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The sellar region is the site of a large number of
pathological entities arising from the pituitary and adjacent
anatomical structures, including brain, blood vessels,
nerves and meninges. The surgical pathology of this area
requires the accurate identification of neoplastic lesions,
including pituitary adenoma and carcinoma,
craniopharyngioma, neurological neoplasms, germ cell
tumours, haematological malignancies and metastases, as
well as non-neoplastic lesions such as cysts, hyperplasias
and inflammatory disorders. This review provides a
practical approach to the diagnosis of pituitary specimens
that are sent to the pathologist at the time of surgery. The
initial examination requires routine haematoxylin and
eosin staining to establish whether the lesion is a primary
adenohypophysial proliferation or one of the many other
pathologies that occurs in this area. The most common
lesions resected surgically are pituitary adenomas. These
are evaluated with several special stains and
immunohistochemical markers that are now available to
accurately classify these pathologies. The complex
subclassification of pituitary adenomas is now recognised
to reflect specific clinical features and genetic changes that
predict targeted treatments for patients with pituitary
disorders.
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T
he sellar region is the site of different
pathological entities arising from the pitui-
tary and adjacent anatomical structures

including brain, blood vessels, nerves and
meninges. The surgical pathology of this area
requires the accurate identification of neoplastic
lesions, including pituitary adenoma and carci-
noma, craniopharyngioma, neurological neo-
plasms, germ cell tumours and haematological
malignancies, as well as non-neoplastic lesions
such as cysts, hyperplasia and inflammatory
lesions.1 2 Box 1 lists the various pathologies that
occur in the sella turcica.

Among all these entities, primary pituitary
adenomas are the most common. A recent meta-
analysis showed that the estimated prevalence of
pituitary adenomas was 14.4% in postmortem
studies and 22.2% in radiological studies, with an
overall estimated prevalence of 16.9%.3 These
figures contravene the conventional view of
pituitary tumours as rare; pituitary adenomas are
indeed common in the general population.
Although not often lethal, these lesions have a
major effect on quality of life and are being

recognised with increasing frequency. Moreover,
the management of these lesions has seen major
changes with the development of new pharmaco-
therapeutic agents, surgical approaches and
radiotherapeutic techniques.

It therefore behoves the surgical pathologist to
have a rational approach to the diagnosis of
pituitary specimens. Owing to the variety of
pathologies in the sellar region and the diverse
modalities of therapeutic intervention, the
pathologist has an important role in the diag-
nosis and management of the patient with
pituitary pathology.

THE INITIAL APPROACH
The handling of tissue obtained at pituitary
surgery is important to ensure accurate and
complete diagnosis. Adequate tissue fixed in
formalin for histology and immunohistochemis-
try is paramount. In rare cases, there may be a
need for ultrastructural analysis. As this situa-
tion is not often predicted clinically, it is
recommended that a small piece of tissue be
routinely fixed for electron microscopy and
retained in the event that it is needed.
Currently there is no need for special handling
of tissue for other diagnostic techniques.

Most pituitary specimens are small and the
tissue may be compromised by requests for
intraoperative consultation. Freeze artefacts
resulting from quick section handling can pre-
clude further evaluation. In some centres,
pathologists elect to use smear technology for
intraoperative consultation to prevent this arte-
fact; this method uses less tissue but requires
experience for interpretation. Sometimes, the
only diagnostic tissue is in the material used
for the intraoperative procedure. We therefore
recommend that this procedure be limited for
use only when the clinical situation is unusual or
when the surgeon encounters unexpected find-
ings.

The initial evaluation of a pituitary specimen is
the examination of slides stained with haema-
toxylin and eosin. This routine stain allows
pathologists to histopathologically evaluate and
determine whether the lesion is composed of
adenohypophysial cells and therefore likely to be
hyperplasia, adenoma or, very rarely, carcinoma.
Other lesions will be identified or at least
considered in this evaluation. Cysts such as
Rathke’s cleft cyst, arachnoid cysts and dermoid
cysts will be recognised on the basis of clinical
and radiological findings preoperatively and
confirmed with the identification of the appro-
priate cyst lining.4 Hypophysitis of any type5 can

Abbreviations: ACTH, adrenocorticotrophic hormone;
PRL, prolactin; TSH, thyrotropin
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be readily recognised with this conventional stain (fig 1). In
addition, this analysis can also diagnose other types of
tumours that arise in the sella. In some cases, the distinction
between these unusual lesions and pituitary adenoma can be
difficult and will require ancillary testing using various
immunohistochemical stains as appropriate.

