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INTRODUCTION

Pituitary neuroendocrine tumors (commonly known as pituitary adenomas) are among the
most frequent intracranial neoplasms. While generally benign, they may exhibit invasive,
aggressive, or even malignant behavior. These tumors have a monoclonal origin and arise from
anterior pituitary cells. Traditionally, they are classified based on size, cell of origin, or hormonal
activity into secreting and non-secreting tumors. Symptoms typically arise due to hormonal
hypersecretion, mass effect (tumoral syndrome), or hypopituitarism caused by compression of
normal pituitary tissue. The most common types are prolactin-secreting tumors, followed by
growth hormone (GH)-secreting tumors. First-line treatment for functional pituitary adenomas is
surgery, except for prolactinomas, which are primarily treated with medication. Radiotherapy
and individualized medical therapies are considered second-line treatments.

Currently, there is no universal consensus or standardized guidelines to predict the clinical
behavior of these tumors. However, several validated classification systems exist. The WHO
classification—updated most recently in 2022—is based on cell lineage and transcription factors
[1,2,3].

This doctoral thesis, titled "GH and PRL-Secreting Pituitary Adenomas: Prognostic Factors
According to Morpho-Functional Classification", aims to identify prognostic and treatment-
response predictors for GH, PRL, and mixed GH/PRL-secreting adenomas. It also aims to
validate the prognostic value of structural and morpho-functional classification by integrating
parameters related to tumor invasion, histopathological and immunohistochemical diagnosis,
proliferation markers, tumor size, and clinical features. Correlations were established between
immunohistochemical expression of adenohypophyseal hormones, transcription factors, estrogen
receptor alpha (ERa), Ki-67 index, somatostatin receptors, and clinical, biological, and imaging
data.

The study included 50 patients with confirmed diagnoses of acromegaly or prolactinoma
(PRL-secreting or mixed GH/PRL-secreting adenomas) under the care of the National Institute
of Endocrinology "C. I. Parhon" (Section of Pituitary and Neuroendocrine Pathology). All
patients underwent transsphenoidal surgery, followed by radiotherapy or pharmacological
treatment for disease control. Surgeries were performed at the following neurosurgical clinics:
Bagdasar-Arseni Emergency Hospital, Colentina Clinical Hospital, Brain Institute Monza, and

NeuroHope Clinic.



Clinical and paraclinical data were analyzed and correlated with histopathological and
immunohistochemical findings to obtain clinically useful prognostic indicators. Paraffin blocks
from surgical specimens were processed at the Department of Histology, "Victor Babes"
University of Medicine and Pharmacy, Timisoara. The study was conducted under Ethics
Approval No. 04/24.02.2022 from the Ethics Committee of the "C. I. Parhon" Institute.

Establishing prognostic models for these tumors can assist the multidisciplinary team
(endocrinologists, neurosurgeons, pathologists, geneticists) in choosing more effective treatment
strategies. Future research may expand this study by including a larger patient cohort and

correlating clinico-pathological findings with molecular or genetic markers.



