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Abstract
Pituitary neuroendocrine tumors (PitNET) are neuroendocrine tumors originating from ade-
nohypophyseal cells. Although benign, PitNETs sometimes exhibit aggressive biological beha-
vior that was the inspiration for the change of old and traditional name “pituitary adenomas”.
Current standard in PitNET diagnostics, according to WHO criteria, is immunohistochemi-
stry, with application of antibodies to adenohypophysis hormones and transcription factors 
TPIT (T-box family member TBX19), PIT1 (pituitary transcription factor 1) and SF-1 (stero-
idogenic factor-1) according to which, the line of differentiation is assessed. 
In the PIT1 line of differentiation there are somatotroph, lactotroph and thyrotroph tumors. 
Somatotroph tumors are from PIT1 lineage that produce growth hormone (GH). The WHO 
defines the following subtypes of somatotroph tumors: densely granulated and sparsely gra-
nulated somatotroph tumor.
Lactotroph tumors are the most common neuroendocrine tumors of the pituitary gland. The 
transcription factors PIT1 and the estrogen receptor α (ERα) play a key role in their genesis. 
There are two subtypes of lactotroph tumors, densely and sparsely granulated that are diffe-
rentiated by the type of prolactine (PRL) staining pattern.
Thyrotroph tumors expess both PIT1 and GATA binding protein 3 (GATA3), and can show 
variable positivity for thyroid-stimulating hormone (TSH).
Beside these three main tumor types of PIT1 lineage, there are mixed lactotroph and somato-
troph tumors, mamosomatotroph tumor, acifophilic “stem cell” tumor, mature and immature 
plurihormonal tumor. 
Corticotroph tumors express transcription factor TPIT, and produce adrenocorticotrophic 
hormone (ACTH). They can be densely granulated and sparsely granulated. Rare subtype of 
corticotroph tumors, that can show aggressive biological behavior, is Crooke cell tumor.
Gonadotroph tumors are of SF1 lineage of differentiation, and they produce follicle-stimula-
ting hormone (FSH) and luteinizing hormone (LH).
Null-cell tumors show no distinct cell lineage, and do not express any of the transcription fa-
ctors. With the use of transcription factors, these tumors are diagnosed through elimination, 
and their number tented to decrease.
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Neuroendokrini tumori hipofize (PitNET) su neuroendokrini tumori koji vode poreklo 
od ćelija adenohipofize. Iako benigni, PitNET ponekad pokazuju agresivno biološko po-
našanje koje je bilo inspiracija za promenu tradicionalnog imena “adenomi hipofize”.
Prema kriterijumima SZO, trenutni standard u dijagnostici PitNET-a je imunohistohe-
mijska analiza, uz primenu antitela prema hormonima adenohipofize i transkripcionih 
faktora TPIT (T-box family member TBX19), PIT1 (situitary transcription factor 1) i SF-1 
(steroidogenic factor-1), prema kojima se određuje linija diferencijacije.
U PIT1 liniji diferencijacije nalaze se somatotrofni, laktotrofni i tireotrofni tumo-
ri. Somatotrofni tumori su PIT1 linije diferencijacije i proizvode hormone rasta (GH). 
Svetska zdravstvena organizacija definiše sledeće potkategorije somatotrofnih tumora: 
gusto granulirani somatotrofni tumor i oskudno granulirani somatotrofni tumor.
Laktotrofni tumori su najčešći neuroendokrini tumori hipofize. Transkripcioni faktori 
PIT1 i estrogen receptor α (ERα) imaju ključnu ulogu u njihovoj genezi. Postoje dva po-
dtipa laktotrofnih tumora koji se razlikuju po obrascu bojenja prolaktina (PRL) i to su 
gusto i oskudno granulirani laktotrofni tumori.
Tireotrofni tumori eksprimiraju PIT1 i GATA, vezujući protein 3 (GATA3), a mogu da 
pokažu varijabilnu pozitivnost na tireostimulišući hormon (TSH).
Pored ova tri glavna tipa tumora PIT1 linije diferencijacije, u ovoj grupi se nalaze i mešo-
viti laktotrofni i somatotrofni tumor, mamosomatotrofni tumor, acidofilni tumor “matič-
nih ćelija”, zreli i nezreli plurihormonski tumor PIT1 linije diferencijacije.
Kortikotrofni tumori eksprimiraju transkripcioni faktor TPIT i produkuju adrenokorti-
kotrofni hormon (ACTH). Oni mogu biti gusto i oskudno granulirani. Retki podtip korti-
kotrofnih tumora, koji može da pokazuje agresivno ponašanje, je Krukov (Crooke) ćelijski 
tumor.
Gonadotrofni tumori su SF1 linije diferencije i oni produkuju folikulostimulišući hormon 
(FSH) i luteinizirajući hormon (LH).
“Null-cell” tumori ne pokazuju određenu liniju diferencijacije i ne eksprimiraju ni jedan 
od transkripcionih faktora. Primenom transkripcionih faktora ovi tumori se dijagnosti-
kuju metodom eliminacije, te se njihov broj smanjuje.

