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Neuropathology of Pituitary Adenomas and Sellar
Lesions

The pituitary gland is the site of numerous neoplastic and inflammatory processes. The
overwhelmingly most frequent tumors arise from cells of the anterior lobe, the pituitary
neuroendocrine tumors (PitNETs). Immunohistochemistry assay staining for pituitary
hormones is the core tool for classifying PitNETs, resulting in the diagnosis of somatotroph
PitNETs, lactotroph PitNETs, and so on. For cases showing no hormonal expression, the
updated WHO classification system now considers the assessment of several transcription
factors: PIT-1 (pituitary-specific POU-class homeodomain transcription factor); T-PIT (T-
box family member TBX19); and SF-1 (steroidogenic factor regulating gonadotroph cell
differentiation) before rendering a diagnosis of null cell adenoma. Other tumors and
disease processes of this site often mimic PitNETs radiographically and sometimes even
clinically (ie, compression of the optic chiasm). These potpourri of processes include
germ cell neoplasms (especially germinomas), tumors that originate from Rathke’s pouch
(craniopharyngiomas, Rathke’s cleft cyst), tumors that originate from the posterior lobe
of the pituitary (pituicytoma, spindle cell oncocytoma, granular cell tumor), and tumors
that originate from the meninges (especially meningiomas). In addition to neoplasms,
several described inflammatory and related conditions exist that need to be distinguished
from PitNETs. These include lymphocytic hypophysitis and Langerhans cell histiocytosis,
a neoplastic disorder of histiocytes. In this review, we aim to briefly describe the main
pituitary and sellar lesions, with emphasis on the most common tumors, the PitNETs.

KEY WORDS: Pituitary adenoma, Craniopharyngioma, Sellar, Neurohypophysitis, Germ cell, Inflammatory,
Neuropathology
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mbryologically, the pituitary gland has 3

lobes: the anterior and intermediate lobes

form the adenohypophysis (stomodeal
ectoderm), and the posterior lobe to the neuro-
hypophysis (neuroectoderm) (Figure 1A-1E).
The adenohypophysis has lobulated collections
(acini) of neuroendocrine cells, which secrete
pituitary hormones (Figure 1B). The interme-
diate lobe consists of watery, proteinaceous cyst-
like structures. The posterior lobe has pituicytes
(specialized support astrocytes) and Herring
bodies. The hypophyseal portal system allows
transport of hormones from the hypothalamus to
the anterior pituitary.!

Because of this heterogeneous histological
constitution, the pituitary and the sellar region
may originate numerous benign and malignant
neoplasms and non-neoplastic diseases. This
review will address lesions that neurosur-
geons typically already know require aggressive
treatment (eg, craniopharyngioma and adreno-
corticotropic  hormone  (ACTH)-producing
lesions, ie, Cushing disease) as well as newer
entities, including pituitary blastoma and
rarer aggressive lesions, such as plurihormonal
adenomas and pituitary carcinoma.

ABBREVIATIONS: ACTH, adrenocorticotropic hormone; SHCG, beta human chorionic gonadotrophin; EGB,
eosinophilic granular body; ESS, empty sella syndrome; FSH, follicle-stimulating hormone; GFAP, glial Fibrillary
acidic protein; GH, growth hormone; H&E, hematoxylin and eosin staining; IHC, immunohistochemistry; LH,
luteinizing hormone; MEN1, multiple endocrine neoplasm 1; PAS, periodic-acid-Schiff; PitNET, pituitary neuroen-
docrine tumors; TSH, thyroid stimulating hormone; TTF-1, thyroid-transcription factor 1

www.neurosurgery-online.com

1202 1Mdy zz uo 1sanb Ag 00ES019/006/G/88/2101e/Aiabinsoinau/woo dno-olwapede//:sdiy woiy papeojumoq


mailto:Peter.Kobalka@osumc.edu
mailto:journals.permissions@oup.com

NEUROPATHOLOGY OF PITUITARY AND SELLAR LESIONS

FIGURE1. Normal pituitary microanatomy and pituitary adenoma. Normal pituitary: A, the anterior lobe (adenohypophysis—AL), the source of pituitary adenomas;
the intermediate lobe (IL), the source of Rathke cleft cyst; the posterior lobe (neurohypophysis—PL), the source of pituicyt etc; the ges (M) partially covering
the gland that can give rise to meningeal-based neoplasms in this location (especially meningiomas); and the rich capillary network (CN) of the hypothalamic-
hypophyseal portal system, with scattered, intervening benign pituitary acini (H&E, 20x ). B, Normal adenohypophysis consisting of clusters of acini composed of
basophilis, eosinophils, and chromophobes (H&E, 200x ). C, Meninges showing benign meningothelial cells and psammoma bodies (arrows). These are the source
of mmmgmmﬂs (Hé‘E 100%). D Intermediate lobe, composed of protein-filled cystic structures (HOE 40x ). E, Normal posterior pituitary. The spindled cells
(pituicytes) tend to aggregate around vessels (H&E 200 ). Pituitary adenoma: ¥, H&E-stained sections show pituitary adenoma (PA) and normal pituitary (NP).

