volume, but this
method is difficult to apply in the case of small
sellar formations or remnants of the remnant
tissue. In this regard, the main goal of APA
diagnostics is to obtain the best reproducibility of
MRI images and to compare the vertical, axillary
and transverse diameters of the tumor on coronal
sections with the calculation of the volume of the
adenoma. [4]. Adenoma growth progression is
considered significant if> 20% at 6 months.

Invasion is the spread of an adenoma beyond a
natural barrier such as bone or meninges.
Assessing the extent of adenoma invasion into
the basilar sinus or the cavernous sinus is
challenging. Invasion into the sphenoid sinus is
determined by the destruction or deformation of
the bone of the walls of the sella turcica. In
addition, with bone erosion, the tumor can
progress through the sphenoidal sinus, towards
the nasal cavity in front, destroying the hard
palate and grow inside the oral cavity below,
affecting the clivus behind and, finally, grow
towards the occipital bone [5]. The coverage of
the cavernous sinus gives a certain danger of
surgical access, since this sinus plays a huge
role in the regulation of intracranial blood

circulation and the implementation of venous
outflow from the brain and orbits [6].

Moreover, the cavernous sinus occupies a
special place due to the fact that branches of the
internal carotid artery pass through it, as well as
cranial nerves, such as the oculomotor nerve, the
trochlear nerve, the branch of the orbital nerve,
the maxillary nerve and the abducens nerve.

Thus, there is a tendency, invasion of the
adenoma into the cavernous sinus to be
considered as almost an equivalent to the
aggressiveness of pituitary tumors, although it
only represents one strong criterion is for tumor
aggressiveness [7].

In fact, invasion of the cavernous sinus does not
always mean aggressiveness, as some
prolactinomas involving the cavernous sinus may
respond to treatment with dopamine antagonists.
But, despite significant progress in pituitary
surgery, invasion of the adenoma into the
cavernous sinus leads to surgical inaccessibility
and remnant of the remnant tissue, which is
especially evident for hormonally active pituitary
adenomas. The coverage of the cavernous sinus
by pituitary adenomas in most cases is unilateral,
while the normal pituitary gland displaced to the
side “protects” the contralateral cavernous sinus.

Cottier [8] suggests that the percentage of
narrowing of the internal carotid artery by tumor
tissue of more than 67% makes the invasion
definite, ie, the positive predictive value is 100%.
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If this value is less than 25% or if the tumor does
not pass the line connecting the medial wall of
the intracavernous and  supracavernous
segments of the internal cavernous sinus,
invasion can be excluded. However, it should be
noted that the criteria based on Cottier MRI have
been compared with the results of surgical
interventions observed before the era of
endoscopic  neurosurgery, which is now
considered more accurate for imaging cavernous
sinus invasion. According to the observations of
another scientist Sol [9], it was found that the
capture of the membrane and narrowing of the
internal carotid artery by an angle equal to 136.5
° of the intracavernous ICA, was associated with
a high probability of invasion into the cavernous
sinus. According to the classification of E. Knosp
[10], anatomical landmarks can help in the
diagnosis of invasion of the cavernous sinus.
According to this classification, invasion is “very
likely” if the tumor extends laterally and passes a
line drawn between the centers of the cross-
section of the supra- and intracavernous
segments of the internal carotid artery. But it is
interesting to note that Xu [11] found sensitivity in
only 47% of Knosp assessments in surgical
practice with Cushing's disease. In fact, if Knosp
landmarks are useful for classifying pituitary
macroadenomas and are largely used in the
literature but their practical interest is less when
differentiating true invasion from compression,
and especially for limited invasion of the
cavernous sinus located in its back.

5. CONCLUSIONS

1. The frequency of distribution of aggressive
adenomas with invasive growth was higher
in  patients with inactive  pituitary
adenomas, in second place in patients with
acromegaly and in third place in patients
with prolactinomas.

2. Hormonal workup showed that the level of
hormonal activity and the volume of
adenoma are not correlated, which
confirms the fact that these indicators are
not informative for assessing the
aggressive behavior of adenoma.

3. Invasion of the 3rd degree was the most
frequent finding among all patients, which
could be considered as the equivalent of
aggression.

4, The MRI visualisation of the adenomas
showed that tumor heterogeneity, chiasm
compression, hypo- and iso-intensity in T1
mode and hyperintensity in T2 modes were
the most significant predictive features in

assessing the aggressive behavior of
pituitary adenoma.
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