1. General Part
1. DEVELOPMENT, ANATOMY, PHYSIOLOGY, AND HISTOLOGY

OF THE HYPOTHALAMIC-PITUITARY SYSTEM
1.1 ANATOMY
The pituitary gland is located at the base of the skull, within the sella turcica of the
sphenoid bone, and is connected to the hypothalamus by the pituitary stalk (infundibulum). It
consists of two main lobes: the anterior lobe (adenohypophysis) and the posterior lobe
(neurohypophysis). Hypothalamic neuropeptides travel through the hypothalamic-hypophyseal
portal system to the anterior pituitary, where they regulate the release of pituitary hormones
[4,5,6].
1.2 PHYSIOLOGY
The pituitary gland originates from ectodermal structures, with the neurohypophysis
(posterior lobe) developing from the ventral diencephalon. This developmental process is crucial
not only for the formation of the posterior lobe but also for determining the structure and volume
of Rathke's pouch [7, 8, 9, 10].
1.3 PITUITARY HORMONES
Rathke's pouch serves as the starting point for the differentiation and development of
specific pituitary cell types. This process involves various factors active during initial
development stages, including several transcription factors. Under their influence, three main cell
lineages emerge:
o PIT-1 (pituitary-specific POU-class homeodomain transcription factor): Involved
in the differentiation of lactotroph, somatotroph, and thyrotroph cells.
o T-PIT (T-box family member TBX19): Responsible for the differentiation of
corticotroph cells.
o SF-1 (steroidogenic factor 1): Facilitates the differentiation of gonadotroph cells.
The anterior pituitary comprises clusters of cells that produce six primary hormones:
o Adrenocorticotropic hormone (ACTH): Derived from pro-opiomelanocortin
(POMC), ACTH stimulates the adrenal glands to produce glucocorticoids.
o Thyroid-stimulating hormone (TSH): Stimulates the thyroid gland to produce
thyroid hormones.

o Growth hormone (GH): Regulates growth and metabolism.



o Follicle-stimulating hormone (FSH): Involved in the regulation of reproductive
processes.

o Luteinizing hormone (LH): Plays a role in reproductive function.

o Prolactin (PRL): Stimulates milk production in mammary glands.

These hormones are under hypothalamic control. In contrast, the posterior pituitary stores
and releases hormones produced by the hypothalamus.

1.4 HISTOLOGY

The histological structure of the pituitary gland reflects its dual origin and function. The
anterior pituitary (adenohypophysis) is primarily composed of glandular epithelial tissue, while
the posterior pituitary (neurohypophysis) consists mainly of neural tissue. This composition
underscores the distinct roles of the two lobes in hormone production and release.

The anterior pituitary (adenohypophysis) is composed of acini containing specialized cells
organized into cords and follicles. Approximately 50% of pituitary cells are somatotrophs,
primarily located in the lateral wings of the anterior lobe but also found medially. Lactotrophs
constitute about 15% of adenohypophyseal cells, with a higher density in the posteromedial and
posterolateral regions. Corticotroph cells, accounting for 15-20%, express pro-opiomelanocortin
(POMC) and are predominantly situated centrally. Gonadotroph cells (10%) produce luteinizing
hormone (LH) and follicle-stimulating hormone (FSH), while thyrotroph cells secrete thyroid-
stimulating hormone (TSH). Notably, somatotroph cells have the capacity to differentiate into
gonadotroph cells [31, 32].

Based on staining affinity, the pituitary contains acidophilic, basophilic, and chromophobic
cells. Acidophilic cells include somatotrophs and mammosomatotrophs, whereas basophilic cells
comprise corticotrophs, thyrotrophs, and gonadotrophs. Normal pituitary cells (acidophilic,
basophilic, chromophobic) can be identified using standard hematoxylin-eosin staining.
Additionally, other special stains have been employed to characterize individual cell types.
Hematoxylin-eosin staining reveals the acinar arrangement of cells, with basophils displaying

vacuoles.



2. GH AND PRL-SECRETING PITUITARY ADENOMAS
2.1. DEFINITION

The process of pituitary tumorigenesis is complex and not yet fully elucidated. These
tumors are considered to have a monoclonal origin. By definition, the term 'adenoma' refers to a
benign tumor of glandular epithelial cells. However, in the case of pituitary tumors, there has
been a discrepancy between their benign nature and the morbidity observed in patients with
invasive tumors that cannot be surgically resected [33, 34, 107].

In November 2016, during the 14th meeting in Annecy, the International Pituitary
Pathology Club—which includes endocrinologists, pathologists, neurosurgeons, and
researchers—deemed the existing classification of pituitary adenomas to be simplistic and not
reflective of clinical reality, particularly regarding the relatively unclear distinctions between
pituitary adenomas and carcinomas.