The normal pituitary grows in small, well-formed lobular collections of cells (acini), whereas adenomas have distorted architecture, here growing in sheets (40x). G,

Reticulin histochemical stain highlights the disrupted connective tissue framework within the adenoma (40x ).

TUMORS OF THE ADENOHYPOPHYSIS

The current 2017 WHO classification preserves the classi-
fication of pituitary adenomas and pituitary carcinomas.” For
didactic reasons, the terms adenoma/carcinoma will be kept in
this review, but the proposed changes in the nomenclature for
pituitary neuroendocrine neoplasms (PitNETs)>* are discussed.

NEUROSURGERY

Pituitary Adenomas

Pituitary adenomas, the most common neoplasms of this
gland, are neuroendocrine neoplasms.’ Pituitary adenomas
are incidental findings in up to 20% of autopsies.® The
majority of adenomas are situated in the sella turcica, although
occasionally originate within the sphenoidal sinus (ectopic
pituitary adenomas).” Normal anterior pituitary is arranged as
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FIGURE 2. The main transcription factors involved in anterior pituitary cell differentiation.

TABLE 1. WHO Classification of Pituitary Adenoma (2017)

Adenoma type

Morphological variants

Pituitary hormones and other

Transcription factors and

Somatotroph adenomas

Densely granulated adenoma?®

Sparsely granulated adenoma

Mammosomatotroph adenoma

Mixed somatotroph-lactotroph adenoma
Lactotroph adenomas Sparsely granulated adenoma?®
Densely granulated adenoma
Acidophilic stem cell adenoma
Thyrotroph adenoma
Corticotroph adenomas Densely granulated adenoma?®
Sparsely granulated adenoma
Crooke’s cell adenoma
Gonadotroph adenoma

Null cell adenoma
Plurihormonal adenomas Plurihormonal PIT-1 positive adenoma
(previously called silent subtype 3 adenoma)

Adenomas with unusual

immunohistochemical combinations

immunomarkers other co-Factors

GH = PRL =+ a-subunit PIT-1

GH + PRL + [CK] PIT-1

GH = PRL (in same cells) =+ PIT-1, ERx
a-subunit

GH =% PRL (in different cells) & PIT-1, ERx
«a-subunit

PRL PIT-1, ERx
PRL PIT-1, ERx
PRL, GH (focal and variable) PIT-1, ERx
B-TSH, a-subunit PIT-1
ACTH, [CK] T-PIT
ACTH, [CK] T-PIT
ACTH, [CK] T-PIT

B-FSH, B-LH, a-subunit (various
combinations)

SF-1, GATA-2, ERx

None None
GH, PRL, B-TSH + a-subunit PIT-1
Various combinations: N/A

ACTH/GH, ACTH/PRL

2Most common morphological variant.

Reprinted by permission from Copyright Clearance Center: Springer Nature, Acta Neuropathologica, The 2017 World Health Organization classification of tumors of the pituitary

gland: a summary, M Beatriz S. Lopes, Copyright 2017.

small, even lobules within an intact connective tissue matrix. In
contrast, pituitary adenomas expand and disrupt this framework,
resulting in nodules or sheets (Figure 1F and 1G). The cells
of pituitary adenomas have discrete (epithelioid) cell borders,
rounded, granular cytoplasm with round nuclei and incon-
spicuous nucleoli. Cytoplasm staining quality ranges from
chromophobic (sparsely granular pale) to eosinophilic (pink) to
basophilic (purple) with hematoxylin and eosin staining (H&E).
Cells will stain with markers for neurosecretory granules (synapto-
physin and chromogranin) and epithelial markers (cytokeratins).’

902 | VOLUME 88 | NUMBERS5 | MAY 2021

Pleomorphism may be seen, wherein nuclear size and shape of
adjacent tumor cells can significantly vary; however, this should
not in itself be interpreted as a feature of more aggressive clinical
behavior or malignancy.