Pituitary neuroendocrine tumors (PitNET) are ne-
uroendocrine tumors originating from adenohypophyseal 
cells (1). They are the most common primary tumors of 
the selar region and represent 10-15 % of all intracranial 
neoplasms (2). Although benign, PitNETs sometimes ex-
hibit aggressive biological behavior invading surrounding 
structures, the most commonly cavernous sinuses (3). 
Unpredictive aggressive biological behavior of PitNET’s 
was the inspiration for a recent proposal of the change of 
their old and traditional name “pituitary adenomas” (4), 
which was accepted by the WHO in its latest, fifth classifi-
cation of endocrine and neuroendocrine tumors (5). 

	 The basic morphological characteristic of PitNET 
is the destruction of the acinar structure of the ade-
nohypophysis, which can be visualized by histochemical 
staining on reticulin. It represents a very heterogeneous 
category from a morphological point of view. There are 
variations in the size and appearance of cells, cell borders, 
as well as in the pattern of tumor cell growth (6). The ol-
dest morphological classification of pituitary adenomas 
(nowadays PitNETs) was based on the tinctorial properties 
of their cytoplasm assessed on standard hematoxylin-eo-
sin (HE) staining; tumors were classified as acidophilic, 
basophilic and chromophobic.

Contemporary standard in PitNET diagnostics ac-
cording to WHO criteria is immunohistochemistry, with 

mandatory application of antibodies to adenohypophysis 
hormones and transcription factors TPIT (T-box family 
member TBX19), PIT1 (pituitary transcription factor 1) 
and SF-1 (steroidogenic factor-1) (1, 5). They are classified 
according to the line of differentiation, which is defined 
by the activation of one of the three transcription factors. 
The final diagnosis is established in correlation with the 
expression of the adenohypophiseal hormones, additional 
transcription factors and clinical data (functional status of 
the tumor, invasiveness of the tumor, type and duration of 
symptoms).

A mandatory part of PitNET diagnostics is the as-
sessment of the proliferative Ki-67 index (clone MIB-1) 
in the area of the highest activity (1, 7). Assessment of im-
munohistochemical positivity for p53 protein is no longer 
mandatory according to WHO criteria; it may be useful 
to predict the aggressive biological behavior of pituitary 
tumors (1, 5).	

Although PitNETs are of epithelial origin, the im-
munohistochemical expression of cytokeratin (CK) and 
neuroendocrine markers is not uniform. All PitNETs 
are positive for Synaptophysin, while the expression of 
Chromogranin A and CK depends on the type of tumor 
(2). Persistent CK positivity is observed in somatotroph 
and corticotroph tumors; other types of PitNETs show va-
riable CK positivity (1, 5).
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In addition to the PitNET classification adopted by 
the WHO, clinical-pathological classification of pituitary 
tumors has also been proposed. This approach of the cla-
ssification promotes the use of clinical data, such as tumor 
size and invasiveness, as diagnostic criteria, in addition 
to pathohistological and immunohistochemical findings 
(7, 8).