This short review does not permit a discussion of the
various neuropathological entities that can involve the sella.
These include gliomas, meningiomas, schwannomas and
chordomas. Unique tumours of the hypothalamus are the
hypothalamic neuronal gangliocytomas and gangliogliomas,
which are rare but can give rise to clinical features of
hormone excess that can mimic pituitary adenoma.6 In
the neurohypophysis, granular cell tumours are rarely
diagnosed in a surgical pathology specimen but they have a

characteristic histological appearance that rarely requires
ancillary studies.1

Craniopharyngioma is a unique tumour of the sellar region
that is derived from the remnants of Rathke’s pouch. These
lesions have a characteristic morphology that requires only
routine haematoxylin and eosin staining for identification
and classification (fig 2). They are composed of cords or
islands of epithelial cells with squamoid differentiation in a
loose fibrous stroma with intervening cysts. The epithelial
islands have palisade cells at the periphery.1 They are
subclassified as adamantinomatous, which harbour muta-
tions of the b-catenin gene as a specific molecular patho-
genetic mechanism,7 8 and papillary.

Germ cell tumours of the sella resemble those lesions in
other sites of the body.9 Haematological malignancies of the
sella are usually systemic diseases but occasionally arise as
primary plasmacytomas or lymphomas.10 11 Most patients
present with headache, visual impairment with cranial nerve
dysfunction, panhypopituitarism and systemic changes that
raise the possibility of a distinct disease entity.12

Box 1 Classification of pituitary pathology*

N Neoplastic

Benign�

Pituitary adenoma
Craniopharyngioma
Gangliocytoma/ganglioglioma
Granular cell tumour
Meningioma
Schwannoma
Chordoma
Vascular and mesenchyma tumours

Malignant

Pituitary carcinoma
Gliomas
Germ cell tumour
Lymphoma/leukaemia/Langerhans’ cell histiocytosis
Vascular and mesenchymal tumours
Metastases
Miscellaneous (salivary gland lesions, melanoma, etc)

N Non-neoplastic

Hyperplasia
Inflammatory lesions

Infectious
Immune

Cysts

Rathke’s cleft cysts
Arachnoid
Dermoid/epidermoid

Aneurysms
Meningoencephalocele
Hamartoma
Brown tumour of bone

*Surgical pathology only, not including developmental and
metabolic lesions for which biopsy samples are not taken.
�Although classified as benign, many of these lesions are

locally invasive and cause major morbidity and mortality.

Figure 1 Lymphocytic hypophysitis. The adenohypophysis is infiltrated
by chromic inflammatory cells, including lymphocytes and plasma cells.
The few residual acidophils and basophils of the parenchyma are
prominent.

Figure 2 Craniopharyngioma. The squamous epithelium of this lesion
lies in a loose fibrous stroma with prominent keratinisation and
calcification (top right).
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Metastatic malignancies are common in the pituitary,13 14

usually at a late stage of disseminated malignancy when the
clinical diagnosis is known. Occasionally, however, these
lesions are detected early, and particularly in patients with no
known history of a primary malignancy, they can be clinically
challenging. The lesions that most often give rise to pituitary
metastasis are carcinomas of the breast, lung and prostate.
The metastatic tumour is usually associated with neuro-
hypophysis and extrasellar structures, giving rise to a clinical
presentation of diabetes insipidus and nerve palsies that is
not consistent with pituitary adenoma.15 16 The common
lesions are readily diagnosed on routine histopathology, but a
metastatic well-differentiated neuroendocrine carcinoma
(fig 3) can be a diagnostic dilemma.15 17 The expression of
specific markers, such as thyroid transcription factor 1, cdx-2
or peptides of gut or lung origin, may be required to
distinguish these lesions from a primary pituitary neoplasm.

