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Primary Tumors of the Pituitary Gland: 
Radiologic-Pathologic Correlation

Primary tumors of the pituitary gland are the second most common 
histologic category of primary central nervous system tumors across 
all age groups and are the most common in adolescents to young 
adults, despite originating from a diminutive endocrine gland that 
is often described as “about the size of a pea.” The vast majority of 
these represent primary tumors of the adenohypophysis, specifically 
pituitary adenomas, which can be either functional or silent with 
regard to hormone hypersecretion. According to the fourth edition 
of the World Health Organization classification of endocrine tumors, 
published in 2017, cellular lineage and immunohistochemical stains 
for pituitary hormones and/or transcription factors help with mak-
ing the correct pathologic diagnosis. From a radiologic standpoint, 
microadenomas pose challenges for accurate detection and avoid-
ing false-negative or false-positive results, while macroadenomas 
pose challenges from local mass effect on surrounding structures. 
Pituitary carcinoma and pituitary blastoma also arise from the ade-
nohypophysis and are characterized by metastatic disease and infan-
tile presentation, respectively. While primary tumors of the adeno-
hypophysis are common, a second category comprising primary tu-
mors of Rathke pouch (ie, craniopharyngioma) are uncommon, and 
a third category comprising primary tumors of the neurohypophysis 
(eg, pituicytoma) are rare. The authors review all three categories of 
pituitary tumors, with emphasis on radiologic-pathologic correla-
tion, including the typical neuroimaging, histologic, and molecular 
features that may point toward a specific diagnosis.
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After completing this journal-based SA-CME 
activity, participants will be able to:

	�Recognize the various subtypes and 
imaging features of pituitary adenoma, 
which is the most common tumor of the 
adenohypophysis and the second most 
common primary tumor of the CNS.

	�Understand the relationship between 
adenohypophyseal development from 
the stomodeum and the two histologic 
subtypes of craniopharyngioma, adaman-
tinomatous and (squamous) papillary.

	�Describe three rare neoplastic entities 
that can arise from specialized glial cells 
(pituicytes) in the neurohypophysis and 
infundibulum, which are an embryologic 
undergrowth of the diencephalon.

See rsna.org/learning-center-rg.

SA-CME LEARNING OBJECTIVES

Introduction
According to the Central Brain Tumor Registry of the United States, 
which collected over 400 000 diagnoses of primary central nervous 
system (CNS) tumors in the 5-year period 2012–2016, tumors of 
the pituitary gland were the second most frequently reported his-
tology (16.8%), following meningioma (37.6%) and followed by 
glioblastoma (14.6%) (1). In a separate analysis of primary CNS 
tumors specifically in adolescents and young adults (age, 15–39 
years), tumors of the pituitary were the most common histologic 
category (29.9%), followed by meningioma (15.9%) and astrocy-
toma (15.3%) (2). These epidemiologic statistics are impressive for a 
diminutive endocrine gland that is often described as “about the size 
of a pea,” generally measuring less than 1 cm and weighing less than 
1 g in the adult human. From within the saddle-shaped sella turcica 
of the sphenoid bone, this tiny “master gland of the body” secretes 
a total of eight hormones and directs multiple processes of growth, 
homeostasis, and reproduction (3).

The name pituitary is derived from a misunderstanding by early 
anatomists, who thought it played a role in nasal mucus secretion 
(pituita means phlegm). The more accurate but less popular alternative 
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This developmental background structures 
our discussion on primary tumors of the pitu-
itary gland into three sections, which are ordered 
from most common to least common: primary 
tumors of the adenohypophysis, primary tumors 
of Rathke pouch (embryonic precursor of the 
adenohypophysis), and primary tumors of the 
neurohypophysis (Table).

Primary Tumors of Adenohypophysis
The prefix adeno- reflects the differentiation of 
Rathke pouch into glandular epithelium, which 
synthesizes, stores, and secretes six endocrine 
hormones. Pituitary adenomas are monoclonal 
tumors arising from the adenohypophysis and 
are the most common neuroendocrine tumors 
of the pituitary gland (4). The true incidence is 
uncertain, with recent population-based studies 
showing a prevalence of clinically significant ad-
enomas ranging from 1:865 to 1:2688 (5). Most 
pituitary adenomas are incidental without clinical 
significance (6). Pituitary adenomas smaller than 
10 mm are called microadenomas, while those 
10 mm or larger are called macro adenomas, and 
the term giant pituitary adenoma has been used 
to describe tumors 40 mm or larger in maximum 
diameter (4).

While the vast majority (~95%) of pituitary 
adenomas occur sporadically, about 5% arise in fa-
milial or hereditary conditions (6–8). In autosomal 
dominant multiple endocrine neoplasia 1 (MEN 
1), pituitary tumors tend to occur earlier; are 
more aggressive, invasive, and resistant to therapy; 
and have higher rates of recurrence (4). Familial 
isolated pituitary adenoma (FIPA) is an autosomal 
dominant condition with mutations in the AIP 
gene that encodes aryl-hydrocarbon receptor–in-
teracting protein, usually manifesting with invasive 
macroadenomas during childhood or young adult-
hood (4). Rarely, pituitary adenoma may occur 
with paraganglioma and pheochromocytoma, 
related to a mutation affecting succinate dehydro-
genase (9). Other associated genetic conditions 
include McCune-Albright syndrome, Carney 
complex, and X-linked acrogigantism (6,7).

Clinical Presentation
Pituitary adenomas that secrete excess hormones 
are considered functional adenomas and account 
for two-thirds of clinically evident adenomas 
(5–7). As a general rule, women tend to present 
with symptoms earlier in life, often being diag-
nosed with a prolactin-secreting adenoma, while 
men tend to present with symptoms later in life, 
often being diagnosed with a nonfunctional or 
nonsecretory macroadenoma (10). Macroade-
nomas can result in headache and visual field 
deficits related to local mass effect and extension 

term is hypophysis, which is derived from the Greek 
word for undergrowth and describes its anatomic 
relationship with the hypothalamus, which regulates 
its function. As it turns out, only the posterior pitu-
itary gland (neurohypophysis) is an embryogenetic 
undergrowth from the hypothalamus or diencepha-
lon; the anterior pituitary gland (adenohypophy-
sis) is formed not from neuroectoderm but by a 
diverticulum of oral ectoderm from the primitive 
mouth or stomodeum (Fig 1). This outpouching, 
first described by German embryologist Martin 
Heinrich Rathke in 1839, is known as Rathke 
pouch. Alternatively, it is also known as the cra-
niopharyngeal duct because of its course from the 
oral cavity to the pharynx through the sphenoid 
body into the cranial vault. Whereas the posterior 
pituitary gland has direct axonal projections from 
the hypothalamus through the infundibulum, the 
anterior pituitary gland receives hypothalamic 
signaling through the vascular hypophyseal portal 
system (3).

TEACHING POINTS
	� Only the posterior pituitary gland (neurohypophysis) is an 
embryogenetic undergrowth from the hypothalamus or di-
encephalon; the anterior pituitary gland (adenohypophysis) 
is formed not from neuroectoderm but by a diverticulum of 
oral ectoderm from the primitive mouth or stomodeum. This 
outpouching, first described by German embryologist Martin 
Heinrich Rathke in 1839, is known as Rathke pouch.

