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Abstract
The integration of clinical, biochemical, radiological, and pathological data is crucial 
for diagnosing and managing pituitary adenomas (PAs). The objective of the study is to 
compare the clinical and biochemical classifications of PAs with their histopathological 
findings to improve diagnosis and treatment. This study characterized the clinical, 
hormonal, and pathological profiles of 40  patients with histologically confirmed 
PAs. Histopathological analysis identified eosinophilic adenomas in 75% of cases, 
amphophilic adenomas in 15%, and basophilic adenomas in 10%. Hormonal profiling 
revealed 22.5% prolactinomas, 15% somatotroph adenomas, 0.5% Cushing disease, 
and 57.5% non-functioning adenomas. Morphologically, tumors exhibited solid 
(55%), trabecular (30%), and papillary (15%) growth patterns. Immunohistochemical 
(IHC) analysis revealed monohormonal secretion in 31.5%, mixed growth hormone/
prolactin secretion in 39.4%, and plurihormonal secretion in 28.9% of cases. In 
conclusion, this study highlights prolactinomas as the most prevalent subtype, 
underscoring the critical role of integrating histopathological and IHC findings for 
accurate diagnosis and classification of adenomas.
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1. Introduction
Pituitary adenomas (PAs) are the most common pituitary neoplasms, accounting 
for approximately 10 – 15% of all intracranial tumors.1 According to the 2017 
World Health Organization (WHO) classification, pituitary tumors are defined as 
neoplasms originating within the sella turcica, arising from adenohypophysial cells, 
and presenting with varying clinical manifestations based on their hormonal activity 
and size.2 Clinically significant pituitary tumors remain relatively rare, with an 
estimated prevalence of 200/1,000,000 and an annual incidence of approximately two 
per 100,000.3 However, many adenomas are asymptomatic and are often discovered 
incidentally during neuroimaging for unrelated reasons, a phenomenon referred to as 
pituitary incidentalomas.
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PAs are broadly categorized into two types: functioning 
PAs (FPAs) and non-FPAs (NFPAs). FPAs are characterized 
by excess hormone production, often leading to distinct 
clinical syndromes such as acromegaly, Cushing disease, 
or prolactinomas, depending on the type of hormone 
secreted.4 In contrast, NFPAs do not cause hormone 
hypersecretion and are typically diagnosed due to mass 
effects, such as visual disturbances or headaches.4 Larger 
NFPAs may compress nearby structures, including the 
optic chiasm, leading to neuro-ophthalmologic symptoms.

The 2017 WHO classification incorporates 
immunohistochemical (IHC) staining and ultrastructural 
features, categorizing PAs into five subtypes based on 
hormone immunostaining: prolactin (PRL)-secreting, 
growth hormone (GH)-secreting, adrenocorticotropic 
hormone (ACTH)-secreting, thyroid-stimulating 
hormone (TSH)-secreting, and gonadotroph adenomas 
expressing follicle-stimulating hormone (FSH) and 
luteinizing hormone (LH).5-7 Non-functioning adenomas 
may express hormone markers without clinical signs of 
hormone overproduction, whereas null cell adenomas 
exhibit no detectable hormone production.4

Recent research has highlighted that tumor behavior, 
including growth potential and recurrence risk, can 
be better predicted through the integration of clinical, 
biochemical, radiological, and IHC profiles with 
molecular and genetic markers. Atypical adenomas, 
characterized by more aggressive clinical behavior, often 
exhibit features such as a high mitotic rate, increased 
Ki-67 proliferation index, and p53 overexpression.2 
This comprehensive approach is crucial in enhancing 
diagnostic precision and optimizing therapeutic 
strategies, including surgery, pharmacological treatment, 
and radiation therapy.

Previous studies have emphasized the complementary 
roles of histopathology and IHC in diagnosing PAs. 
Histopathology evaluates cellular morphology and growth 
patterns, while IHC facilitates precise identification 
of hormone expression, even in clinically silent or 
ambiguous cases. For instance, NFPA, which constitutes a 
significant proportion of pituitary tumors, often exhibits 
immunoreactivity for pituitary hormones without 
associated clinical syndromes. Despite these diagnostic 
advancements, discrepancies between histopathological 
classifications and IHC profiles persist, underscoring the 
need for an integrated diagnostic approach.