PRIMARY ADENOHYPOPHYSIAL CELL
PROLIFERATIONS
Once a pituitary lesion is determined to be composed of
epithelial cells with neuroendocrine differentiation and
thought to be of primary pituitary origin, the classification
of the lesion will require several steps: the lesion must be
identified as hyperplasia or neoplasia; the cell population
responsible for the proliferation must be established; and, in
the case of a neoplasm, the behaviour, prognosis and
potential treatment of choice must be determined.

ADENOMA OR HYPERPLASIA?
Hyperplasia is defined as a cell proliferation induced by a
known stimulus and is a controlled process that stops when
the stimulus is removed. Pituitary hyperplasia can be
physiological, as when lactotrophs proliferate during preg-
nancy, or pathological, as when induced by excess hypophy-
siotropic hormones. Examples of pathological hyperplasia
include cases of primary target organ failure, such as primary
hypothyroidism,18 19 or hormone excess produced by neoplasms,
such as hypothalamic gangliocytomas, or ectopic sources of
growth hormone-releasing hormone or corticotropin-releasing
hormone, such as bronchial, gastroenteropancreatic, adrenal or
prostatic endocrine tumours.20 Hyperplasia can be clinically

indistinguishable from adenoma. Radiological imaging can
sometimes identify differences: in hyperplasia the proliferation
is diffuse and there is no normal rim that is enhanced with
gadolinium.21 However, this subtle difference is often over-
looked and, unfortunately, it falls to the pathologist to make the
diagnosis. In this regard, the reticulin stain is a useful tool.
Normal adenohypophysis is formed by small acini of pituitary
cells surrounded by an intact reticulin network. In hyperplasia,
the acinar architecture is maintained and the reticulin network
is preserved, but the acini are increased in size (fig 4A). In
contrast, pituitary adenomas are characterised by complete
disruption of the reticulin fibre network (fig 4B).
Immunohistochemical stains are required to determine the
hyperplastic cell population, and this technique will identify the
admixed normal cells that stain for all of the normal
adenohypophysial hormones.1

CLASSIFICATION OF PITUITARY ADENOMAS
Clinically, pituitary adenomas are classified as hormonally
active or functioning adenomas and non-functioning adeno-
mas that often present with visual impairment and hypo-
pituitarism, especially in men. About two thirds of clinically
diagnosed lesions are functioning lesions associated with
excess hormone production. These are further subclassified
according to histological morphology.

The pituitary is composed of at least six distinct cell types
and each cell is responsible for the production and secretion
of one or more specific hormones. The recent advances in
molecular biology have clarified the cytodifferentiation of
adenohypophysial cells.22 23 During development, an orga-
nised, complex process of cell differentiation is orchestrated
by specific transcription factors (fig 5). These factors also
have a role in determining the cytodifferentiation and
hormone production of pituitary adenomas, and knowledge
of their significance can help in classifying adenomas.24–28

Adenohypophysial cells arise from Rathke’s pouch stem
cells. Corticotrophs are the first cells to differentiate in the
human fetal pituitary. This process is determined by the
novel Tpit transcription factor29 that mediates its action in
concert with Ptx1 and neuroD1,30 31 which were previously
identified as corticotroph upstream transcription element-
binding proteins. The second line of differentiation tempo-
rally in the human gland is through Pit-1. This protein has
restricted expression in the pituitary and activates the growth
hormone, prolactin (PRL) and b-thyrotropin (b-TSH)
genes.32–37 Pit-1 initially determines growth hormone expres-
sion and the somatotroph phenotype. Expression of oestro-
gen receptor allows the expression of PRL and growth
hormone in a bihormonal population of mammosomato-
trophs.38 The development of mature lactotrophs depends on
the presence of a putative growth hormone repressor that is
yet unidentified. Some of the Pit-1-expressing cells further
express thyrotroph embryonic factor39 and develop into
thyrotrophs in the presence of a growth hormone repressor
and GATA-2.40 In physiological states, somatotrophs, mam-
mosomatotrophs and lactotrophs transdifferentiate in a
reversible fashion.41 In animal models, somatotrophs can
also transdifferentiate into thyrotrophs in severe hypothyr-
oidism and this too is thought to be reversible.42 These
changes indicate the fluidity of this population of four cell
types that are all dependent on Pit-1. The third line of
cytodifferentiation is that of the gonadotrophs which are
determined by steroidogenic factor-1 and GATA-2 in the
presence of oestrogen receptor.28 40

