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Abstract

Pituitary adenomas are common neuroendocrine neoplasms arising from adenohypophysial
cells. Recent progress in our understanding of pituitary tumorigenesis as well as pathways
involved in molecular cytodifferentiation of the adenohypophysis has impacted on the

classification of pituitary adenomas. The detailed comprehensive classification of pituitary
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INTRODUCTION

Pituitary adenomas are benign clonal neuroendocrine prolifera-
tions arising from adenohypophysial cells (1, 7, 28, 29, 57). With
modern methods of imaging and biochemical analysis of hormonal
activity, the most recent data suggest that pituitary adenomas are
common, occurring in almost 20% of the general population (2, 6,
7, 10, 21). The majority of these tumors are clinically nonfunction-
ing tumors that are now recognized to be of gonadotroph differen-
tiation, but a significant proportion are prolactinomas that cause
clinical symptoms and are usually treated medically (7, 17, 22).
The detailed comprehensive subtyping of pituitary adenomas is
now well recognized to reflect specific clinical features and genetic
changes that predict targeted treatments for some patients with
pituitary disorders (2, 6, 7, 10, 13, 15, 45). Therefore, the clinical
responsibility of pathologists is not only limited to the distinction
of pituitary adenomas from other sellar lesions, but also to provide
a comprehensive subtype classification using appropriate ancillary
tools. In this article, we highlight an approach to clinical diagnosis
and pitfalls in the diagnosis and classification of these tumors.

WHY CLINICAL INFORMATION
IS IMPORTANT

Despite the importance of clinicopathological correlation, many
pathologists are still faced with diagnosing a pituitary lesion in the
absence of clinical information. In most instances it is possible to
determine a remarkable amount of information with careful mor-
phologic and immunohistochemical evaluation. However, as in

Brain Pathology 22 (2012) 443-453
© 2012 The Authors; Brain Pathology © 2012 International Society of Neuropathology

adenomas is now well recognized to reflect specific clinical features and genetic changes
that predict targeted treatments, as well as prognostic information for patients with pituitary
adenomas. Therefore, the clinical responsibility of pathologists is not only limited to the
distinction of pituitary adenomas from other sellar lesions, but also to provide a comprehen-
sive subtype classification using appropriate ancillary tools. In this article, we highlight an
approach to clinical diagnosis and pitfalls in the classification of these common neoplasms.

any field of medicine, it behooves the physician to obtain all rel-
evant clinical information to provide an informed and valuable
consultation.

Similar to other neuroendocrine tumors, the functional status of
a pituitary adenoma is defined by the presence of clinical symp-
toms, not by immunohistochemistry (7). The use of the term “silent
adenoma” should be restricted to lesions that have no evidence of
clinical or biochemical abnormality. Inadequate clinical evaluation
should not be a reason to make the diagnosis of a “silent” lesion
(2, 6,7, 10). Careful review of preoperative clinical and biochemi-
cal data is a necessary part of the consultation and should be
requested if not readily available.

Clinically functioning pituitary adenomas produce hormones
in excess and give rise to specific clinical syndromes. Among
these syndromes, Cushing’s disease and acromegaly can be lethal
and require immediate treatment. While prolactin (PRL)-
producing adenomas are the most common type of functioning
adenoma (2, 6, 7, 10, 18, 21), hyperprolactinemia does not neces-
sarily indicate a PRL-producing adenoma, as mild hyperpro-
lactinemia (<200 ng/mL or <2000 mU/L) is a common finding
associated with any sellar mass that causes stalk compression
and interrupts blood flow that regulates tonic inhibition of PRL
(6, 7, 18, 37, 39, 56). Moreover, some patients with Cushing’s
disease may exhibit hyperprolactinemia in the absence of stalk
compression; this is attributable to the stimulatory action of
several derivatives of proopiomelanocortin (POMC), especially
B-endorphin, on release of PRL (7). On the other hand, diabetes
insipidus or cranial nerve deficits are uncommon in pituitary
adenomas and may suggest the possibility of other inflammatory
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disorders, hematolymphoid neoplasms or metastatic carcinomas
in the sellar region (7).

Clinically nonfunctioning pituitary adenomas are detected either
as incidentalomas, radiologically or at autopsy, or when they
become large enough to produce symptoms related to intracranial
mass, such as a visual field defect, headache or hypopituitarism (2,
6,7,21).

Women often present at a younger age and have a higher
incidence of PRL-producing adenomas and adrenocorticotropic
hormone (ACTH)-producing adenomas, whereas men tend to
present in middle or older age with clinically nonfunctioning
adenomas (2, 6, 7, 10). Pediatric pituitary adenomas are infrequent
and exhibit a female preponderance (35); only a small proportion
of these lesions are clinically nonfunctioning adenomas (35, 36).

The administration of drugs can result in reversible morphologi-
cal changes in the adenoma tissue (6, 7, 9, 44). One of the best
examples is the morphologic effects of dopamine agonists (eg,
bromocriptine) in PRL-producing adenomas. The tumor becomes
more cellular due to marked shrinkage in cell size, predominantly
affecting the tumor cell cytoplasm and the nuclei become hetero-
chromatic and irregular (6, 7, 9, 44). Perivascular and interstitial
fibrosis with variable hemorrhage are also associated with these
cellular changes (7, 9, 44). The interpretation of these findings can
sometimes be challenging, as the morphological features resemble
lymphoma or lymphocytic hypophysitis; therefore, immunohis-
tochemical staining is required to address this differential
diagnosis.