	� Pituitary adenomas typically show delayed enhancement and 
washout relative to that of a normal gland on postcontrast 
images. An additional dynamic postcontrast sequence can 
sometimes be helpful for accentuating differential enhance-
ment and delineating tumor, such as in the setting of clinically 
suspected microadenoma.

	� Because of their larger size, macroadenomas are easier to 
identify at cross-sectional imaging. Aside from an expanded 
pituitary contour, displacement of the infundibulum and su-
prasellar extension are common, with optic chiasm and/or 
nerve compression, cavernous sinus invasion, and erosion of 
the sellar margin seen in larger tumors. The Hardy and Knosp 
classification systems have been used to quantitate the de-
gree of invasion into the sella and parasellar regions by these 
macroadenomas.

	� Craniopharyngioma is uncommon, with an incidence of 0.13 
per 100  000 person-years, and the age distribution will vary 
depending on the subtype. ACPs account for 90% of cranio-
pharyngiomas, while (squamous) PCPs represent the remain-
ing 10%. While PCP is nearly always found in adults, ACP has 
a bimodal distribution, peaking in children younger than 18 
years of age and in adults 40–60 years of age. 

	� While SCO was initially thought to arise from nonendocrine 
folliculostellate cells within the anterior pituitary gland, these 
three entities are now all thought to arise from specialized glial 
cells (pituicytes) within the posterior pituitary gland: “pituicy-
tomas, granular cell tumors of the sellar region and spindle 
cell oncocytomas show nuclear expression of thyroid tran-
scription factor 1 (TTF-1), suggesting that these three tumors 
may constitute a spectrum of a single neurological entity.”



RG • Volume 41 Number 7 Shih et al 2031

Figure 1. Anatomy and devel-
opment of the pituitary gland.  
(A) Schematic diagram shows the 
dual embryologic origin of the pi-
tuitary gland. The anterior pituitary 
gland or adenohypophysis de-
rives from an upward diverticulum 
(Rathke pouch) of the surface ecto-
derm (red line) from the primitive 
mouth or stomodeum. In contrast, 
the pituitary infundibulum and pos-
terior pituitary gland or neurohy-
pophysis derive from a downward 
diverticulum of the neuroectoderm 
(blue line) from the diencephalon 
(Di). These differences in origin 
are reflected in the histologies and 
locations for primary tumors of 
the pituitary gland. Mes = mesen-
cephalon, Tel = telencephalon, yel-
low line = endoderm. (B) Sagittal 
T1-weighted MR image shows a 
normally developed pituitary gland 
in a young adult with an isointense 
adenohypophysis (80%) versus 
hyperintense neurohypophysis (ar-
row) due to high protein content. 
The adenohypophysis and funnel-
shaped infundibulum are both ex-
pected to enhance owing to a rich 
vascular hypophyseal portal system 
(endocrine function). The optic chi-
asm and third ventricle are located 
superiorly. (C) Sagittal T1-weighted 
MR image shows an abnormally developed pituitary gland in a young child with growth retardation due to pituitary stalk interruption 
syndrome. Failure of a downward diverticulum from the diencephalon has resulted in an ectopic position of the posterior pituitary bright 
spot (arrow), absence of the pituitary stalk (infundibulum), and marked hypoplasia of the anterior pituitary in the sella turcica due to 
disconnection from the hypothalamus. Patients with these findings are diagnosed with severe growth hormone deficiency.

classified by the results of hormone immunohis-
tochemicial analysis (7). No biomarker has been 
identified that conclusively predicts the clinico-
pathologic behavior of an adenoma (4). In the 
following sections, we review different subtypes 
of pituitary adenoma, followed by two rare 
alternative neoplasms of the adenohypophysis: 
pituitary carcinoma and pituitary blastoma.

Lactotroph Adenoma (Prolactinoma)
Lactotroph adenoma is the most common func-
tional pituitary adenoma and secretes prolactin. 
It often manifests as a microadenoma in the lat-
eral and posterior portion of the anterior pituitary 
gland in young women (peak age, 20–40 years), 
but it can also manifest as a macroadenoma in 
men and children. Typical symptoms in women 
include galactorrhea and secondary amenorrhea, 
versus erectile dysfunction, decreased libido, 
hypopituitarism, or visual field defects in men, 
whereas delayed puberty and primary amenor-
rhea are frequently seen in children (8).

There is a correlation between the size of the 
tumor and the serum prolactin level. Levels of 
100–250 ng/mL (4348–10 870 pmol/L) are typical 
for a microadenoma, while levels greater than 250 

into the suprasellar region with optic chiasm and/
or nerve compression. Lateral cavernous sinus 
invasion can cause cranial nerve III, IV, or VI pal-
sies. Compression of the pituitary gland or stalk 
(infundibulum) may cause hypopituitarism (11).

While these symptoms are usually chronic, 
pituitary apoplexy (from the Greek term apo-
plexia for stroke) is acute infarction or hemor-
rhage within the pituitary gland, occurring most 
commonly in preexisting macroadenomas. It is 
characterized by acute onset of symptoms, such 
as severe headache, visual loss, ophthalmoplegia, 
or endocrine dysfunction, all of which reflect 
sudden tumoral expansion. Predisposing factors 
include hypertension, pregnancy, major surgery, 
hypotension, dopamine agonist therapy, and anti-
coagulation therapy (12).

Pituitary tumors are classified by histopatho-
logic results, cellular lineage, and immunohisto-
chemical markers (Table). Among the clinically 
evident pituitary adenomas, lactotroph adenomas 
are most common (46%–66%), followed by 
nonfunctional adenomas (15%–37%), somato-
troph adenomas (9%–17%), corticotroph adeno-
mas (2%–6%), and thyrotroph adenomas (~1%) 
(5,6). Most pituitary adenomas are definitively 
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ng/mL suggest a macro adenoma and levels greater 
than 10 000 ng/mL (434 780 pmol/L) are common 
in larger macroadenomas (>3 cm) (5,8). There 
are three histologic subtypes: sparsely granulated 
lactotroph adenoma (most common), densely 
granulated lactotroph adenoma, and acidophil 
stem cell lactotroph adenoma (8).

Lactotroph adenomas are amenable to phar-
macotherapy using dopamine agonists (Fig 2), 
such as cabergoline (85%–90% effective) and 
bromocriptine (75% effective) (4,8). In sparsely 
granulated lactotroph adenomas, the response to 
bromocriptine may be quite striking, with a rapid 
reduction in serum prolactin levels (10). Failure 
to respond indicates a more aggressive adenoma 
and necessitates a change in dosage or medica-
tion, versus surgical resection with possible radia-
tion therapy (4).

Somatotroph Adenoma 
(Somatotropinoma)
Somatotroph adenoma is the second most com-
mon functional pituitary adenoma and secretes 
growth hormone. It is involved in more than 95% 
of cases of gigantism or acromegaly and may oc-
cur at any age (mean age, 47 years), without gen-

der predilection. Mammosomatotroph adenomas 
that cosecrete growth hormone and prolactin can 
manifest in young women with both acromegaly 
and amenorrhea and/or galactorrhea. Elevated 
serum growth hormone and insulin-like growth 
factor 1 levels can support a diagnosis of gigan-
tism or acromegaly and would prompt evaluation 
for a somatotropinoma (13).