2.2. CLASSIFICATION

2.2.1 Morphological and Functional Classification

The classification of pituitary tumors has undergone multiple updates and improvements
alongside advancements in research and technology. Initially, based on staining properties (using
hematoxylin and eosin staining), pituitary tumors were categorized as acidophilic, basophilic, or
chromophobic. Subsequently, with the evolution of electron microscopy and
immunohistochemistry techniques, classifications began utilizing the presence and distribution of
cellular elements (such as granules and mitochondria) and hormonal expression. The 2022
classification defines adenohypophyseal tumors as pituitary neuroendocrine tumors (PitNETSs)
and recommends the term 'metastatic pituitary neuroendocrine tumor' instead of 'pituitary
carcinoma'. It is advised that tumors be classified based on the immunohistochemical expression
of transcription factors rather than solely on hormone evaluation, as the latter is considered less
specific [47, 48, 49].

2.2.2. Morphological Types and Subtypes

In densely granulated somatotroph tumors, expression is perinuclear, whereas sparsely
granulated tumors exhibit fibrous bodies. There are cases where these two patterns overlap,
referred to as intermediate cases, which clinically behave like densely granulated tumors. Both
subtypes express GH, PIT-1, SSTR2, and SSTRS. In sparsely granulated tumors, GH and SSTR2

expression may be weaker compared to densely granulated tumors.



2.2.3. Clinical Classification

Clinically, pituitary tumors are divided based on the presence or absence of hormonal
hypersecretion into functional and non-functional tumors. Prolactin-secreting pituitary tumors
are the most common functional pituitary tumors (30-45%), with a female predominance (10:1),
followed by GH-secreting pituitary tumors [58, 59].

GH-secreting tumors originate from PIT-1 lineage cells. Morphologically, they often
present as densely granulated somatotroph cells (similar to normal somatotroph cells) or sparsely
granulated cells (also exhibiting characteristic fibrous bodies). Other cells that may be part of
GH-secreting tumors include mammosomatotroph cells, which can also exhibit PRL
hypersecretion, or, in rare cases, plurihormonal tumors with cells resembling
mammosomatotrophs that can produce TSH. At least six morphological types of GH
hypersecreting tumors have been identified.

PRL-secreting pituitary tumors generally have a favorable prognosis; however, some may
exhibit treatment resistance and aggressive behavior. In these tumors, size and invasion per se are
not prognostic factors; however, those occurring at a young age (<20 years), especially in males
or individuals with a genetic predisposition, have a poorer prognosis. A possible explanation is
the involvement of genes mediating estrogen receptor signaling [74].

Pure mixed GH and PRL-secreting pituitary adenomas are relatively rare and are
characterized by aggressive progression with a high recurrence and mortality rate. Predictors of
unfavorable outcomes for these tumors (identified via MRI) include adenoma size and
intracavernous extension. The majority of mixed GH and PRL-secreting pituitary adenomas
exhibit aggressive behavior with high recurrence and mortality rates.

2.2.4. Imaging Classification

The Knosp classification (or modified Knosp classification) and the Hardy-Wilson
classification are used to determine tumor extension. According to current literature, the Knosp
grade has the highest accuracy in predicting post-surgical remission. Additionally, contact with
the internal carotid artery is another factor that can influence remission.

2.3. Prognostic Markers

Ki-67 is a nuclear and nucleolar non-histone DNA-binding protein encoded by the MKI-67

gene on chromosome 10q26.2. The Ki-67 labeling index correlates with patient outcomes in



various tumor types, including neuroendocrine tumors. Different thresholds have been proposed,
ranging from 1.3% to 10%, sometimes adapted to the tumor subtype [84, 85].

Somatostatin receptors (SSTRs) comprise a family of five types expressed in various
tumors, including neuroendocrine and other solid tumors. SSTR2 and SSTRS are the most
frequently expressed subtypes. SSTR2 has been used as a sensitive immunohistochemical marker
for meningiomas and is frequently expressed in olfactory neuroblastomas.