This study aimed to characterize the clinical and 
hormonal profiles of PAs and compare their clinical and 
biochemical classifications with histopathological findings 
to improve diagnostic and management approaches.

2. Materials and methods
2.1. Patients

A total of 40  patients diagnosed with PAs were included 
in the study. These patients were followed up in the 
Endocrinology and Diabetology Department of Farhat 
Hached University Hospital, Sousse. Each patient underwent 
pituitary neurosurgery, and the surgical specimens were 
analyzed in the Pathology Department of the same hospital. 
Only cases that were histologically confirmed as PAs after 
a complete pathological examination were included in the 
study. Written informed consent was obtained from all 
participants for the use of their clinical data and specimens. 
Patients with histologically confirmed pituitary carcinomas 
or other non-adenoma pituitary diseases were excluded from 
the study. All procedures were conducted in accordance 
with the ethical standards of the Declaration of Helsinki and 
approved by the Institutional Ethics Committee.

2.2. Clinical identification of PAs

Patients were classified into two groups based on their 
clinical and biochemical profiles. FPAs were identified in 
cases with clinical and biochemical evidence of endocrine 
syndromes associated with hormone hypersecretion. 
NFPAs were diagnosed in patients without clinical or 
biochemical signs of hormone overproduction and were 
primarily identified through neuro-ophthalmological 
or radiological manifestations. Tumor size was assessed 
using magnetic resonance imaging and classified as 
microadenomas (<10 mm in diameter) or macroadenomas 
(≥10  mm). Tumor invasiveness was graded according to 
Hardy’s classification, with Grade I-III being non-invasive 
and Grade IV classified as invasive.8

2.3. Hormonal assessment

Serum levels of FSH, LH, PRL, and TSH were measured 
using a chemiluminescence immunoassay (Diasorin, 
Italy). ACTH and GH levels were determined using 
immunoradiometric assay techniques with commercially 
available kits (Beckman Coulter, United States).

2.4. Pathological examination

The pathological examination of the tumor specimens 
consisted of two main steps: tissue processing and 
histopathological examination. In the tissue processing 
phase, tumor specimens were fixed in 10% buffered 
formalin for 48 h to preserve tissue integrity, followed by 
embedding in paraffin blocks to facilitate sectioning.

For histopathological examination, serial sections of 
4 µm in thickness were cut from each paraffin block and 
mounted onto glass slides. Hematoxylin and eosin staining 
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was performed on these sections for routine histological 
examination, allowing assessment of cellular morphology, 
growth patterns (solid, trabecular, or papillary), and tumor 
classification (eosinophilic, amphophilic, or basophilic). 
Based on their staining properties, PAs are categorized 
as: (i)  eosinophilic, typically associated with GH or PRL 
secretion, (ii) basophilic, which is often linked to ACTH 
secretion, or (iii) amphophilic, which may show mixed 
hormonal profiles.

The growth patterns of PAs (solid, trabecular, and 
papillary) are linked to specific tumor subtypes and clinical 
behaviors:
(i)   � Solid: These are NFPAs that are less aggressive but 

may cause mass effects.
(ii) � Trabecular: These are GH-secreting (somatotroph) 

adenomas and prolactinomas.GH adenomas 
are linked to acromegaly (50% invasive), while 
prolactinomas are often invasive (43%).

(iii)   �Papillary: These are ACTH-secreting (corticotroph) 
adenomas and plurihormonal adenomas. ACTH 
adenomas are associated with Cushing disease and 
are often invasive, while plurihormonal adenomas 
have variable behavior.