Most somatotroph adenomas manifest as 
a macroadenoma (Fig 3). The tumor subtype 
of densely granulated somatotroph adenoma 
(DGSA) tends to manifest as a microadenoma 
in older adults and is the most common cause of 
acromegaly, while sparsely granulated somato-
troph adenoma (SGSA) tends to manifest as a 
macroadenoma in younger women. At imaging, 
DGSA tends to be more T2 hypointense, while 
SGSA tends to be more T2 hyperintense, with 
suprasellar or cavernous sinus invasion. DGSA 
is also more responsive to somatostatin analogs 
than is SGSA. If there is no evidence of an ade-
noma in a young patient with acromegaly, then 
X-linked acrogigantism should be suspected (13).

Surgery is curative in up to 90% of microad-
enomas, compared with only 50% of macroad-
enomas (4). Repeat surgery, treatment with long-

Primary Tumors of the Pituitary Gland with Typical Features

Category Cells of Origin Neoplasms* Features

Primary 
tumors 
of adeno-
hypophysis

Lactotroph (prolactin)
Somatotroph (GH)
Corticotroph (ACTH)
Thyrotroph (TSH)
Gonadotroph (FSH/LH)
Pit-1 lineage (Pit-1)
“Null cell” (negative)

Pituitary microadenoma May manifest clinically from hormonal 
excess or as benign incidental finding

Pituitary macroadenoma May manifest clinically from hormonal 
excess or mass effect on local struc-
tures

Pituitary carcinoma Same as adenoma plus extrasellar 
metastases

Undifferentiated or poorly dif-
ferentiated adenohypophyseal 
cells

Pituitary blastoma Pituitary mass in infant with Cushing 
syndrome

Primary 
tumors 
of Rathke 
pouch

Oral ectoderm Rathke cleft cyst* Nonneoplastic cyst without evidence 
of solid enhancement

Adamantinomatous 
craniopharyngioma 
(β-catenin)

Mixed cystic-solid suprasellar mass 
with calcification in child or adult

Papillary craniopharyn-
gioma (VE1)

Mostly solid suprasellar mass in adult

Primary 
tumors 
of neuro-
hypophysis

Pituicyte (TTF-1) Pituicytoma Solid enhancing mass in neurohypo-
physis or infundibulum

Granular cell tumor Solid enhancing mass in infundibulum
Spindle cell oncocytoma Infiltrative intrasellar-suprasellar mass

Note.—Usual positive immunohistochemical stains are in parentheses. ACTH = adrenocorticotropic hormone, 
FSH = follicle-stimulating hormone, GH = growth hormone, LH = luteinizing hormone, TSH = thyroid stimu-
lating hormone, TTF-1 = thyroid transcription factor 1, VE1 = antibody to BRAF  V600E mutation.
*Except Rathke cleft cyst, which is not a neoplasm.
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acting somatostatin analogs (such as octreotide or 
lanreotide), and radiation therapy may be needed 
to help achieve biochemical control (4,11). Some 
patients may have persistent hypersecretion in 
spite of tumor shrinkage (biochemical resistance) 
or vice versa (mass resistance) (4). Biochemically 
persistent SGSA may respond to pegvisomant, a 
growth hormone receptor antagonist (13).

Corticotroph Adenoma 
(Corticotropinoma)
Corticotroph adenoma is uncommon and secretes 
adrenocorticotropic hormone (ACTH) and other 
proopiomelanocortin-derived peptides. When 
the clinical presentation of Cushing syndrome is 
caused by a corticotropinoma, it is called Cushing 
disease, with a prevalence of three to 10 cases per 
1 million, most common in women 30–50 years 
old. It is the most common adenoma (55%) in 
children under 11 years of age and is more com-

mon in boys. Most corticotroph adenomas (80%) 
show elevated serum ACTH and cortisol levels, 
but these features are absent in 20%, described as 
silent corticotroph adenomas (Fig 4) (14). Typi-
cal clinical manifestations of Cushing disease or 
syndrome include moon facies, buffalo hump, 
enlarging midsection, acne or striae, diabetes, and 
hypertension (5). A clinical diagnosis may be dif-
ficult owing to overlap with common conditions 
such as obesity, diabetes, and hypertension (14).

Most patients with Cushing disease (85%–
90%) have a pituitary adenoma, while 10%–15% 
of cases are caused by an ectopic extrasellar 
adenoma (14,15). Most of these are microadeno-
mas and tend to be affiliated with florid Cush-
ing manifestations, while macroadenomas are 
associated with more cyclic or mild symptoms: 
“small tumor, big Cushing…big tumor, small 
Cushing” (10,14). Histopathologically, they 
are subdivided into densely granulated (usually 

Figure 2. Lactotroph adenomas (prolactinomas). (A) Coronal contrast-enhanced T1-weighted MR image shows a subtle hypo-
enhancing lesion (arrow) in the right adenohypophysis in a middle-aged man with hyperprolactinemia, suspicious for a micro-
adenoma. (B) Coronal dynamic contrast-enhanced T1-weighted MR image better shows delayed and differential enhancement of 
the right-sided lesion (arrow), increasing diagnostic confidence for microprolactinoma. (C) Coronal contrast-enhanced T1-weighted 
MR image after dopamine agonist therapy (cabergoline) shows significant interval decrease and regression in size of the right-sided 
lactotroph microadenoma (arrow). (D) Coronal T2-weighted MR image in another middle-aged man with severe hyperprolactinemia 
shows a large isointense mass centered around where the pituitary gland and sella turcica used to be. It invades the cavernous si-
nuses and encases the carotid arteries (arrows) but does not compress the optic chiasm. (E) Coronal contrast-enhanced T1-weighted 
MR image shows mild homogeneous enhancement of the giant macroadenoma (macroprolactinoma). A tiny amount of normal 
residual pituitary gland enhances much more intensely (arrow). Larger tumors can undergo cystic or hemorrhagic change, not seen 
in this case. (F) Coronal T2-weighted MR image after cabergoline therapy shows a significant decrease in tumor size and suprasellar-
parasellar mass effect. There was also a gradual decrease in the serum prolactin level and an increase in T2 signal intensity (arrows), 
indicating successful treatment and decreased cellularity.
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microadenomas), sparsely granulated, or Crooke 
cell adenomas (usually macroadenomas). Failure 
to localize a microcorticotropinoma with imaging 
is not uncommon (9%), even with 3-T MRI and 
inferior petrosal sinus sampling (14).

Without treatment, Cushing disease is lethal 
(14). Surgical resection of microadenomas can 
achieve remission in 60%–90% of patients (4). 
Lower cure rates are seen with macroadenomas 
(14). Pasireotide, a somatostatin analog, may 
be used to treat corticotroph adenomas that 
express somatostatin receptor protein type 5 
(11). Bilateral adrenalectomy is another thera-
peutic option but will involve the risk of Nelson 
syndrome, with hyperpigmentation and muscle 
weakness (14).

Thyrotroph Adenoma (Thyrotropinoma)
Thyrotroph adenoma is rare and secretes thy-
roid-stimulating hormone. Like lactotroph and 
somatotroph adenomas, thyrotroph adenomas 
are derived from Pit-1 lineage adenohypophyseal 
cells, all of which will express pituitary-specific 
positive transcription factor 1. Elevated serum 
thyroid-stimulating hormone levels can result 
in clinical or biochemical thyrotoxicosis with 
elevated free thyroxine and triiodothyronine level. 
Most are macroadenomas with extrasellar exten-
sion. Pharmacotherapy (somatostatin analogs) for 
residual disease after surgical resection is effica-
cious in more than 90% of cases (16).

