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and we continue to strive for the best illustrations, all of which 
have been color balanced to bring uniformity to the color 
 illustrations in the text. Reference lists have been consider-
ably updated, and, where possible, older references have been 
eliminated to save space. The editors of the seventh edition 
wish to especially thank Stacey E. Mills for his good steward-
ship as lead editor for the prior three editions. His vision and 
hard work continue to be reflected in this edition. The editors 
also wish to thank the contributing authors, past and present, 
a veritable “who’s who” in surgical pathology for establishing 
prior editions of this text as a leader in the field and for mak-
ing the seventh edition the best ever. Finally, we would like to 
thank the staff of Wolters Kluwer for their unfaltering, enthu-
siastic support of our text.

Teri A. Longacre
Joel K. Greenson

Jason L. Hornick
Victor E. Reuter

The seventh edition of Sternberg’s Diagnostic Surgical Pathology 
continues the effort of prior authors and editors to bring 
thoughtful diagnostic assistance to surgical pathologists at all 
levels of training and experience. Whenever possible, real-life 
diagnostic problems and pitfalls are emphasized. The preface 
to the first edition, reprinted on the next page, sets this tone 
right from the inception, and we have worked to preserve it. 
As with prior editions, the seventh edition brings considerable 
changes in authorship and, most importantly, content. The 
6 years since the publication of the sixth edition have seen 
major advances in surgical pathology. The authors and editors 
have worked hard to incorporate this new material, includ-
ing new molecular and immunohistochemical markers for 
diagnosis and prognosis of neoplasia, improved classification 
systems for diagnosis and prognosis, the role of pathology in 
new diagnostic and therapeutic techniques, and the recogni-
tion of new entities and variants. Where appropriate, updated 
World Health Organization terminology has been employed 
for tumor diagnosis. Surgical pathology is a visual specialty, 

P R E F A C E  T O  T H E  S E V E N T H 
E D I T I O N

xiii
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We speak of the loneliness of the long-distance runner, but 
there may be no one lonelier than a surgical pathologist work-
ing solo. Those working in large hospitals have the luxury of 
being able to consult ad lib with one or more pathologists about 
a given case, and may even have an associate who is a special-
ist in the area of difficulty. Easy access to consultation is a pre-
requisite for accurate diagnosis and, accordingly, for optimal 
patient care. It is especially critical in those instances when the 
busy pathologist has a low level of diagnostic doubt, but this is 
tempered by the need to sign out the case without consultation 
because of the press of time. Very difficult cases, those read-
ily recognizable as problem cases, are in a sense less trouble-
some, as the need for a diagnostic consultation is self-evident. 
Therefore, knowing when and what one doesn’t know is of sin-
gular importance.

A pathology reference library is the other information source 
for the working pathologist. Textbook consultation and human 
consultation go hand in hand. In this text, we have attempted 
to emphasize differential diagnosis of the surgical specimen 
and to keep to a minimum discussion of the natural history of 
disease, treatment, and autopsy findings. Although no textbook 
can take the place of a face-to-face discussion of a diagnostic 
problem (especially over a multiheaded microscope) between 
two or more pathologists, we have asked our authors to  provide 

P R E F A C E  T O  T H E  F I R S T 
E D I T I O N

the reader with their reasoning in approaching differential 
evaluation of a biopsy specimen, thereby giving the flavor of 
a personal consultation. Moreover, the authors for the various 
chapters have been chosen based not only upon their recog-
nized knowledge of the specific area but also upon their skill in 
written communication. Since surgical pathologic diagnosis is a 
visual exercise, the book is generously illustrated with color and 
black-and-white photographs. In addition, the chapter authors 
have been liberal in their use of references, thereby enhancing 
the value of their presentations for the reader who wishes ad-
ditional information.

The section editors have worked closely with the chapter au-
thors to ensure that the objectives of the text are met; namely, 
that it is a treatise on the diagnosis of conditions that confront 
the surgical pathologist. In summary, the goal of the editors is 
that this book will be a working companion, and thereby be ac-
corded a place adjacent to the microscope of the reader.

Stephen S. Sternberg
Donald A. Antonioli

Darryl Carter
Joseph C. Eggleston

Stacey E. Mills
Harold A. Oberman
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(IARC) for pituitary adenomas in the next WHO classification 
(3). However, in this chapter, we follow the current 2017 WHO 
classification nomenclature (4).

Pathologists play an integral role in the management of pa-
tients with sellar lesions, engaging in clinical correlation with 
endocrinologists and neurosurgeons for better assessment of 
the pituitary pathology. In this chapter, these processes are 
placed into perspective for the surgical pathologist. Only 
those unique or common to this location are discussed in this 
chapter.

THE NORMAL PITUITARY

ANTERIOR LOBE

The anterior pituitary or adenohypophysis constitutes the larg-
est portion of the pituitary gland, about 75% to 80%, and it is 
formed by the pars distalis, the pars intermedia, and the pars 
tuberalis. The adenohypophysis is epithelial in origin and arises 
from the Rathke pouch, an invagination in the oral ectoderm. 
The anterior pituitary has a great variety of hormone-producing 
cell types and functions (Table 12.2). A number of recognized 
transcription factors seem to be major participants in anterior 
pituitary organogenesis in a multistep, highly controlled pro-
cess (5,6). The transcription factors NeuroD1 and TPIT (T-box 
transcription factor; TBX19) have been identified as restricted 
to the proopiomelanocortin (POMC)-expressing lineages corti-
cotrophs and melanotrophs (7,8). The acidophilic cell lineage, 
including somatotrophs, lactotrophs, and thyrotrophs, requires 
pituitary transcription factor 1 (PIT1) and PROP1 for their 
differentiation (9,10). In gonadotrophs, steroidogenic factor 
1 (SF1) and GATA2 play positive roles in activation of gonad-
otroph-specific genes, lineage determination, and differentia-
tion (11-13). These transcription factors have been localized 
in human PitNET/adenomas in a pattern similar to normal 
pituitary cell differentiation and, therefore, serve as diagnostic 
tools (see later in this chapter). The sixth cellular component 
present in the anterior pituitary is the folliculostellate cell, a 
specialized sustentacular-like cell that appears to have multiple 
functions related to phagocytosis, secretion of growth factors, 
and intercellular communication (14).

The pars distalis, corresponding to the largest portion of 
the adenohypophysis, is roughly divided into a central mu-
coid wedge and lateral components termed acidophilic wings 
(Fig. 12.1). The term mucoid refers to the abundance of corti-
cotroph cells, basophilic, periodic acid-Schiff (PAS)–positive 
cells concentrated and often clustered in this midportion of 
the gland. These cells are engaged in the production of adre-
nocorticotropic hormone (ACTH) and related molecules. The 
lateral wings contain the majority of somatotroph and lacto-
troph cells that produce growth hormone (GH) and prolactin 

Tumors of the pituitary gland and sellar region represent ap-
proximately 15% of all brain tumors. The complex anatomy 
of the sellar region brings a wide variety of tumors and lesions 
into the clinicopathologic differential diagnosis (Table 12.1). 
Pituitary adenomas, neuroendocrine tumors (NETs) derived 
from cells of the adenohypophysis, are by far the most com-
mon lesions seen in clinical practice. Historically, pituitary ad-
enomas have been classified by their histopathologic features, 
pituitary hormone content of the tumor cells as assessed by 
immunohistochemistry (IHC), and their ultrastructural fea-
tures. The fourth edition of the 2017 World Health Organiza-
tion (WHO) Classification of Pituitary Tumors has adapted 
a new paradigm for their classification using adenohypophy-
seal cell lineage as the main principle for classification of the 
NETs (1,2).

The terminology “pituitary neuroendocrine tumor” (Pit-
NET) has been recently recommended by a committee of 
the WHO and International Agency for Research on Cancer 

 TABLE 12.1  Most Common Tumors and 
Tumorlike Lesions of the Pituitary 
Gland and Sellar Region

Anterior Pituitary
Pituitary adenoma
Pituitary carcinoma

Posterior Pituitary
Pituicytoma
Granular cell tumor of the sella
Spindle cell oncocytoma
Gangliocytoma

Tumors of Nonpituitary Origin
Adamantinomatous craniopharyngioma
Papillary craniopharyngioma
Meningioma
Chordoma
Langerhans cell histiocytosis
Metastases

Cystic Lesions
Rathke cleft cyst
Arachnoid cyst
Epidermoid and dermoid cyst

Inflammatory Lesions
Lymphocytic hypophysitis
Granulomatous hypophysitis
Xanthomatous hypophysitis
Sarcoidosis
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(PRL), respectively, both of which are variably granulated 
and eosinophilic. Gonadotroph cells, follicle-stimulating hor-
mone (FSH) and luteinizing hormone (LH)-producing cells, 
are widely and individually distributed throughout the gland. 
Thyrotroph cells, thyrotrophic hormone (thyroid-stimulating 
hormone or TSH)-producing cells, are far smaller in number 
and more anteriorly situated. The morphologic features of 
anterior pituitary cells, as well as the biochemical characteris-
tics of their hormone products, are summarized in Table 12.2. 
The region of the intermediate lobe (pars intermedia), a well-
developed structure in lower animals, is vestigial in humans 
and consists primarily of a distinctive form of corticotroph 
cells and glandular spaces. The latter are remnants of the 
Rathke cleft and are lined by cuboidal to columnar, ciliated, 
or mucin-producing cells and only occasionally by granulated 
adenohypophyseal cells. A sleeve of anterior pituitary tissue 
extends upward along the anterior aspect of the pituitary stalk 
(pars tuberalis) and consists mainly of gonadotroph and cor-
ticotroph cells, all of which are prone to squamous metaplasia 
with age (15). Salivary gland rests, serous in type, are encoun-
tered at the base of the pituitary stalk.

On hematoxylin and eosin (H&E) stain, anterior pituitary 
cells vary greatly in appearance (Fig. 12.2). Arranged in acini 
surrounded by a rich network of capillaries (Fig. 12.3), they 

 TABLE 12.2  Normal Anterior Pituitary Gland: Cellular Composition, Hormonal Features, and Cell 
Lineage Transcription Factors

Cell Product
Percentage 
of Cells Location

Hormonal 
Characteristics

Histochemical 
Staininga

Major  
Transcription 
Factors

Somatotrophb Growth hormone 
(GH)

50% Lateral wings Polypeptide; 
191-amino  
acids; molecular 
weight (MW): 
22,000

Acidophilic PIT1

Lactotroph Prolactin (PRL) 10%-30% 
(pregnancy, 
50%)

Lateral wings Polypeptide; 
198-amino acids; 
MW: 23,500

Slightly 
acidophilic

PIT1, ERα

Thyrotroph Thyroid-stimulating 
hormone (TSH)

5% Mucoid wedge βTSHc glycoprotein; 
110-amino  
acids; MW: 
28,000

Basophilic to 
chromophobic

PIT1, GATA2

Corticotroph Adrenocorticotrophic 
hormone (ACTH) 
and other related 
hormones

10%-20% Mucoid 
wedge; often 
clustered

Polypeptide; 
30-amino acids; 
MW: 4,507

Basophilic; 
periodic acid-
Schiff (PAS) 
positive

TPIT

Gonadotroph Luteinizing hormone 
(LH)c and  
follicle-stimulating 
hormone (FSH)c

10% Widespread βLHc glycoprotein; 
115-amino acids; 
MW: 28,260

βFSHc glycoprotein; 
111-amino acids; 
MW: 35,100

Basophilic to 
chromophobic

SF1, GATA2, ERα

aTinctorial characteristics of normal pituitary cells are mostly related to the secretory granule density.
bRare acidophilic stem cells, presumed to the precursor cells producing GH and PRL, are present in the normal pituitary.
cFSH, LH, and TSH have a common 92-amino acid, 14,000 MW glycoprotein α-subunit in addition to the β-subunit.
GATA2: GATA-binding protein 2; PIT1: pituitary-specific transcription factor 1 (POU1F1); SF1: steroidogenic factor 1 (NR5A1); TPIT: T-box  

factor, pituitary (TBX19).