Although most pituitary adenomas occur sporadically, familial
inherited syndromes associated with these neoplasms include
multiple endocrine neoplasm 1 (MEN1), familial acromegaly,
McCune-Albright syndrome, and Carney complex. Interest-
ingly, these genetic syndromes are closely related to particular
adenoma subtypes.®? For example, somatotroph-type adenomas
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TABLE 2. Likelihood of Recurrence of Pituitary Neuroendocrine
Tumors

Malignant
Low probability High probability for (metastatic)
for recurrence recurrence tumor
Pituitary Adenomas with elevated Pituitary
adenoma proliferative activity carcinoma

Special subtypes (variants) of
adenomas:

Sparsely granulated
somatotroph adenoma
Lactotroph adenoma in men
Silent corticotroph adenoma
Crooke cell adenoma
Acidophil stem cell adenoma
Plurihormonal PIT-1 positive
adenoma

Reprinted by permission from Copyright Clearance Center: Springer Nature, Acta
Neuropathologica, The 2017 World Health Organization classification of tumors of the
pituitary gland: a summary, M Beatriz S. Lopes, Copyright 2017.

in familial acromegaly and McCune-Albright syndrome; MEN1
is associated with prolactinomas somatotropinomas, corti-
cotropinomas, and thyrotropinomas, whereas somatotropinomas
and thyrotropinomas are seen in Carney complex.®?
Historically, pituitary adenomas were classified according
to cytoplasmic staining of the neoplastic cells as acidophilic,
basophilic, or chromophobic based on differences in histology
stains, including H&E; however, this classification is highly
subjective.® These histology stains were completed supplanted,
with classification of pituitary adenomas now focusing on
immunohistochemistry staining for hormones and/or clinically
elevated hormone serum levels.”> Many adenomas, however,
neither stain for these markers nor produce a clinical syndrome.
As a result, many hitherto adenomas were classified as null cell
adenomas. After the discovery of upstream transcription factors
driving tumorigenesis, the updated WHO classification system
now focuses on adenohypophyseal cell lineage of undifferentiated
cells, assessed by the expression of several transcription factors:
PIT-1 (pituitary-specific POU-class homeodomain transcription
factor), which enables the differentiation of somatotrophs,
lactotrophs, or thyrotrophs; T-PIT (T-box family member
TBX19), which influences cells into corticotrophs differentiation;
and SF-1 (steroidogenic factor regulating gonadotroph cell differ-
entiation) that drives gonadotroph production (Figure 2 and
Table 1).%:1912 These transcription factors identify the cell lineage
regardless of the expression of the actual hormone. As an example
of their importance, a clinically silent adenoma may be negative
for ACTH staining, but T-PIT reveals its true identity as a corti-
cotroph adenoma, which carries an increased risk of recurrence

(Table 2).5°13

NEURO

NEUROPATHOLOGY OF PITUITARY AND SELLAR LESIONS

Tumor invasion is a clinically significant prognostic factor of
pituitary adenomas, apart from hormone and transcription factor
immunohistochemistry findings.? Another important factor to
be reported is an elevated Ki-67 proliferation index, assessed by
immunohistochemistry (IHC).? Ki-67 is a marker of active phases

f the cell cycle and stai [Is actively dividing'* and |
of the cell cycle and stains cells actively dividing'* and correlates
with more aggressive tumor behavior.!>*1¢

Somatotroph Adenoma

Somatotroph adenomas occur at any age (mean 47 yr)."”
Somatotroph adenomas represent up to 15% of all adenomas.’
However, somatotroph adenomas often concomitantly produce
other hormones; mammosomatotroph tumors, producing both
growth hormone (GH) and prolactin, are the most frequent
tumors in young patients with acromegaly and in cases of
childhood onset gigantism.'® Older adults often phenotypically
present with acromegaly, but not gigantism.®12° Infrequently
somatotroph-type adenomas even produce thyroid stimulating
hormone (T'SH) and cause clinical symptoms akin to thyrotroph-
type adenomas (ie, hyperthyroidism).>%!

Histopathologically, 2 variants are recognized: densely
and sparsely granulated. Although prone to subjectivity, this
distinction is clinically significant, whereas densely granulated
adenomas often respond to somatostatin analog therapy, sparsely
granulated adenomas are resistant.!”"1%:22  Clinically, densely
granulated somatotroph adenomas (Figure 3A-3C) are the most
common cause of acromegaly in adults and consist of cells with
intensely eosinophilic cytoplasm.”> GH immunohistochemistry
is diffusely positive, whereas cytokeratins reveal a character-
istic perinuclear pattern of reactivity.!”">* In contrast, sparsely
granulated adenomas are weakly eosinophilic to chromophobic
(Figure 3D-3F).!” Tumor cells contain pale, intracytoplasmic
rounded, cytokeratin inclusions and “fibrous bodies.”*:>:8:17
Further, sparsely granulated adenomas tend to be larger at
diagnosis, have a worse prognosis, and rarely may coexist with
other neuroepithelial tumors, such as gangliocytomas.!7+18:25:26

Lactotroph Adenoma

Prolactinomas are the most frequently diagnosed pituitary
adenoma.>!”:?” A female predominance exists, and patients are
generally young to middle-aged adults (~20-40 yr of age).'”
Clinically, females tend to present with endocrinologically active
microadenomas, resulting in gallalctorrhea,8 whereas males have
hormonally silent macroadenomas®?%; males carry an increased
risk of recurrence, regardless of histologic type (Table 2).!”