Figure 3. Somatotroph adenoma 
(somatotropinoma) in a middle-aged 
woman with headache and signs of acro-
megaly. (A) Coronal contrast-enhanced 
T1-weighted MR image shows a hy-
poenhancing mass, which is expanding 
the left lateral adenohypophysis (arrow). 
(B) More anterior coronal contrast-en-
hanced T1-weighted MR image from the 
same contrast-enhanced sequence as in 
A shows that the hypoenhancing mass 
wraps below the left cavernous carotid 
flow void and extends slightly past its lat-
eral margin (arrow). It indicates probable 
invasion of the cavernous sinus (Knosp 
grade 3) and is relevant to surgical plan-
ning. (C) Low-power photomicrograph 
with reticulin stain shows numerous neu-
roendocrine cells with round nuclei. There 
is a distorted and fragmented reticulin 
staining pattern (arrow), which is consis-
tent with loss of normal pituitary acinar 
architecture and confirms the diagnosis 
of a pituitary adenoma. (D) Low-power 
photomicrograph shows diffusely posi-
tive (brown) immunostaining for growth 
hormone, which correlates with the clini-
cal history and confirms the diagnosis of 
somatotroph adenoma.

Silent versus Null Cell Adenoma
Silent adenomas show histopathologic and im-
munohistochemical features consistent with 
a specific cellular lineage but without clinical 
evidence of hormonal hypersecretion. They ac-
count for most cases of nonfunctional or non-
secretory pituitary adenoma. For example, most 
gonadotroph adenomas are clinically silent and 
are therefore identified during histopathologic 
analysis with immunostaining for follicle-stimu-
lating hormone and luteinizing hormone, while 
silent lactotroph or somatotroph adenomas are 
relatively rare (7).

A pituitary adenoma without evidence of cell-
specific differentiation by hormones, transcrip-
tion factors, or other immunomarkers (hormone 
immunonegative) is defined as a “null cell” ade-
noma and accounts for less than 5% of clinically 
nonfunctional adenomas (7,17). Because of the 
absence of hormone secretion, it tends to mani-
fest in older adults as a macroadenoma, often 
with extrasellar extension. The prognosis is good 
if completely resected, with radiation therapy 
reserved for residual disease (17).

Plurihormonal versus Double Adenoma
Plurihormonal adenoma (~1% of all pituitary 
adenomas) is a tumor secreting multiple hor-
mones. It can be monomorphous (derived from a 
single cell line) or plurimorphous (derived from 
multiple distinct cell lines). On the other hand, 
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Collision Tumors
A number of other sellar or parasellar masses 
have been reported in association with pituitary 
adenomas, creating so-called collision tumors, 
(eg, Rathke cleft cyst [RCC], craniopharyngioma, 
pituicytoma, colloid cyst, arachnoid cyst, epider-
moid cyst, hypophysitis, sarcoidosis, and some 
nonpituitary masses) (20). Gangliocytoma rarely 
arises in the sella (0.25%–1.3% of sellar tumors), 
usually in combination with a pituitary macro-
adenoma and manifesting calcification in 25% of 
cases (21).

Pituitary Carcinoma
Pituitary carcinoma is rare (<0.5% of all pituitary 
masses). Most are functional neoplasms, show-
ing effects of hyperprolactinemia or hypercorti-
solemia (8,22). By definition, they are associated 
with cerebrospinal or systemic metastatic spread 
(7). Persistently elevated hormone levels after 
gross total resection of a presumed functional 
adenoma may prompt evaluation for metastatic 
disease. Most are believed to evolve from aggres-
sive adenomas, although de novo development is 
also possible (22). There are no histopathologic 
features to distinguish pituitary carcinoma from 
adenoma (7,22). The imaging appearance is usu-
ally that of a macroadenoma but with additional 
intracranial or osseous lesions, similar to other 

Figure 4. Silent corticotroph adenoma 
(corticotropinoma) in an older man with 
increasing headaches and peripheral vi-
sion loss. (A) Coronal T2-weighted MR 
image shows a heterogeneous lobulated 
intrasellar-suprasellar mass that expands 
the sella turcica and suprasellar cistern, 
effacing both the optic chiasm and an-
terior-inferior third ventricle superiorly 
(arrow). (B) Sagittal contrast-enhanced 
T1-weighted MR image shows solid en-
hancement of the suprasellar-intrasellar 
mass (arrow). Since there was no clini-
cal or laboratory evidence of hormone 
hypersecretion (the patient underwent 
treatment for compressive hypopituita-
rism with a hydrocortisone replacement 
regimen), the statistically most likely 
diagnosis was a nonfunctioning or si-
lent pituitary macroadenoma. (C) High-
power hematoxylin-eosin (H-E) photo-
micrograph shows a monomorphic ap-
pearance of tumor cells in glandlike for-
mations. The normal pituitary gland is 
less uniform owing to its variety of hor-
mone-producing cells. Note the higher 
cellularity, with the closely packed 
round blue nuclei, which can contribute 
to higher attenuation at CT and lower 
signal intensity at T2-weighted MRI in 
many pituitary adenomas (as seen in Fig 
2). (D) High-power photomicrograph 
with scattered positive (brown) immunostaining for ACTH indicates a corticotroph adenoma, specifically a silent corticotropi-
noma, because there was no hormone excess.

double adenoma (~1% incidence as well) repre-
sents two separate tumors of different cell lines 
arising within the same pituitary gland. Most 
plurihormonal adenomas manifest as macroad-
enomas, while most double adenomas manifest 
as micro adenomas (18). Newly defined Pit-1 
lineage adenoma (previously known as silent 
subtype 3 adenoma) is an example of a plurihor-
monal adenoma, which is usually silent, although 
some patients may have hyperprolactinemia, 
acromegaly, or hyperthyroidism. This neoplasm 
garners special interest because of its aggressive 
behavior, invasion of adjacent structures, high 
rate of recurrence, and low rate of disease-free 
survival (7,18).

Aggressive versus Invasive Adenoma
Pituitary adenomas that demonstrate rapid 
growth, early recurrence, or failure to respond to 
therapy are commonly termed aggressive (7,19). 
The term invasive is used for imaging, surgical, or 
histopathologic evidence of local extension into 
the cavernous sinus, sphenoid sinus, or clivus 
(4,7,19). Besides the plurihormonal Pit-1 lineage 
adenoma described previously, other potentially 
aggressive tumors with higher rates of recurrence 
include lactotroph adenoma in men, sparsely 
granulated somatotroph adenoma, silent cortico-
troph adenoma, and Crooke cell adenoma (4,7).
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solid cancer metastases. The prognosis is poor, 
with 80% mortality (22).

Pituitary Blastoma
An infant with Cushing syndrome and a pituitary 
mass should prompt consideration of pituitary 
blastoma, a recently recognized rare primitive 
malignant neoplasm arising from the fetal ante-
rior pituitary (23). It is most commonly seen in 
children less than 2 years of age (median age, 8 
months) and is associated with DICER1 syn-
drome, an autosomal dominant condition with a 
unique constellation of hamartomatous, hyper-
plastic, or neoplastic lesions that involve the head, 
neck, thorax, and abdomen (7,23,24). Pituitary 
blastoma can be low or high grade and can vary 
in imaging appearance from a small solid pitu-
itary mass to a large heterogeneous solid-cystic 
mass mimicking a macroadenoma. The location 
contributes to a poor prognosis and a 50% mor-
tality rate (23,24).