Estrogen receptors are members of the steroid receptor superfamily, functioning as ligand-
induced transcription factors.There are two induced isoforms of estrogen receptors: alpha (ERa)
and beta (ERP). The proliferative effects of estrogens are mediated through nuclear receptors,
which have been implicated in pituitary cell proliferation and tumorigenesis [86].

MGMT (O6-methylguanine-DNA methyltransferase) is a marker used to predict response
to temozolomide therapy, employed in patients diagnosed with aggressive, treatment-resistant
pituitary adenomas. Low or negative immunohistochemical expression of MGMT serves as a

predictor of response to temozolomide treatment [89].

I. Original Section (Personal Contribution)

3. Hypothesis and General Objectives
The primary objective of this study was to identify prognostic factors for pituitary
adenomas secreting growth hormone (GH), prolactin (PRL), and mixed GH/PRL; to validate the
prognostic value of immunohistochemical markers (Ki-67, p53, MGMT, Era, adenohypophyseal
hormones, and transcription factors—PIT-1, TPIT, SF-1), the expression of SSTR2 and SSTRS
receptors, and histopathological elements (granulation pattern, cellularity, necrosis/hemorrhage,
calcifications, growth pattern, etc.); and to develop and validate a prognostic model.
The main objectives of this study were:
e To classify GH- and PRL-secreting pituitary adenomas according to the 2022 WHO
classification and clinicopathological criteria.
o To identify prognostic factors.
o To establish clinicopathological correlations (clinical and paraclinical evaluation,
histopathological diagnosis, immunohistochemical expression of adenohypophyseal

hormones and transcription factors).

10



e To evaluate immunohistochemical markers (Ki-67, MGMT, ERa, transcription factors,
GH, PRL, TSH, FSH, LH), granulation pattern (sparsely or densely granulated), and the
presence of SSTR2 and SSTRS receptors.

e To determine the prognostic role of the evaluated elements in the studied cohort.

e To develop a prognostic model.

o To identify cases with aggressive potential.

4. Research Methodology

4.1. Patients

This study evaluated 50 patients from the National Institute of Endocrinology 'C. I. Parhon'
in Bucharest, diagnosed with GH- and PRL-secreting pituitary tumors. Biopsy samples were
collected from all patients who underwent neurosurgical interventions via transsphenoidal and/or
transfrontal approaches at the following institutions: Bagdasar-Arseni Emergency Clinical
Hospital, Neurosurgery III Department; Colentina Clinical Hospital, Bucharest; Brain Institute,
Monza; and NeuroHope Clinic.

Clinical and paraclinical data (pre- and postoperative) were analyzed and correlated with
histopathological and immunohistochemical examination results to obtain clinicopathological
correlations useful for the prognosis of these tumors. Histopathological and
immunohistochemical evaluations were conducted at the Histology Department of the 'Victor
Babes' University of Medicine and Pharmacy, Timisoara.

The study was conducted under Ethics Approval No. 04/24.02.2022, approved by the
Ethics Committee of the National Institute of Endocrinology 'C. I. Parhon' and the Ethics
Committee of the 'Carol Davila' University of Medicine and Pharmacy, Bucharest. Patients were
informed orally and in writing about the nature and purpose of the study. They had the
opportunity to ask questions to decide whether to participate, completing a dated and signed
Informed Consent form.

The study groups included:

e GH-secreting pituitary tumors (n=30)
e PRL-secreting pituitary tumors (n=5)
e Mixed GH/PRL-secreting pituitary tumors (n=15)
Inclusion criteria were: patients diagnosed with GH-, PRL-, or mixed GH/PRL-secreting

pituitary tumors who underwent transsphenoidal and/or transfrontal surgery with available
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postoperative biopsy samples; availability of clinical, biochemical (hormonal), and radiological
data, both pre- and postoperatively.