The response to bromocriptine in most patients with lactotroph
adenomas is also of clinical importance, as sparsely granulated
lactotroph adenomas have striking and rapid reduction of serum
PRL levels when therapy is initiated, and within days to weeks there
is symptomatic and radiologic evidence of tumor shrinkage (7, 9).
Absence of this typical response in a patient with prolactinoma
suggests the possibility of other aggressive rare PRL-producing
pituitary adenomas such as acidophil stem cell adenoma or densely
granulated lactotroph adenoma. Similarly, acromegalic patients
who fail surgical resection and do not show significant response to
long-acting somatostatin analogues usually harbor the more
aggressive sparsely granulated somatotroph adenoma (7, 10,
13, 15).

Pituitary adenomas can sometimes undergo acute hemorrhagic
necrosis, usually due to ischemia that results in a sudden onset of
headache, visual symptoms, altered mental status and hormonal
dysfunction (7, 50, 53, 54). The visual symptoms of pituitary apo-
plexy usually include both visual acuity impairment and visual
field impairment from involvement of the optic nerve and/or
chiasm, as well as ocular motility dysfunction from involvement of
the cranial nerves in the cavernous sinus (50, 53, 54). Some studies
show predominance of nonfunctional adenomas among apoplectic
adenomas while other studies show a higher prevalence in func-
tioning adenomas, with prolactinomas having the highest risk (53).
A recent study highlighted that patients with classical pituitary
apoplexy may exhibit recurrent pituitary tumor growth and there-
fore these patients need continued postoperative surveillance if
they have not had postoperative radiotherapy (50). Moreover, pitu-
itary apoplexy may mimic a variety of other lesions including
subarachnoid hemorrhage because of ruptured intracranial aneu-
rysm; therefore, the histological confirmation of apoplexy in a
pituitary adenoma is of clinical importance.
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THE IMPACT OF RADIOLOGICAL
FINDINGS

Radiologic examination provides a method of classification of pitu-
itary adenomas based on tumor size and degree of local invasion.
These data are of critical importance to surgeons when planning a
surgical resection. While microadenomas are lesions that measure
less than 1 cm in diameter, macroadenomas are larger than 1 cm
(2,6,7,18).

Pituitary adenomas that are often associated with aggressive
behavior include sparsely granulated somatotroph adenoma,
densely granulated lactotroph adenoma, acidophil stem cell
adenoma, thyrotroph adenoma, sparsely granulated corticotroph
adenoma, Crooke cell adenoma and silent subtype III adenoma (2,
6,7, 10, 13, 15, 27). These aggressive adenomas are usually inva-
sive macroadenomas. Other less aggressive adenoma subtypes can
sometimes be invasive; sparsely granulated lactotroph adenomas in
men often present as large macroadenomas that exhibit sinonasal
invasion. Some adenomas such as silent subtype III adenomas and
acidophil stem cell adenomas reveal characteristic preferential
downward invasive growth with significant bone invasion and para-
sellar extension rather than the more typical suprasellar expansion
(7). An acromegalic patient with a hypointense pituitary mass on
the T2 sequence of magnetic resonance imaging (MRI) usually
harbors a densely granulated somatotroph adenoma.

In patients with corticotroph adenomas, there tends to be an
inverse correlation between tumor size and symptomatology that is
because of the existence of two distinct tumor variants, hence the
saying “Small tumor, big Cushing and Big tumor, small Cushing.”
The classical florid Cushing’s disease is usually associated with a
small microadenoma that is a densely granulated corticotroph
adenoma (7). In contrast, Crooke cell adenomas, sparsely granu-
lated corticotroph adenomas and silent corticotroph adenomas are
usually macroadenomas and are associated with cyclic Cushing’s
disease, less florid Cushing signs or no clinical features, respec-
tively (7, 25,27, 32, 40). Another clinical challenge associated with
Cushing’s disease is that MRI may fail to localize a microadenoma.
Nontumorous corticotrophs populate the median wedge and some
corticotroph adenomas are found in this location; however, others
may be present in the lateral wings and may show lateralization of
blood flow. Therefore, when MRI findings are not helpful, selective
petrosal sinus sampling with corticotropin realising hormone
(CRH) stimulation is used to localize lesions (23, 42, 48).

DIAGNOSTIC STEPS IN THE
ASSESSMENT OF SELLAR LESIONS

The sellar region is the site of a large number of morphological
entities arising from the pituitary gland and other adjacent ana-
tomical structures, including meninges, blood vessels, brain and
nerves (2, 6, 7, 10). Therefore, the initial evaluation of a sellar
lesion starts on hematoxylin-eosin stained slides, which allow the
distinction of primary adenohypophysial pathologies from other
sellar entities (Figure 1). The handling of tissue obtained at surgery
should ensure adequate fixation in formalin for histology and
immunohistochemistry. Once a pituitary lesion is determined to be
composed of epithelial cells with neuroendocrine differentiation
originating from adenohypophysial cells, several steps should be
undertaken. First, the lesion must be identified as hyperplasia or
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Figure 1. Light microscopic characteristics of
pituitary adenomas. A. Sparsely granulated
somatotroph adenomas are composed of
chromophobic cells that contain eccentric
nuclei, which are pushed to the cell periphery
and indented by fibrous bodies (arrows). B.
Acidophil stem cell adenomas are composed
of eosinophilic “oncocytic” cells that exhibit
cytoplasmic vacuolization because of
mitochondrial dilatation and giant
mitochondria. C. Densely granulated
corticotroph adenomas and silent corticotroph
type | adenomas are composed of tumor cells
with basophilic cytoplasm due to the
numerous adrenocorticotropic
hormone-containing secretory granules. D.
Perivascular pseudorosette formation and a
pseudopapillary appearance are characteristic
features of gonadotroph adenomas.

adenoma. Pituitary adenomas reveal total breakdown of normal
acinar architecture on Gordon-Sweet silver stain, which distin-
guishes neoplasia from hyperplasia that retains an acinar reticulin
pattern. The second step is to identify the cell subpopulation
responsible for this proliferation. This is usually performed by
using immunohistochemistry and/or electron microscopy. Finally,
the behavior and potential therapy of choice must be determined.
Ploidy analyses, proliferation markers including Ki-67 (MIB-1),
the purine-binding factor nm23 or topoisomerase II alpha have
been proposed to be useful in this regard but the value of these
markers remains controversial (2—4, 6, 7, 10, 24, 26, 34, 38, 59, 60,
64). The best prognosticator still remains accurate subtyping of the
pituitary adenoma based on hormone content and cell structure
(2,3,6,7,10).