The 3 histologic subtypes of adenoma are sparsely granu-
lated, densely granulated, and acidophilic stem cell.'*"!” Sparsely
granulated adenomas (most common type) appear chromo-
phobic and display quite variable growth patterns.!>? Prolactin
immunohistochemistry is perinuclear and confined to the
Golgi apparatus—unique to this histologic type (Figure 4A
and 4B).>’!” Rare cases have rounded calcium deposits or
amyloid deposition (Figure 4C).53%:3! Densely granulated
adenomas have eosinophilic to red (acidophilic) cytoplasm and

VOLUME 88 | NUMBER5 | MAY 2021 | 903

1202 1Mdy zz uo 1sanb Ag 00ES019/006/G/88/2101e/Aiabinsoinau/woo dno-olwapede//:sdiy woiy papeojumoq



KOBALKA ET AL

sheets of cells. E, Immunobistochemistry for GH shows patchy expression,

distinction.

FIGURE 3. Somatotroph pituitary adenomas. A-C, Densely granulated pituitary adenoma. Note the intensely eosinophilic tumor cells. B, Immunohistochemistry for
GH is strong and diffuse; C, perinuclear staining for cytokeratin (CAMS5.2). D-F, Sparsely granulated pituitary adenoma. Note the chromophobic to weakly eosinophilic
F, cytokeratin (CAMS.2) reveals an impressive number of intracytoplasmic ‘fibrous bodies,”
composed of keratin filaments. The diagnosis of mammosomatotroph adenoma and mixed somatotroph-lactotroph adenoma mainly rests on immunohistochemical

cytoplasmic stain for prolactin (Figure 4C and 4D). These
are rare but are considered an inherently aggressive type
of adenoma in both sexes.’*** The third type is also the
rarest variant, acidophilic stem cell adenomas. Their cells have
brightly eosinophilic cytoplasm because of the accumulation of
mitochondria (Figure 4E).>*® Immunohistochemistry may reveal
positive staining for both prolactin and GH (Figure 4F).® As
in some somatotroph adenomas, intracytoplasmic fibrous bodies
may be seen with cytokeratin staining.>*!? These tend to behave
more aggressively, regardless of gender.?*2%:33

The first-line treatment for lactotroph adenomas is dopamine
agonists.'>  After pharmacological treatment, the tumor
histopathology appears significantly different from the original
tumor (Figure 4G and 4H). Surgery is considered secondary
treatment, and is employed in cases that medical therapy has
failed or not patient tolerated.**3>

Corticotroph Adenoma

Corticotroph type adenomas are fairly common (15% of
adenomas) and are the most common adenoma in children

(Figure 5).2%% Most are diagnosed in middle-aged females

904 | VOLUME 88 | NUMBERS5 | MAY 2021

(~30-50 yr).>'2 Patients have clinically recognizable symptoms
of cortisol excess because of ACTH production (Cushing disease),
although presenting with microadenomas.'? In nearly 10% of
cases, localization of a lesion is not possible,9 either intraop-
eratively or with imaging studies.’’*® Therefore, it is crucial
for the surgeon to avoid intraoperative pathology consultation;
this allows for multiple, additional, well-cut sections from the
permanent specimens to help pinpoint the adenoma.®%

The 3 recognized histologic subtypes of corticotroph adenomas
are densely granulated, sparsely granulated, and Crooke cell
adenoma.'>!” Densely granulated adenomas are purple on H&E
stains (basophilic) and are diffusely positive for ACTH immuno-
histochemistry (Figure SA and 5B).>?%?% Sparsely granulated
corticotroph adenomas are often inactive hormonally (silent
adenomas), chromophobic to weakly basophilic, and show faint,
if any, ACTH staining.'” Crooke cell adenomas are a special
subtype showing eosinophilic, cytoplasmic rings around the
tumor cells that stain intensely with cytokeratins (Figure 5C
and 5D).% Crooke cell adenomas, as well as silent corticotroph
adenomas, tend to behave more aggressively (Table 2).17,40,41