Neuroimaging
MRI is the modality of choice for evaluation of 
the pituitary and parasellar region (25,26). A typ-
ical protocol includes pre- and postcontrast (be-
fore and after administration of contrast material, 
respectively) sagittal and coronal T1-weighted 
plus coronal T2-weighted spin-echo sequences 
performed with a 1.5-T or 3.0-T imaging unit 
using a reduced field of view focused on the sellar 
region (25). Pituitary adenomas typically show 
delayed enhancement and washout relative to 
that of a normal gland on postcontrast images 
(25,26). An additional dynamic postcontrast 
sequence can sometimes be helpful for accentuat-
ing differential enhancement and delineating tu-
mor, such as in the setting of clinically suspected 
microadenoma (25).

The T2-weighted sequence is helpful in nar-
rowing differential considerations and assessing 
effects of therapy. Prolactinomas in women tend 
to show mild T2 hyperintensity that becomes 
more pronounced after cabergoline therapy. 
Silent corticotropinomas show a characteristic 
microcystic pattern, which is not seen on pre- or 
postcontrast T1-weighted images (27). In the set-
ting of acromegaly, somatotropinomas with low 
T2 signal intensity are more likely to represent 
a densely granulated tumor and to respond to 
somatostatin analogs (27,28). Cavernous sinus 
invasion by macroadenomas is best appreciated 
on T2-weighted images, particularly when using 
volumetric sequences (27,29). When evaluating a 
cystic sellar mass, T2-weighted imaging features 
such as fluid-fluid level, hypointense rim, septa-
tion, and off-midline location are more com-
monly associated with pituitary adenomas (30).

The increased signal intensity of 3-T MRI is 
beneficial in detection of very small microade-
nomas, for example in the setting of Cushing 
syndrome, particularly when combined with 
dynamic enhancement and spoiled gradient-
echo sequences (14,31,32). Complementary 
postcontrast T2-weighted fluid-attenuated 
inversion-recovery (FLAIR) imaging has shown 
value, with delayed washout causing conspicu-
ous focal hyperintensity of a microadenoma (33). 
Pre operative localization of a microadenoma is 
strongly associated with a successful surgical 
outcome and underscores the importance of ac-
curate imaging (31).

Because of their larger size, macroadenomas 
are easier to identify at cross-sectional imag-
ing. Aside from an expanded pituitary contour, 
displacement of the infundibulum and suprasellar 
extension are common, with optic chiasm and/or 
nerve compression, cavernous sinus invasion, and 
erosion of the sellar margin seen in larger tumors. 
The Hardy and Knosp classification systems have 
been used to quantitate the degree of invasion 
into the sella and parasellar regions by these 
macroadenomas.

The older Hardy system—based on radio-
graphic findings—focused on distortion and de-
struction of the osseous sella margins, while the 
Knosp system assesses the impact of the tumor 
on the cavernous sinus laterally and encasement 
of the internal carotid artery (ICA), on the basis 
of MRI findings (34,35). The Knosp classifica-
tion includes five grades: grade 0 (normal), grade 
1 (extension to medial 50% of cavernous ICA), 
grade 2 (extension to lateral 50% of cavernous 
ICA), grade 3 (extension beyond lateral margin 
of cavernous ICA), and grade 4 (complete en-
casement of cavernous ICA) (35). A higher grade 
implies higher likelihood of cavernous sinus inva-
sion, which translates into greater surgical risk 
and lower likelihood of gross total resection (25).

Head CT is usually the initial imaging mo-
dality of choice for acute-onset neurologic 
symptoms, including the characteristic visual 
loss (bitemporal hemianopsia) seen in pituitary 
apoplexy, and is able to quickly help confirm the 
presence of an intrasellar-suprasellar mass com-
pressing the optic chiasm. While CT hyperatten-
uation may be evident in the first few hours, MRI 
is superior for demonstrating initial T1 isointen-
sity and T2 hypointensity, followed by subsequent 
T1 and T2 hyperintensity, often with a fluid-fluid 
level, reflecting evolution of intratumoral blood 
products (Fig 5). Surgery remains the primary 
method of treatment, although an increasing 
number may be managed conservatively (12).

Advanced imaging techniques have been used 
to assess tumor consistency and help predict re-
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Figure 5. Pituitary apoplexy due to a null cell macroadenoma in an older man with 
sudden-onset headache and visual loss in the left eye (with a temporal field deficit 
on the right). (A) Sagittal T1-weighted MR image shows a large expansile intrasellar-
suprasellar mass and patchy internal hyperintensity (arrow), consistent with intratu-
moral hemorrhage. (B) Coronal T1-weighted MR image shows a large expansile in-
trasellar-suprasellar mass with intrinsic T1 hyperintensity (arrow) and compression of 
the optic chiasm superiorly. The acute presentation is from hemorrhagic infarct with 
sudden enlargement of a preexisting macroadenoma. There was no tumoral enhance-
ment on contrast-enhanced images (not shown) owing to the extensive intra tumoral 
hemorrhage. (C) Intraoperative endoscopic photograph during emergency transsphe-
noidal surgical decompression after exposure of the sellar floor shows a purplish mass 
consistent with hemorrhagic macroadenoma. (D) High-power H-E photomicrograph 
shows monomorphic adenoma cells (similar to those seen in Fig 4), now accompanied 
by large areas of pink acellular necrosis and scattered red blood cells. Tumor cells were 
negative for hormones at immunohistochemical analysis (not shown), suggestive of a 
rare null cell adenoma.

sponse to therapy. Relative noncontrast T1 signal 
intensity, MR elastography, and textural analysis 
have shown utility in assessment of the firm-
ness of macroadenomas before surgical resection 
(36–38). Radiomic modeling has been shown 
to improve preoperative prediction of treatment 
response in patients with an invasive functional 
pituitary macroadenoma (39).

By definition, rare ectopic pituitary adenomas 
occur exclusively outside the sella turcica and are 
believed to arise from embryologic pituitary rem-
nants along the migrational path of Rathke pouch 
from the nasopharynx through the sphenoid body 
and/or sinus (Fig 6) (40,41). Erosion or destruc-
tion of the sinus wall is frequently noted for those 
arising within the sphenoid sinus (40). Involve-
ment of the nasal cavity, ethmoid sinus, temporal 
bone, nasal bridge, suprasellar cistern, Meckel 

cave, cavernous sinus, and thalamus is less com-
mon (32,40).

Other imaging modalities have more lim-
ited utility in evaluation of pituitary adenomas. 
CT excels in helping identify osseous effects 
in the sella and adjacent skull base for larger 
tumors. Dynamic contrast-enhanced CT may 
be performed for microadenomas when MRI is 
contraindicated (42). Pituitary adenomas may 
demonstrate radiotracer uptake at PET, including 
carbon 11 methionine for recurrent or ACTH-
secreting adenomas (25).