PIT1-lineage PitNETs

Somatotroph tumors

Somatotroph tumors are neuroendocrine pituitary 
tumors from the PIT1 lineage that produce growth hor-
mone (GH). Excessive, uncontrolled GH secretion clinica-
lly leads to acromegaly or gigantism, depending on the age 
of the patient (1). Clinically silent somatotroph tumors are 
very rare (9). The WHO defines the following subtypes of 
somatotroph tumors:

The subtype of densely granulated somatotroph tu-
mor is characterized by diffuse growth pattern and mode-
rate cellularity. They are made up of cells of medium size, 
with unclear borders. The histological characteristic of this 
subtype of somatotroph tumor is extremely acidophilic 
granular cytoplasm. The nuclei are centrally placed, rou-
nd, slightly uneven, with clear chromatin and conspicuous 
nucleolus. Immunohistochemically, densely granulated 
somatotroph tumor cells show diffuse intense staining for 
low molecular weight cytokeratin (figure 1A), which is 
observed either throughout the cytoplasm or in the peri-
nuclear zone in more than 70 % of tumor cells. All tumor 
cells show diffuse, intense, and uniform immunopositivity 
for GH (figure 1B) and PIT1 (figure 1C) (10). Densely 
granulated somatotroph tumors can be plurihormonal, 
showing prolactin (PRL) and thyroid stimulating hormo-
ne (TSH) staining in addition to GH positivity (1, 5).

The subtype of sparsely granulated somatotroph tu-
mor is composed of cells that are medium in size, with 
unclear borders and chromophobic cytoplasm. The nuclei 
are mostly round and uneven, with light chromatin and 
a pronounced nucleolus. Nuclear pleomorphism can be 
extremely pronounced in this subtype of somatotroph 
tumor. Double and multinucleate cells are relatively com-
mon (10). The diagnostic hallmark of sparsely granulated 
somatotroph tumors is a round, glassy, light pink round 
inclusion in the cytoplasm, called the fibrous body, which 
dislocates the nucleus. On immunohistochemistry, fibro-
us body is stained with low-molecular cytokeratin (figure 
1D). Fibrous bodies present in more than 70 % of tumor 
cells represent a diagnostic criterion for differentiating the 
sparsely granulated somatotroph from the densely granu-
lated tumor subtype (1). Immunohistochemical expressi-
on of GH in sparsely granulated somatotroph tumors is 
typically focal, of low intensity, and sometimes comple-
tely absent (figure 1E) (10) in contrast to PIT1 positivity, 
which is diffuse and intensive (figure 1F). According to 
WHO criteria, sparsely granulated somatotroph tumors 

are classified as high-risk tumors due to their potential 
aggressive biological behavior (1, 5).

All somatotroph PitNETs are characterized by the 
presence of somatostatin receptors in the cell membrane, 
especially receptors 2A and 5, which enables their success-
ful therapy with somatostatin analogues (11).

Mixed lactotroph and somatotroph tumors

Mixed lactotroph and somatotroph tumors are 
composed of two types of tumor cells, which show immu-
nohistochemical positivity for GH or PRL. Their positivity 
is observed in different cells and in variable ratios. Both 
granulation patterns can be found in this subtype of soma-
totroph tumor. Nuclear estrogen receptor α (ERα) positivi-
ty is observed in PRL-positive cells (1, 5).

Mamosomatotroph tumor

Mamosomatotroph tumor is a rare subtype of so-
matotroph tumors. Histologically, the tumor is composed 
of cells in a diffuse growth pattern, with rich acidophilic 
cytoplasm, large, round, centrally placed nuclei, pale chro-
matin and accentuated nucleolus. The diagnostic criterion 
for mamosomatotroph tumor is the immunopositivity of 
all cells to PRL, GH and ERα (5, 12).