Surgery is first-line therapy and without treatment
Cushing disease is fatal.#> Care must be taken to exclude a

www.neurosurgery-online.com
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FIGURE 4. Lactotroph pituitary adenomas. A and B, Lactotroph type pituitary adenoma densely granulated: cells are eosinophilic and stain diffusely with prolactin.
C and D, Lactotroph type pituitary adenoma sparsely granulated: cells appear chromophobic, almost clear in appearance. Many circular calcifications are present, seen
in some prolactinomas (arrows). D, Note the perinuclear reactivity for prolactin, unique to this subtype. E and ¥, Acidophil stem cell pituitary adenoma. E, Note
the densely eosinophilic, almost red cytoplasm and vacuolization, due to accumulation of abnormally dilated mitochondria. F, Same case with cytokeratin staining,
showing fibrous bodies. G and W, Pharmacologically treated lactotroph adenoma. G, Lactotroph adenoma before pharmacologic treatment and with treatment ® H.
(like bromocriptine) induces fibrosis, with tumor cells losing their visible cytoplasm. The dense cell groups with very high nuclear
cytoplasmic ratios can be confused for an embryonal tumor or a metastatic small cell carcinoma in the absence of a provided treatment history.

nonpituitary cause of hypercortisolism (ie, ectopic secretion
from a small cell neuroendocrine carcinoma of the lung, renal
cell carcinoma, adrenal tumors, or glucocorticoid medica-
tions).”® In cases in which a primary cause is erroneously
attributed to an adrenal origin (and followed by bilateral

NEUROSURGERY

adrenalectomy) rapid enlargement of the pituitary adenoma
will result (Nelson syndrome) because of loss of end-
organ feedback.®** Adenomas in Nelson syndrome behave
more aggressively and risk transforming into pituitary
carcinomas.®
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cytokeratin by immunobistochemistry.

FIGURE 5. Corticotroph type adenomas. A and B, Densely granulated pituitary adenoma. A, These adenomas are purple
(basophilic) with HGE stains. B, ACTH is diffusely positive with immunobistochemistry. C and D, Crooke cell pituitary adenoma.
C, Faint eosinophilic rings of filaments are seen on HGE. D, Crooke cell pituitary adenoma. These filaments stain intensely with

Gonadotroph Adenoma

Gonadotroph adenomas generally present in adults (60-70 yr
of age) and affect males more frequently.®!” In contrast to other
hormonally defined adenoma subtypes, gonadotroph adenomas
are usually clinically silent.!” As a result, they typically present
as macroadenomas with invasion of the cavernous sinus.”'> The
risk of apoplexy is perhaps highest in this subtype.®*4

Histologically, tumor cells are chromophobic and arranged in
perivascular pseudorosette-like formations, sheets, or sinusoidal
patterns  (Figure 6A). Immunohistochemistry for follicle-
stimulating hormone (FSH) and luteinizing hormone (LH)
and the transcription factor SF-1 confirms their embryologic
lineage and eliminates a null cell adenoma. Staining intensity
generally varies between cases and is rarely diffuse (Figure 6B and
6C)."? Treatment consists of surgery with complete resection,
dramatically lowering the risk of recurrence.®* Dopamine
agonists or somatostatin therapy is generally ineffective.®

Thyrotroph Adenoma

Thyrotroph adenomas (~1% of adenomas) tend to occur in
middle-aged females (sixth decade of life).>>8 Often large, invasive

906 | VOLUME 88 | NUMBERS5 | MAY 2021

tumors, they behave aggressively.*®4” Clinically, hyperthyroidism
is rarely associated via TSH secretion’; therefore, care must be
taken to avoid performing thyroid ablation, as it may facilitate
faster tumor growth.'?

Microscopically, unlike other pituitary adenoma subtypes, the
cells of this subtype are often spindly (Figure 7A and 7B),
raising concerns for fibrous meningioma (Figure 7C and 7D),
pituicytoma, or sellar schwannoma on frozen (Figure 7E and
7F).%12 Stromal fibrosis and calcifications are often seen.!’
Surgery with complete removal is generally effective.!? Pharma-
cotherapy with somatostatin analogs is shown to decrease TSH
levels in the majority of cases.®46-48

Null Cell Pituitary Adenomas

By definition, null cell adenomas lack expression of pituitary
hormonal markers and pituitary transcription factors. The
majority are diagnosed as macroadenomas because of their
nonfunctioning nature. Patients tend to be adults (mean age
~55 yr) with a slight male preference.®%

Prior to the development of transcription factor, immunohisto-
chemistry null cell adenomas were thought to correspond to 15%

www.neurosurgery-online.com

1202 IMdy zz uo 1sanb Aq 00£S019/006/S/88/2191e/A1abinsoinau/wod dno-olwapede//:sdiy woly papeojumoq



NEUROPATHOLOGY OF PITUITARY AND SELLAR LESIONS

40 %o o .
P LIMRON IO

- i
,,‘:.:,!"'t‘ “#,

8 0,04

o 0082 2009 ° ¢
Q"D. !-‘,. 0, %

. ® 3;;, =

It R
g Vg, 8
-“?g}: WS 5

“a%

Ny

». = % .
@ OO
s O.‘c’d.’ e»;!