 FIGURE 12.1  Schematic of the normal pituitary in horizontal 
section. Note the proportions and distribution of normal cells and 
adenomas. To a significant extent, the locations of growth hormone 
(GH), prolactin (PRL), and adrenocorticotropic hormone (ACTH) 
adenomas correspond to the locations of their normal cellular coun-
terparts. Clinically “silent” tumors without endocrine function are 
usually macroadenomas without specific localization (lower right). 
FSH, follicle-stimulating hormone; LH, luteinizing hormone; TSH, 
thyroid-stimulating hormone.
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were once grouped on the basis of tinctorial characteristics 
as acidophilic, basophilic, or chromophobic. The current 
cell-type recognition is based on hormone content as visual-
ized by IHC (Figs. 12.4 and 12.5 and Table 12.2). Pituitary 
 adenomas are histopathologically classified according to 
 specific cellular lineage by assessing hormone content of the 
tumor cells and/or cell lineage transcription factors, as as-
sessed by immunohistochemical stains (2,16) (Table 12.3). 
This classification provides significant information for clinical 
practice.

Folliculostellate cells akin to sustentacular cells in the para-
ganglia are also encountered in the anterior pituitary (17). 
Small in number, their immunoreactivity for S100 protein, glial 
fibrillary acidic protein (GFAP), Galectin-3, and annexin 1 and 
their lack of neuroendocrine marker staining distinguish them 
from the hormone-producing cells. The function of folliculo-
stellate cells is still controversial, but it appears to be diverse 
and related to phagocytosis, secretion of growth factors, and 
intercellular communication (14). It has even been suggested 
that they represent stem cells (17).

POSTERIOR LOBE

The pituitary stalk and the posterior lobe or neurohypophy-
sis represents part of a neurosecretory unit that begins in the 
magnocellular neurons of the supraoptic and paraventricular 
nuclei. Coursing via the stalk to the posterior lobe, their un-
myelinated axons and terminations carry and store the hor-
mones vasopressin and oxytocin. In their course, the 1-nm 
diameter axons often show the formation of swellings (Her-
ring bodies) in which neurosecretory materials accumulate. 
Pituicytes, modified glial cells of primarily astrocytic type, are 
found throughout the posterior lobe (Fig. 12.6). Pituicytes 
are morphologically elongated unipolar or bipolar cells that 
display extension of the cytoplasm into one or more axonal 
processes. They are strongly positive for GFAP and demon-
strate nuclear expression of the thyroid transcription factor 1 
(TTF-1) (18). Similar to glial cells of other areas of the central 
nervous system (CNS), pituicytes extend cell processes to ad-
jacent connective tissue or to a blood vessel wall. Lastly, scat-
tered corticotroph cells are a normal feature of the posterior 

 FIGURE 12.2  Normal anterior pituitary. Note the variation in cellular 
granularity. The staining ranges from acidophilic to chromophobic; several 
dark-staining basophils are also present. (Hematoxylin and eosin stain.)

 FIGURE 12.3  Normal anterior pituitary. Acini and cords of cells 
are demonstrated by reticulin stain. (Wilder reticulin.)

 FIGURE 12.4  Normal somatotroph cells. The high density of 
these cells in the lateral wing of the anterior lobe, which here are seen 
immunostained for growth hormone, is sufficient to mimic adenomas, 
particularly on frozen section.

 FIGURE 12.5  Normal corticotroph cells. The nodularity nor-
mally exhibited by some adrenocorticotropic hormone cells may be 
mistaken for pituitary hyperplasia, particularly in the setting of Cush-
ing disease when no adenoma is identified.
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 FIGURE 12.8  Microadenoma. Relative circumscription and early 
compression of surrounding parenchyma are seen. The acinar archi-
tecture is effaced.

 FIGURE 12.6  Posterior pituitary. The posterior lobe consists of 
the axonal processes and terminations of the vasopressin and oxytocin-
producing supraoptic and paraventricular nuclei. In addition, endothe-
lial cells and pituicytes, modified astrocytes, contribute to its cellularity.

 FIGURE 12.7  Basophil invasion. A normal feature of the poste-
rior lobe is the presence of adrenocorticotropic hormone cells at its 
interface with the anterior lobe. (Periodic acid-Schiff.)

evidence of pituitary adenomas (25,26). For an in-depth dis-
cussion of the endocrinologic aspects of pituitary tumors, the 
reader is referred to authoritative texts (22,26).

Pituitary adenomas show a predilection for women in the 
third to sixth decades of life (20). However, no age group is 
exempt, including childhood, a period wherein pituitary ad-
enomas represent about 6% of all brain tumors (20). In chil-
dren/adolescents, clinically functioning tumors are more 
common (27-30).

The vast majority of pituitary adenomas are sporadic, but 
a small percentage of adenomas are associated with heredi-
tary syndromes, including the multiple endocrine neoplasia 
(MEN) syndromes MEN1 and MEN4 (31-34), Carney complex 
(31,34,35), the McCune-Albright syndrome (33,34), the he-
reditary pheochromocytoma/paraganglioma syndrome (re-
lated to succinate dehydrogenase [SDH] genes) (36,37), the 
familial isolated pituitary adenoma (FIPA) syndrome (35,38), 
and X-linked acrogigantism (XLAG) associated with GPR101 
microduplication (39). The majority of adenomas arising in 
these hereditary syndromes are GH-secreting adenomas (40), 
but somatotroph adenomas linked to these syndromes corre-
spond to only 3% of all GH-secreting tumors (35). In sporadic 
tumors, the most common recurrent somatic mutations involve 
the GNAS gene in up to 40% of somatotroph adenomas (41-43) 
and the USP8 gene in approximately 50% of corticotroph ad-
enomas (44-49).

Multiple adenomas are encountered in less than 1% of sur-
gical specimens (50), although a higher incidence is seen as an 
incidental finding in autopsy (24,51). Coexistence of cortico-
troph and lactotroph adenomas is most common (52), which is 
not surprising given the high incidence of incidental lactotroph 
adenomas in autopsy series.

Endocrinologically functional tumors are in general small, 
whereas silent or nonfunctioning tumors are large, coming to 
attention only as a result of mass effect. An accessible distinc-
tion of microadenomas (Fig. 12.8), which are defined by neuro-
imaging as tumors 1 cm in size or smaller, from macroadenomas 
(Fig. 12.9), which are tumors exceeding 1 cm, has long been 
in use (53). Giant adenomas, which are presently defined as 
adenomas greater than 4 cm in maximal dimension, are rare 

lobe (Fig. 12.7). Derived from the intermediate lobe, they ap-
pear to be physiologically distinct from anterior lobe cortico-
trophs (ACTH-secreting cells). Their accumulation with age, 
a process termed basophil invasion of the posterior lobe, is of 
unknown clinical significance (19).

NEUROENDOCRINE NEOPLASMS

In neurosurgical series, pituitary adenomas represent about 
15% of intracranial neoplasms (20). While PRL-secreting tu-
mors are most commonly clinically apparent (50% of tumors), 
a higher proportion of clinically non-functioning adenomas 
(65%) occurs in surgical series (21,22) because PRL-secreting 
tumors are treated clinically. Incidental or subclinical adenomas 
are encountered in nearly 25% of autopsies (23,24). The major-
ity are either nonfunctioning adenomas (50%) or lactotroph 
adenomas (45%). This is corroborated by the finding that 10% 
of normal individuals have magnetic resonance imaging (MRI) 
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THE ROLE OF THE PATHOLOGIST

The assessment of pituitary tumors begins at the time of sur-
gery. Although smears or frozen sections may be performed 
to identify the tumor, systematic assessment of resection mar-
gins is an unrealistic endeavor. Total surgical excision may be 
complicated by factors such as irregular tumor shape, lack of 
cleavage planes and a capsule, and grossly unapparent foci of 
dural invasion. Furthermore, because of lack of stroma, the soft 
consistency of adenomas obscures landmarks and may promote 
contamination of the operative field.

Although pituitary adenomas are the most common tumors 
in the sellar region, a spectrum of lesions enters into their dif-
ferential diagnosis. The number of diagnostic possibilities is 
markedly reduced by attention to factors such as the presence 
or absence of sellar enlargement and clinical and biochemical 
data regarding hormone secretion and hyperfunction. A work-
ing relationship between the pathologist and the surgeon is 
essential, not only to ensure the procurement of an adequate 
specimen but also to maximize clinicopathologic correlation.

(54). Larger or massive adenomas often efface the sellar floor, 
displace surrounding structures, and undergo suprasellar 
extension.

Suprasellar extension with elevation of the sellar diaphragm 
is common, as is the extension of tumor through its frequently 
incompetent diaphragmatic opening. The result of significant 
suprasellar extension is chiasmal compression with visual dis-
turbance, typically bitemporal hemianopsia. Compression of 
the pituitary stalk may lead to disruption of the hypothalamic-
pituitary trafficking of hormones leading to hypopituitarism 
and increased PRL release because of negative feedback, the 
so-called “pituitary stalk effect” (26). It is notable that pituitary 
adenomas, regardless of their size, are rarely associated with 
diabetes insipidus.

Massive suprasellar extension may result in the deep inden-
tation of the brain in the region of the third ventricle. Exten-
sion into the middle, anterior, or, less often, posterior fossa may 
also be seen. Grossly, operatively or radiographically apparent 
invasion of adjacent bone and soft tissues of the sellar region 
is not infrequently seen, which predisposes patients to tumor 
recurrence (55). Microscopic dural invasion, when systemati-
cally sought, is common, ranging from 65% to 95%, depend-
ing on tumor size (56). Documenting the presence of dural or 
bone invasion by microscopy is recommended for follow-up of 
the patient. Lateral growth into the cavernous sinus may occur 
through infrequent, naturally occurring discontinuities in the 
fibrous membrane separating the sella from the sinus or by way 
of invasion (57).

Pituitary apoplexy, which is defined as rapid enlargement of 
an adenoma by intratumoral hemorrhage and variable infarc-
tion, may be a surgical emergency (Fig. 12.10). Alternatively, 
the process may undergo subclinical evolution. Seen in ap-
proximately 10% of operated adenomas, it takes the form of 
hemorrhagic, necrotic, or cystic foci (58,59). Apoplexy affects 
all types of adenomas, but large, nonfunctioning tumors are 
particularly prone. The specimens usually consist of blood and 
necrotic tumor. Identification of the underlying tumor is aided 
by reticulin stains, which highlight the abnormal stromal pat-
tern of the adenoma (Fig. 12.11).

 FIGURE 12.9  Macroadenoma. Coronal precontrast and postcontrast T1 (A-B) and sagittal postcontrast T1 (C) weighted sequences demon-
strate a large sellar mass lesion (white star), which expands the sella and completely replaces the normal pituitary gland. The infundibular stalk 
is not identified. The lesion has significant suprasellar extension with left cavernous sinus invasion with encasement of the left internal carotid 
artery (long white arrow in A and B). Note the mass effect on the optic chiasma (short white arrow in B), which is stretched and thinned over the 
superior aspect of the lesion. (Courtesy of Dr. Sugoto Mukherjee, Department of Radiology, University of Virginia Health System, Charlottesville, 
Virginia)

 FIGURE 12.10  Pituitary apoplexy. The sellar region in coronal 
sections shows massive hemorrhage within a macroadenoma. (Courtesy 
of Dr. K. Kovacs, St. Michael’s Hospital, Toronto, Ontario, Canada.)
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 FIGURE 12.11  Pituitary apoplexy. (A) Hematoxylin and eosin–stained sections of such specimens often show only hemorrhage and extensive 
necrosis. (B) The underlying pattern of adenoma is highlighted by reticulin stain. (C) In the subacute phase, aggregates of polymorphonuclear 
leukocytes should not be mistaken for infection. (D) In chronic phases, ingrowth of granulation tissue may be conspicuous.

A

C

B

D

SPECIMEN HANDLING AND ANALYSIS

Fresh tissues should be promptly transported from the oper-
ating room on a moist Telfa pad; delayed fixation and drying 
artifact must be avoided (Fig. 12.12). Smears and touch prepa-
rations are preferable to frozen sections in the assessment of 
adenomas (Fig. 12.13). In addition to highlighting cytologic de-
tails, these preparations avoid the mechanical and freezing arti-
facts that affect permanent sections and immunohistochemical 

preparations. Once the tissues are frozen, they may show non-
specific or reduced immunoreactivity. If available, a minute 
portion, at minimum a single 1-mm fragment, should be placed 
in glutaraldehyde for possible ultrastructural study.

In addition to the preparation of an H&E-stained slide, 
consecutive microsections should be cut for reticulin stains 
(Fig. 12.14), as well as immunohistochemical stains. As de-
scribed earlier, pituitary adenomas are most often classified by 
pituitary cell lineage. Performance of a full hormone battery, 
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Such situations include an adenoma that exhibits focal and/
or weak pituitary hormone expression not allowing definition 
of the cell lineage; when the expression of a transcription fac-
tor defines an entity like the plurihormonal PIT1-positive ad-
enoma; and for the classification of a null cell adenoma, which, 
by definition, lacks expression of both pituitary hormones and 
transcription factors.