IHC staining was conducted using a panel of primary 
antibodies targeting pituitary hormones, including GH, 
PRL, ACTH, TSH, FSH, and LH. The IHC protocol 
involved antigen retrieval, blocking of non-specific binding, 
and application of the primary antibodies, followed 
by detection using standardized staining. IHC results 
were semi-quantitatively scored based on the number of 
positively stained cells: 0 (Negative), 1+ (1 – 4  cells), 2+ 
(5 – 20 cells), 3+ (21 – 50 cells), and 4+ (>51 cells). This 
approach ensured a systematic evaluation of hormone 
expression and correlation with histopathological findings.

2.5. Categories of PAs

2.5.1. Functioning adenomas

These tumors secrete one or more pituitary hormones, 
leading to specific clinical syndromes. They are further 
classified based on the hormone they produce:
(i)   �   Prolactin-secreting adenomas: These can cause 

hyperprolactinemia, leading to symptoms such as 
galactorrhea, menstrual irregularities, and infertility

(ii)     �GH-secreting adenomas: These result in acromegaly 
or gigantism due to excessive GH production

(iii)  �  ACTH-secreting adenomas: These lead to Cushing 
disease, characterized by hypercortisolism

(iv)  �  TSH-secreting adenomas: These can cause 
hyperthyroidism due to excessive TSH

(v)     �FSH/LH-secreting adenomas: These are often 
asymptomatic but may cause hormonal imbalances.

2.5.2. Non-functioning adenomas

Non-functioning adenomas do not secrete hormones at 
clinically significant levels. They are typically asymptomatic 
until they grow large enough to cause mass effects, such as 
headaches, visual disturbances, or hypopituitarism.

2.6. Statistical analysis

Data analysis was performed using IBM Statistical Package 
for Social Sciences for Windows, Version 23.0 (IBM Inc., 
United States). Continuous variables such as age and 
tumor size were presented as mean ± standard deviation. 
Descriptive statistics were used to summarize the clinical, 
biochemical, and histopathological features of the PAs.

3. Results
The cohort consisted of 40  patients (24 men and 
16 women) with a mean age of 45 ± 6.5  years. The 
average tumor size was 13.2 ± 5.8  mm, with 87.5% 
classified as macroadenomas (>10  mm) and 12.5% as 
microadenomas (<10  mm). Among the patients, 30% 
required a second surgery due to tumor recurrence, 
while 17.5% underwent adjuvant radiotherapy. Eighty 
percentages of the patients received medical therapy 
postoperatively, targeting hormonal control and tumor 
recurrence. Invasiveness, defined by Hardy Grade  IV, 
was identified in 40% of cases, while 60% were non-
invasive or localized to intrasellar or extrasellar regions 
(Hardy Grades I-III) (Table 1).

Clinical symptoms varied according to the type of 
PA. In prolactinomas (22.5%), women presented with 
amenorrhea, galactorrhea, and infertility in 75% of the 
cases. Patients with somatotroph adenomas (15%) exhibited 

Table 1. Clinical baseline characteristics of patients and 
pituitary adenomas

Characteristics Results (%)

Age (years) 45±6.5

Gender

Men 24

Woman 16

Diameter (mm) 13.2±5.8

Second surgery, n (%) 12 (30)

Radiotherapy, n (%) 7 (17.5)

Medical treatment, n (%) 32 (80)

Invasiveness extension (Hardy), n (%)

Non‑ invasive

Intrasellar (I‑II) 11 (27.5)

Extrasellar (III) 13 (32.5)

Invasive (IV) 16 (40)
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typical features of acromegaly, such as enlarged extremities 
in 90% of the cases. Two patients (0.5%) with Cushing 
disease had symptoms of weight gain, central obesity, 
hypertension, and purple striae. NFPAs represented 57.5% 
of cases, and 60% of them were diagnosed due to mass 
effects, causing headaches, visual field defects, and optic 
chiasm compression.

Histopathological analysis revealed that 75% of 
adenomas were eosinophilic, 15% amphophilic, and 10% 
basophilic. Solid growth patterns were observed in 55% 
of tumors, with 30% displaying a trabecular structure and 
15% a papillary pattern (Figures  1 and 2). Eosinophilic 
adenomas were primarily associated with PRL and GH 
secretion, while basophilic adenomas were linked to 
ACTH production.