Recent interest has focussed on MGMT (06-methylguanine-
DNA methyltransferase), a DNA repair protein that is a biomarker
used to predict response to temozolomide treatment in gliomas (16,
43). Aggressive PRL- and ACTH-producing adenomas have shown
response to temozolomide therapy, up to 73% and 60%, respec-
tively (43). However, clinical response was not predicted by
MGMT status in a recent large series that examined both MGMT
promoter methylation and MGMT immunohistochemistry expres-
sion (16). Although temozolamide seems to be promising for an
acute response in some aggressive pituitary adenomas, prospective
large clinical trials are still needed to determine the long-term
efficacy of this treatment and the role of MGMT expression in
predicting response.

DETAILED CLASSIFICATION OF
PITUITARY ADENOMAS

The 2004 World Health Organization histological typing of endo-
crine tumors has illustrated tremendous progress in our under-
standing of pituitary tumors (3, 18). One of the major weaknesses
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of this classification is that ICD codes are only provided for typical
pituitary adenoma (8272/0), atypical pituitary adenoma (8272/1)
and pituitary carcinoma (8272/3) (3, 18). Despite this, the bulk of
this classification provides the detailed classification of pituitary
adenomas. As indicated previously, the most important clinical and
prognostic features of pituitary adenomas remain the hormonal
profile and subtype classification (2, 3, 6, 7, 10). In order to facili-
tate the reporting process, a synoptic checklist for pituitary lesions
has been introduced recently to the literature and, like other cancer
checklists, it should become a part of the routine examination of
specimens from patients with primary pituitary tumors (7, 46)
(Table 1). Many of the ultrastructural features that were recognized
as characterizing specific tumour types are now easily identified by
immunohistochemistry (2, 6, 7, 8, 10, 18). Therefore, the accurate
classification of pituitary adenomas currently relies on the use of
immunohistochemical characteristics of tumor cells.

The immunopanel includes pituitary transcription factors [pitu-
itary specific transcription factor 1 (Pit-1), t-box transcription
factor (Tpit), steroidogenic factor 1 (SF-1), estrogen receptor alpha
(ER-a1), GATA binding protein 2 (GATA-2)] (Figure 2), mono-
clonal antibodies against pituitary hormones [growth hormone
(GH), PRL, B-thyroid stimulating hormone (TSH), ACTH,
B-follicle stimulating hormone (FSH), B-luteinizing hormone
(LH), alpha subunit], and low molecular weight keratin (LMWK)
(CAM5.2) and MIB-1 (Ki67) (2, 3, 6-8, 10, 46) (Table?2,
Figure 3). In some institutions, p53 staining forms a part of the
routine panel (46). The cytoplasmic appearance of pituitary
adenomas usually correlates with the content of hormone-
containing secretory granules. The terminology “densely” vs.
“sparsely” granulated correlates with the extent of immunohis-
tochemical positivity for the adenohypophysial hormone and/or
with the density of electron-dense secretory granules observed on
electron microscopy. The periodic acid schiff (PAS) stain is useful
to highlight secretory granules of corticotrophs, thyrotrophs and
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Table 1. Synoptic report: Pituitary gland. Abbreviations: Pit-1 = pituitary specific transcription factor 1; ER-a. = estrogen receptor alpha; Tpit = T-box
transcription factor; o-SU = alpha subunit; GH = growth hormone; PRL = prolactin; B-TSH = thyroid stimulating hormone; ACTH = adrenocorticotropic
hormone; B-FSH = follicle stimulating hormone; B-LH = luteinizing hormone.

Procedure (select all that apply)
____Transsphenoidal resection
__ Transcranial resection

____ Other (specify):

____ Not specified

Clinical features
_ Functional

Hormone excess (specify):
____ Clinically nonfunctioning

Tumor size (from imaging)

Greatest dimension: ___cm
*Additional dimensions: ___ x____cm
____Cannot be determined

*Received:
*___ Fresh
¥ Informalin
*__ Other

*Specimen integrity
* Intact
* Fragmented

Specimen size
_X___X__cm
*Specimen weight
* grams

Histologic features
Reticulin
__ Intact

__ Expanded
____Disrupted
PAS
___ Positive
____ Negative
Infiltrating tumor
___ Positive

(specify tissue):
____ Negative
____Cannot be determined

Immunohistochemistry (select all positive)
__ Pit1
_ ERw«
___ Tpit
__ SF1
___oSU
____GH
____PRL
____B-TSH
____ACTH
____B-FSH
—__BLH

_ LMWK (CAMb5.2) Diffuse: ____
Fibrous bodies: ____
Perinuclear: ___
Mixed:

__ %MIB-1 LI

___p53

____Others (specify):

Tumor type

Pituitary adenoma
Subtype
____ Densely granulated somatotroph adenoma
____Sparsely granulated somatotroph adenoma
____Mammosomatotroph adenoma
____ Mixed somatotroph-lactotroph adenoma
____Sparsely granulated lactotroph adenonoma
____Densely granulated lactotroph adenonoma
____Acidophil stem cell adenoma
____Thyrotroph adenoma
____ Densely granulated corticotroph adenoma
____Sparsely granulated corticotroph adenoma
____Gonadotroph adenoma
____Unusual plurihormonal adenoma
____Null cell adenoma
____Oncocytoma
____ Other (specify):

____Typical

____Atypical

Hyperplasia

____ Celltype (specify):

Pituitary carcinoma

____ Cell type (specify):

__ Location of metastases

Craniopharyngioma

____ Papillary

__ Adamantinomatous

Other

__ Gangliocytoma

____Paraganglioma

_____Meningioma

____Spindle cell oncocytoma

____ Pituicytoma

__ Granular cell tumor

____ Other (specify):

Additional pathologic findings
Nontumorous adenohyphysis:
__ Present
*____ Crooke hyaline change
__ Notidentified
Neurohypohysis
__ Present
___ Notidentified

*Comment(s)
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Figure 2. /mmunolocalization of pituitary transcription factors. A. Pitu-
itary specific transcription factor 1 is a nuclear transcription factor that is
expressed in all GH/PRL/thyroid stimulating hormone family tumors. In
this picture, a densely granulated somatotroph adenoma is illustrated.
B. Estrogen receptor alpha (ER-a) is expressed in PRL-producing
adenomas and gonadotroph adenomas. Of note, the levels of expres-
sion tend to be low and if the tissue is poorly fixed, they can be negative.
In this picture, a sparsely granulated lactotroph adenoma is illustrated. C.

gonadotrophs (2, 6, 7, 10, 18). While densely granulated corti-
cotrophs are intensely positive for PAS, thyrotrophs and gonadotro-
phs are focally positive (2, 6, 7, 10).

Adenomas that cause GH excess constitute 10%—15% of all
adenomas and are classified into five clinically relevant histological
subtypes (2, 6, 7, 10). Regardless of the subtype, all GH-producing
adenomas are positive for Pit-1 (2, 6, 7, 10, 18).

(i) Densely granulated somatotroph adenoma (DGSA): These
tumors are composed of eosinophilic cells that are positive for Pit-1
(2,6,7,10, 18) (Figure 2A). GH is diffusely positive and o-subunit
(0-SU) is often expressed (7, 62). LMWK reveals a characteristic
perinuclear pattern (2, 6, 7, 10, 18) (Figure 3A). DGSAs are
usually responsive to somatostatin analogues as they are usually
associated with somatic activation of Gso. proteins that result in
high cAMP levels (2, 6, 7, 10). Somatostatin analogues activate the
inhibitory subunit of G proteins and reduce cAMP levels (7, 10).

(ii) Sparsely granulated somatotroph adenoma (SGSA): These
tumors are composed of chromophobic to pale eosinophilic cells
that are positive for Pit-1 (2, 6, 7, 10, 18). The pathognomonic
feature of this tumor is the presence of keratin aggresomes, known
as “fibrous bodies” (2, 6, 7, 10, 18, 30, 47, 49). The nuclei exhibit
variable pleomorphism and tend to be pushed to cell periphery and
indented by fibrous bodies (Figure 1A). These tumors exhibit vari-
able positivity for GH and are usually negative for o-SU (2, 6, 7,
10, 62). Of note, LMWK (CAMS5.2) reveals characteristic para-
nuclear globular fibrous bodies in the majority of the tumor cells
(2,6,7,10, 18,47, 49) (Figure 3B). Unlike DGSAs, SGSAs do not

Brain Pathology 22 (2012) 443-453
© 2012 The Authors; Brain Pathology © 2012 International Society of Neuropathology

Pituitary Pathology

T-box transcription factor is the corticotroph lineage-specific pituitary
transcription factor. In this picture, a densely granulated corticotroph
adenoma is illustrated. D. Depending on fixation time, gonadotroph
adenomas may be positive for ER-a.. Among gonadotroph cytodifferen-
tiation markers, steroidogenic factor 1 (SF-1) is the only gonadotroph
lineage-specific transcription factor in the pituitary gland. This picture
illustrates positivity for SF-1 in a hormone inactive gonadotroph
adenoma.

respond well to somatostatin analogues. These lesions are thought
to lack the high levels of cAMP that predict a response to these
agents; instead, they have altered STAT signaling that in some cases
has been shown to be because of somatic GH receptor mutations
(histidine to leucine mutation in the extracellular domain of the GH
receptor of the somatotroph that impairs glycoyslation-mediated
receptor processing) and signaling in GH autoregulation (2, 6, 7,
10, 13). The discrimination of this entity is of clinical interest as
Pegvisomant, a GH receptor antagonist, is used in patients with
SGSAs that do not respond significantly to somatostatin analogues
(2,6,7,10, 13, 15, 45, 49). Some DGSAs may exhibit occasional
fibrous bodies and these are classified as “intermediate-type soma-
totroph adenomas” (47). As their biology does not differ from
DGSAs, they are classified in the spectrum of DGSAs (7, 47).

(iii) Mammosomatotroph adenoma: These tumors resemble
DGSAs, are composed of eosinophilic cells and are diffusely posi-
tive for Pit-1 and GH, but also express ER-o,, PRL and o-SU.
LMWK reveals a perinuclear staining pattern (2, 6, 7, 10).