Additional immunostains are also helpful for refined clas-
sification including cytokeratins (CAM5.2 or AE1/AE3), which 
are essential for the detection of fibrous bodies in somato-
troph adenomas and Crooke changes in corticotroph adeno-
mas. GATA3 may be used as a surrogate for the expression of 
GATA2, a transcription factor implicated in the lineage defini-
tion of thyrotrophs and gonadotrophs (see later in this chap-
ter). Additional staining for ERα helps in the identification of a 
lactotroph component in a mixed tumor. Assessment of tumor 
proliferation (mitotic index and/or Ki-67 [MIB1] expression) 
is also recommended; however, specific cutoffs are not applied 
(2). In very rare occasions, electron microscopy may be utilized 
for further assessment of an adenoma.

CLASSIFICATION OF PITUITARY 
NEUROENDOCRINE TUMORS

In broad terms, PitNETs are classified by the WHO as pituitary 
adenomas and pituitary carcinomas (2,4). The majority of tumors 
are pituitary adenomas, with an indolent clinical course and 
very low risk of metastatic behavior. Only rarely tumors may 
undergo malignant transformation with craniospinal dissemi-
nation and/or systemic metastases. The latter are defined as 
pituitary carcinomas.

Morphologically, adenomas may show a variety of growth 
patterns, including diffuse, papillary, and trabecular arrange-
ments like other NETs, which can be present in any adenoma 
type (Fig. 12.15). Their recognition, although of no prognostic 
significance, is worthwhile because a spectrum of lesions en-
ters into the differential diagnosis of sellar region pathology. 
Cytologically, adenoma cells may be acidophilic, basophilic, 

including GH, PRL, ACTH, βLH, βFSH, βTSH, and α-subunit 
(α-SU) of glycoproteins, is preferable for better classification 
of the tumors, but immunostains can be selectively applied, de-
pending on the clinical setting and size of the specimen. This is 
particularly true in the setting of Cushing disease, in which se-
rial immunostains for ACTH may be more useful in confirming 
the presence of a small, often fragmented pituitary adenoma 
rather than the entire hormonal panel. In most tumors, pitu-
itary hormones are sufficient for classification; however, in some 
situations, transcription factor immunostains (PIT1, SF1, and 
TPIT) for further cell lineage characterization are essential. 

 FIGURE 12.12  Macroadenoma. Gross image of a macroadenoma 
showing the soft, tan appearance of a pituitary adenoma. Focal areas 
of hemorrhage may be seen because of operative procedures.

 FIGURE 12.13  Pituitary adenoma. This is a comparison of a hematoxylin and eosin–stained frozen section (A) and a touch preparation (B). 
The latter shows excellent cytologic detail, including prominence of nucleoli, binucleation, nuclear atypia, the presence of a mitosis, and cyto-
plasmic uniformity. A touch preparation from normal pituitary tissue is far less cellular; it shows variation in cytoplasmic staining; and it lacks both 
nuclear abnormalities and mitoses (C).

A CB
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by dopamine agonists, some patients undergo surgical resec-
tion owing to several clinical issues (60,61).

Lactotroph adenomas are the second most frequently occur-
ring adenomas in MEN1 after somatotroph adenomas (40,62). 
On the other hand, isolated familial prolactinomas are rare 
(63). Whereas estrogens cause prolactinomas in experimental 
animals, and pregnancy may be associated with enlargement of 
some, these agents alone are generally incapable of inducing 
prolactinomas in humans (64-66).

Microadenomas generally occur in reproductive-aged 
women who exhibit exquisite sensitivity to PRL excess by mani-
festing with amenorrhea and/or galactorrhea. In men and post-
menopausal women, prolactinomas may appear to be clinically 
nonfunctional, growing to macroadenoma dimensions and 
exhibiting invasion (67,68). The basis for this relative aggres-
siveness appears to be related to differences in tumor invasion 
and proliferative activity (67-70). Approximately 50% of prolac-
tinomas treated by surgery are macroadenomas, and one-third 
of cases are grossly or radiographically invasive at initial surgery 
(68). Not surprisingly, the frequency of invasion increases with 
tumor size. Serum PRL levels are uniformly elevated in patients 
with prolactinomas, although the levels range from little more 
than normal (~20 ng/mL) to extremely high (≥2000 ng/mL). 
In general, PRL levels correlate with tumor size (26). As noted 
earlier, mild increases in PRL (<150 ng/mL) may be a result 
of “stalk section effect” and are not diagnostic of lactotroph ad-
enoma (26).

Lactotroph adenomas arise from acidophilic lineage 
PIT1-positive cells and express mainly PRL. These tumors are 
classified into three histologic variants: the sparsely granulated 
lactotroph adenoma and the densely granulated lactotroph adenoma, 
both reflecting the variable amounts of secretory granules in 
the cell cytoplasm, and the less differentiated acidophilic stem cell 
adenoma (71).

Nearly all lactotroph adenomas are sparsely granulated 
and thus chromophobic (Fig. 12.16). Densely granulated (eo-
sinophilic) examples are rare. Approximately 10% to 20% of 
lactotroph adenomas feature psammomatous microcalcifica-
tions (72). The latter are usually scant but may be so abundant 
that they form a “pituitary stone.” The presence of microcal-
cifications in an adenoma strongly suggests the diagnosis of 

or chromophobic; however, these tinctorial characteristics do 
not identify specific adenoma types. Note that all adenomas 
are synaptophysin immunoreactive, but not all stain for chro-
mogranin. Adenomas are focally immunoreactive for cytokera-
tins, in particular CAM5.2, and epithelial membrane antigen 
(EMA) (2).

The classification of adenomas and their clinicopatho-
logic and immunohistochemical features are summarized in 
Table 12.3. The major adenoma subgroups are discussed, in 
turn, in the following sections.

PITUITARY ADENOMA SUBTYPES AND 
VARIANTS

LACTOTROPH ADENOMAS

Nearly half of the newly clinically diagnosed pituitary adenomas 
are PRL-producing tumors (26). The so-called prolactinomas or 
lactotroph adenomas are composed entirely of lactotroph cells. 
Although the majority of prolactinomas are medically treated 

 FIGURE 12.14  Pituitary adenoma. The lack of reticulin content 
and the compression of surrounding parenchyma are demonstrated 
(reticulin stain).

 FIGURE 12.15  Pituitary adenomas. The hematoxylin and eosin–stained appearance of these adenomas, which include diffuse (A), pap-
illary (B), ribbon (C), and pleomorphic (D) patterns, illustrating their broad morphologic spectrum and highlights the diagnostic use of 
immunohistochemistry.

A DB C
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atrophy of tumor cells with resultant tumor shrinkage or arrest; 
the effect is reversible with cessation of therapy and thus not 
curative. The morphologic effects of such dopamine agonists 
as bromocriptine have been well characterized (83,84). They 
include diminution of cell size, condensation of nuclei, reduc-
tion in synthetic and secretory organelles, cessation of granule 
extrusion, and interstitial collagen deposition. Necrosis plays 
no significant part. When administered long term, they may in-
duce dense tumor fibrosis (Fig. 12.18).

Small tumor size and normalization of PRL levels after surgical 
or medical therapy of PRL-secreting tumor are favorable prognos-
tic features. Increased age, male sex, large tumor size, and invasion 

lactotroph adenoma, as does the rare finding of spherical 
amyloid bodies (Fig. 12.17) (73). Immunoreactivity for PRL is 
distinctive. In sparsely granulated adenomas, PRL expression is 
characteristically “dot like” and located in a paranuclear area, 
similar to that seen in normal lactotrophs of the anterior pi-
tuitary and known as a Golgi-like pattern (Fig. 12.16) (74). In 
densely granulated adenomas, strong and diffuse PRL immuno-
expression is present (71). Lactotroph adenomas also demon-
strate nuclear expression of PIT1 and ERα (75-82).

Given the efficacy of dopamine agonist therapy, the fre-
quency of PRL-secreting tumors in surgical series has dra-
matically decreased from 30% to 10%. These agents produce 

 FIGURE 12.17  Lactotroph adenoma with amyloid deposition (A). Such spherical bodies are virtually diagnostic of a lactotroph adenoma  
(B, polarization).

 FIGURE 12.16  Lactotroph adenomas. Lactotroph adenomas are mostly chromophobic and sparsely granulated containing central nucleus 
and well-dispersed chromatin (A). Immunoreactivity for prolactin shows a characteristic globular reaction in the paranuclear Golgi zone (B).
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transcription factor PIT1. Pure somatotroph adenomas are di-
vided into two histologic subtypes: densely granulated somatotroph 
adenoma and sparsely granulated somatotroph adenoma (90), re-
flecting the amounts of secretory granules in the cell cytoplasm. 
The distinction between the two subtypes of somatotroph ad-
enomas is important because the tumors have different clinical 
behavior. The sparsely granulated adenomas exhibit more ag-
gressive biologic behavior than the densely granulated adeno-
mas (87,92,93). In addition, the response of tumors to adjuvant 
medical treatment also differs according to the subtype of so-
matotroph adenoma (94).

Densely granulated adenomas are more frequent than 
sparsely granulated somatotroph adenomas (90,92). Sparsely 
granulated tumors show slightly eosinophilic cytoplasm and 
only scant GH immunoreactivity (Fig. 12.19). In contrast, 
densely granulated tumors are densely eosinophilic, resem-
bling normal GH cells, and show diffuse and strong GH 
immunostaining (Fig. 12.20). Many densely granulated so-
matotroph adenomas also exhibit α-SU expression. A char-
acteristic of sparsely granulated adenomas is the presence of 
paranuclear eosinophilic, low-molecular-weight cytokeratin 
containing “fibrous bodies” (Fig. 12.19C), which, at the ul-
trastructural level, consist of intermediate filament whorls, 
often enmeshing organelles. Densely granulated tumors lack 
fibrous bodies, and cytokeratin expression tends to be diffuse 
in the cytoplasm.

Although the endocrinologic features and secretory activity 
of densely granulated and sparsely granulated variants of so-
matotroph adenomas are similar, as mentioned earlier, sparsely 
granulated tumors are more aggressive (87,92,93). These tu-
mors are mostly macroadenomas, tend to arise in younger pa-
tients than do densely granulated adenomas (mean age 44 vs. 
50 years), and have a higher incidence of invasion (87,92,93). 
On rare occasions, somatotroph adenomas are associated with 
gangliocytomas (95), forming the so-called mixed gangliocytoma-
somatotroph adenoma. Clinically nonfunctional or “silent GH cell 
adenomas” are rare (96).

Medical treatment of GH-producing adenomas involves the 
use of long-acting somatostatin analogs, such as octreotide. Mor-
phologically, their effect varies but includes mild-to-moderate 
interstitial fibrosis (97). Tumor shrinkage is minor despite re-
duction in GH levels (97).

Mixed Somatotroph-Lactotroph Adenomas

As has already been noted, most GH-producing adenomas also 
secrete PRL. Indeed, nearly 40% of acromegalic patients have 
hyperprolactinemia (87). Because any number of lesions in the 
sellar region may be associated with hyperprolactinemia as a re-
sult of stalk section effect, a diagnosis of somatotroph adenoma 
with a PRL-producing component cannot be made without im-
munohistochemical confirmation.

The predominant clinical feature of the mixed somato-
troph-lactotroph adenoma is acromegaly. The effects of con-
comitant GH and PRL elevation are not always apparent. Such 
tumors, which are variably acidophilic, are of interest because 
they are composed of two distinct, albeit related, cell types— 
somatotrophs and lactotrophs (Fig. 12.21) (90). They repre-
sent approximately 5% of pituitary adenomas.

Mixed somatotroph-lactotroph adenomas are morpho-
logically characterized by a combination of sparsely and/or 
densely granulated somatotrophs and sparsely granulated lac-
totrophs (90). The adenomas demonstrate both GH and PRL 

are negative predictors for surgical outcomes (68). In particular, 
recurrence has been associated with invasion (68,85).