The various cell types give rise to tumours that can be
clinically functioning or silent, and some tumour types have
morphological variants that are thought to reflect differing
pathogenetic mechanisms or responses to treatment. Table 1
defines these entities and summarises the clinical–pathological

Figure 3 Metastatic neuroendocrine carcinoma. This metastasis from a
primary endocrine carcinoma of the lung mimics a pituitary adenoma in
architecture and cytology. Both lesions can be positive for synaptophysin
and chromogranin; other markers are therefore required to establish the
diagnosis. Strong nuclear positivity for thyroid transcription factor 1 (not
shown) confirmed the diagnosis.
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classification of pituitary adenomas.1 2 A more refined approach
can subclassify adenomas on the basis of the pattern of
immunoreactivity and, occasionally, ultrastructural features,
which reflect the various pathogenetic mechanisms underlying
these lesions.

The following discussion, which includes a detailed
morphological subclassification (table 2), provides a brief
overview of the approach to the diagnosis of these lesions

When the clinical history indicates hormone excess
In a patient with known Cushing’s disease, the differential
diagnosis is pituitary adenoma versus corticotroph hyperpla-
sia. Pituitary adenoma is far more common, but the

distinction is important and requires the use of reticulin
staining and adrenocorticotrophic hormone (ACTH) immu-
nohistochemistry as detailed above. In addition, the pathol-
ogist has the added tool of Crookes’ hyaline change, a
morphological marker of feedback suppression that indicates
the status of normal corticotrophs (fig 6). In the absence of
this change, the patient has either a misdiagnosis or
corticotroph hyperplasia. Pseudo-Cushing’s syndrome is a
significant medical pitfall that can occasionally result in
unnecessary pituitary surgery. When there is no Crookes’
hyalinisation of corticotrophs, a careful evaluation of
reticulin and corticotroph distribution is required, which
can be very difficult.43 44

A B

Figure 4 Reticulin staining in hyperplasia and neoplasia. (A) The lesion has an intact reticulin pattern but focally dilated acini; this is an example of
thyrotroph hyperplasia. (B) In contrast, the lesion has total breakdown of acinar architecture, consistent with adenoma.

b

Figure 5 Pathways of cell differentiation in adenohypophysis. The three main pathways of cell differentiation are determined by transcription factors
that can serve as diagnostic markers. ER, oestrogen receptor; GH, growth hormone; SF-1, steroidogenic factor 1; TEF, thyrotroph embryonic factor.

1248 Al-Brahim, Asa

www.jclinpath.com



The presence of Crooke’s hyalinisation confirms that the
patient has raised circulating glucocorticoids, but the
differential diagnosis includes pituitary adenoma, ectopic
ACTH secretion, primary adrenal pathology or iatrogenic
administration of glucocorticoids. The clinical history, radi-
ological imaging and elaborate biochemical evaluation
including inferior petrosal sinus sampling may be required
to distinguish these disorders.

The identification of an ACTH-immunoreactive adenoma can
be easy when the lesion is large. However, these adenomas are
often small, about 1–2 mm in size. They may require multiple
sections through the specimen to be identified. Generally, the

larger lesions tend to be obvious adenomas but not obviously
basophilic adenomas, as they are usually sparsely granulated,
chromophobic adenomas. Periodic acid-Schiff positivity and
weak ACTH reactivity makes the diagnosis evident, but these
stains can also be equivocal in this setting. The addition of Tpit
is helpful, but as yet no commercially antisera or antibodies are
available for this marker.