Acidophilic “stem cell” tumor

Acidophilic “stem cell” tumors represent up to 1 % 
of somatotroph tumors. They are characterized by di-
ffuse growth pattern of chromophobic and, to a lesser 
extent, acidophilic cells. Nuclear pleomorphism may be 

Figure 1. Densely granulated somatotroph PitNETsare 
characterised by diffuse and intensive cytoplasmic positivity 
for CK8/18 (A) and GH (B), as well as diffuse nuclear positivity 
for transcriptional factor PIT1 (C). Sparsely granulated 
somatotroph PitNETs show perinuclear, dot-like, positivity for 
CK8/18 (A) and only focal GH posititity (B) which is sometimes 
absent (x400). Diffuse nuclear positivity for PIT1 confirms PRL/
GH/TSH lineage of differentiation (F). 
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pronounced. The characteristic morphological features of 
acidophilic “stem cell” adenoma are vacuoles that repre-
sent megamitochondria. Fibrous bodies are observed in 
the cytoplasm; they can be easy visualized by immuno-
histochemical staining with low-molecular cytokeratin. 
Immunohistochemically, acidophilic stem cell tumors 
show diffuse and intense PRL and ERα immunopositi-
vity, while GH positivity is mild or completely negati-
ve (5, 10, 12). Acidophilic stem cell tumors often exhibit 
aggressive biological behavior (1).

Lactotroph tumors

Lactotroph tumors are prolactin-producing neuroe-
ndocrine tumors of the pituitary gland. The transcription 
factors PIT1 and the ERα play a key role in their genesis 
(1, 12, 13). The WHO classification of pituitary neuroe-
ndocrine tumors recognizes two subtypes of lactotroph 
tumors, densely and sparsely granulated. The diagnostic 
criterion for the differentiation of these two types is the 
PRL staining pattern.

The subtype of sparsely granulated lactotroph tu-
mor is the most common in practice. It is composed of 
relatively large, sometimes elongated chromophobic cells 
with unclear cell borders in diffuse or, less frequently, pa-
pillary arrangement (figure 2A). Psammoma bodies, pro-
nounced congestion and amyloid deposits in the inter-
stitium can be found in this type of tumor. Nuclear and 
cellular pleomorphism is observed in rare individual cases. 
Immunohistochemical intensive expression of PRL in the 
Golgi zone is a morphological hallmark of sparsely granu-
lated lactotroph tumor (figure 2B) (1,5). As all lactotroph 
tumors, immunohistochemical positivity for transcription 
factor PIT1 is diffuse and intensive (figure 2C). 

 The densely granulated lactotroph tumor subtype is a 
very rare tumor subtype, characterized by acidophilic cells 
with diffuse cytoplasmic PRL immunopositivity (1). This 
type of tumor may exhibit aggressive biological behavior 
(14).

Although lactotroph tumors are the most common 
neuroendocrine tumors of the pituitary gland in clinical 
practice, their number is very small in surgical series due to 

the successful use of dopamine agonists in their treatment 
(15). Surgical treatment is an option only for patients with 
lactotroph tumors resistant to drug treatment. Dopamine 
agonists cause morphological changes in lactotroph tu-
mors, such as cell shrinkage, increased nucleo-cytoplasmic 
ratio, nuclear hyperchromasia, perivascular and interstitial 
fibrosis, and poor PRL immunopositivity (16).

Lactotroph tumors in men have been recognized by 
the WHO as tumors with potential aggressive biological 
behavior (1, 5, 13).

Thyrotroph tumors

Thyrotroph tumors are neuroendocrine tumors of 
the pituitary gland that are characterized by the produ-
ction of TSH. Together with somatotroph and lactotroph 
tumors, they belong to the PIT1 line of differentiation 
(17). In addition to PIT1, the transcription factor GATA 
binding protein 3 (GATA-3) is active in thyrotroph tu-
mors (18). Thyrotroph tumors are extremely rare. They 
are composed of spindle cells with unclear borders, chro-
mophobic cytoplasm, in a solid or diffuse arrangement, 
with interstitial fibrosis and rare psammoma bodies (1). 
Immunohistochemically, tumor cells show variable positi-
vity for TSH and the α-subunit (1).