4.2. Histopathological Diagnosis

Following transsphenoidal surgery in patients diagnosed with GH-, PRL-, or mixed
GH/PRL-secreting pituitary adenomas, biopsies were collected, rinsed in saline solution, and
fixed in buffered formalin for 2-3 days.

4.3. Immunohistochemical Diagnosis

Cases were selected for immunohistochemical evaluation. Staining was performed using an
automated system (Leica Autostainer X). Mounting was done with an automated device (Leica
CV 5030). Immunohistochemistry is a method based on antigen-antibody reactions, allowing the

visualization of cellular protein substrates.

S. GH- and PRL-Secreting Pituitary Adenomas

5.1. Introduction

The main objective of this study cohort was to identify clinical, biochemical, imaging,
histopathological, and immunohistochemical prognostic markers that could be integrated into an
algorithm usable by physicians involved in managing these patients (endocrinologists,
pathologists, neurosurgeons).

5.2. Patients and Methods

The study included 50 patients diagnosed with GH- and PRL-secreting pituitary adenomas
(45 patients with acromegaly and 5 with prolactinoma) who underwent transsphenoidal
surgery. Clinical and paraclinical data (pre- and postoperative) were analyzed and correlated with
histopathological and immunohistochemical examination results to obtain clinicopathological
correlations useful for the prognosis of these tumors.

5.3. Results

Biochemically, most patients exhibited GH hypersecretion only (67.3%), 8 cases (14.5%)
had co-secretion of GH and PRL, and 5 cases (9.1%) had PRL secretion only.

Demographically, 30 cases (54.5%) were female and 20 (36.4%) were male, with a median
age at diagnosis of 45.5 years + 12.64. Most patients were aged between 40-49 years (28%). The
median follow-up duration was 7.02 years (IQR 3-10).

12



Evaluation of adenohypophyseal hormones, transcription factors, and low-molecular-

weight cytokeratin expression allowed classification of pituitary adenomas according to the latest

2022 edition.

No statistically significant differences were identified regarding age, maximum tumor

diameter at diagnosis, or invasion based on tumor characteristics.

Distribution, n (%)

Age at diagnosis (years)* 45,52 £ 12,64
Women, n (%) 30 (54,5%)
Men, n (%) 20 (36,4%)
Clinical presentation
Biochemical diagnosis
PRL- hypersecretion 509,1%)
GH- hypersecretion 37 (67,3%)
GH- & PRL- hypersecretion 8 (14,5%)
PRL level at diagnosis, (ng/dl) 5987 +£36374,27
IGF1 level at diagnosis, (xULN) 341 +1,38
GH level at diagnosis (ng/ml) 15,30+ 17,97
Pre-operative characteristics
Tumor dimensions
Maximal tumor diameter at diagnosis 22,85+ 12,63
(mm)
9 (18%)
Microadenoma, n (%) 36 72%)
Macroadenoma, n (%) 5(10%)

Giant adenomas, n (%)

Knosp Grade

0, n (%) 12 (21,8%)
1,n (%) 10 (18,2%)
2, n (%) 14 (25,5%)

3, n (%) 9 (16,4%)

4, n (%) 4 (7,3%)
Suprasellar extension 30 (54,5%)
CS invasion 20 (36,4%)
SCO (pre-operative) 16 (29,1%)
Pre-operative pituitary insufficiency, n (%) 17 (30,9%)

Apoplexy, n (%) 2 (3,6%)
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Pre-surgical treatment