C.
-
oo ‘gl:.o &
Nl e,
Saga’s

C

o
Ll 0® e R BT T

may express both FSH B and LH C by immunohistochemistry.

FIGURE 6. Gonadotroph type adenomas. A, Note numerous perivascular pseudorosette-like formations composed of a central vessel lined by tumor cells. This adenoma

Meningioma. C, Spindle cells are arranged in fascicles, often between collagen b

FIGURE 7. A and B, Thyrotroph pituitary adenoma. A, H&E-stained sections ofien contain spindled tumor cells. B, TSH is usually patchy by IHC. C and D,

dles. D, By im histoch y, tumor cells stain with EMA. Pituitary hormones

F, By immunobistochemistry, S-100 is positive. Pituitary hormones are negative.

are negative. E and ¥, Schwannoma. E, A biphasic tumor composed of spindle cells in Antoni A (denser) and Antoni B (looser) areas, with scattered, Verocay bodies.

of all pituitary adenomas diagnosed.®*° The true number now
may only represent 1% of all pituitary adenomas, as transcription
factor immunohistochemistry reveals most hitherto null cell
adenomas being SF-1 positive, hormone negative gonadotroph
adenomas.’!>?

Histologically, the tumor cells are generally chromophobic and
grow in sheets (Figure 8A) with no transcription factor expression
(Figure 8B and 8C).>812 A diagnosis of exclusion, this can
only be rendered after hormone and transcription factor stains

NEUROSURGERY

are evaluated.?”>> First-line treatment is surgical resection.® 12
Incompletely excised tumors respond to radiation therapy.'?>*

Plurihormonal and Double Adenomas

Plurihormonal adenomas, by definition, produce more than
one hormone (Table 1). Included are single cell type adenomas
producing multiple hormones, or adenomas composed of 2
distinct cell lineages (plurimorphous).”? This group includes
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C are completely negative (inset respective positive controls).

FIGURE 8. Null cell adenoma. A, Tumor cells are chromophobic and grow in sheets. Transcription factors PIT-1 B and SF-1

plurihormonal PIT-1 lineage adenomas, an aggressive subtype
prone to recurrences and cavernous sinus invasion (Table 2).

In contrast, double adenomas are separate tumors, producing
different hormone(s).” Rarely, multiple distinct adenomas have
been described within the same gland.”>>° The presence of
multiple adenomas may explain cases of surgical failure, in which
one or more adenomas are not removed.*®

Pituitary Carcinoma

Pituitary carcinoma originates from adenohypophyseal cells
and comprises ~0.1% to 0.5% of pituitary neoplasms.’>”>>8
Most are hormonally functional tumors of either lactotroph or
corticotroph subtype (~two-thirds).”>° These malignancies tend
to be seen in middle-aged patients (~50-70 yr of age).”> Most
cases are thought to result from transformation of an aggressive
pituitary adenoma after a period of multiple latency periods
and recurrences.””!” The prognosis is poor; mean survival of
patients is a few years.”> Complications from hormone excess also
cause morbidity.’® The tumors tend to be resistant to conven-
tional treatment modalities, though some authors advocate use of
temozolomide.>-$-%

Microscopically, pituitary carcinoma can appear histologically
bland and may be indistinguishable from pituitary adenomas; the

908 | VOLUME 88 | NUMBERS5 | MAY 2021

diagnosis requires extrapituitary spread of tumor cells (ie, tumor
cells present elsewhere in the central nervous system or within
systemic organs) (Figure 9A and 9B)."”

Because of the bland histologic appearance, it is not unusual
that some patients receive a diagnosis of pituitary adenoma, and
under the later occurrence of metastatic disease, the diagnosis
would change to pituitary carcinoma. In an attempt to refine the
nomenclature of the pituitary neoplasms following the classifi-
cation used for neuroendocrine tumors in other organs, the term
pituitary neuroendocrine neoplasms was recently suggested.>4