Mature plurihormonal PIT1 lineage tumor

Mature plurihormonal PIT1 lineage tumor is chara-
cterized by monomorphic cells positive for the transcripti-
on factors PIT1, ER and GATA3. Immunopositivity to GH 
is dominant; PRL and TSH positivity is focal, and cytoke-
ratin expression is focal and variable (5). These tumors are 
more often functioning than non-functioning.

Immature plurihormonal PIT1-lineage tumor

Immature plurihormonal PIT1-lineage tumor, pre-
viously named “silent subtype 3 tumor”, is made up of po-
lygonal or spindle-shaped chromophobe cells that resem-
ble thyrotrophs. The only consistent immunohistochemi-
cal staining of these tumors is on the transcription factor 
PIT1; staining for one or more hormones and transcrip-
tion factors of PIT1 differentiation lines (GH, PRL, TSH, 
GATA3, ER and TSH) are variable. Immature plurichor-
monal PIT1-lineage tumors may be functioning and may 
cause symptoms of hyperprolactinaemia, acromegaly, or 
central hyperthyroidism. This type of tumor belongs to 
the group of tumors with potentially aggressive biological 
behavior (1, 5).

TPIT-lineage PitNETs

Corticotroph tumors

Corticotroph tumors are neuroendocrine tumors of 
the pituitary gland that show nuclear expression of the trans-
cription factor TPIT and produce adrenocorticotrophic 

Figure 2. Cells of sparsely granulated lactotroph PitNETs are 
uniform, with indistinct borders and chromophobic cytoplasm 
(A). Perinuclear Golgi-type immunohistochemical positivity is 
typical for sparsely granulated lactotroph PitNETs (B). Nuclear 
PIT1 positivity denotes PRL/GH/TSH lineage of diffefentiation 
(C) (x400). 
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hormone (ACTH) (1, 5). The WHO defines three subtypes 
of corticotroph tumors:

The subtype of densely granulated corticotroph tumor 
is most frequently observed. It is a functional tumor that 
causes Cushing’s disease. It is composed of monomorphic 
round cells in diffuse or sinusoidal arrangement with ba-
sophilic, PAS positive, cytoplasm (figure 3A). The nuclei 
are mostly round, centrally placed, with a pronounced 
nucleolus. The diagnostic criterion for densely granulated 
corticotroph tumor is diffuse and intense immunohistoc-
hemical positivity for ACTH (figure 3B), low molecular 
weight cytokeratin and TPIT (figure 3C) (1, 19).

The subtype of sparsely granulated corticotroph tu-
mor is less common than densely granulated corticotroph 
tumor and is most often non-functioning. Tumor cells are 
larger, and the cytoplasm is chromophobic and mildly PAS 
positive (figure 3D). Immunohistochemically, diffuse and 
intense cytoplasmic positivity for low molecular weight 
cytokeratin is observed. Immunopositivity for ACTH is 
mild and focal (figure 3E) (19). In rare cases, immuno-
histochemical positivity for ACTH is completely absent, 
when the diagnosis of this type of corticotrophic adenoma 
depends exclusively on the use of antibodies to the trans-
cription factor TPIT (figure 3F) (20). The WHO classifies 
poorly granulated corticotroph tumors as high-risk gro-
up of PitNETs, due to very frequent aggressive biological 
behavior (1). Aggressive corticotroph tumors often have 
a mutation in the ATRX gene, which can be detected by 
immunohistochemical staining (21). 

Crooke cell tumor is a rare subtype of corticotroph 
tumors whose precise histopathological diagnosis is of 
great importance, since they often show aggressive biolo-
gical behavior (1). The basic morphological characteristic 

of the cells of this tumor is Crooke hyaline change in more 
than 50 % of tumor cells. It is characterized by the presence 
of hyaline, intensely CK-positive material in the form of 
a ring around the nucleus, which moves ACTH-positive 
granules into the zone below the cell membrane (22).