Medication 8 (14,5%)
SSA
AgDA
Radiotherapy 4 (12,5%)
Surgical intervention
Approach
TS 45 (81,8%)
2XTS 5(9,1%)
Radiotherapy
GK 6 (10,9%)
CRT 2 (3,6%)
Post-operative characteristics
Follow-up
Duration (years)* 5,41 +£3,62
Surgical cure, n (%) 4 (12,5%)
Radiotherapy, n (%) 4 (12,5%)
Tumor progression after surgery, n (%) 509,1%)
Postoperative complications, n (%) 7 (12,6%)
Transient AVP deficiency 4 (7,2%)
Epistaxis 1 (1,8%)
LCR fistula 2 (3,6%)
Post-operative pituitary insufficiency, n (%)
Postoperative PRL level, (ng/dl) 265,90 + 1256,83
Postoperative IGF1 level (x ULN) 2,22 +£1,28
Postoperative GH level (ng/ml) 5,06 = 10,89
Postoperative maximal tumor diameter (mm) 13,46 + 10,09
Post-surgical medical treatment, n (%) 34 (61,8%)
Post-surgical radiotherapy, n (%) 4 (12,5%)
Control of disease under medical treatment, 40 (80%)
n (%)
Resistant to medical treatment, n (%) 6 (10,9%)

Table V.1. Clinical, radiological and biochemical characteristics of subjects included

in the study

Clinical Case

A 51-year-old patient from a non-endemic area for iodine deficiency was diagnosed with

acromegaly due to a growth hormone (GH)-secreting pituitary macroadenoma. Initial magnetic
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resonance imaging (MRI) revealed a pituitary tumor measuring 30 X 17.2 mm, exerting a mass
effect on the internal carotid artery. The patient underwent transsphenoidal surgery, resulting in
residual tumor tissue. Hormonal secretion was subsequently controlled with somatostatin analog
therapy. Immunohistochemical (IHC) analysis demonstrated strong positive expression for GH
and weak expression for adrenocorticotropic hormone (ACTH). Clinically, the patient exhibited
no signs suggestive of Cushing's syndrome.

This case highlights a rare instance of a pituitary macroadenoma primarily secreting GH
with minor ACTH expression, without clinical manifestations of hypercortisolism. Such
plurihormonal adenomas are uncommon and present unique diagnostic and therapeutic
challenges. Immunohistochemical studies are crucial in these cases to determine the tumor's
hormonal profile, which can influence management decisions and prognostic assessments. In this
patient, despite the IHC finding of weak ACTH expression, the absence of clinical features of
Cushing's syndrome suggests that the ACTH secretion was not sufficient to produce overt
hypercortisolism. The effective control of GH hypersecretion with somatostatin analogs
underscores the importance of tailored medical therapy in managing complex pituitary

adenomas.
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3.01 cm

E F

Figure 5.9. Patient diagnosed with acromegaly, with intense expression for GH
A, B — Phenotypic changes at diagnosis: acromegalic facies and enlargement of extremities, C —
Intraoperative image: transsphenoidal approach to the pituitary tumor. D — e Imaging evaluation:
preoperative MRI, T2-weighted sagittal sequence showing a pituitary tumor measuring 30 x 17.2
mm, E — intense expression for GH (+3, obiectiv x40). F- weak expression for ACTH (+1,
obiectiv x40)

Prognostic Models
Analysis of the study cohort revealed the following statistically significant correlations
(Spearman correlations): patient age correlated with Ki-67 value (rho=0.372, p<0.05), while PRL
level at diagnosis correlated with maximum postoperative tumor diameter (r=0.343, p<0.05).
Additionally, maximum postoperative tumor diameter positively correlated with GH value at

diagnosis (rho=0.466, p<0.05). For categorical variables, the Chi-square test indicated that
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preoperative treatment with dopamine agonists and disease control under treatment are
associated with the patient's cured status (p<0.05).

Ki-67, SSTR2, and SSTRS5 expression demonstrated good predictive value with AUC
(area under the curve) values between 0.5 and 0.867. Considering these three parameters, a
prognostic model was identified with an AUC of 0.871, exhibiting high sensitivity and
specificity. When postoperative GH and IGF-1 values are added to these factors, predictive
accuracy increases, resulting in an AUC of 0.916. The third tested model included all the
aforementioned variables plus maximum tumor diameter, yielding the highest predictive
potential with an AUC of 0.924. A comparative analysis of the three models showed good
predictive capacity for all (p<0.05). However, considering the confidence intervals, the first
model was inferior (Table V.7., Youden's index and cut-off for each variable are mentioned).