The acidophilic stem cell adenoma is a rare subtype of lacto-
troph adenoma, representing only the minority of clinically 
diagnosed PRL-secreting adenomas (71). Patients with acido-
philic stem cell adenoma have varying degrees of hyperprolac-
tinemia, but elevated GH and insulin growth factor I (IGF-1) 
values may also be present (86). Most of these tumors are rap-
idly growing macroadenomas with invasive features and behave 
more aggressively than other lactotroph adenomas with a lower 
surgical cure rate (71,87). Histologically, tumors are chromo-
phobic with variable oncocytic changes of the cytoplasm. Cy-
toplasmic vacuoles may be present and represent dilated and 
giant mitochondria as seen at the ultrastructural level (74). 
Small fibrous bodies may be identified by low-molecular-weight 
cytokeratin immunostaining. Immunoreactivity for PRL is vari-
able in intensity and distribution. Focal GH immunoreactivity 
is seen occasionally. These adenomas also show nuclear expres-
sion of the acidophilic lineage transcription factor PIT1 and 
ERα (71).

SOMATOTROPH ADENOMAS

Two clinical disorders are associated with GH-producing ad-
enomas: gigantism, which begins in childhood or adolescence, 
and acromegaly, a far more common disease affecting adults. 
These effects are largely mediated by IGF-1 produced by the 
liver, which is more reliably elevated than GH levels.

Although somatotroph adenomas are associated with clini-
cal or immunohistochemical evidence of GH production, only 
a minority of adenomas produces GH alone (87,88). Most 
adenomas produce both GH and PRL or are plurihormonal, 
also expressing TSH and/or α-SU. Acromegaly can also be the 
result of somatotroph hyperplasia caused by ectopic produc-
tion of growth hormone–releasing hormone (GHRH) by a va-
riety of endocrine tumors and in syndromic situations such as 
McCune-Albright syndrome and FIPA (40,89).

The pathology of somatotroph adenomas has been ex-
tensively studied (90,91). Somatotroph adenomas are acido-
philic lineage adenomas that express the acidophil-associated 

 FIGURE 12.18  Treated lactotroph adenoma. Microscopically, 
these adenomas show perivascular fibrosis, which here is seen on he-
matoxylin and eosin stain (A) and on immunostaining for prolactin 
(B), the reactivity of which persists.
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a larger panel of immunostains including transcription factors 
and ERα or ultrastructural analysis.

Plurihormonal Somatotroph Adenomas

In this minority of acromegaly-associated adenomas, the tumor 
produces not only GH but also PRL and one or more glyco-
protein hormones, usually TSH and/or α-SU (90). Hyperse-
cretion of PRL may be clinically or biochemically apparent, 
but, in some cases, synchronous hyperthyroidism is present. 
Most of these plurihormonal tumors are macroadenomas. A 
majority show radiographic or gross intraoperative invasion. 
The tumors are monomorphic, well differentiated, and histo-
logically resemble densely granulated somatotroph adenomas. 
They express, in addition to GH, variable PRL, α-SU, and TSH 
(91,100). GATA3 expression correlates with TSH staining pat-
terns in these tumors (101). An important differential diagnosis 
is the rare PIT1-positive plurihormonal adenoma, which tends 
to show less cellular differentiation (see later in this chapter).

THYROTROPH ADENOMA

Thyrotroph adenomas are the least common of the pituitary ad-
enomas. The majority of these adenomas occurs in adults and af-
fects females (102,103). Patients may present clinically with mild 

immunoreactivity in a variable distribution. In general, ERα is 
colocalized in the lactotroph cells (Fig. 12.21) and α-SU in the 
somatotroph cells.

Mammosomatotroph Adenomas

This unusual GH- and PRL-producing tumor represents only 
1% of pituitary adenomas and is the most common tumor un-
derlying gigantism (90,98). They represent about 8% of tumors 
associated with acromegaly (98,99,185) and are commonly 
seen in FIPA- and X-LAG–associated acromegaly (38,39). The 
tumors are associated with elevated circulating GH and IGF-1 
and features of gigantism and/or acromegaly; hyperprolac-
tinemia is less common. Histologically, the adenomas are well 
differentiated and composed of single acidophilic cells with im-
munoexpression of GH and PRL in the cytoplasm of the same 
tumor cells (Fig. 12.22). The lactotroph differentiation of the 
tumor may be confirmed by widespread ERα nuclear immu-
noexpression (Fig. 12.22D). By ultrastructure, a single-cell type 
shares features of both somatotroph and lactotroph cells, which 
include densely granulated cells resembling somatotrophs but 
exhibiting both large (up to 1500 nm) granules and misplaced 
exocytosis, a feature of lactotrophs (98). The distinction be-
tween mammosomatotroph adenomas and mixed somatotroph 
and lactotroph adenomas may sometimes be difficult without 

 FIGURE 12.19  (A) Somatotroph adenoma, sparsely granulated 
type. Note the presence of paranuclear hyaline, fibrous bodies. (B) Im-
munoreactivity for growth hormone may be weak and present in only 
a portion of cells. (C) Immunoreactivity for cytokeratin (CAM 5.2) 
highlights the fibrous bodies.

A
B

C

Longacre9781975150723-ch012.indd   539Longacre9781975150723-ch012.indd   539 10/26/21   2:50 PM10/26/21   2:50 PM



Copyright © 2021 Wolters Kluwer, Inc. Unauthorized reproduction of the content is prohibited.

540   S E C T I O N  I V  n Endocrine System

associated with Cushing disease represent approximately 10% 
to 15% of all adenomas in clinical practice (107). Silent cor-
ticotroph adenomas appear to represent 20% of corticotroph 
tumors (108).

The vast majority of cases of Cushing disease are caused by 
an ACTH-producing adenoma; some investigators, however, be-
lieve that corticotroph cell hyperplasia may also cause Cushing 
disease (109). The incidence of the disease is 1 to 10 cases per 
million per year. Although the great majority of corticotroph 
adenomas in the setting of Cushing disease occur sporadically, 
Cushing disease is rarely associated with an inherited condition, 
including MEN1 and FIPA (110).

Affected patients vary greatly in age (peak incidence 30-40 
years), and there is a 5 to 10 times higher incidence of Cushing 
disease in women than men (26). Corticotroph adenomas are 
the second most common pituitary adenoma arising in child-
hood/adolescence, second to lactotroph adenomas (28-30). 
Different from adults, Cushing disease in childhood has an 
equal gender distribution (111-113). The clinical diagnosis of 
Cushing disease may be challenging and relies on the combi-
nation of clinical, laboratory, and neuroimaging data that are 
beyond the scope of this chapter.

Most tumors (87%) are microadenomas (mean size, 5 mm), 
but some measure no more than 1 to 2 mm. At surgery, only 

hyperthyroidism, although patients with euthyroidism and slight 
hypothyroidism have also been reported (103). TSH-producing 
adenomas are seen in the setting of MEN1 and Carney complex, 
some as plurihormonal lesions (104,105). In the setting of pri-
mary hypothyroidism, combined TSH and PRL cell hyperplasia 
causes pituitary enlargement, mimicking adenoma (see later 
in this chapter) (106). Most thyrotroph adenomas are invasive 
(75%) and aggressive (102). Thus, medical therapy and/or ra-
diotherapy are often required after surgical resection.

Histologically, the majority of these adenomas are chromo-
phobic to slightly eosinophilic tumors composed of angulated 
or spindled cells with some degree of nuclear pleomorphism. 
In addition to express βTSH (Fig. 12.23), most are also immu-
noreactive for α-SU. PIT1 and GATA3 immunostaining is also 
present consistent with an acidophilic lineage adenoma (103). 
Most thyrotroph adenomas show a fibrotic background and 
may contain occasional calcifications.

CORTICOTROPH ADENOMAS

Adenomas that produce ACTH fall into two major groups: en-
docrinologically active tumors associated with either Cushing 
disease or, rarely, Nelson syndrome and clinically nonfunction-
ing or silent corticotroph adenomas. Corticotroph adenomas 

 FIGURE 12.20  (A) Somatotroph adenoma, densely granulated 
type. Note the prominent acidophilia and the lack of fibrous bodies. 
(B) Growth hormone immunoreactivity is diffuse and strong. (C) In 
densely granulated somatotroph adenomas, cytokeratin (CAM 5.2) is 
located in a perinuclear pattern.
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related peptides is less relevant than ACTH. Both densely and 
sparsely granulated corticotroph adenomas express the tran-
scription factor TPIT to variable extent (117,119,120).

In Cushing disease, the extratumoral pituitary typically shows 
Crooke hyaline change, which is the result of massive perinu-
clear accumulation of cytokeratin filaments (Fig. 12.25). The 
change results from glucocorticoid feedback on the pituitary 
and presumably acts as a physical barrier to granule secretion.

Crooke cell adenomas usually present with Cushing disease, 
but some may manifest as nonfunctional pituitary tumors 
(117,121). Crooke cell adenomas show characteristic ring or 
target-like cells, representing Crooke hyaline change, which 
correspond to the dense accumulation of cytokeratin surround-
ing the nucleus (Fig. 12.26) (117,121). Many of the tumors are 
invasive macroadenomas that exhibit aggressive clinical behav-
ior and often recur with a low success of cure after reoperation 
and/or radiotherapy (121,122). Owing to these aggressive clini-
cal features, they are qualified as “high-risk” adenomas in the 
most recent WHO classification (2,117).

Silent corticotroph adenomas are characterized by immu-
noreactivity for ACTH, even though the patients have neither 
clinical signs and symptoms of Cushing disease nor laboratory 
evidence of hypercortisolism. Most of the tumors are macroade-
nomas, and patients present with signs and symptoms of a mass 

approximately 12% to 15% of corticotroph adenomas are found 
to be invasive (114-116), a factor clearly underlying persistent 
disease and recurrence. Invasion is directly linked to tumor size 
(116). Postoperative remission is achieved in 90% of microade-
nomas, but only 65% of macroadenomas. Thus, tumor size and 
invasiveness have a great influence on surgical success (116).

Corticotroph adenomas are histologically divided into three 
variants: densely granulated corticotroph adenomas, sparsely granu-
lated corticotroph adenomas, and Crooke cell adenomas (117). All 
three variants may clinically present with active endocrine dis-
ease, such as Cushing disease, or may be clinically functioning 
silent.

Densely granulated adenomas are the most common variant. 
On light microscopy, the adenomas are composed of basophilic 
granular cells, often strongly PAS positive (Fig. 12.24) and with 
diffuse cytoplasmic cytokeratin reactivity. They display strong 
and diffuse ACTH immunoreactivity. The sparsely granulated ad-
enomas have a more chromophobic appearance, less granular 
cytoplasm, and weak to patchy ACTH immunoexpression. Cy-
tokeratin is diffusely present in the cytoplasm. In addition to 
expression of ACTH, corticotroph adenomas may express other 
peptides related to the POMC precursor molecule, including 
β-lipotropin, β-endorphin, and α-melanocyte–stimulating hor-
mone (118); however, in practice, the demonstration of these 

 FIGURE 12.21  Mixed somatotroph-lactotroph adenomas. Such 
tumors consist of two diverse cell populations that may be distinguished 
by hematoxylin and eosin (A). One cell population is immunoreactive 
for growth hormone (B), whereas the other is reactive for prolactin (C).
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 FIGURE 12.22  Mammosomatotroph adenoma. Unlike mixed somatotroph-lactotroph adenomas, mammosomatotroph adenomas are com-
posed of a single-cell population of acidophilic cells that resemble the densely granulated somatotroph adenomas (A). The adenomas displayed 
immunoreactivity for growth hormone (B) and prolactin (C) in the same tumor cell. Large and pleomorphic secretory granules and misplaced 
exocytosis of secretory material, the latter characteristic of lactotroph differentiation, are seen in these tumors by ultrastructure (not shown). The 
partial lactotroph differentiation is highlighted by ERα immunoreactivity in the great majority of the cells (D).

 FIGURE 12.23  Thyrotroph adenoma. Thyrotroph adenomas often contain spindle-shaped cells (A). Immunoreaction for thyroid-stimulating 
hormone varies in intensity (B), and most of the adenomas are also immunoreactive for α-subunit of the glycoproteins (not shown).

lesion (123,124). Characteristically, silent adenomas show a 
high tendency for hemorrhage and apoplexy, which may be the 
presenting symptom in about one-third of patients (123,127). 
Silent corticotroph adenomas may show histologic features of 
all three variants of corticotroph adenomas described earlier; 

however, most commonly, they are sparsely granulated adeno-
mas (117). IHC demonstrates ACTH expression, although vari-
able, and staining for the transcription factor TPIT (117,120). 
Rarely, some silent adenomas lack ACTH immunoexpression 
but express TPIT (117,120).
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GONADOTROPH ADENOMA

Tumors producing the glycoprotein hormones βLH and βFSH 
are relatively common and represent the majority of clini-
cally nonfunctioning adenomas. Most such adenomas occur 
in older adults, with men being preferentially affected (125). 
The great majority of these adenomas are clinically nonfunc-
tioning tumors. Therefore, some investigators designate these 
adenomas as “silent gonadotroph adenomas” (136). In fact, 
gonadotroph adenoma cells produce only small amounts of 
intact gonadotropins or individual βLH, βFSH, and α-SU. 
Therefore, hormone-level elevation may not be apparent; 
functional gonadotroph adenomas are rare and difficult to 
diagnose (136).