SF1-lineage PitNETs

Gonadotroph tumors

Gonadotroph tumors are neuroendocrine tumors of 
the pituitary gland that belong to the SF1 line of differen-
tiation, producing a variable amount of αSU and β subu-
nits of follicle-stimulating hormone (FSH) and luteinizing 
hormone (LH) (23). These tumors are the most common 
type of non-functioning PitNETs (1).

Gonadotroph tumors are composed of chromopho-
bic cells with clear cell borders that form diffuse sheets or 
pseudopapillae with conspicuous perivascular pseudoro-
settes (figure 4A). Immunohistochemically, gonadotroph 
tumors show typical focal expression of αSU, FSH, and LH 
(figures 4B and C), which depends on the visualization 
technique and may be completely absent (22). The appli-
cation of immunohistochemical staining to SF1 enabled 
the recognition of “hormone-negative gonadotroph tu-
mors”, which were previously often wrongly classified as 

“null-cell adenomas” (figure 4D) (24). In addition to the 
transcription factor SF1, gonadotroph tumors also express 
GATA3 and ERα, the latter being of potential prognostic 
significance (25).

PitNETs with no distinct cell lineage

Null-cell tumors

Null-cell tumors, also known as “null-cell adeno-
mas”, are neuroendocrine tumors of the pituitary gland 
characterized by the lack of the detection of transcription 

Figure 3. Functional, densely granulated corticotroph PitNETs 
have basophilic cytoplasm (A, HE), diffuse and intensive 
ACTH immunohistochemical cytoplasmic positivity (B) and 
diffuse intensive nuclear immunohistochemical positivity for 
transcriptional factor for corticotroph differentiation, TPIT 
(C) Silent corticotroph PitNETs have amphophilic cytoplasm 
(D) and faint ACTH positivity (E). Their diagnosis depends 
on diffuse TPIT positivity, which denotes its lineage of 
differentiation (F). (x400). 

Figure 4. Gonadotroph PitNETs are characterized by 
perivascular pseudorosettes (A), focal FSH (B) and LN (C) 
positivity and diffuse positivity for transcriptional factor for 
gonadotroph lineage of differentiation - SF1 (D) (x400). 
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factors of the adenohypophysis using immunohistoche-
mistry (1, 5). They are composed of round or polygonal 
cells with clear cell borders, chromophobic cytoplasm and 
round, uniform nuclei (1). Owing to the introduction of 
transcription factors in the diagnosis of pituitary tumors, 
null-cell tumors have become diagnosed through elimi-
nation and their number in surgical series has a signifi-
cant tendency to decrease (25, 26). Sequencing of PitNET 
with negative immunohistochemical staining for pituitary 
transcription factors and hormones, classified them in SF1 
of TPIT lineage (27, 28). The negative immunohistoche-
mical staining for transcription factors in these PitNETs 
could be explained by the low concentration of transcrip-
tion factors that immunohistochemistry, as a method, was 
unable recognize; on the other hand, sequencing, as a mo-
dern and sensitive method, can detect such low concentra-
tions of transcription factors (27, 28).

Plurichormonal and double tumors

According to the WHO definition, plurichormonal 
tumors are tumors that produce more than one hormone. 
This group includes tumors with unusual immunohistoc-
hemical combinations of hormone production that cannot 
be explained by cytodifferentiation (1, 5).

Double tumors consist of two pituitary adenomas 
of different lineages of differentiation (1, 5). Somatotroph 
adenomas are most commonly found in double adenomas 
in surgical series (29).

Conclusion

The group of PitNETs tumors is constantly being 
reclassified with help of newly developed immunohysto-
chemical stains and molecular techniques. This enables 
more precise diagnosis and classification of different tu-
mor subtypes. Diagnostic improvement will lead to perso-
nalized patients therapy and better prognosis of the disease.

Literature

1.	 Lloyd RV, Osamura RY, Kloppel G, Rosai J. WHO Classification 
of Tumours of Endocirne Organs. 4th ed. Lyon: International 
Agency for Research on Cancer; 2017.