The classic microadenomas associated with the most florid
examples of Cushing’s disease are densely granulated adenomas

Table 1 Clinicopathological classification of pituitary
adenomas

Clinically functioning adenomas Clinically silent adenomas

Adenomas causing GH excess
Somatotroph adenomas Silent somatotroph adenomas
Mammosomatotroph adenomas

Adenomas causing hyperprolactinaemia
Lactotroph adenomas Silent lactotroph adenomas
Lactotroph adenomas with GH
reactivity

Adenomas causing TSH excess
Thyrotroph adenomas Silent thyrotroph adenomas

Adenomas causing ACTH excess
Corticotroph adenomas Silent corticotroph adenomas

Adenomas causing gonadotropin excess
Gonadotroph adenomas Silent gonadotroph adenomas

Plurihormonal adenomas Hormone-negative adenomas

ACTH, adrenocorticotrophic hormone; GH, growth hormone; TSH,
thyrotropin.

Table 2 Morphological classification of pituitary adenomas

Tumour Transcription factor Hormones Cam 5.2 keratin staining

Adenomas containing GH Pit-1
Somatotroph adenomas GH

Densely granulated a-subunit Perinuclear
Sparsely granulated Fibrous bodies

Mammosomatotroph adenomas GH, PRL, a-subunit
Mixed somatotroph–lactotroph adenomas

Plurihormonal GH-producing adenomas GH, PRL a-subunit, b-TSH

Adenomas containing PRL Pit-1
Lactotroph adenomas PRL

Sparsely granulated PRL (Golgi pattern)
Densely granulated PRL (diffuse)

Acidophil stem cell adenomas PRL, GH Fibrous bodies

Adenomas containing TSH Pit-1, TEF GATA-2
Thyrotroph adenomas a-subunit, b-TSH

Adenomas containing ACTH Tpit
Densely granulated ACTH
Sparsely granulated ACTH
Crookes’ cell adenoma ACTH Dense bands

Adenomas containing gonadotropins SF-1, ER, GATA-2
Gonadotroph adenomas a-subunit, b-FSH, b-LH

Plurihormonal adenomas Multiple
Silent subtype 3 Multiple
Unusual Multiple

Hormone-negative adenomas None
Null-cell adenomas None

ACTH, adrenocorticotrophic hormone; ER, oestrogen receptor; FSH, follicle-stimulating hormone; GATA-2, GH, growth hormone; PRL, prolactin; SF-1,
steroidogenic factor-1; TEF, thyrotroph embryonic factor.

Figure 6 Crooke’s hyaline change. Non-tumorous corticotrophs in the
pituitary of a patient with raised glucocorticoids show accumulation of
hyaline material as a concentric whorl in the cytoplasm; the hyaline can
trap large lysosomes known as ‘‘enigmatic bodies’’ which are also found
in corticotrophs. This change is characteristic of non-tumorous
corticotrophs in patients with functioning pituitary corticotroph
adenomas; pituitary adenomas rarely show diffuse hyalinisation,
forming the ‘‘Crooke’s cell adenoma’’ (not shown).
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composed of strongly basophilic cells. These adenomas exhibit
strong periodic acid-Schiff positivity. Immunohistochemically,
they express ACTH and generally have strong reactivity with the
Cam 5.2 antibody to keratins 7 and 8.

In some patients, there is no evidence of an adenoma but
the non-tumorous pituitary shows extensive Crooke’s hyaline
change. The outcome of surgery alone will indicate the true
nature of this disorder; as very small microadenomas can be
lost during surgery, perhaps suctioned during aspiration of
blood in the operative field, an operative success can be
assumed if biochemical abnormality is achieved along with
regression of clinical signs and symptoms. The pathologist
can only issue a report that indicates the presence of Crooke’s
hyaline change, consistent with Cushing’s syndrome. In
contrast, a surgical failure will require more careful clinical
evaluation of the patient to exclude an ectopic source of
ACTH or ACTH-like peptide, primary adrenal disease or a
missed pituitary lesion.

Crooke’s cell adenoma is a rare variant of corticotroph
adenoma. In this unusual lesion, the adenomatous cells
exhibit the features of suppressed corticotrophs. These
tumours are often associated with atypical clinical histories,
and the diagnosis may be unclear, or there may be a history
of cyclical Cushing’s syndrome. The morphology of these
tumours can be quite atypical as well, with prominent
nuclear pleomorphism and large cells that can resemble
gangliocytoma or metastatic carcinoma. This rare entity is
defined by periodic acid-Schiff positivity and immuno-
reactivity for ACTH, as well as the dense ring of keratin that
fills the tumour cell cytoplasm, and is identified with Cam 5.2
staining.