Common things being common, a pituitary ad-
enoma belongs in the differential diagnosis for any 
solid or mixed solid-cystic mass arising from the 
adenohypophysis in adults or older children (con-
sider a pituitary blastoma in younger children). 
Involvement of the anterior pituitary lobe and 
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Figure 6. Ectopic corticotroph ad-
enoma (corticotropinoma) in a middle-
aged man with symptomatic hyper-
cortisolemia (Cushing syndrome) and 
elevated serum ACTH levels. (A) Sagittal 
T1-weighted MR image shows a lobu-
lated mass, centered around the junction 
of the nasopharynx and sphenoid body, 
clearly separate (arrow) from the normal 
pituitary gland superiorly. (B) Coronal 
contrast-enhanced T1-weighted MR im-
age shows homogeneous enhancement 
of the lobulated nasopharyngeal-sphe-
noid mass, clearly separate (arrow) from 
the enhancing pituitary gland superiorly. 
In this location, the differential diagnosis 
includes carcinoma arising from the na-
sopharynx or sphenoid sinus, extranodal 
non-Hodgkin lymphoma, and a rare ec-
topic ACTH-secreting pituitary macroad-
enoma. (C) Coronal dynamic contrast-
enhanced T1-weighted MR image shows 
a delayed enhancement pattern of the 
ectopic ACTH-secreting macroadenoma 
when compared with the normal pitu-
itary gland superiorly (arrow), similar to 
what one would expect with a much 
more common orthotopic pituitary ad-
enoma. (D) Low-power H-E photomicro-
graph shows a monomorphic population 
of neuroendocrine tumor cells on the 
left side, adjacent to a vertical strip of 
respiratory-type pseudostratified columnar epithelium on the right side (arrow), representing normal sphenoid sinus mucosa. Im-
munostaining for ACTH expression was extensively positive (not shown) and confirmed a diagnosis of Cushing disease by ectopic 
adenoma, which is rare but can arise anywhere along the embryonic path of Rathke pouch.

expansion of the bony sella turcica are useful clues. 
Metastasis or lymphoma of the adenohypophysis 
is also possible but relatively rare. Symmetrical en-
largement of the adenohypophysis should prompt 
consideration of nonneoplastic causes such as 
pituitary hyperplasia, lymphocytic hypophysitis, or 
drug-related hypophysitis in the clinical settings 
of end-organ failure (eg, hypothyroidism), peri-
partum endocrine deficiencies, or T-cell activating 
immunotherapy (eg, for melanoma). A decision to 
perform biopsy versus observation depends on the 
clinical setting, including the presence or absence 
of visual or hormonal abnormalities.

Primary Tumors of Rathke Pouch 
(Embryonic Precursor)

The second section reviews the clinical, patho-
logic, and radiologic features of two sellar region 
masses (one nonneoplastic cyst plus one neoplas-
tic entity) that arise from the embryonic precur-
sor of the adenohypophysis (Rathke pouch or 
craniopharyngeal duct). Their neuroimaging and 
histopathologic characteristics reflect their origin 
from oral ectoderm, which has not yet differenti-
ated into the mature neuroendocrine cells of the 
anterior pituitary gland. The nonneoplastic cyst 
is discussed because it is common and reinforces 
embryology-based pathophysiology.

Rathke Cleft Cyst
Martin Heinrich Rathke, one of the founders 
of modern embryology, developed the theory of 
development of the adenohypophysis from an out-
pouching of the oral stomodeum (Rathke pouch), 
forming the pars distalis, pars tuberalis, and pars 
intermedia of the anterior pituitary gland. If the 
pouch does not completely obliterate, a cystic 
remnant may persist in the cleft between the pars 
distalis and pars intermedia or in the pars tubera-
lis, producing a nonneoplastic RCC in the sellar 
or suprasellar region at the anterior margin of the 
neurohypophysis or infundibulum (43).

In a series of 1000 autopsy pituitary speci-
mens, RCC was incidentally found in 11.3%, 
spanning all age ranges (least likely in the 0–29 
years age group), usually measuring less than 2 
mm (44). Mahdi et al (45) noted an incidental 
cyst or cystlike structure in nearly 60% of 232 
pediatric pituitary glands on MR images, with 
a small average volume of less than 19 mm3. 
Larger RCCs (>10 mm) are more likely to be 
symptomatic and may result in headache, visual 
impairment, or endocrine dysfunction (46). 
While patients most commonly present with 
symptoms in their mid-30s, symptoms may 
develop at any age and can be treated with cyst 
drainage (47).
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Histopathologically, RCCs are epithelium-
lined cysts, usually characterized by a respiratory-
type ciliated columnar or cuboidal epithelium 
with goblet cells (48). Significant squamous 
metaplasia of the cyst wall has been associated 
with increased risk of recurrence (49). Intracys-
tic nodules may be seen and are composed of 
mucin, protein, and cholesterol components (50). 
RCC lacks the genetic markers that are often 
seen in adamantinomatous craniopharyngioma 
(CTNNB1 mutation) (51) and in papillary cra-
niopharyngioma (BRAF V600E mutation) (52).

Radiologically, larger symptomatic RCCs 
are typically intrasellar-suprasellar in location 
(Fig 7). Smaller RCCs may be purely intrasel-
lar, with a rare location being purely suprasellar 
(48,53,54). The cyst can have variable T1 and T2 
signal intensities, with a majority having T1 iso- 
or hyperintense signal and T2 hyper- or hypoin-
tense signal (54). An intracystic nodule may be 
found in up to 77% of lesions (50,54,55), typi-
cally exhibiting T1 hyperintense and T2 hypoin-
tense signal relative to that of white matter (50), 
although variable low T1 signal intensity has been 
described (54).

Solid or nodular enhancement does not occur 
in RCC, although thin peripheral enhancement 
may result from compression of normal adja-
cent pituitary tissue or inflammation of the wall 
(50,53). Contrast-enhanced three-dimensional 
T2-weighted FLAIR imaging has shown a signifi-

cant difference in mural enhancement between 
RCC and cystic craniopharyngioma (56). Single-
shot fast spin-echo diffusion-weighted imaging 
has demonstrated higher apparent diffusion coef-
ficients in RCCs than in other cystic masses like 
craniopharyngiomas and hemorrhagic adenomas 
(57). In a retrospective review of pathologically 
confirmed RCCs, they were likely to be ovoid, 
small in volume (<2 mL), and purely cystic with 
no or thin (<2 mm) wall enhancement (58).

Craniopharyngioma
Craniopharyngioma is uncommon, with an 
incidence of 0.13 per 100 000 person-years, and 
the age distribution will vary depending on the 
subtype. Adamantinomatous craniopharyngiomas 
(ACPs) account for 90% of craniopharyngiomas, 
while (squamous) papillary craniopharyngiomas 
(PCPs) represent the remaining 10%. While 
PCP is nearly always found in adults, ACP has a 
bimodal distribution, peaking in children younger 
than 18 years of age and adults 40–60 years of 
age (59–61). Austrian pathologist Jakob Erdheim 
subtyped his “hypophyseal duct tumors” (hy-
pophyseal duct meaning craniopharyngeal duct or 
Rathke pouch), which are now better known as 
craniopharyngiomas (62).