2.	 Saeger W, Ludecke DK, Buchfelder M, Fahlbusch R, Quabbe HJ, 
Petersenn S. Pathohistological classification of pituitary tumors: 
10 years of experience with the German Pituitary Tumor Registry. 
European journal of endocrinology / European Federation of 
Endocrine Societies. 2007;156(2):203-16.

3.	 Asa SL, Ezzat S. Aggressive Pituitary Tumors or Localized 
Pituitary Carcinomas: Defining Pituitary Tumors. Expert Rev 
Endocrinol Metab. 2016; 11(2):149-62.

4.	 Asa SL, Casar-Borota O, Chanson P, Delgrange E, Earls P, Ezzat S, 
et al. From pituitary adenoma to pituitary neuroendocrine tumor 
(PitNET): an International Pituitary Pathology Club proposal. 
Endocr Relat Cancer. 2017; 24(4):C5-C8.

5.	 Asa SL, Mete O, Perry A, Osamura RY. Overview of the 2022 
WHO Classification of Pituitary Tumors. Endocr Pathol. 2022 
Mar;33(1):6-26. doi: 10.1007/s12022-022-09703-7. Epub 2022 
Mar 15.

6.	 Asa SL. Practical pituitary pathology: what does the pathologist 
need to know? Arch Pathol Lab Med. 2008; 132(8):1231-40.

7.	 Trouillas J, Roy P, Sturm N, Dantony E, Cortet-Rudelli C, Viennet 
G, et al. A new prognostic clinicopathological classification of pi-
tuitary adenomas: a multicentric case-control study of 410 pa-
tients with 8 years post-operative follow-up. Acta neuropatholo-
gica. 2013; 126(1):123-35.

8.	 Raverot G, Dantony E, Beauvy J, Vasiljevic A, Mikolasek S, 
Borson-Chazot F, et al. Risk of recurrence in pituitary neuroen-
docrine tumors: a prospective study using a five-tiered classifica-
tion. J Clin Endocrinol Metab. 2017.

9.	 Chinezu L, Vasiljevic A, Trouillas J, Lapoirie M, Jouanneau E, 
Raverot G. Silent somatotroph tumour revisited from a study of 
80 patients with and without acromegaly and a review of the lite-
rature. European journal of endocrinology / European Federation 
of Endocrine Societies. 2017; 176(2):195-201.

10.	 Syro LV, Rotondo F, Serna CA, Ortiz LD, Kovacs K. Pathology of 
GH-producing pituitary adenomas and GH cell hyperplasia of 
the pituitary. Pituitary. 2017; 20(1):84-92.

11.	 Chinezu L, Vasiljevic A, Jouanneau E, Francois P, Borda A, 
Trouillas J, et al. Expression of somatostatin receptors, SSTR2A 
and SSTR5, in 108 endocrine pituitary tumors using immuno-
histochemical detection with new specific monoclonal antibo-
dies. Human pathology. 2014; 45(1):71-7.

12.	 Lopes MB. Growth hormone-secreting adenomas: pathology and 
cell biology. Neurosurg Focus. 2010; 29(4): E2

13.	 Delgrange E, Vasiljevic A, Wierinckx A, Francois P, Jouanneau 
E, Raverot G, et al. Expression of estrogen receptor alpha is asso-
ciated with prolactin pituitary tumor prognosis and supports the 
sex-related difference in tumor growth. European journal of en-
docrinology / European Federation of Endocrine Societies. 2015; 
172(6):791-801.

14.	 Di Ieva A, Rotondo F, Syro LV, Cusimano MD, Kovacs K. 
Aggressive pituitary adenomas--diagnosis and emerging tre-
atments. Nat Rev Endocrinol. 2014; 10(7):423-35.

15.	 Klibanski A. Clinical practice. Prolactinomas. N Engl J Med. 
2010; 362(13):1219-26.

16.	 Stefaneanu L, Kovacs K, Scheithauer BW, Kontogeorgos G, Riehle 
DL, Sebo TJ, et al. Effect of Dopamine Agonists on Lactotroph 
Adenomas of the Human Pituitary. Endocrine pathology. 2000; 
11(4):341-52.