When the patient has acromegaly or gigantism, the
diagnosis of a growth hormone-secreting adenoma is almost
certain. However, these patients rarely have somatotroph
hyperplasia owing to ectopic production of growth hormone-
releasing hormone by endocrine tumours as described above.
The reticulin is a critical stain to exclude this possibility and
ensure appropriate management for these patients.

Growth hormone-secreting adenomas may be bihormonal
mammosomatotroph adenomas or plurihormonal adenomas
of the Pit-1 family that make TSH. Monohormonal growth
hormone-producing adenomas can be densely or sparsely
granulated. The distinctions can affect medical treatment in
the event of surgery,45 46 therefore accurate classification is
important. Indeed, it seems that the most important
distinction is between densely and sparsely granulated types,
as the pathophysiology of these lesions will determine their
response to the current available treatments: somatostatin
analogues versus growth hormone antagonists and possibly
dopamine agonists.

All of these adenomas stain for Pit-1 and to variable
degrees for the growth hormone. Mammosomatotrophs stain
for PRL as well, and the unusual plurihormonal adenomas
contain b-TSH. All of the densely granulated variants are
acidophilic and also contain an a-subunit. The sparsely
granulated somatotroph adenoma is the most difficult to
diagnose, as it is often either negative or only weakly positive
for growth hormone. The most critical immunostain in this
setting is the Cam 5.2 keratin stain. It identifies perinuclear
keratin in all of the densely granulated adenomas, including
mammosomatotrophs and plurihormonal lesions (fig 7A). In
contrast, it clearly decorates fibrous bodies in the sparsely
granulated adenomas (fig 7B). These fibrous bodies can be
identified without the keratin stain, as the tumour cells often
have bilobed or concave, pleomorphic nuclei that are
distorted by pale homogeneous eosinophilic globules.

The patient presenting with hyperprolactinaemia is usually
given medical treatment. The patients who come for surgery
either have failed medical treatment or major adverse effects

induced by all of the dopaminergic agonists now available. As
most lactotroph adenomas respond well to these drugs with
hormone normalisation and tumour shrinkage, it is impor-
tant for the pathologist to exclude the many other causes of
hyperprolactinaemia, including hypophysitis and all of the
various neoplasms identified in the initial part of this article.

Lactotroph adenomas are subclassified into sparsely
granulated and densely granulated variants. Sparsely granu-
lated adenomas are usually highly responsive to dopamine
agonists and therefore usually show major changes due to
the previous treatment. Only untreated adenomas of this type
show the usually chromophobic morphology with abundant
cytoplasm and characteristic juxtanuclear prolactin immuno-
reactivity (fig 8). More commonly, the lesions are composed
of small cells in a fibrous stroma, resembling inflammation,
plasmacytoma or lymphoma. The diagnosis is confirmed by
the identification of strong nuclear positivity for Pit-1;
usually they have at least focal prolactin positivity.

The rare densely granulated lactotroph adenomas are
composed of acidophilic to chromophobic cells with strong
and diffuse cytoplasmic positivity for prolactin. Another
unusual pituitary adenoma causing hyperprolactinaemia is
the so-called ‘‘acidophil stem-cell adenoma’’, an oncocytic
lesion characterised by Pit-1 nuclear staining, variable
prolactin and growth hormone reactivity, and fibrous bodies
identified with the Cam 5.2 immunostain.

The presentation of a patient with TSH excess requires the
exclusion of thyrotroph hyperplasia. The rare thyrotroph
adenomas are usually highly infiltrative macroadenomas
with stromal fibrosis and marked nuclear atypia.
Immunohistochemically, thyrotroph adenomas express a-
subunit and b-TSH.