Gonadotroph adenomas are large macroadenomas, often 
with suprasellar extension, and they cause pressure-related neu-
rologic and visual symptoms (72%), as well as hypopituitarism 
(67%) (125,127). Radiographic or grossly apparent invasive-
ness is noted in 20% to 30% of cases (127). Pituitary apoplexy 
is a recognized complication. Not surprisingly, occasional ex-
amples are incidental findings.

 FIGURE 12.24  Corticotroph adenomas. These are amphophilic to basophilic and granule rich (A), as well as periodic acid-Schiff positive (B).

 FIGURE 12.25  Corticotroph adenoma. Crooke hyaline change 
in the corticotroph cells of the nontumorous pituitary is a regular 
accompaniment of adrenocorticotropic hormone (ACTH)-secreting 
adenomas, but it may be found in association with hypercortisolemia 
of any cause. The peripherally situated hyaline band (left) is composed 
of cytokeratin; thus, it is not ACTH immunoreactive (right).
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 FIGURE 12.26  Crooke cell adenoma. A clinically nonfunctioning pituitary adenoma showing areas of necrosis and acute hemorrhage con-
sistent with apoplexy (A). Immunohistochemistry revealed strong immunoreactivity for adrenocorticotropic hormone (B), characterizing a silent 
corticotroph adenoma with more than 60% of the cells with Crooke changes, consistent with a Crooke cell adenoma. Apoplexy is not an uncom-
mon event in these adenomas.
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and pituitary transcription factors essential for cell lineage dif-
ferentiation (129). The incidence of this newly defined null cell 
adenoma is not completely known, but it has been reported as 
less than 5% of surgically resected tumors (100,120,130-132).

Most null cell adenomas occur in the sixth and seventh de-
cades of life and come to clinical attention as a result of mass 
effect. Thus, the majority of patients show laboratory evidence 
of hypopituitarism. Virtually all null cell adenomas are mac-
roadenomas, and about 40% are radiographically or grossly in-
vasive (130-132). Although their overall prognosis is favorable, 
a higher incidence of recurrence and cavernous sinus invasion 
has been reported (130-132).

At the light microscopic level, null cell adenomas are either 
chromophobic or acidophilic (oncocytic) and PAS negative 
(Fig. 12.28). Oncocytic changes are commonly seen, but this dis-
tinction is of no clinical significance. The adenomas lack immu-
noreactivity for any pituitary hormone, but focal α-SU reactivity 
has been reported (100,120). By definition, the adenomas lack 
a specific cytodifferentiation lineage with absence of expression 
of the transcription factors PIT1, SF1, and TPIT (129). This new 

Unlike normal gonadotrophs, the adenoma cells are po-
lygonal to elongate. Although a diffuse pattern of the tumor 
cells may be seen, sinusoidal, perivascular pseudorosettes, or 
even papillae are often prominent. The cells are mostly chro-
mophobic or oncocytic (Fig. 12.27) and contain only scant, 
peripherally situated, PAS-positive granules. Chromogranin 
and synaptophysin are strongly reactive. Immunostains show 
variable reactivity for βFSH and/or βLH and α-SU. Most com-
monly, βFSH is stronger than βLH immunoreactivity. IHC for 
the transcription factors SF1 and GATA3 is an additional tool 
for characterization of these adenomas, in particular in cases in 
which pituitary hormone immunostaining is faint or equivocal 
(101,125,128). Significantly, a number of gonadotroph adeno-
mas lack expression of hormones but express SF1 only (120).

NULL CELL ADENOMA

The 2017 WHO classification has changed the guidelines for 
the diagnosis of null cell adenomas and defines these tumors as 
adenomas lacking immunoreactivity for both pituitary hormones 

 FIGURE 12.27  Gonadotroph adenoma. Gonadotroph adenomas characteristically show elongated chromophobic cells forming trabeculae 
and sinusoids (A). Combinations of follicle-stimulating hormone (B), luteinizing hormone, and α-subunit may be present in these adenomas. 
These tumors are characteristically immunoreactive for the transcription factors SF1 (C) and GATA3 (D) that may be helpful in those tumors with 
weak or absent reactivity for the glycoprotein hormones.
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a lactotroph adenoma and a corticotroph adenoma seems to 
be the most commonly seen in clinical practice (50,52). Rare 
multiple (more than two) distinct adenomas have also been de-
scribed (24,139). Although these rare cases of multiple adeno-
mas may be clinically evident, cases are more commonly found 
incidentally at autopsies (24,51).

PATHOLOGIC GRADING OF PITUITARY 
NEUROENDOCRINE TUMORS

A major change in the most recent WHO classification relates 
to the histologic grading of pituitary neruroendocrine tumors 
(2,4). This WHO classification grading scheme consists of pitu-
itary adenomas and pituitary carcinomas. Significantly, the new clas-
sification has abandoned the terminology “atypical adenoma” 
as defined in the previous 2004 WHO classification as an ad-
enoma with “atypical morphological features, elevated mitotic 
index and a Ki-67 labeling index greater than 3%, and extensive 
nuclear staining for p53” (140). This change reflected the lack 
of correlation between the histologic diagnosis and aggressive 
tumor behavior, including recurrence rates and disease-free 
survival, for both typical and atypical adenomas (141,142).

The 2017 WHO classification did not introduce a new tumor 
grading system. It emphasizes evaluation of tumor proliferation 
(mitotic count and Ki-67 [MIB1] labeling index) and tumor inva-
sion when histologically available, both features that have been 
shown to correlate with more aggressive behavior (55,141,142). 
However, no specific Ki-67 cutoff value is recommended. More-
over, routine p53 immunostaining is not recommended because 
of a lack of evidence as a prognostic parameter.

In addition to the above changes, important recommenda-
tions of the WHO in terms of tumor grading are the recognition 
of special histologic variants that have shown a more aggressive 
clinical behavior and are, therefore, considered “high-risk” ad-
enomas. These tumors include the sparsely granulated somato-
troph adenoma, the silent corticotroph adenoma, the Crooke 
cell adenoma, the plurihormonal PIT1-positive adenoma, and 
lactotroph adenoma in men (2,4). Clinicians and surgeons 
should be alerted to these specific diagnoses.

As discussed earlier, the majority of pituitary adenomas are 
benign, slow-growing tumors and are controlled by current 
surgical and therapeutic strategies. However, a small subset of 

definition emphasizes the concept that “hormone-immunoneg-
ative” adenomas may display cell lineage differentiation by the 
expression of specific transcription factors and other cofactors.

PLURIHORMONAL AND DOUBLE ADENOMAS

Plurihormonal adenomas are rare tumors that have immuno-
reactivity for more than one type of pituitary hormone class. 
These adenomas may be monomorphous, consisting of one 
cell type producing more than one hormone, or plurimor-
phous, composed of two (or more) distinct cell populations, 
each producing different hormones. Apart from adenomas 
that produce combinations of GH/PRL and βFSH/βLH (previ-
ously discussed), an adenoma displaying expression of two or 
more pituitary hormones is defined as plurihormonal pituitary 
adenoma in the 2017 WHO classification (133). Those rare ad-
enomas include clinically functioning adenomas as the previ-
ously discussed somatotroph plurihormonal adenomas (GH/
PRL/TSH producing) with acromegaly and thyroid dysfunc-
tion, GH/ACTH-secreting adenomas, PRL/ACTH-secreting 
adenomas, and other less common combinations of hormones 
by immunostaining that cannot be explained by cytodifferen-
tiation (134,135). Most of the cases reported in the literature 
have symptoms of mass effect because of the large size of the 
adenomas at the time of diagnosis.

A newly defined adenoma in this category is the plurihormonal 
PIT1-positive adenoma (133), also referred by some as poorly dif-
ferentiated PIT1 adenoma (136). This is a rare adenoma charac-
terized by a monomorphous population of poorly differentiated 
cells that express PIT1 and/or variable levels of GH, PRL, TSH, 
and α-SU (136). This adenoma has been previously called silent 
adenoma subtype 3 in previous classifications (137,138). Most pluri-
hormonal PIT1-positive adenomas are clinically silent, but some 
patients may present with acromegaly, hyperprolactinemia, or 
hyperthyroidism (136). The diagnosis of these adenomas is of 
significance because of their intrinsic aggressive behavior with a 
high degree of invasiveness, low rates of disease-free survival, and 
a high tendency for recurrence (136-138).

Double adenomas are combined adenomas composed 
of two distinct pituitary adenomas of different cell lineages 
(133). They are commonly separated by strands of normal pi-
tuitary gland but may also be intermixed with somewhat indis-
tinct borders. As commented previously, the combination of 

 FIGURE 12.28  Null cell adenoma. These are typically chromophobic (A), but they may also be oncocytic as a result of mitochondrial accumulation 
(B), which is a finding of no clinical importance. Null cell tumors show no immunoreactivity for pituitary hormones and pituitary transcription factors.
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The prognosis of pituitary carcinoma varies, but overall is 
dismal. A recent study found that 66% of patients died within 
1 year of the first metastasis and 80% of all patients died within 
8 years (154).

PITUITARY BLASTOMA

Pituitary blastoma is a rare primitive malignant neoplasm of 
the pituitary gland occurring mostly in the pediatric popula-
tion (157). About 20 cases have been reported in the literature 
(157-161). The majority of these tumors arise in infants younger 
than 24 months of age (median 8 months), with a slight female 
predominance (159) Patients mostly present with ophthalmo-
plegia because of the tumor size and associated endocrinopa-
thy (157,158). The majority of the reported cases have active 
Cushing disease, but nonfunctioning tumors have been also 
described (159,160,162). The overall prognosis is poor, with 
40% mortality in the first 26 months after diagnosis (median 8 
months) reported in the largest series (158).

Pituitary blastoma is part of the DICER1 syndrome, or pleu-
ropulmonary blastoma (PPB)–familial tumor and dysplasia 
syndrome, caused by heterozygous germline mutations in the 
DICER1 gene (158,159).

Morphologically, pituitary blastomas are composed of three 
histologic components: Rathke-type epithelial glands with 
rosette-like formation, small primitive-appearing cells with a 
blastema-like appearance, and larger secretory epithelial cells 
resembling adenohypophyseal cells (157,160). The cells are 
immunoreactive for neuroendocrine markers, including syn-
aptophysin and chromogranin. Most of the tumors are immu-
noreactive for ACTH, and a few cases have been reported to 
express GH in a subset of cells (160) and, to a lesser extent, 
βLH and/or βFSH (157,158,160). Epithelial markers EMA and 
cytokeratins are expressed in particular in the Rathke-type epi-
thelium (157). The proliferative index is variable, with Ki-67 la-
beling ranges from low to highly elevated (159). However, there 
is no direct correlation between Ki-67 index and prognosis.

PITUITARY HYPERPLASIA

The most common cause of pituitary hyperplasia is pregnancy, 
during which lactotroph cells undergo reversible hypertrophy 
and proliferation in association with transdifferentiation of so-
matotroph to lactotroph cells (163,164).

Clinically significant hyperplasia of adenohypophyseal 
cells is very uncommon (Table 12.4) (26). Pituitary hyper-
plasia is seen in several inherited conditions, including the 
McCune-Albright syndrome (165) and Carney complex (166), 
but it can also be seen in the setting of NETs that secrete hypo-
thalamus-stimulating hormones. In this setting, it may be ob-
served in GHRH-induced acromegaly (167-171) and can be the 
mechanism underlying gigantism (171). It is also the basis of 
Cushing syndrome because of ectopic corticotropin-releasing 
hormone (CRH) production (172) and is seen in Addison dis-
ease (173). Pituitary enlargement caused by thyrotroph and 
lactotroph cell hyperplasia occurs in primary hypothyroidism 
(106). Rare causes of pituitary hyperplasia include idiopathic 
hypothalamic dysfunction (174) and hypothalamic neuronal 
hamartoma (175).