(iv) Mixed somatotroph and lactotroph adenoma: The most
common combination is DGSA and sparsely granulated lactotroph
adenoma (2, 6, 7, 10). GH and a-SU are positive in DGSA compo-
nent, and positivity for ER-oc and PRL with a Golgi pattern is seen
in the lactotroph adenoma component (2, 6, 7, 10). The immuno-
profile of this tumor resembles that of mammosomatotroph
adenomas and the distinction is usually an academic challenge
rather than prognostic. This distinction usually requires ultrastruc-
tural examination (2, 6, 7, 10, 30); a monomorphous proliferation
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Table 2. Classification of pituitary adenomas. Abbreviations: Pit-1 = pituitary specific transcription factor 1; GH = growth hormone; PRL = prolactin;
TSH = thyroid stimulating hormone; ACTH = adrenocorticotropic hormone; SF-1 = steroidogenic factor 1; o-SU = alpha subunit; ER-o. = estrogen
receptor alpha; GATA-2 = GATA binding protein 2; Tpit = T-box transcription factor; B-FSH = follicle stimulating hormone; B-LH = luteinizing hormone.

Adenoma subtypes Immunoreactivities CAM 5.2
Pit-1 (GH/PRL/TSH) family tumors
GH-producing adenomas
Densely granulated somatotroph adenoma Pit-1, GH (diffuse), a-SU Perinuclear

Intermediate type somatotroph adenoma*
Sparsely granulated somatotroph adenoma
Mammosomatotroph adenoma
Mixed somatotroph and lactotroph adenomas
GH-producing plurihormonal adenoma
PRL-producing adenomas
Sparsely granulated lactotroph adenoma
Densely granulated lactotroph adenoma
Acidophil stem cell adenomas
TSH-producing adenomas
Thyrotroph adenoma
Monomorphous Pit-1 lineage plurihormonal adenoma
Silent subtype 3 adenoma
T pit (ACTH) family tumors
Densely granulated corticotroph adenoma
Sparsely granulated corticotroph adenoma
Crooke cell adenoma
SF-1 (Gonadotroph) family tumors
Hormone active gonadotroph adenoma
Hormone-inactive gonadotroph adenoma
Transcription factor and hormone negative adenoma
Null cell adenoma
Polymorphous plurihormonal adenoma
Plurihormonal adenoma, NOS

Pit-1, GH (diffuse), o-SU
Pit-1, GH (weak)

Pit-1, ER-at, a-SU
Pit-1, ER-at, a-SU

Pit-1, (ER-at), (GATA-2)

Pit-1, ER-at, PRL (Golgi)

Pit-1, ER-at, PRL (Diffuse)

Pit-1, ER-at, PRL (Diffuse), GH (variable)
Pit-1, GATA-2

Pit-1, (ER-ot, a-SU), GH/PRL/TSH (variable)
Tpit, ACTH (strong, diffuse)

Tpit, ACTH (weak, variable)

Tpit, ACTH (juxtanuclear and peripheral)

SF-1, ER-at, GATA-2, o-SU, B-FSH, B-LH
SF-1, ER-at, GATA-2, a-SU (variable)

Negative for all transcription factors and hormones

Multiple

Few fibrous bodies
Fibrous bodies (>90%)

Few fibrous bodies

Strong diffuse
Strong diffuse
Ring-like pattern

Usually negative
Usually negative

Variable positive

*This tumor is usually classified as densely granulated somatotroph adenoma as their biology is similar to densely granulated somatotroph adenomas.
TER-o. is sensitive to fixation and can be very focally and weakly positive.
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adenomas.

Figure 3. Keratin staining patterns in pituitary
adenomas using CAM5.2. A. Perinuclear
staining is a feature of densely granulated
somatotroph adenomas. B. Paranuclear
“fibrous bodies"” are the most conspicuous
feature of a sparsely granulated somatotroph
adenoma. C. Occasional fibrous bodies
(arrows) can be seen in acidophil stem cell
adenomas. D. Diffuse and strong cytoplasmic
staining is characteristic of corticotroph

Brain Pathology 22 (2012) 443-453

© 2012 The Authors; Brain Pathology © 2012 International Society of Neuropathology



Mete & Asa

Figure 4. Crooke’s hyaline change. (A) This
morphologic alteration is characteristic of
nontumorous corticotrophs (except those of
the intermediate lobe) which are subject to
feedback suppression by elevated circulating
levels of cortisol. Accumulation of keratin
filaments gives the cell cytoplasm a glassy
hyaline appearance. This phenomenon results
in relocation of (B) Periodic acid schiff- and (C)
Adrenocorticotropic hormone-staining that is
localized to secretory granules that are
pushed to the cell periphery and a
juxtanuclear location. (D) These cells are
identified by their typical strong “ring-like”
LMWK positivity.

that exhibits pleomorphic and heterogeneous secretory granules
and misplaced exocytosis distinguishes mammosomatotroph
adenomas from mixed somatotroph and lactotroph adenomas that
have two distinct cell populations (7, 30).

(v) Plurihormonal GH-producing adenoma: These tumors are
predominantly composed of densely granulated somatotrophs
with variable mammosomatotroph and thyrotroph differentiation
(2, 6, 7, 10). They are diffusely positive for Pit-1, ER-a,, GH,
PRL, B-TSH and o-SU, and usually exhibit perinuclear LMWK
positivity (2, 6, 7, 10).

Adenomas that cause PRL excess constitute 30% of all adenomas
and are classified into three clinically relevant histological subtypes
(2, 6, 7, 10). Regardless of the subtype, all PRL-producing
adenomas are positive for Pit-1 and ER-0. (2, 6, 7, 10, 18).