17.	 Mete O, Asa SL. Clinicopathological correlations in pituitary ade-
nomas. Brain Pathol. 2012; 22(4):443-53.

18.	 Wang EL, Qian ZR, Yamada S, Rahman MM, Inosita N, Kageji 
T, et al. Clinicopathological characterization of TSH-producing 
adenomas: special reference to TSH-immunoreactive but clini-
cally non-functioning adenomas. Endocrine pathology. 2009; 
20(4):209-20.

19.	 Raverot G, Wierinckx A, Jouanneau E, Auger C, Borson-Chazot 
F, Lachuer J, et al. Clinical, hormonal and molecular characteri-
zation of pituitary ACTH adenomas without (silent corticotroph 
adenomas) and with Cushing’s disease. European journal of en-
docrinology / European Federation of Endocrine Societies. 2010; 
163(1):35-43.

20.	 Sjostedt E, Bollerslev J, Mulder J, Lindskog C, Ponten F, Casar-
Borota O. A specific antibody to detect transcription factor T-Pit: 
a reliable marker of corticotroph cell differentiation and a tool to 
improve the classification of pituitary neuroendocrine tumours. 
Acta neuropathologica. 2017.

21.	 Casar-Borota O, Boldt HB, Engström BE, Andersen MS, Baussart 
B, Bengtsson D, et al. Corticotroph Aggressive Pituitary Tumors 
and Carcinomas Frequently Harbor ATRX Mutations. J Clin 
Endocrinol Metab. 2021; 25; 106(4):1183-94. 

22.	 Di Ieva A, Davidson JM, Syro LV, Rotondo F, Montoya JF, Horvath 
E, et al. Crooke’s cell tumors of the pituitary. Neurosurgery. 2015; 
76(5):616-22.

23.	 Kontogeorgos G, Thodou E. The gonadotroph origin of null cell 
adenomas. Hormones (Athens, Greece). 2016; 15(2):243-7.

24.	 McDonald WC, Banerji N, McDonald KN, Ho B, Macias 
V, Kajdacsy-Balla A. Steroidogenic Factor 1, Pit-1, and 
Adrenocorticotropic Hormone: A Rational Starting Place for the 
Immunohistochemical Characterization of Pituitary Adenoma. 
Arch Pathol Lab Med. 2017; 141(1):104-12.



Medicinski podmladak / Medical Youth

Mihajlović M. et al. Neuroendokrini tumori hipofize – savremeni dijagnostički pristup. MedPodml 2022, 73(4):14-20

20

25.	 Oystese KA, Casar-Borota O, Normann KR, Zucknick M, Berg JP, 
Bollerslev J. Estrogen Receptor alpha, a Sex-Dependent Predictor 
of Aggressiveness in Nonfunctioning Pituitary Adenomas: 
SSTR and Sex Hormone Receptor Distribution in NFPA. J Clin 
Endocrinol Metab. 2017; 102(9):3581-90.

26.	 Balogun JA, Monsalves E, Juraschka K, Parvez K, Kucharczyk W, 
Mete O, et al. Null cell adenomas of the pituitary gland: an insti-
tutional review of their clinical imaging and behavioral characte-
ristics. Endocr Pathol. 2015; 26(1):63-70. 

27.	 Neou M, Villa C, Armignacco R, Jouinot A, Raffin-Sanson 
ML, Septier A, et al. Pangenomic Classification of Pituitary 
Neuroendocrine Tumors. Cancer Cell. 2020; 37(1):123-134.e5. 

28.	 Tebani A, Jotanovic J, Hekmati N, Sivertsson Å, Gudjonsson O, 
Edén Engström B, et al. Annotation of pituitary neuroendocrine 
tumors with genome-wide expression analysis. Acta Neuropathol 
Commun. 2021; 9(1):181. 

29.	 Kontogeorgos G, Scheithauer BW, Horvath E, Kovacs K, Lloyd RV, 
Smyth HS, et al. Double adenomas of the pituitary: a clinicopat-
hological study of 11 tumors. Neurosurgery. 1992; 31(5):840-9.