Given the clinical situations that cause pituitary hyperpla-
sia, only in rare instances is surgical biopsy or resection of the 

pituitary adenomas may show more aggressive clinical behavior 
that diverges from the benign behavior of a typical adenoma 
including early and multiple recurrences despite multimodal 
conventional therapy and radiation; these tumors have been 
designated as “clinically aggressive pituitary adenomas” (143). 
Their variable definition in the literature prevents determina-
tion of a precise incidence of these tumors (142,143-146). Some 
believe they represent about 15% of pituitary tumors requiring 
surgical treatment (55), but only 0.1% to 0.2% of those prog-
ress to malignant, true pituitary carcinomas (146-148).

The identification of clinically aggressive adenomas in a pro-
spective manner is complex. Prognostic predictors of aggressive 
behavior are not well established, and at the moment, no single 
pathologic marker has been shown to reliably predict pituitary 
adenoma behavior (55,142,149). Some studies have shown that 
several parameters such as the radiologic presence of tumor in-
vasion and tumor proliferation need to be integrated with cell 
lineage classification for better prediction of clinically aggres-
sive adenomas (55,149,150).

Since the release of the 2017 WHO classification, changes in 
the nomenclature of pituitary adenomas have been proposed 
with the intent to acknowledge the spectrum of behavior of 
pituitary tumors (151,152). The proposed terminology of Pit-
NETs instead of pituitary adenoma relies on the idea that pitu-
itary neuroendocrine neoplasms have a spectrum of behavior 
with some having invasive behavior that mimic the behavior of 
other NETs. This nomenclature change would also provide a 
more homogeneous classification to the entire group of neu-
roendocrine neoplasms. The proposed change will be deliber-
ated for the next WHO classification (152).

PITUITARY CARCINOMA

Pituitary carcinomas are rare and represent less than 1% of all 
pituitary neoplasms (153,154). Most occur in gradual transi-
tion from an adenoma, often invasive and recurrent macroad-
enomas. The latency period is generally 5 to 10 years. Most of 
described cases involved adults, with no gender predilection 
(153). The majority of pituitary carcinomas and their metas-
tases are endocrinologically functional tumors, with PRL- or 
ACTH-secreting tumors being the most common (153-156). 
Nonfunctioning tumors, including silent corticotroph, gonado-
troph, and null cell tumors, comprise approximately 20% of 
pituitary carcinomas (153).

The designation pituitary carcinoma is established on the 
finding of one or more of the following (153): (a) discontinu-
ous spread within the cerebrospinal space; (b) extracranial me-
tastases, typically to the liver, bone, lymph node, or lung, by way 
of the bloodstream or lymphatics; or (c) gross brain invasion.

No histologic features can distinguish a pituitary carcinoma 
from an ordinary typical adenoma prior to metastasis; there-
fore, the diagnosis is based solely on the presence of metastasis. 
Light microscopic or cytologic features alone are of little use in 
establishing the diagnosis of carcinoma. Standard morphologic 
features associated with malignancy including hypercellularity, 
nuclear and cellular pleomorphism, increased mitotic activity, 
and necrosis may be identified but are not necessarily present 
in the initial sellar tumor. Similarly, dural or bone invasion may 
not necessarily be present (153). Ki-67 labeling indices are 
quite variable, with considerable overlap with ordinary pituitary 
adenomas, but some sellar primary tumors may show elevated 
Ki-67 labeling (≥10%) (154).
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literature (176), these tumors are a distinct group of neoplasms 
arising in the neurohypophysis or infundibulum and most 
likely represent a spectrum of a single nosologic entity. These 
three tumors are believed to derive from pituicytes, the special-
ized glia of the posterior pituitary and pituitary stalk, and char-
acteristically express the transcription factor TTF-1, a driver of 
forebrain/diencephalon differentiation during development 
(18). TTF-1 expression is documented in both immature and 
mature pituicytes (18). Pituicytomas, spindle cell oncocytomas, 
and granular cell tumors of the sella have similar presenting 
symptoms and neuroimaging features (176,177). Neuroimag-
ing findings, however, are not specific and may be mistaken for 
pituitary adenomas (177).

Neuronal-derived tumors are the second category of non-
neuroendocrine neoplasms that may arise in the pituitary 
gland, including the rare gangliocytomas, neuroblastomas, and 
neurocytomas (188).

PITUICYTOMA

This well-differentiated glial neoplasm of the sellar or suprasel-
lar area most likely arises from pituicytes. Clinically, it affects 
mainly adults in the fifth and sixth decades, with a slight male 
predominance (176). It presents with headaches, visual distur-
bance, and hypopituitarism; only a minority present with diabe-
tes insipidus (176-178). 

Pituicytomas are usually well-circumscribed, solid intrasel-
lar lesions with suprasellar extension. Microscopically, they 
are noninfiltrative and composed of vague lobules and sheets 
of spindled cells with relatively abundant cytoplasm and 
round-to-oval nuclei. They are somewhat fascicular or swirl-
ing in architecture (Fig. 12.30) and appear astrocytic. Atypia 
is minimal, and mitoses are exceptional. Pituicytomas do not 
show any immunoreactivity for neuroendocrine markers (chro-
mogranin, synaptophysin) or for pituitary hormones and tran-
scription factors. Immunostains show strong reactivity for S100 
protein, vimentin, and TTF-1; although GFAP is strongly posi-
tive in many cases, the stain can be variable and even absent 
(178,179).

When analyzed by ultrastructure, the tumor cells possess 
processes that contain intermediate filaments and lack neuro-
secretory granules and surface specialization, such as microvilli 

pituitary gland performed. Moreover, the diagnosis of pituitary 
hyperplasia is a challenging one. The regional variation in cell 
distribution within the normal adenohypophysis makes the di-
agnosis of diffuse hyperplasia difficult on a limited biopsy. Even 
nodular hyperplasia poses a diagnostic challenge, in particular 
in the case of Cushing disease, because ACTH cells are nor-
mally arrranged in small nodules in the normal gland. Micro-
scopically, nodular pituitary hyperplasia consists of an increase 
in a specific cell type with associated expansion of acini, a fea-
ture best appreciated on reticulin stain (Fig. 12.29). Resolution 
of the hyperplasia and shrinkage of the gland result when the 
causes are successfully treated.

NONNEUROENDOCRINE NEOPLASMS

Pituicytoma, granular cell tumor of the sella, and spindle cell 
oncocytoma are the most common nonneuroendocrine neo-
plasms of the pituitary gland. Although rare when compared 
to pituitary adenomas with less than 300 cases described in the 

 FIGURE 12.29  Corticotroph cell hyperplasia. This case of idiopathic corticotroph cell hyperplasia, which is presumably caused by hypotha-
lamic dysfunction, illustrates the expansion of the acinar pattern on reticulin stain (A) and a corresponding marked increase in adrenocortico-
tropic hormone immunoreactive cells (B). Such hyperplastic nodules were present throughout the serially sectioned gland.

 TABLE 12.4  Pituitary Hyperplasia: Most 
Common Causes

Prolactin Cell
Pregnancy and lactation
Hypothyroidism (thyrotropin-releasing hormone effect)

Growth Hormone Cell
Hypothalamic neuronal hamartoma (growth hormone–releasing 

hormone)
Neuroendocrine neoplasm (ectopic growth hormone–releasing 

hormone)

Corticotroph Cell
Cushing disease (uncommon)
Neuroendocrine neoplasm (corticotropin-releasing hormone)
Addison disease (corticotrophin-releasing hormone effect)

Gonadotroph Cell
Klinefelter and Turner syndromes
Hypothalamic neuronal hamartoma (luteinizing hormone– 

releasing hormone)

Thyrotroph Cell
Hypothyroidism (thyrotropin-releasing hormone effect)

A B
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incidental, microscopic “tumorlettes” may be seen in about 
10% of autopsies (184). In contrast, symptomatic granular cell 
tumors of the sella are rare, with less than 100 cases reported 
to date (176,184).

Their peak incidence is in the fifth decade, and the 
female-to-male ratio is 2:1 (177,181). Symptoms include mass 
effects, such as visual field defects, hypopituitarism, and diabe-
tes insipidus resulting from stalk effect. Hyperprolactinemia is 
also common because of “pituitary stalk effect.” On neuroimag-
ing, granular cell tumors are solid, markedly enhancing, non-
calcified, intrasellar or suprasellar masses simulating pituitary 
adenomas (177).

Granular cell tumors are believed to originate from pitui-
cytes and show ultrastructural features mimicking the so-called 
“granular pituicyte” (180). Histologically, they are composed of 
large, polygonal cells that form sheets or ill-defined lobules and 
that possess round, peripherally situated nuclei with delicate 
chromatin and uniform nucleoli (Fig. 12.31). Cytoplasmic gran-
ularity is prominent because of an abundance of PAS-positive, 
diastase-resistant lysosomes (Fig. 12.31). Mitoses are mostly ab-
sent. A lymphocytic infiltrate may be focally evident. The princi-
pal differential diagnosis is a pituitary adenoma with oncocytic 
features. Granular cell tumors lack synaptophysin expression 

or cilia. These characteristics are similar to those seen in the 
so-called “major pituicytes,” the most common type of normal 
pituicytes that are reminiscent of astrocytes (180). There is no 
pericellular deposition of basal lamina-like material such as that 
seen in schwannomas, and only scattered intercellular junc-
tions are seen.

The differential diagnosis includes normal neurohypophy-
sis, which can be mimicked by hypocellular pituicytomas, and 
pilocytic astrocytomas of the hypothalamus or optic tracts. The 
distinction from pilocytic astrocytoma usually depends on find-
ing biphasic (compact and microcystic) architecture in associa-
tion with Rosenthal fibers and granular bodies, all of which are 
absent in pituicytoma (178). Also in the differential diagnosis 
is spindle cell oncocytoma, discussed later in this chapter, al-
though the latter lacks immunoreactivity for GFAP and instead 
shows staining for EMA (181). The biologic behavior of pituicy-
tomas suggests that they are benign but capable of slow recur-
rence after subtotal resection (179,182,183).

GRANULAR CELL TUMOR OF THE SELLA

Granular cell tumors affecting the pituitary are mostly asymp-
tomatic small lesions arising in the stalk or posterior lobe. Such 

 FIGURE 12.30  Pituicytoma. This distinctive glial neoplasm consists of spindle cells often disposed in a fascicle pattern (A). Immunoreactivity 
for GFAP is variable (B). The tumors express the transcription factor TTF-1 (not shown).

A B

 FIGURE 12.31  Granular cell tumor of the sella. (A) This nodular mass, lying largely in the suprasellar area, was associated with hyperprolac-
tinemia as a result of “stalk effect.” Such tumor cells are filled with periodic acid-Schiff–positive lysosomes (B).

A B
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 FIGURE 12.32  Spindle cell oncocytoma. This rare spindle and epithelioid neoplasm of the sella has an oncocytic appearance (A). The ma-
jority are immunoreactive for S100 protein (B) and EMA (C) in a variable pattern. Strong immunoreaction to TTF-1 (D) argues for a common 
origin of this tumor as pituicytoma and granular cell tumor.

A B

C D

and show cytoplasmic CD68 immunoreactivity (131). GFAP 
and S100 protein immunoreactivity may be weak or negative 
(185). Most significantly, these tumors are strongly immu-
noreactive for TTF-1, similar to the other pituicyte-derived  
tumors (18,186).

Although granular cell tumors are generally slow-growing, 
benign neoplasms, they may slowly recur and are occasionally 
aggressive, exhibiting increased Ki-67 labeling (187).

SPINDLE CELL ONCOCYTOMA

This rare tumor of the pituitary region simulates a clinically non-
functioning pituitary macroadenoma by clinical symptoms and 
neuroimaging findings (176,177,188). Originally described by 
Roncaroli and colleagues in 2002 (189) as a nonneuroendocrine 
neoplasm of the adenohypophysis with a proposed folliculostel-
late cell origin (189), recent data have demonstrated that they 
share TTF-1 immunoexpression similar to nonneoplastic pitui-
cytes, pituicytomas, and granular cell tumors of the sella (18,186). 
This suggests more similarity in origin than was initially suspected 

from the pituitary infundibulum/forebrain ganglionic eminence 
(the so-called “ventral neuroectoderm”) rather than endocrine 
cells of the anterior pituitary or folliculostellate cells (18).

All tumors currently reported have arisen in adults (mean 56 
years) (176,188). The majority of the reported cases have a be-
nign clinical course; however, a few cases with incomplete sur-
gical resection and more aggressive clinical course have been 
described (190).