(i) Sparsely granulated lactotroph adenoma (SGLA): This tumor is
the most common pituitary adenoma that responds dramatically to
dopamine agonists (2, 6, 7, 10). SGLAs are composed of chro-
mophobic cells that exhibit solid, trabecular or papillary growth.
They are positive for Pit-1 and ER-o (Figure 2B), and are usually
negative for o-SU (2, 6, 7, 10). PRL reveals a characteristic juxta-
nuclear pattern of staining reflecting Golgi localization rather than
diffuse cytoplasmic accumulation of secretory granules (2, 6, 7,
10). ER-o is sensitive to fixation and may be artifactually negative.
(ii) Densely granulated lactotroph adenoma (DGLA): These
tumors are composed of eosinophilic cells that are positive for Pit-1
and ER-o.. PRL reveals diffuse cytoplasmic positivity (2, 6, 7, 10).
(iii) Acidophil stem cell adenoma (ASCA): These lesions are
composed of cells that exhibit the cytoplasmic eosinophilia of onco-
cytic change in addition to clear cytoplasmic vacuoles correspond-
ing to megamitochondria (2, 6, 7, 10, 31) (Figure 1B). They are
strongly positive for Pit-1 and ER-a.. PRL reveals variable intensity
and distribution, and rarely Golgi-type staining can be observed (2,
6,7, 10). Focal GH positivity is common. LMWK reveals scattered
fibrous bodies (2, 6, 7, 10) (Figure 3C). Even in the absence of
GH-production by a PRL-producing adenoma, oncocytic change
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with occasional fibrous bodies should suggest the diagnosis of
ASCA. Ultrastructural examination reveals numerous enlarged
mitochondria, forming giant mitochondria with loss of cristae and
harboring electron dense tubular structures (2, 6, 7, 10, 31).

Adenomas that cause TSH excess constitute less than 1% of all
pituitary adenomas (2, 6, 7, 10, 14). These thyrotroph adenomas are
aggressive tumors, composed of polygonal, angulated or spindle-
shaped chromophobic cells that exhibit indistinct cell borders and
solid growth (2, 6, 7, 10). They exhibit nuclear pleomorphism and
fibrosis similar to silent subtype III adenomas (2, 6, 7, 10, 33). They
are positive for Pit-1, GATA-2, o-SU and B-TSH (2, 6, 7, 10, 63,
65). Immunoreactivity for B-TSH varies from cell to cell; the stain-
ing pattern usually allows recognition of angular cellular morphol-
ogy of tumor cells (2, 6, 7, 10).

Adenomas that cause ACTH excess constitute 10%—15% of all
adenomas and are classified into three clinically relevant histologi-
cal subtypes (2, 6, 7, 10, 18):

(i) Densely granulated corticotroph adenoma (DGCA): DGCAs
are composed of basophilic cells (Figure 1C) that are strongly posi-
tive for PAS. Tpit (Figure 2C) and LMWK (Figure 3D) are strongly
expressed and ACTH is usually strong and diffuse (2, 6, 7, 10, 18).
These tumors are usually microadenomas and require surgical
resection.

(i) Sparsely granulated corticotroph adenoma (SGCA): SGCAs
are aggressive tumors composed of chromophobic cells. Tpit and
LMWK are strongly expressed. Positivity for ACTH is variable and
usually focal and weak (2, 6, 7, 10, 18). PAS is faintly positive.
(iii) Crooke cell adenoma: These unusual and aggressive
adenomas are composed of large chromophobic or eosinophilic
cells with prominent Crooke’s hyaline change (2, 6, 7, 10, 18).
Crooke’s hyaline change is a morphologic alteration characteristic
of nontumorous corticotrophs which are subject to feedback sup-
pression by elevated circulating levels of cortisol (2, 6, 7, 10).
Accumulation of keratin filaments gives the cell cytoplasm a glassy
hyaline appearance (Figure 4A). This phenomenon results in relo-
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cation of PAS- and ACTH-positive secretory granules to the cell
periphery and a juxtanuclear location (Figure 4B,C). Granular
ACTH reactivity is restricted at the cell periphery and adjacent to
the nucleus (Figure 4C). Therefore, these cells are identified by
their typical “ring-like” abundant LMWK positivity (2, 6, 7, 10,
18) (Figure 4D). Atypical large pleomorphic cells of a Crooke
cell adenoma may mimic mature neurons of gangliocytomas or
metastatic carcinomas (7). The demonstration of Tpit confirms
corticotroph lineage (7, 8).

Gonadotroph adenomas constitute 30% of pituitary adenomas
and are the most common clinically non-functioning pituitary
adenomas (2, 6, 7, 10, 22). By definition, regardless of the expres-
sion of gonadotropins (B-LH, B-FSH), positivity for SF-1
(Figure 2D) and/or ER-ot in a hormone-negative pituitary adenoma
is diagnostic of a gonadotroph adenoma (7, 10). Similar to thy-
rotroph adenomas, which are negative for SF-1 and ER-o,, GATA-2
is also expressed in gonadotroph adenomas (7, 8, 10). Depending
on fixation time, gonadotroph adenomas may be positive for ER-o,
but the levels tend to be low and if the tissue is poorly fixed, they
can be negative. Among gonadotroph cytodifferentiation markers,
SF-1 is the only gonadotroph lineage specific transcription factor in
the pituitary gland. These tumors are usually composed of chro-
mophobic cells that exhibit solid, trabecular, sinusoidal or papillary
architecture and prominent pseudorosette formations around blood
vessels (2, 6, 7, 10) (Figure 1D). Differentiated forms exhibit
marked polarization of cells with elongated cell process and eccen-
tric nuclei (7). These forms are more frequently positive for o--SU,
B-FSH or B-LH (7). However, as mentioned before, these tumors
can be negative for hormones and o-SU.