Immunohistochemistry profiling revealed 
monohormonal secretion in 31.5% of adenomas, with 
the following distribution: 10% were prolactinomas, 5% 
GH-secreting, 5% ACTH-secreting, 5% TSH-secreting, 
and 5% gonadotroph adenomas. Mixed GH/PRL 
adenomas comprised 37.5% of cases, while plurihormonal 
adenomas accounted for 27.5%, and null-cell adenomas 
represented 5%.

Eosinophilic adenomas exhibited higher rates of 
invasiveness (50% invasive) compared to amphophilic 
and basophilic adenomas (20% invasive) (Figure 3). This 
was particularly evident in prolactinomas (43% invasive) 
and somatotroph adenomas (50% invasive). IHC findings 
closely correlated with clinical presentations in FPAs, with 
acromegaly and Cushing disease confirmed by hormone 
overproduction in GH and ACTH adenomas, respectively.

NFPAs, despite lacking endocrine symptoms, exhibited 
significant mass effects, with 65% of patients presenting 
with neuro-ophthalmological complications and 45% 
requiring surgery for compression-related symptoms. 
Most NFPAs were macroadenomas (85%), underlining 
the importance of timely surgical intervention to prevent 
further neurological damage.

Statistical analysis revealed a significant correlation 
between tumor size and invasiveness, with larger adenomas 
(>12  mm) more frequently exhibiting Hardy Grade  IV 
invasion (p < 0.05). This association was particularly 
pronounced in eosinophilic adenomas, suggesting that 

Figure 2. Pituitary adenoma with trabecular pattern in hematoxylin and 
eosin staining. The trabecular architecture is characterized by elongated, 
ribbon-like structures of tumor cells separated by fibrous stroma or 
vascular channels. Scale bar: 1 mm, magnification: ×200.

Figure 1. Pituitary adenoma showing solid pattern in hematoxylin and 
eosin staining. The solid pattern is characterized by densely packed tumor 
cells forming sheets or nests without distinct organizational structures, 
such as trabeculae or papillae. Scale bar: 1 mm, magnification: ×200.

Figure 3. The predominant type of pituitary adenomas according to cell 
features: acidophilic pituitary adenoma with hematoxylin and eosin. 
The acidophilic cells are characterized by their pink-staining cytoplasm, 
which is indicative of hormone-producing cells, such as those secreting 
growth hormone or prolactin. Scale bar: 1 mm, magnification: ×200.
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both tumor size and histological subtype serve as key 
predictors of aggressive behavior and clinical outcomes.

4. Discussion
In this study, we conducted a comparative analysis of 
histological examination and immunohistochemistry to 
characterize PAs. A  notable strength of this research is 
the comprehensive inclusion of radio-clinical, hormonal, 
and IHC assessments for all patients, all performed in a 
single laboratory. Despite numerous publications on PAs, 
there is a scarcity of large-scale studies scrutinizing both 
morphologic and IHC features. However, a key limitation 
of our study is the absence of molecular analysis, which 
could provide further insights into tumor behavior.

NFPAs often present as macroadenomas and can 
exhibit invasiveness. The primary therapeutic approach 
involves surgery, with radiotherapy employed in cases of 
recurrence or persistence.9 In contrast to FPAs, medical 
interventions for NFPAs are generally less effective, as 
their management often focuses on alleviating mass effects 
rather than hormonal control.4 The prognosis for NFPAs 
depends on the efficacy of these treatments. Although 
most PAs are benign and slow-growing, clinical follow-up 
is infrequent when no residual tumor is evident post-
surgery or irradiation.10

Our hormonal findings revealed that prolactinomas, 
somatotroph adenomas, Cushing disease, and NFPAs 
accounted for 57.5% of the cohort, aligning with existing 
literature that highlights prolactinomas as the most 
common pituitary tumors.11 Interestingly, our IHC analysis 
showed that LH and TSH adenomas each represented only 
5% of cases. This lower prevalence may be attributed to the 
fact that gonadotroph adenomas are often not surgically 
removed due to their indolent nature.9 In addition, 
certain assays, such as alpha subunit measurement, may 
be necessary to accurately detect these adenomas, which 
could contribute to discrepancies.9