Spindle cell oncocytomas are characterized by spindle cells 
arranged in interwoven fascicles intermixed with plump cells 
with eosinophilic, finely granular cytoplasm consistent with an 
oncocytic cellular component (Fig. 12.32). Mild-to-moderate 
cellular atypia can be seen. Mitotic activity is frequently low, al-
though it can be increased in recurrent lesions (181,190). The 
tumors lack immunoreactivity for neuroendocrine markers, 
pituitary hormones, and pituitary transcription factors. Tumor 
cells are immunoreactive for EMA, vimentin, S100 protein, and 
Galectin-3, only focally for GFAP (184,188,190). As commented 
previously, spindle cell oncocytomas also show diffuse nuclear 
expression of TTF-1 (Fig. 12.32) (18,186).
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the expression of hypothalamic-releasing hormones, such as 
GHRH, CRH, and gonadotropin-releasing hormone (GnRH), 
demonstrated in the ganglionic elements of some tumors 
(191,193). The second theory suggests a common origin of 
both neuronal and adenomatous components from uncommit-
ted stem/progenitor cells present in the adult adenohypophy-
sis capable of multidirectional differentiation (194). The third 
hypothesis, and currently the most accepted, suggests that the 
ganglionic components originate from neuronal differentia-
tion of adenoma cells in a process suggestive of transdifferen-
tiation (95,195). This theory relies on the fact that ganglionic 
cells contain, in addition to neuronal markers and hypotha-
lamic hormones, the same pituitary hormones as the associated 
adenoma. Occasional cytokeratin staining of the neurons also 
supports the metaplasia concept. Moreover, cells with interme-
diate features between ganglionic cells and adenomatous cells 
have been described (196). Recent data in a series of mixed 
gangliocytoma and somatotroph adenomas have shown that 
both cellular components express the acidophilic lineage tran-
scription factor PIT1, and the ganglionic cells coexpress PIT1 
and neuronal-associated markers (95), suggesting a correlation 
between adenomatous and neuronal phenotype elements.

The behavior of such lesions is that of the underlying 
adenoma.

CYSTIC TUMORS AND LESIONS OF THE SELLA

ADAMANTINOMATOUS CRANIOPHARYNGIOMA

Craniopharyngiomas represent 1% to 2% of all intracranial 
neoplasms and represent about 4% of tumors in patients aged 
0 to 14 years (3). The majority of these tumors are the ada-
mantinomatous craniopharyngiomas (197). More than 50% 
of patients with adamantinomatous craniopharyngiomas are 
younger than 20 years old, but a second minor peak is observed 
in adults (45-60 years) (197). Rare congenital examples are 
seen in neonates. Craniopharyngiomas are histologically re-
lated to Rathke cleft cysts because both are derived from the 
pituitary anlage. However, activating mutations of the CTNNB1 
gene, which encodes β-catenin, are present in the great major-
ity of adamantinomatous craniopharyngiomas (198-201), sepa-
rating these tumors from other cystic lesions derived from the 
Rathke cleft epithelium.

Most adamantinomatous craniopharyngiomas are suprasel-
lar; however, about 25% have an intrasellar component, and 
purely intrasellar examples may be seen (197). Averaging 3 
to 4 cm in diameter, craniopharyngiomas produce compres-
sive effects, including visual disturbance, hydrocephalus, and 
endocrine abnormalities, such as growth retardation, diabetes 
insipidus, and hyperprolactinemia caused by stalk effect. Sites 
of extension include the third ventricle; less often the anterior, 
middle, or posterior fossa; and, rarely, the nasopharynx. Most 
are adherent to adjacent brain tissue. Approximately 85% fea-
ture cysts containing cholesterol-rich fluid likened to machine 
oil. Calcifications are often radiographically evident, but bone 
formation is uncommon.

The histologic appearance of adamantinomatous craniopha-
ryngiomas is distinctive (Fig. 12.34). They consist of complex 
epithelium producing “wet keratin,” calcific debris, cholesterol 
crystals, and fibrous stroma. A layer of tall, basaloid epithelium 
surrounds the islands of obviously squamous cells, which, in 
turn, undergo transition to loose tissue termed stellate reticulum 

GANGLIOCYTOMA AND MIXED 
GANGLIOCYTOMA-PITUITARY ADENOMA

Gangliocytomas originating in the pituitary are rare (191). The 
majority of gangliocytomas of the pituitary are actually com-
posed of tumors with gangliocytic and pituitary adenomatous 
cells, forming the so-called “mixed gangliocytoma-pituitary 
adenomas.” Combined gangliocytoma-pituitary adenomas 
are rare and correspond to less than 1% of all sellar tumors 
(191,192). The great majority of the tumors are associated with 
neuroendocrine disorders, mainly acromegaly (95). A few cases 
with Cushing disease and hyperprolactinemia have also been 
described (193). Clinical, biochemical, and radiologic pre-
sentation of the patients does not differ from other patients 
presenting with either acromegaly or Cushing disease, and the 
diagnosis of a combined tumor is revealed at the time of mor-
phologic analysis of the tumors. Hormonally inactive tumors 
have also been reported (191).

Histopathologically, the tumors are composed of gangli-
onic and adenoma cells. The cytologic and ultrastructural fea-
tures of the ganglionic cells vary in terms of cell size, nuclear 
number, and content of Nissl substance (Fig. 12.33). These 
ganglionic cells are promptly identified by immunoreactiv-
ity for neuron-associated proteins, such as neurofilament 
proteins, NeuN, and synaptophysin. Glial elements are not 
present, confirming the pure ganglionic derivation of these 
tumors. Most tumors associated with acromegaly are sparsely 
granulated somatotroph adenomas (95). The ganglionic cells 
in such tumors often express GHRH (191). Similarly, CRH-
immunoreactive ganglion cells have been observed with Cush-
ing disease (193).

The origin of sellar gangliocytomas has been the subject of 
many theories. However, three major hypotheses have been 
considered for their histogenesis. The first theory proposes 
that hypothalamic neurons misplaced in the sellar region pro-
duce hypothalamic-releasing hormones that would stimulate 
the proliferation of an adenoma. This theory is supported by 

 FIGURE 12.33  Mixed gangliocytoma and somatotroph ad-
enoma. This intrasellar lesion was composed of ganglion cells inter-
mixed with a somatotroph adenoma. Immunostains show that the 
neurons contain growth hormone–releasing hormone (not shown).
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orderly maturation of a thin layer of squamous epithelium with 
resultant wafer-thin squamous cells, craniopharyngiomas dem-
onstrate a complex epithelial growth in cords and islands. Squa-
mous metaplasia in a Rathke cleft cyst may also pose a similar 
problem (202). In both situations, lack of nuclear expression of 
β-catenin as seen in adamantinomatous craniopharyngiomas is 
critical for validation of the diagnosis (203).

Although craniopharyngiomas are benign neoplasms, signif-
icant morbidity and recurrence rates as high as 20% are seen in 
particular in cases with subtotal surgical resection (204). Treat-
ment of craniopharyngiomas is primarily surgical, but radiation 
therapy does play a role in partially resected or recurrent tu-
mors. Malignant transformation to squamous cell carcinoma is 
extremely rare (199).

PAPILLARY CRANIOPHARYNGIOMA

Comprising 10% of craniopharyngiomas, the papillary variant 
of craniopharyngioma affects adults and often involves or lies 
within the third ventricle. Unlike adamantinomatous cranio-
pharyngiomas, papillary tumors tend to be more solid lesions 
lacking calcifications (197,204).

Microscopically, sheets of mature squamous epithelium form 
perivascular pseudopapillae (Fig 12.36). However, there is no 
production of either flaky keratin as seen in epidermoid cysts 
or wet keratin of the adamantinomatous variant. Unlike the ir-
regular interface of adamantinomatous craniopharyngiomas 
with the adjacent brain, papillary tumors tend to have smooth 
contours and separate more readily. As a result, less than 10% 
of papillary tumors recur (205). Rare examples of intracranial 
metastasis by way of the cerebrospinal fluid (CSF) or surgical 
implantation have been documented (206).

Papillary craniopharyngioma seems to be a completely sepa-
rate entity from the adamantinomatous craniopharyngioma, 
not just histologically but also from a molecular genetic point of 
view. The main oncogenic alteration of papillary craniopharyn-
giomas is BRAF (V600E) mutations (200). Immunostaining for 
the mutant BRAF (V600E) protein (Fig. 12.37B) is an additional 
tool for confirmation of the diagnosis and for the differential 
diagnosis of mimics of papillary craniopharyngioma, such as 
Rathke cleft cysts and epidermoid cysts (207). The description 

and wet keratin (Fig. 12.34). The process of keratinization dif-
fers from that of epidermoid cysts because it is not associated 
with a granular layer. A cholesterol-rich, xanthogranulomatous 
reaction is seen in particular in the cases with cyst formation, in 
which a thick, oily cystic content is present. Craniopharyngio-
mas may abut the brain parenchyma, producing an irregular 
interface that resembles parenchymal invasion and is associ-
ated with gliosis and occasional Rosenthal fiber formation that 
may be so pronounced that it mimics pilocytic astrocytoma 
(Fig. 12.35). Aberrant nuclear accumulation of β-catenin is a 
helpful diagnostic tool for confirmation of the diagnosis of ada-
mantinomatous craniopharyngiomas, in particular in small bi-
opsies. The staining is particular remarkable in the morula-like 
formations of the tumor (Fig. 12.37A).

Occasional craniopharyngiomas show a mixed pattern 
of adamantinomatous and, to a lesser extent, ordinary strati-
fied squamous epithelium. This explains the occasional diffi-
culty in distinguishing a limited biopsy of craniopharyngioma 
from epidermoid cyst. Unlike epidermoid cysts, which feature 

 FIGURE 12.34  Adamantinomatous craniopharyngioma. This 
example shows the typical complex pattern of squamous epithelial 
growth ranging from dense to loose with peripheral palisading, micro-
cyst formation, and accumulation of wet keratin.

 FIGURE 12.35  Adamantinomatous craniopharyngioma. These 
typically incite marked gliosis with Rosenthal fiber formation in the 
adjacent brain parenchyma, and the gliosis should not be mistaken for 
glioma. The irregular tumor configuration results in the pseudoinva-
sion of their surroundings.

 FIGURE 12.36  Papillary craniopharyngioma. Note the promi-
nent stratified squamous component, the lack of cholesterol-rich de-
bris, and the formation of papillae. Note lack of keratinization.
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noted earlier, the differential diagnosis with craniopharyngi-
oma is important. The same is true of xanthogranulomatous 
change, which may totally obscure the cyst lining (202). As com-
mented earlier, immunohistochemical staining for the mutant 
BRAF (V600E) protein is very useful for differentiating Rathke 
cleft cyst with squamous metaplasia from papillary craniopha-
ryngioma (207,209). Abscess formation is a rare complication 
of Rathke cleft cyst (210). The prognosis of surgically treated 
cysts is excellent; even subtotal resection is curative (211).

MISCELLANEOUS TUMORS

The histopathologic spectrum of nonadenomatous sellar le-
sions is highly varied. Only the most common are specifically 
discussed. Unusual processes are summarized and referenced 
in Table 12.5.

LANGERHANS CELL HISTIOCYTOSIS

Variants of Langerhans histiocytosis, including eosinophilic 
granuloma, Hand-Schüller-Christian disease, and Letterer-
Siwe disease, may involve the nervous system in approximately 

of mixed tumors with both BRAF V600E and CTNNB1 muta-
tions, although a rare event, has been reported (208).

RATHKE CLEFT CYST

These distinctive cysts originate in remnants of the Rathke 
pouch, which is a normal microscopic finding at the inter-
face of the anterior and posterior lobes. Symptomatic Rathke 
cleft cysts are uncommon. Most measure 1 cm or more (204) 
and may be clinically apparent owing to compression of sur-
rounding structures producing visual disturbance, hypopituita-
rism, or diabetes insipidus. Stalk section effect often results in 
hyperprolactinemia.

Histopathologically, Rathke cleft cysts are thin walled, con-
tain mucoid fluid, and are lined by a variety of epithelia, in-
cluding cuboidal to columnar, ciliated, or goblet cells, as well as 
occasional adenohypophyseal cells (Fig. 12.38). Given the high 
frequency of subclinical pituitary adenomas, the finding of an 
occasional Rathke cleft cyst in association with an adenoma is 
not surprising. Squamous metaplasia may supervene, and, as 

 FIGURE 12.37  Adamantinomatous craniopharyngiomas harbor CTNBB1 mutations that can be confirmed by nuclear translocation of  
β-catenin by immunohistochemistry (A). On the other hand, papillary craniopharyngiomas show mutations of BRAF (V600E) with overexpression 
of the mutant BRAF V600E protein (B).