Silent subtype Il adenomas are aggressive monomorphous
plurihormonal adenomas of Pit-1 lineage; they stain diffusely
for Pit-1 (2, 6, 7, 10, 20). They may be associated with hyperpro-
lactinemia or acromegaly or they may have no clinical evidence of
hormone excess. Focal immunoreactivity for one or more Pit-1
lineage adenohypophysial hormones (GH, PRL, 3-TSH) is usually
observed (2, 6, 7, 10, 20). They exhibit variable nuclear atypia and
stromal fibrosis similar to thyrotroph adenomas (2, 6, 7, 10). Focal
positivity for ER-o., GH and/or PRL favors silent subtype III
adenoma in a sparsely granulated pituitary adenoma that reveals
positivity for Pit-1 and B-TSH. Radiologically they can mimic
ASCAs; they are characterized by downward invasive growth.
Ultrastructural examination reveals nuclear inclusions, so-called
“spheridia,” which are typical of silent subtype III adenomas, and
they do not exhibit the mitochondrial alterations of ASCAs (2, 6, 7,
10, 18, 20, 33). Our experience suggests that ASCAs and silent
subtype III adenomas represent poorly differentiated Pit-1 lineage
adenomas.

Plurimorphous plurihormonal adenomas are extremely rare (2,
6,7, 10). Several reports of various combinations of hormones in a
single tumor are found in the literature (7). In some instances,
trapped nontumorous cells can be mistaken for adenoma cells and an
adenoma may be misclassified as plurihormonal based on this mis-
interpretation. The application of highly specific monoclonal anti-
bodies and the understanding of cell differentiation pathways have
clarified many of the controversies. It is essential to use monoclonal
antisera especially for glycoprotein hormones in order to prevent
nonspecific cross-reactivities that can lead to misclassification of
an adenoma as plurihormonal. The use of antibodies to identify
cell-specific pituitary transcription factors is equally important in
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order to highlight if the tumor has a polymorphous phenotype. The
presence of a few scattered cells that are positive for other hormones
is not unequivocal evidence of a plurihormonal adenoma.

Null cell adenomas are composed of adenohypophysial cells that
do not exhibit any evidence of cell-type specific differentiation
using pituitary transcription factors, hormones and ultrastructural
features (2, 6, 7, 10). Use of appropriate pituitary transcription
factors (SF1, ER-a) prevents hormone-immunonegative gonadot-
roph adenomas from being mistakenly diagnosed as null cell
adenoma. Null cell adenomas can exhibit oncocytic change, and
they are classified as oncocytomas (7).

Patients with clinically nonfunctioning adenomas do not
usually have evidence of hormone hypersecretion in vivo (2, 6, 7,
10, 18). Gonadotroph adenomas represent the vast majority of
clinically nonfunctioning pituitary adenomas. Null cell adenomas
are also by definition clinically nonfunctioning adenomas (2, 6, 7,
10, 18). However, each cell lineage may exhibit a clinically non-
functioning variant. The pattern of immunohistochemical staining
and ultrastructural appearance of silent pituitary adenomas
resemble those of functioning counterparts as described previ-
ously. Among silent corticotroph adenomas, two morphologic
variants have been described (2, 6, 7). While the features of type 1
silent corticotroph adenomas exhibit morphological and immuno-
histochemical features of clinically functioning densely granu-
lated basophilic corticotroph adenomas, type I silent corticotroph
adenomas resemble the uncommon chromophobic sparsely
granulated corticotroph adenomas. Of note, it is important to dis-
tinguish silent corticotroph adenomas from other clinically non-
functioning pituitary adenomas as silent corticotroph adenomas
have an aggressive behavior characterized by high recurrence rate,
invasion and propensity to undergo hemorrhagic infarction (7).
Rare Crooke cell adenomas can sometimes be clinically silent (7).

WHAT DOES ATYPICAL
ADENOMA MEAN?

Invasive pituitary adenomas that exhibit increased mitotic activity,
MIB-1 labeling index >3% or extensive p53 expression are consid-
ered “atypical adenomas” (3, 7, 18). However, this terminology
does not seem to reflect any biological superiority to the aggressive
histological subtypes determined by the accurate classification of
pituitary adenomas (2, 3, 6, 7, 10, 18). The diagnosis of pituitary
carcinoma is restricted to adenohypophysial proliferations that
exhibit cerebrospinal and/or systemic metastasis (3, 7, 18). There
are no morphological criteria to distinguish locally aggressive or
atypical adenomas from carcinomas when the tumor is confined to
the sella. In this context, it is important to remember that pituitary
adenomas can originate from ectopic pituitary tissues located in the
nasal cavity, nasopharynx, temporal bone, clivus and third ventricle
(5,7, 19, 66); therefore, they should not be mistaken for metastatic
pituitary carcinoma or invasive pituitary adenomas.

THE ROLE OF ELECTRON MICROSCOPY

Many of the ultrastructural features that were recognized as char-
acterizing specific tumor types are now identified by immunohis-
tochemistry. For example, the hallmark of SGSAs, fibrous bodies
are now easily identified with LMWK (CAMS.2) (2, 6, 7, 10).
However, there still remain occasional situations that require
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Figure 5. Ultrastructural features of some rare pituitary adenomas. A.
Giant (*) and dilated mitochondria are features of the acidophil stem cell
adenoma. B. Spheridia (arrows) are characteristic of silent subtype IlI
adenomas.

electron microscopy for accurate classification (2, 6, 7, 10). These
include characterization of unusual pituitary adenomas, identifi-
cation of giant mitochondria or dilated mitochondria in ASCAs
(Figure 5A), identification of spheridia in silent subtype III
adenomas (Figure 5B), the academic distinction of mammosoma-
totroph adenomas from mixed somatotroph and lactotroph
adenomas, and sometimes confirmation of adenohypophysial
neuroendocrine differentiation in null cell adenomas (2, 6, 7, 10,
18, 20, 30, 31, 33).