Histologically, eosinophilic adenomas are traditionally 
associated with acromegaly, basophilic adenomas with 
Cushing syndrome, and chromophobe adenomas with 
non-functionality.11 However, our findings suggest 
that not all acidophilic tumors produce GH, nor are all 
GH-producing tumors eosinophilic. Similarly, some 
basophilic tumors may not cause Cushing syndrome, and 
many chromophobic tumors exhibit hormonal activity.11,12 
These results align with findings in recent literature that 
emphasize the need for a nuanced understanding of PA 
classification.13

The IHC classification of PAs has several limitations. 
Despite its advancements in tumor classification, the 

technique is semi-quantitative and is subjected to 
observer-dependent variations.14 This variability, along 
with its reliance on specific antibodies, introduces bias 
into IHC results.7 The effectiveness of IHC is compromised 
in cases where adenomas secrete hormone isoforms that 
are not recognizable by the chosen antibodies.15 Petrus 
et al.16 noted the potential underestimation of FSH levels 
when using monoclonal antibodies, particularly in altered 
isoform balances.16

Plurihormonal adenomas are characterized by the 
production of multiple hormones, with combinations 
such as GH-PRL or GH-TSH being common.17 Our study 
identified a plurihormonal frequency of 28.9%, which 
aligns with findings from other studies where over 30% of 
adenomas expressed multiple hormones.18 The cytogenesis 
of these tumors remains poorly understood, but they can 
significantly impact clinical management, especially in 
somatotroph adenomas, where up to 50% may exhibit 
plurihormonal activity.13

In a study of 143 plurihormonal PAs, 29 IHC subtypes 
were recognized, highlighting the complexity of tumor 
classification.19 In another study by Balinisteanu et al.,11 
only 9.1% of adenomas were found to be plurihormonal.11 
The differences in reported frequencies may arise from 
variations in quantification methods for hormone 
immunoreactivity, emphasizing the need for standardized 
protocols in IHC analysis.11

This study has several limitations, including the absence 
of molecular analyses, which restricts the ability to explore 
genetic and epigenetic alterations that could provide deeper 
insights into the pathogenesis and heterogeneity of PAs, 
particularly plurihormonal tumors. Without techniques 
such as next-generation sequencing or RNA sequencing, 
the study was not able to identify potential biomarkers or 
therapeutic targets.

Overall, our findings contribute to the evolving 
understanding of PAs, underscoring the importance of 
integrating histopathological and IHC data for accurate 
diagnosis and management. Further research, particularly 
incorporating molecular analyses, is needed to enhance 
our understanding of the pathogenesis and behavior of 
these tumors.

5. Conclusion
The comparison between pathology examination and IHC 
in our study highlights that prolactinomas are the most 
prevalent pituitary tumors in our cohort. The critical role of 
comprehensive IHC staining for all pituitary hormones is 
underscored, as it is essential for accurately characterizing 
the secretory or non-secretory behavior of tumors, 

https://dx.doi.org/10.36922/gtm.8474


Global Translational Medicine Immunohistochemistry in pituitary adenomas

Volume 4 Issue 2 (2025)	 101� doi: 10.36922/gtm.8474

particularly in assessing plurihormonality. Our findings 
indicate a plurihormonal frequency of 28.9%, suggesting a 
significant overlap in hormone production among various 
adenoma types.

The integration of molecular profiling techniques may 
enhance the diagnostic precision of PA subtypes beyond 
the ability of traditional IHC. This advancement could lead 
to a reevaluation of the known prevalence of PAs, with 
important clinical implications for treatment strategies 
and patient management. The emerging understanding of 
the molecular landscape of these tumors has the potential 
to inform tailored therapeutic approaches, ultimately 
improving patient outcomes.
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