 FIGURE 12.38  Rathke cleft cyst. The unilocular structure is 
lined by columnar, ciliated, and mucin-producing epithelium. Secre-
tory adenohypophyseal cells are occasionally identified.

 TABLE 12.5  Miscellaneous Tumors of the 
Pituitary and Sellar Region

Benign Neoplasms Malignant Neoplasms

Meningioma
Glomangioma
Hypothalamic neuronal 

hamartoma
Schwannoma
Paraganglioma
Hemangioma
Hemangioblastoma
Myxoma
Fibrous dysplasia of bone
Giant cell tumor of bone

Chordoma
Germ cell tumors
Solitary fibrous tumor 

(Hemangiopericytoma)
Postirradiation sarcomas
Metastatic carcinoma
Lymphoma and/or leukemia
Plasmacytoma

A B
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METASTATIC NEOPLASMS

Pituitary/sellar metastases are uncommon. The most common 
primary malignancies with pituitary metastasis are breast and 
lung, both at autopsy and in clinical series (216,217). Symptom-
atic deposits may present in two clinical situations, patients with a 
preoperative suspicion of metastasis of known primary cancer or 
patients in whom the metastasis was an unexpected finding dur-
ing surgery performed for a presumed pituitary adenoma (217). 
Symptoms include visual disturbance, hypopituitarism, and dia-
betes insipidus (217). The posterior lobe is more often affected, 
given its direct arterial supply. Involvement of the anterior lobe 
is secondary from surrounding affected bone and/or dura or 
from posterior lobe deposits (Fig. 12.40). Microscopically, ante-
rior lobe involvement consists of permeation of sinusoidal vessels 
and/or filling of acini. Because symptomatic pituitary/sellar me-
tastases are a manifestation of late-stage disease, the prognosis is 
poor, even after surgical decompression and radiotherapy (217). 
Lymphoma is rarely primary in the pituitary and/or sellar region 
(160). One such lesion reportedly arose in a pituitary adenoma 
(218,219). Secondary involvement of the pituitary in acute and 
chronic leukemias is more often an autopsy finding (220,221).

INFLAMMATORY DISORDERS

A variety of inflammatory processes affect the pituitary gland. 
Chief among these are primary hypophysitis, including lym-
phocytic hypophysitis, granulomatous hypophysitis, and 

25% of cases and are almost always associated with bone le-
sions. Because the disorder involves mainly the hypothala-
mus, pituitary stalk, and neurohypophysis, diabetes insipidus 
is a common presentation. Hypothalamic dysfunction that is 
permanent in nature is also frequent; this is particularly true 
of GH deficiency (212). Isolated infundibular involvement is 
rare (213).

Making a histologic diagnosis may be difficult because the 
disease passes through stages. In active lesions, the neoplastic 
cells are associated with giant cells, lymphocytes, plasma cells, 
eosinophils in greatly varying numbers, and reactive astrocytes 
(Fig. 12.39). The Langerhans histiocytes, which are charac-
terized by their large, folded nuclei, are immunoreactive for 
CD1a, S100 protein, and Langerin (CD207). Demonstration 
of mutations of BRAF (V600E) by gene sequencing or expres-
sion of the mutant protein by IHC is also helpful for the diag-
nosis (214).

SALIVARY GLAND–LIKE TUMORS OF THE 
SELLAR REGION

A spectrum of salivary gland–like neoplasms rarely occurs in 
the sellar region (153,215). These neoplasms are likely linked 
to salivary gland rests normally occurring at this location. Such 
glands typically reside on the superior aspect of the gland over-
lying the posterior lobe. Secondary involvement of the sella and 
perisellar structures by locally invasive or malignant salivary 
gland tumors is very uncommon.

 FIGURE 12.39  Langerhans cell histiocytosis. The infiltrate, which 
affects the hypothalamus, pituitary stalk, and posterior lobe, consists  
of Langerhans histiocytes, forming either epithelioid clusters (A) or 
diffuse infiltrates (B). Such cells are S100 protein immunoreactive (C).

A B
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Unlike the soft, creamy texture of a pituitary adenoma, lym-
phocytic hypophysitis specimens are typically firm and yellow. 
Microscopic analysis shows diffuse infiltration of lymphoplas-
macytic cells in the interstitium and within the acini; necrosis 
is mostly absent (Fig. 12.41). Germinal centers are occasionally 
seen. Although scant clusters of epithelioid histiocytes may be en-
countered, well-formed granulomas are absent. The lymphocytic 
infiltrate consists of a polyclonal population of B and T cells of 
both CD4+ and CD8+ type (230). Thus, distinguishing lympho-
cytic hypophysitis from sarcoidosis or infection of the pituitary 
generally poses no problem (see following section). Advanced 
stages of the disease are characterized by parenchymal atrophy, a 
variable degree of fibrosis, and residual lymphocytic aggregates.

Of note, pituitary insufficiency of pregnancy and of the post-
partum period may also result from hypovolemic shock with 
resultant capillary thrombosis and ischemic necrosis (Sheehan 
syndrome) (231).

GRANULOMATOUS HYPOPHYSITIS

This rare, idiopathic inflammatory disorder affects the anterior 
pituitary of adults, but, unlike lymphocytic hypophysitis, a sex 
predilection is questionable and the disorder lacks an associa-
tion with pregnancy (229,232,233). Hypopituitarism occurs in 
the majority, but diabetes insipidus is rare. Unlike sarcoidosis, 
a systemic disease which, when involving the CNS, primarily af-
fects the hypothalamus and posterior pituitary, granulomatous 
hypophysitis is limited to the sellar region, usually involving the 
adenohypophysis alone.

Microscopically, granulomatous hypophysitis is character-
ized by well-formed, noncaseating granulomas associated with a 
variable lymphocytic infiltrate (Fig. 12.42). The lack of necrosis 
may distinguish it from infectious granulomatous processes–
like tuberculosis. Organisms are not seen on special stains. Pa-
renchymal destruction with fibrosis is the end result.

Nonspecific granulomatous hypophysitis may accompany 
rupture of a Rathke cleft cyst (234). As previously commented, 
some granulomatous diseases, including sarcoidosis and Lang-
erhans cell histiocytosis, have a propensity for affecting the 
posterior pituitary gland and hypothalamus. Therefore, clinical 
evaluation must exclude specific granulomatous diseases and 
infectious processes.

xanthomatous hypophysitis (222,223). Although the majority 
of suspected cases are treated medically, symptoms related to 
the increase in gland size and mass effects may mimic other sel-
lar masses, leading to surgical intervention and gland resection.

The pituitary may also be secondarily involved by systemic 
inflammatory diseases such as sarcoidosis and systemic infec-
tions with the development of either abscess or granuloma-
tous infectious processes. Two etiology-specific hypophysitis 
recently described include the hypophysitis associated with 
immunoglobulin G4 (IgG4)-related disease (224,225) and a 
lymphocytic hypophysitis related to the treatment of metastatic 
melanoma or other cancers with the monoclonal immunomod-
ulatory antibody directed against cytotoxic T-lymphocyte anti-
gen 4 (CTLA4) (226,227).

LYMPHOCYTIC HYPOPHYSITIS

The autoimmune lymphocytic hypophysitis is the most clinically 
relevant of the primary hypophysitis. Lymphocytic hypophysitis 
is a rare entity that most commonly affects women in late preg-
nancy or the immediate postpartum period (228); occurrence 
in males is particularly rare (222,223,229). Humoral and cel-
lular immune mechanisms appear to mediate the disorder and 
antipituitary antibodies, although not specific to hypophysitis, 
and have been demonstrable (228). In addition, an association 
with other autoimmune clinical conditions including thyroid-
itis and oophoritis may be observed (222,229).

Patients typically present with postpartum pituitary failure 
and occasionally signs of an expanding mass, including head-
ache and visual field defects (228,229). Nearly 25% exhibited 
some degree of pituitary hypofunction. Hyperprolactinemia 
may also be seen in the early phase of the disease as a result of 
stalk compression. Diabetes insipidus has also been described 
in some patients, indicating that the inflammatory process may 
involve the posterior pituitary gland and pituitary stalk (228). 
In this situation, the name infundibuloneurohypophysitis is 
appropriate.

Neuroimaging often mimics pituitary adenoma. Owing to 
the compression symptoms, treatment may consist of biopsy 
or decompression, as well as hormone replacement. Although 
surgery results in relief of headaches and improved vision, no 
reversal of endocrine deficits is seen; long-term hormone re-
placement is required (229).

 FIGURE 12.40  Metastatic carcinoma. The involvement of sellar 
bone and dura (A) usually precedes involvement of the anterior lobe, 
wherein sinuses are often filled by tumor (B).

 FIGURE 12.41  Lymphocytic hypophysitis. Note the architectural 
disarray and the destruction of the pituitary cords as a result of lym-
phoplasmacytic inflammation and fibrosis.
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hypothalamus and optic chiasm (239). The sella is generally 
not enlarged. Grossly, the specimen appears firm and yellow. 
Histologically, the lesions show noncaseating granulomatous 
inflammation, primarily involving the leptomeninges and neu-
ral tissue. The discrete granulomas are often surrounded by a 
moderate lymphoplasmacytic infiltrate (Fig. 12.43). Although 
necrosis is not evident, focal fibrinoid change may be seen. 
Multinucleate giant cells are common, but the presence of 
Schaumann bodies varies greatly. By definition, special stains 
for microorganisms are negative. Burned-out foci appear as fi-
brous scars containing only occasional chronic inflammatory or 
histiocytic giant cells.

XANTHOMATOUS HYPOPHYSITIS

This poorly understood lesion is the least frequent form of 
primary hypophysitis (222,235,236). Although most cases de-
scribed involved females, there is no association with preg-
nancy or the postpartum period. Clinical symptoms are related 
to variable anterior lobe dysfunction and occasional diabetes 
insipidus.

Xanthomatous hypophysitis is characterized by infiltration 
of foamy histiocytes with no granuloma formation (223). The 
cells are immunoreactive for CD68 but are S00 protein and 
CD1a negative.

The diagnosis of xanthomatous hypophysitis is controversial. 
Most lesions are cystic by neuroimaging and surgical evaluation, 
a feature dissimilar from the other forms of primary hypophy-
sitis. The differential diagnosis with a secondary xanthomatous 
hypophysitis resulting from a craniopharyngioma or Rathke 
cleft cyst is of concern in small surgical specimens (202).

SARCOIDOSIS

This idiopathic, multisystem granulomatous disorder affects 
the CNS in 5% to 15% of cases (237). Adults are usually af-
fected, with a higher incidence in women and individuals with 
African ancestry (237). Termed “neurosarcoidosis,” it most of-
ten involves the basal meninges and brain parenchyma (ven-
tricular region, optic nerves, and posterior fossa structures); 
hypothalamus and/or pituitary involvement are seen in 10% of 
cases. Isolated pituitary disease has been rarely reported (238). 
The most common endocrinologic symptoms of the disease 
include hypogonadism, diabetes insipidus, and hyperprolac-
tinemia (239). Neurosarcoidosis only rarely occurs in isolation; 
concurrent systemic disease is nearly always seen.

The typical neuroimaging findings include infundibu-
lar thickening and enhancement, and enhancement of the 

 FIGURE 12.42  Granulomatous hypophysitis. This noncaseating process was limited to the anterior pituitary, it contained no stainable  
microorganisms, and it resolved after biopsy (A). Resultant hypopituitarism was noted. The multinucleate giant cells show occasional  
Schaumann bodies (B).

A B

 FIGURE 12.43  Sarcoidosis involving hypothalamus, pituitary 
stalk, and posterior lobe. Note typical yellow discoloration of the hy-
pothalamus (A). Numerous discrete noncaseating granulomas are sur-
rounded by cuffs of lymphocytes (B).
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The diagnosis of sarcoidosis may be difficult and requires 
the exclusion of other diseases, mainly infectious diseases, by 
clinical and laboratory means. Histochemical stains for fungi 
and mycobacteria, microbiologic cultures of the tissues, and/or 
polymerase chain reaction (PCR)-based tests are mandatory in 
these cases. Likewise, cerebrospinal and serum microbiologic 
studies should be performed for exclusion of more systemic 
infectious causes. Other causes of systemic granulomatous 
diseases should also be ruled out. Despite medical therapy, 
improvement in hormone deficiency is uncommon (239). In 
contrast to sarcoidosis, granulomatous hypophysitis involves 
the anterior lobe and is unassociated with significant systemic 
disease.
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