THE IMPORTANCE OF THE
NONTUMOROUS HYPOPHYSIS

The assessment of nontumorous adenohypophysis can sometimes
illuminate the underlying pathogenesis of a pituitary adenoma.
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Patients with long-standing primary hypothyroidism may develop
thyrotroph hyperplasia and thyrotroph adenoma arising in back-
ground of hyperplasia. Similarly, Addison’s disease results in cor-
ticotroph hyperplasia that can mimic adenoma (7). In addition,
mammosomatotroph hyperplasia unassociated with a known
growth hormone releasing hormone (GHRH)-producing tumor has
been reported in association with McCune—Albright syndrome
where GNASI mutations can result in constitutive activation of the
G proteins mediating GHRH stimulation and formation of a pitu-
itary adenoma (7, 10). Similarly, other genetic conditions such as
MEN1 syndrome (MENT) and Carney complex (PRAKR1A) can be
associated with pituitary hyperplasia (eg, somatotroph hyperpla-
sia) surrounding a dominant pituitary adenoma (7, 10, 18). Of note,
CRH- and/or GnRH-producing sellar gangliocytomas can be asso-
ciated with corticotroph hyperplasia/adenoma, and somatotroph
hyperplasia/adenoma, respectively (7, 11, 12, 18, 51). Sellar gan-
gliocytomas can be seen intermingled within pituitary adenomas
and in such situations the large ganglion cells may be scarce (7, 52,
55, 58).

Careful examination of nontumorous adenohypophyseal paren-
chyma can also provide some additional important data. The pres-
ence or absence of Crooke’s hyaline change in the nontumorous
adenohypophysis should be carefully assessed in patients with
hypercortisolism (2, 6, 7, 10) (Figure 4). Of note, intermediate lobe
corticotrophs are not sensitive to suppression of hypercortisolemia
and are unlikely to exhibit Crooke’s hyaline change (7). Hypercor-
tisolism may have other causes including alcoholism, obesity,
several drugs (estrogens, diphenylhydantoin) and pregnancy (7).
Obesity also can result in a state of relative hypercortisolemia and
the distinction of these various forms of “pseudo-Cushing’s” syn-
drome from Cushing’s syndrome can be challenging (7). Given the
difficulty to localize microadenomas by radiology, as well as chal-
lenges in the clinical workup, the initial surgery may only reveal
small fragments of nontumorous adenohypophysis. In this situa-
tion, the identification of Crooke’s hyaline change is of clinical
significance, as patients with corticotroph hyperplasia and pseudo-
Cushing’s syndrome do not usually exhibit Crooke’s hyaline
change. It is important to remember that Crooke’s hyaline change
is seen in the adenohypophysis of patients with primary adrenal
hypercortisolism, iatrogenic hypercortisolism or ectopic ACTH
syndrome; in Cushing’s disease, however, it is usually confined to
the suppressed nontumorous corticotroph population. Moreover,
Crooke’s hyaline change can sometimes be focal in the nontumor-
ous corticotrophs or can be seen focally in a corticotroph adenoma;
these findings may suggest an abnormality in the feedback auto-
regulation of corticotrophs and therefore is an indication for careful
clinical surveillance (2, 6, 7, 10).

NEUROENDOCRINE MIMICS OF
PITUITARY ADENOMAS

Sometimes pituitary adenomas can be negative for keratins, pitu-
itary transcription factors and hormones, but positive for neuroen-
docrine markers (2, 6, 7, 10). In this situation, the differential
diagnosis includes sellar paraganglioma and null cell adenoma. To
complicate this quandry, metastatic neuroendocrine carcinomas
can sometimes also be negative for keratins (7). In this setting,
positivity for tyrosine hydroxylase is diagnostic of paraganglioma
and positivity for other transcription factors [thyroid transcription
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factor 1 (TTF-1), caudal type homeobox transcription factor 2]
favors metastatic neuroendocrine carcinomas (7, 61). It is of note
that TTF-1 is expressed in high-grade neuroendocrine carcinomas,
regardless of their site of origin, as well as in medullary thyroid
carcinomas and those originating from lung. However, normal
pituicytes, as well as lesions arising from ventral neuroectoderm
such as granular cell tumors, spindle cell oncocytomas and pituicy-
tomas, are also positive for TTF-1 (7, 41). As these lesions are
negative for neuroendocrine markers, their distinction is relatively
easy when TTF-1 is used in a panel. Moreover, it is important to
remember that pituitary adenomas do not often express peptides of
thyroid, gut and pancreas. Metastatic neuroendocrine carcinomas
can express ACTH, CRH, GHRH and «-SU, but not GH, PRL,
B-TSH, B-FSH or B-LH (7). Furthermore, MIB-1 is usually high in
metastatic carcinomas and usually low in pituitary adenomas.

CONCLUSIONS

There has been significant progress in our understanding of pitu-
itary tumorigenesis including markers involved in the molecular
cytodifferentiation of adenohypophysis. Detailed classification of
pituitary adenomas based on immunohistochemical characteristic
of tumor cells reflects specific clinical features and genetic changes
that predict targeted treatments, as well as prognosis. Therefore, the
application of markers of molecular cytodifferentiation of adeno-
hypohysis, including pituitary transcription factors (Pit-1, Tpit,
SF-1, ER-0, GATA-2), along with monoclonal antibodies against
pituitary hormones, LMWK and MIB-1, are crucial in the diagnos-
tic assessment and accurate classification of pituitary adenomas.
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