5.4 Discussions

Statistically significant correlations were established between age at diagnosis and Ki-67
(tho=0.372, p<0.001), maximum tumor diameter at diagnosis, PRL, IGF-1, and GH values at
diagnosis, and postoperative tumor diameter (p<0.001). Biochemical remission correlated with
Ki-67 value, maximum tumor diameter, and hormonal values at diagnosis.

This study is the first to attempt to identify prognostic models for patients diagnosed with
GH and PRL-secreting pituitary tumors. The practical implications of the study include early risk
stratification, immediately postoperatively after biopsy tissue collection. Additionally, it is the
first study on this topic to evaluate both the utility of transcription factors and the 2022 WHO
classification, as well as other prognostic elements identified in specialized studies (ERa and

MGMT expression).

6. Prognostic Evaluation and Role of Estrogen Receptor Alpha (ERa)
6.1. Introduction (Hypothesis and Objectives)
To assess the prognostic role of estrogen receptor alpha (ERa), only cases with prolactin-
secreting tumors (prolactinomas or mixed GH and PRL-secreting adenomas) were selected.
6.2. Patients and Methods
The study included 23 female patients (68.8%) and 9 male patients (28.2%).
6.3. Results

17



The average age at diagnosis was lower in males (37.89 & 11.05 years) compared to
females (p=0.012). Males presented with larger tumors (mean diameter 34 = 13.28 mm) than
females (mean diameter 19.99 + 13.35 mm; p=0.006).Radiological evaluations showed that
21.87% of females had microadenomas, whereas males predominantly had macroadenomas or
giant adenomas. There was no significant difference in tumor invasiveness between genders
(p=0.960).

6.4. Discussion

ERa expression correlated with both preoperative and postoperative PRL levels. Lower
ERa expression was observed in males and was associated with higher tumor grades, increased
proliferative activity, and treatment resistance. Tumors lacking ERa expression tended to be
larger and had a higher likelihood of recurrence post-surgery. These findings suggest that ERa
expression serves as a potential prognostic marker in prolactin-secreting pituitary tumors, with
expression levels differing by gender and correlating with tumor behavior. However, further
studies are needed to fully elucidate its prognostic value, especially in mixed GH and PRL-

secreting tumors.

7. Conclusions and Personal Contributions

This study is the first conducted in Romania to include a significant number of patients
diagnosed with both acromegaly and prolactin-secreting pituitary tumors, aiming to identify
clinically applicable prognostic markers. The research aligns with international developments,
notably the World Health Organization's (WHO) evolving classifications of pituitary tumors.

Personal Contributions

The study successfully achieved its objectives by classifying cases according to the latest
international methods, incorporating transcription factors, expression of pituitary hormones, Ki-
67, estrogen receptor alpha (ERa), somatostatin receptors 2 and 5, and O6-methylguanine-DNA
methyltransferase (MGMT) in aggressive cases. Additionally, the expression of the low
molecular weight cytokeratin CAM 5.2 was evaluated. The primary goal of identifying
prognostic factors influencing patient outcomes and developing prognostic models was also
accomplished.

Key findings include the identification of somatostatin receptor expression, Ki-67 values,

postoperative tumor diameter, and postoperative hormonal evaluations as significant prognostic

18



factors for postoperative progression. These results corroborate existing studies while
introducing novel elements, such as the development of prognostic models that integrate these
factors. Notably, this study is the first to analyze both GH-secreting pituitary tumors and those
with mixed GH and PRL secretion.

The research also highlights the importance of the 2022 WHO classification, which
emphasizes the use of transcription factors and immunohistochemistry for accurate tumor
subtyping, facilitating personalized patient management.

In summary, this study provides valuable insights into the prognostic factors of pituitary
neuroendocrine tumors, supporting the implementation of personalized and individualized

patient management strategies.
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