There are two leading theories of tumor patho-
genesis: embryogenetic and metaplastic. The 
embryogenetic theory postulates that ACPs arise 
from epithelial remnants of Rathke pouch, which 

Figure 7. Rathke cleft cyst (symptom-
atic) in an older man with episodic head-
ache. (A) Sagittal T1-weighted MR image 
shows an ovoid intrasellar-suprasellar le-
sion with mild intrinsic T1 hyperintensity 
(arrow), consistent with proteinaceous 
contents. (B) Sagittal contrast-enhanced 
T1-weighted MR image shows no solid 
or nodular enhancement in the lesion 
(arrow), which is suggestive of a nonneo-
plastic cyst rather than a vascularized neo-
plasm. An initial differential diagnosis for a 
cystic mass in the sellar region will include 
pituitary adenoma with cystic or hemor-
rhagic degeneration, craniopharyngioma 
(especially adamantinomatous), and RCC 
(favored here). (C) Coronal T2-weighted 
MR image shows mild indentation of the 
optic chiasm superiorly and a small T2-
hypointense intracystic nodule (arrow), 
characteristic of RCC but not seen in all 
cases. (D) Low-power H-E photomicro-
graph shows a nonspecific collapsed 
epithelial lining (arrow), consistent with a 
cyst. There was no evidence of pituitary 
adenoma, craniopharyngioma, or any 
other neoplasm.
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is itself derived from the stomodeum (primitive 
mouth), which helps explain the odontogenic 
features at histopathologic analysis. It also helps 
explain why ACPs can arise anywhere along the 
embryologic path of Rathke pouch, from the 
craniopharyngeal canal within the sphenoid body 
to the intrasellar pars distalis and suprasellar pars 
tuberalis. In contrast, the metaplastic theory pos-
tulates that PCPs are derived from the portion 
of the stomodeum that becomes buccal mucosa 
and therefore undergoes metaplastic change to 
squamous epithelium in the region of the pars 
tuberalis (63,64).

Children may present with headache, vom-
iting, visual loss, lethargy, polydipsia and/or 
polyuria, and rarely cognitive and/or behavioral 
disturbances and be diagnosed with endocrine 
dysfunction. The most common presenting signs 
involve visual loss and less commonly ataxia 
or reduction in level of consciousness (65,66). 
Weight gain tends to occur later in the disease 
process. Adults present with similar symptoms 
and signs as children but more often with cogni-
tive impairment (67). Treatment of craniopha-
ryngioma may consist of gross total or subtotal 
resection, plus or minus radiation therapy. 
Postoperative quality of life needs to be weighed 
in light of the significant consequences of treat-
ment-related hypothalamic damage (65–68). 
Cystic decompression and instillation of scleros-
ing agents is a possible alternative (65,66).

Adamantinomatous versus Papillary
At gross examination, ACP tends to be lobulated 
and adherent to adjacent structures. Cystic com-
ponents are seen in over 90% of ACPs and often 
contain so-called crankcase (machine) oil–type 
fluid with cholesterol crystals. Whereas calcifica-
tions are seen in most pediatric cases, roughly 
40% of adult cases have calcification. Tumor 
margins can be infiltrative or irregular and may be 
accompanied by chronic inflammation or gliosis of 
adjacent brain. At histologic examination, there is 
central stellate reticulum and peripheral palisading 
epithelium with associated nodules of anucleate 
“ghost cells” (wet keratin), which are considered 
pathognomonic. Genetically, most ACPs harbor a 
mutation in the β-catenin gene (CTNNB1), result-
ing in both nuclear and cytoplasmic accumulation 
of β-catenin (Fig 8), while PCPs demonstrate only 
normal accumulation in the cytoplasmic mem-
brane (69). Owing to the embryologic relationship 
with the stomodeum, ACPs can express odonto-
genic markers (eg, enamelin) and share histo-
pathologic similarities (CTNNB1 mutation) with 
calcifying odontogenic cysts (60,61).

In contrast, PCP tends to be a more discrete, 
encapsulated, spherical, and solid mass with an 

occasional unilocular cystic component. Calcifi-
cations are rare. Histologically, PCP is composed 
of well-differentiated nonkeratinizing squamous 
epithelium and pseudopapillae with fibrovascu-
lar cores. PCP lacks the stellate reticulum, ghost 
cells, and odontogenic features of ACP. PCP 
may demonstrate goblet cell formation and foci 
of ciliation, reminiscent of RCC (60,61). PCP 
lacks the CTNNB1 mutation and will not show 
strong nuclear and cytoplasmic accumulation 
of β-catenin. However, PCP is associated with a 
BRAF gene mutation (V600E) throughout the 
squamous-papillary epithelium, which is not seen 
in ACP and which can be identified with VE1 
antibody immunohistochemicial analysis (69). 
Presence or absence of this mutation can also 
help differentiate between PCP and RCC with 
extensive squamous metaplasia, as PCP will har-
bor the mutation whereas RCC will not (70).

Neuroimaging
At CT and MRI, ACPs are usually cystic or 
predominantly cystic and located above the 
sella (Fig 9), although roughly one-fourth will 
be both intrasellar and suprasellar. ACP is more 
commonly lobulated, versus the more rounded 
shape for PCP. Cystic components can show 
variable signal intensity with T1-weighted and 
T2-weighted sequences, depending on protein 
content, and solid components show avid en-
hancement (63). At CT, ACP will often show 
associated calcification, especially in pediatric 
patients. When differentiating from PCP, tumoral 
calcification and intrinsic T1 hyperintensity (pro-
tein content) are significantly associated with the 
adamantinomatous subtype (Fig 10) (71).

On CT and MR images, PCPs are more often 
solid or mixed solid-cystic lesions, commonly 
arising above the sella, with only occasional pure 
intrasellar location. Unlike ACP, PCP tends to be 
more spherical in shape. Solid components show 
avid enhancement, which is often heterogeneous 
and associated with high T2 signal intensity. 
Occasional cystic components will be T1 hypo-
intense and T2 hyperintense because the contents 
are less proteinaceous than in ACP (Fig 11). Un-
like ACP, it is relatively rare for PCP to demon-
strate calcification at CT or to encase subarach-
noid vessels in the suprasellar cistern (63).

Primary Tumors of Neurohypophysis
The most recent 2016 World Health Organization 
classification of CNS tumors lists four entities 
under “tumours of the sellar region” (remem-
ber that pituitary adenomas are categorized as 
endocrine not CNS tumors): craniopharyngioma, 
pituicytoma, granular cell tumor (GCT), and 
spindle cell oncocytoma (SCO) (72). While SCO 
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Figure 8. Adamantinomatous craniopharyngioma in a child with growth deceleration from pediatric hypopituitarism. (A) Sagittal 
T2-weighted FLAIR MR image shows a large markedly heterogeneous mass (arrow) centered in the suprasellar cistern, which effaces 
the anterior third ventricle and hypothalamus superiorly (normal pituitary gland can be seen inferiorly). (B) Axial T1-weighted MR 
image shows a mostly isointense mass filling the suprasellar cistern and a small ovoid pocket of intrinsic hyperintensity on the left side, 
representing proteinaceous fluid (arrow). (C) Axial contrast-enhanced T1-weighted MR image shows a mixed solid-cystic tumor with 
enhancing solid components centrally (arrow) and nonenhancing cystic components peripherally, including the higher-T1-signal-
intensity cyst with proteinaceous fluid on the left side (ie, crankcase or machine oil contents). (D) Intraoperative photograph from 
the lateral pterional transsylvian approach for microsurgical resection of the suprasellar mass shows a reddish internal carotid artery 
in the center of the image, plus the whitish tumor with surface vascularity on the left side (arrow). Given a normal pituitary gland, a 
transsphenoidal approach would have been ineffective in this case and is indicated for sellar masses (as seen in Fig 5). (E) Low-power 
H-E photomicrograph shows typical histologic features of adamantinomatous (resembling enamel organ) craniopharyngioma. On 
the left side, purple basaloid epithelial cells (arrow) surround the white looser stellate reticulum. On the right side, pink pearls of 
anucleate ghost cells slough off into a cystic cavity. This finding is also known as wet keratin and is considered a characteristic feature. 
The histopathology is much more heterogeneous than in an adenoma and is reflected in the neuroimaging findings. (F) Low-power 
photomicrograph with β-catenin immunostain (brown areas) shows strong nuclear and cytoplasmic expression (arrow), indicating 
ACP (CTNNB1 mutation).