Update on the Pituitary Tumors Nomenclature: PitNETs

“Atypical adenomas” were defined by elevated mitotic index
(>2 mitoses per high-power field), positive p53 staining,
and Ki67 proliferative index > 3% and were thought to be
precursors to pituitary carcinomas because of their aggressive
nature. However, the lack of studies to validate this classification
especially in recurrence rates created uncertainty about whether
“atypical pituitary adenoma” should remain a distinct entity at
WHO classification. For this reason, the International Agency for
Research on Cancer in 2017 recommended all pituitary tumors
be classified as PitNETs rather than adenoma or carcinoma and
has been extensively used in the most recent literature.®*
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FIGURE9. A andB, Pituitary carcinoma. A, In this bone marrow metastasis, H&E-stained section reveals trilineage hematopoiesis, including many megakaryocytes
(circled). Note the bland, cohesive group of epithelioid cells (arrows). B, These cells stain positive for synaptophysin, a neuroendocrine marker. C and D, Pituitary
apoplexy. C, Necrotic adenoma, with preserved cell outlines (coagulative-type necrosis). D, A reticulin histochemical stain highlights the disrupted and fragmented
acinar framework. E and ¥, Pituitary blastoma. B, On H&'E stain, all 3 tumor elements can be seen mixed together: glandular cells, blastemal-like cells, and secretory
cells. F, Scattered cells stain positive with ACTH immunostaining. Inset: T-PIT, a transcription factor for corticotroph adenomas, is positive in tumor cells. Panels E
and ¥ adapted by permission from Copyright Clearance Center: Springer Nature, Pituitary, Scheithauer et al,%® ©2012.

Pituitary Apoplexy

Pituitary apoplexy is not a separate entity; rather, it is the
result of select pituitary adenomas undergoing infarction, with
sudden intraglandular hemorrhage. The risk is higher with certain
subtypes (especially gonadotroph adenomas) as well as macroade-
nomas, independent of hormonal production.®®! Microscop-
ically, sheets of necrotic epithelioid cells are seen, sometimes
with their ghostly outlines still present (Figure 9C). Although
immunohistochemistry is often unreliable in necrotic tissue,
a reticulin histochemical stain can highlight the adenoma’s
disrupted and fragmented acinar framework (Figure 9D). The
differential diagnosis includes pituitary infarction following
pregnancy (Shechan syndrome) and empty sella syndrome (ESS).
Unlike pituitary apoplexy, Sheehan syndrome occurs in the
absence of an adenoma.®! In ESS, ESS volume loss of the pituitary
gland occurs, and may arise secondarily because of compression
of the gland idiopathically and/or as a result of specific condi-
tions including previous pituitary surgery, radiation therapy of the
pituitary region, brain trauma, and pituitary infections.®2-¢4

Pituitary Hyperplasia

Pituitary hyperplasia maintains normal connective matrix
around expanded acini. Enlarged acini can occur under physi-

NEUROSURGERY

ological conditions (ie, prolactin cells in pregnancy), end-organ
failure or surgical removal (ie, hypothyroidism), or patholog-
ically (ie, neuroendocrine tumors producing ectopic hypotha-
lamic releasing hormones).>® The gland appears symmetri-
cally involved on both imaging and intraoperative evaluation
without a clearly defined lesion.” Histopathologically expanded
acini are seen unevenly within the gland, usually involving just
one cell type.® Reticulin staining is necessary to demonstrate
the preserved framework.” Treatment consists of correcting the
underlying endocrine disorder; surgical resection of the neoplasm
is recommended in tumor-associated cases.® %

Pituitary Blastoma

Pituitary blastoma is an extremely rare, undifferentiated malig-
nancy of infancy and early childhood,® %% which recapitulates
early developmental adenohypophyseal pituitary gland.’> The
pathogenesis is linked to DICERI mutations, an RNase endonu-
clease on chromosome 14q32.%” They can manifest in association
with other childhood onset tumors, including pineoblastoma and
pleuropulmonary blastoma as part of the DICER1 syndrome.®’
Most tumors present clinically with signs of Cushing disease.!2:%®

Histologically, the tumors consist of 3 elements: gland-like
structures, larger secretory chromophobic cells, and smaller,
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FIGURE 10. Craniopharyngiomas. A-C, Adamantinomatous craniopharingioma squamoid nests with peripheral palisading of nuclei and ghost cells (anucleate
squamous cells, ie, wet keratin—WK). These tumors press on adjacent structures, inducing a piloid gliosis response with many Rosenthal fibers (arrows). D-F, Papillary
craniopharyngioma. D, At low power, note the crude papillae (resulting from cellular dehiscence) lined by bland, stratified squamous epithelium. E, A high-power
view. Note the absence of calcifications, wet keratin, or goblet cells. ¥, Beta-catenin mutations are detected with nuclear staining at immunohistochemistry. Papillary
craniopharyngiomas, which lack these mutations, also lack nuclear staining for beta-cateninin.

more primitive-appearing blastemal-like cells, likely reflecting
the presence of 3 discrete groups of cells in the fetal pituitary
(Rathke epithelium, folliculostellate cells, and primitive adeno-
hypophyseal secretory cells) (Figure 9E).'>%® By immunohis-
tochemistry, the larger secretory cells variably stain for ACTH
(Figure 9F).%® GH staining is seen in rare cells, and positivity
for the transcription factor T-Pit is noted (Figure 9F).%® The
prognosis tends to be poor, but because of limited numbers
of cases to date,’® may preclude a definitive clinical picture
for this entity. Surgical resection and adjuvant therapy with
temozolomide have been attempted.?