Clinically non-functioning adenomas
The diagnosis of a clinically non-functioning adenoma
requires appropriate classification for prognostication. The
vast majority of these lesions are actually gonadotroph
adenomas; these very rarely present with clinical or
biochemical evidence of hormone excess. Nevertheless, they
produce follicle-stimulating hormone (FSH) or luteinising
hormone, and they express the transcription factors that
prove gonadotroph differentiation. They have a highly
characteristic histological pattern, in which solid sheets,
nests and even sinusoidal patterns are interrupted by
pseudopapillae and striking pseudorosettes around vascular
channels (fig 9). They usually have two types of cell: tall
columnar cells line pseudopapillae and rosettes, whereas
polygonal cells comprise the bulk of the lesion. Oncocytic
change can be observed in all patterns. Gonadotroph
adenomas express a-subunit, b-FSH and b-leutinising
hormone in scattered patterns and to variable degrees; they
also express steroidogenic factor-1 with strong nuclear
reactivity.

Occasional clinically silent adenomas are positive for Pit-1,
and for growth hormone, PRL or b-TSH; these lesions should
be classified as adenomas of the appropriate type as indicated
earlier, with the additional qualification of ‘‘silent’’ adenoma.
The pathophysiology of their lack of clinical symptomatology
is not known. In contrast, silent corticotroph adenomas are
thought to arise from cells that fail to process the ACTH
precursor, pro-opiomelanocortin, into the biologically active
1–39 ACTH. These lesions express Tpit, ACTH-like immuno-
reactivity and keratins; they resemble functioning cortico-
troph adenomas of the two types, sparsely and densely
granulated variants; however, they are invariably macro-
adenomas and there is no associated Crooke’s hyaline change
in non-tumorous corticotrophs. These lesions are generally
much more aggressive than other silent adenomas, and
recurrence is extremely common.
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As immunohistochemical markers become more sophisti-
cated, the number of truly unclassified adenomas is falling.
The rare tumour that is completely negative for all hormones
and transcription factors is classified as a ‘‘null-cell ade-
noma’’ and usually behaves like a gonadotroph adenoma.

The question of plurihormonality
The existence of unusual plurihormonal adenomas is a
problem in this field. Several reports of various combinations
of hormones in a single tumour are found in the literature.

The application of highly specific monoclonal antibodies and
the understanding of cell differentiation have clarified many of
the controversies. Reports of adenomas expressing growth
hormone or PRL with gonadotropins are now recognised to
reflect an aberration that was identified clearly by a group of

meticulous pathologists as non-specific cross-reactivity.47 The
fact that cells of the Pit-1 lineage express the a-subunit and
that many antisera raised against FSH or leutinising hormone
recognised the a-subunit explains many of these anomalies. In
our experience, the application of monoclonal antisera has
made the occurrence of truly atypical plurihormonal adeno-
mas exceptionally rare. Some of these lesions represent double
adenomas or ‘‘collision’’ tumours.48 Most lesions respect the
lines of differentiation attributable to the three transcription
factor lineages. Even the rare silent subtype 3 adenoma is
usually positive for Pit-1, PRL, growth hormone and b-TSH,
with other reactivities possibly reflecting a-subunit cross-
reactivity. This lesion is characterised by intense stromal
fibrosis and high vascularity. Other distinct features are
identified by electron microscopy.

A B

Figure 7 Keratin patterns in somatotroph adenomas. (A) Densely granulated somatotroph and mammosomatotroph adenomas show a perinuclear
pattern of keratin identified with the Cam 5.2 antibody. (B) Sparsely granulated somatotroph adenomas have a unique pattern of staining that identifies
globular ‘‘fibrous bodies’’.

Figure 8 Prolactin staining in sparsely granulated lactotroph adenoma.
This tumour represents the vast majority of lactotroph adenomas. It
shows a highly specific staining pattern for prolactin that is localised to
the Golgi complex but is not stored in cytoplasmic secretory granules.

Figure 9 Gonadotroph adenoma. Most clinically non-functioning
adenomas are of gonadotroph differentiation. They have a characteristic
architecture with solid nests of round cells surrounded by a palisade of
elongated cells with distinct polarity at the periphery, which can form
pseudorosettes around vascular channels.
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The role of electron microscopy
The classification of pituitary adenomas is based on careful
studies that used immunohistochemistry, electron micro-
scopy and immunoelectron microscopy to identify structure–
function correlations.49 Many of the ultrastructural features
that were recognised as characterising specific tumour types
are now identified by immunohistochemistry. For example,
fibrous bodies were considered to be the hallmark of the
sparsely granulated somatotroph adenoma, and these are
now readily identified with the Cam 5.2 immunostain.