was initially thought to arise from nonendocrine 
folliculostellate cells within the anterior pituitary 
gland, these three entities are now all thought 
to arise from specialized glial cells (pituicytes) 
within the posterior pituitary gland: “pituicyto-
mas, granular cell tumors of the sellar region and 
spindle cell oncocytomas show nuclear expres-
sion of thyroid transcription factor 1 (TTF-1), 
suggesting that these three tumors may constitute 
a spectrum of a single neurological entity” (7). 
Along this spectrum, some distinguishing ultra-
structural features at electron microscopy would 
include abundance of cytoplasmic granules in 
GCT and cytoplasmic mitochondria in SCO, 
which is similar to other GCTs and oncocytomas 
outside of the sellar region (73).

At the macroscopic or neuroimaging level, it 
can be difficult or impossible to distinguish these 

pituicyte-derived neoplasms from each other or 
from the much more commonly encountered 
pituitary adenoma, without the benefit of micro-
scopic analysis. All of these entities, including si-
lent or nonsecretory macroadenomas, can mani-
fest radiologically with solid enhancing intrasellar 
or suprasellar masses and clinically with head-
ache, visual disturbance, hyperprolactinemia from 
infundibular compression (stalk effect), hypo-
pituitarism from adenohypophyseal compression, 
and rarely diabetes insipidus (73). If the solid 
enhancing mass is small enough to be clearly 
identified as arising from the neurohypophysis 
or infundibulum, not the adenohypophysis, then 
pituicytoma belongs in the differential diagnosis 
in either location (Fig 12), to be supplemented 
by GCT if the mass is suprasellar arising from 
the infundibulum (74). Because SCO is often 
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characterized by aggressive infiltrative growth and 
usually manifests as a large intrasellar-suprasellar 
mass, it is easily mistaken for a nonfunctional 
adenohypophyseal macroadenoma at preopera-
tive neuroimaging—an unexpected “zebra” amid 
a sea of “horses” (75).

Conclusion
In summary, primary tumors of the pituitary 
gland can be subcategorized as common primary 
tumors of the adenohypophysis (eg, pituitary 
adenoma), uncommon primary tumors of Rathke 
pouch (ie, craniopharyngioma), and rare primary 
tumors of the neurohypophysis (eg, pituicytoma). 
Most of these neoplasms manifest as enhancing 
masses in the sellar and/or suprasellar region, 
sometimes with prominent cystic components. 
Most of the time, the diagnosis will be a pituitary 

adenoma and either medical or surgical therapy 
may be offered, depending on the functional 
status and size of the tumor. The neuroimaging 
appearance of cystic macroadenomas can overlap 
with that of RCC or ACP. Pituicyte-derived neo-
plasms are rare considerations for solid enhanc-
ing masses arising from the neurohypophysis or 
infundibulum. In the end, a definitive diagnosis 
depends on histopathologic analysis results, often 
supplemented by immunohistochemical stains 
for specific pituitary hormones or transcription 
factors.
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Figure 9. Adamantinomatous craniopharyngioma in an older woman with syn-
cope. (A) Coronal T2-weighted MR image reveals a large cystic mass in the sellar 
region that extends into the right frontal lobe. There is mild complexity and nodular-
ity at the inferior and suprasellar portion of the cyst (arrow), which is located above 
a normal-appearing pituitary gland. (B) Sagittal contrast-enhanced T1-weighted 
MR image shows a mixed cystic-solid mass. There is a larger nonenhancing cystic 
component at the inferior frontal lobe, with a smaller enhancing solid or nodular 
component (arrow), located above a normal-appearing pituitary gland. As a rule, a 
suprasellar mass with prominent cysts or calcifications will prompt consideration of 
ACP. (C) Low-power H-E photomicrograph shows characteristic histologic findings 
of ACP, including blue basaloid squamous epithelium at the bottom, pink nodules 
of wet keratin desquamation at the top, and purple foci of intratumoral calcifications 
on the left side (arrow). (D) High-power H-E photomicrograph of the blue squamous 
epithelium shows peripheral palisading of darker basaloid cells around lighter, looser, 
plumper cells in the center, which is also known as stellate reticulum (arrow). Note 
the pink pearl of wet keratin at the bottom of the image, left of center.
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Figure 11. Papillary craniopharyngi-
oma in a young adult man with worsen-
ing headache. (A) Axial T2-weighted MR 
image shows a suprasellar mass, which 
is mostly solid with a small peripheral 
cystic component (arrow) and which is 
causing obstructive hydrocephalus with 
temporal horn dilatation. The patient 
was admitted for ventriculostomy and 
biopsy. (B) Sagittal contrast-enhanced 
T1-weighted MR image shows a mixed 
solid-cystic suprasellar mass, which has 
a central enhancing solid component 
plus a peripheral nonenhancing cystic 
component and effaces the third ven-
tricle (arrow). A separate pituitary gland 
is depicted inferiorly and is compressed 
by the intracranial hypertension. These 
findings are suspicious for a craniopha-
ryngioma, and in the absence of calci-
fication or proteinaceous fluid, the un-
common papillary subtype would be a 
possibility for an adult. (C) Low-power 
H-E photomicrograph depicts a rounded 
mass with well-defined margins, where 
darker squamous epithelium forms 
crude pseudopapillae (arrow) around 
lighter fibrovascular cores. PCP has a 
blander architecture when compared 
with the adamantinomatous subtype (as 
seen in Figs 8–10). (D) High-power H-E 
photomicrograph of the well-differenti-
ated nonkeratinizing squamous epithelium shows formation of pseudopapillae due to epithelial dehiscence (arrow). Note the 
absence of wet keratin, calcification, or other findings associated with the more common adamantinomatous subtype.

Figure 10. Adamantinomatous cra-
niopharyngioma in a young man 
with headaches and blurry vision.  
(A) Axial head CT image shows a het-
erogeneous and partially cystic mass 
centered in the suprasellar cistern, along 
with tiny peripheral calcifications (ar-
row). (B) Coronal contrast-enhanced 
T1-weighted image from subsequent 
brain MRI shows a round mixed solid-
cystic suprasellar mass (arrow) located 
above the normal pituitary gland. These 
imaging findings, specifically the calci-
fications and location, favor an uncom-
mon diagnosis of ACP over the much 
more common diagnosis of pituitary 
adenoma in the sellar region. (C) Intra-
operative photograph from a superior 
interhemispheric transcallosal approach 
for microsurgical resection of the supra-
sellar mass shows a whitish tumor with 
surface vascularity in the window (ar-
row). A transsphenoidal approach would 
have been ineffective for this suprasellar 
mass (similar to that in Fig 8). (D) High-
power H-E photomicrograph shows a 
close-up view of a pink pearl of wet kera-
tin on the left (arrow) and a purple fo-
cus of tumoral calcification on the right, 
both in a background of blue palisading 
squamous epithelium. The histologic 
findings are diagnostic of ACP.
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