There remain situations in which the histology and
immunohistochemical profile are atypical and these cases
require electron microscopy for accurate classification. This is
particularly true of the silent subtype 3 adenoma.

The best approach to the use of this diagnostic tool is to fix
and embed a small fragment of all pituitary tumours at the
time of receipt in the event that electron microscopy may be
required, recognising that only a small number of specimens
will ever require sectioning and ultrastructural examination.
If this is impractical, certainly specimens from patients with
atypical histories deserve this type of handling, as they will be
the cases most likely to require this ancillary study.

PROGNOSIS
Prognostication remains a major challenge in pituitary
pathology. The proliferative activity50–52 using markers such
as proliferating cell nuclear antigen, Ki-67/MIB-1, and anti-
apoptotic Bcl-2 has unfortunately shown no consistent
correlation with tumour invasiveness or recurrence.51

Although invasive pituitary adenomas and carcinomas show
a high DNA topoisomerase IIa index, this indicator has no
major advantage over MIB-1 as a prognostic marker.53 Cyclo-
oxygenase-2 expression correlates with patient age, but not
with tumour size or invasiveness.54 Detection of telomerase
expression may predict recurrence in pituitary adenomas.55

Galectin-3, a b-galactoside-binding protein implicated in
cellular differentiation and proliferation as well as angiogen-
esis, tumour progression and metastasis, may have a role in
pituitary tumour progression.56

Unfortunately, none of these is a true marker of biological
behaviour. The best predictive marker remains the tumour
classification based on hormone content and cell structure.
For example, among people with acromegaly who fail
surgical resection, response to long-acting somatostatin
analogues is best predicted by the subtype of somatotroph
adenoma as densely or sparsely granulated.45 46 This finding
renders the value of a Cam 5.2 keratin stain more important
than almost any other immunostain in this setting. A silent
corticotroph adenoma will recur more often and more
aggressively than a silent gonadotroph adenoma. And a
silent subtype 3 adenoma will almost certainly behave
invasively, infiltrating the base of the skull, whereas a silent
adenoma of the gonadotroph lineage will usually grow by
expansion upwards.

Pituitary carcinoma, by definition a lesion that shows
distant cerebrospinal or systemic metastasis, is an exception-
ally rare lesion that cannot be defined by morphological
parameters of the primary tumour.

CONCLUSION
The approach to pituitary pathology is complex and requires
recognition of many pathological entities. Familiarity with
inflammatory and neurological diseases must be coupled
with a detailed understanding of pituitary hyperplasia and
adenoma classification. In the past, a diagnosis of ‘‘ade-
noma’’ was considered sufficient for many patients, but the
advances in pituitary medicine demand a more thorough
clinicopathological diagnosis that will guide patient manage-
ment.

Authors’ affiliations
. . . . . . . . . . . . . . . . . . . . .

S L Asa, N Y Y Al-Brahim, Department of Laboratory Medicine and
Pathobiology, University of Toronto; Toronto Medical Laboratories,
Toronto, Ontario, Canada

Competing interests: None declared.

REFERENCES
1 Asa SL. Tumors of the pituitary gland. In: Rosai J, ed. Atlas of tumor pathology.

3rd series, fascicle 22. Washington, DC: Armed Forces Institute of Pathology,
1998.

2 DeLellis RA, Lloyd RV, Heitz PU, Eng C, eds. World Health Organization
classification of tumours. Lyon: IARC, 2004.

3 Ezzat S, Asa SL, Couldwell WT, et al. The prevalence of pituitary adenomas: a
systematic review. Cancer 2004;101:613–19.

4 Shin JL, Asa SL, Woodhouse LJ, et al. Cystic lesions of the pituitary:
clinicopathological features distinguishing craniopharyngioma, Rathke’s cleft
cyst, and arachnoid cyst. J Clin Endocrinol Metab 1999;84:3972–82.

5 Cheung CC, Ezzat S, Smyth HS, et al. The spectrum and significance of
primary hypophysitis. J Clin Endocrinol Metab 2001;86:1048–53.
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