TUMORS AND CYSTS OF THE PITUITARY
REGION

Craniopharyngioma

Craniopharyngiomas originate from Rathke pouch epithelium,
part of the developing mouth structures. The 2 histopathological
types are adamantinomatous and papillary, which are histologi-
cally dissimilar, and also differ in their molecular pathogenesis.

910 | VOLUME 88 | NUMBERS5 | MAY 2021

Clinically, both types present with features of a mass lesion;
vision changes and headache are common.'? In children,
disruption of the hypothalamic-pituitary network causes
endocrine deficiencies (especially of GH secretion), diabetes
insipidus, and severe obesity.'>”%”! Though both are considered
benign, they may recur multiple times following subtotal
resection. Malignant transformation is rare, and risk factors
include radiation therapy and multiple tumor recurrences.®”*

Adamantinomatous Craniopharyngioma

Adamantinomatous craniopharyngiomas occur in both
children and adults, with peaks at 5 to 10 and 50 to 60 yr of age,
respectively.® These tumors are driven by C7NNBI mutations,
detected by B-catenin immunohistochemistry.”! A solid and
cystic tumor, the cyst content often has a dark-brownish color,
the so called “motor oil” appearance.®!? Yellow-white flecks of
cholesterol may be present. Microscopically, squamous nests with
peripheral palisading of nuclei, accompanied by variable degrees
of anucleate squamous cells (“wet” keratin) and calcifications
are noted (Figure 10A and 10B). The appearance is remarkably
similar to the related tumors ameloblastoma of the mandible
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present.

FIGURE 1. Gystic lesions of the pituitary region. A, Rathke cleft cyst. Note the cilia and the bluish hue of the gobler cells (here
prominent). B, Dermoid cyst, lined by bland stratified, keratinizing squamous epithelium. Below the surface epithelium are adnexal
skin structures (ie, sebaceous glands and hair follicles). Keratin debris composes the cyst contents. C, Epidermoid cysts appear similar
to dermoid cysts, but note the absence of adnexal skin structures. D, Xanthogranuloma of the sellar region: these reactive processes
can result after rupture of a cystic lesion with spilling of contents, typically a Rathke cleft cyst, or an adamantinomatous cranio-
pharyngioma. Note the numerous needle-shaped cleft spaces (cholesterol clefis) and associated giant cell reaction. No epithelium is

and adamantinoma of bone.” These craniopharyngiomas are
well known to produce piloid gliosis with impressive numbers
of Rosenthal fibers in the surrounding brain (Figure 10C); thus,
without the squamous nests or other features, pilocytic astro-
cytoma and other slow-growing tumors enter into the differential
diagnosis. Unlike pilocytic astrocytoma, piloid gliosis is not

biphasic and also lacks eosinophilic granular bodies (EGBs).®

Papillary Craniopharyngioma

These tumors occur almost exclusively in adults (40-50 yr
of age).”? Presenting as solid masses, they lack dark cyst fluid
and cholesterol deposits. These tumors sometimes project into
the third ventricle and thus enter the differential diagnosis with
other intraventricular masses, such as ependymomas and choroid
plexus papillomas.®”* Microscopically, solid sheets of squamous,
nonkeratinizing epithelium forming crude papillac are seen.
(Figure 10D-10F)>'1? Calcifications and “wet” keratin are not
present.”>’® At a molecular level, papillary craniopharyngiomas
are characterized by a BRAFVG00E point mutation; therefore,
they may respond to BRAF inhibitors.”>

NEUROSURGERY

Rathke Cleft Cyst

These benign cystic lesions are thought to arise from the inter-
mediate lobe,! and present clinically with headaches and visual
field changes (Figure 1D).® Histologically, the lesion has a thin
layer of bland, often ciliated epithelium, occasionally containing
goblet cells (Figure 11A). Cyst content, when present, ranges from
myxoid/mucoid to eosinophilic and amorphous. The differential
diagnosis includes epidermoid/dermoid cysts (Figure 11B and
11C) and papillary craniopharyngioma (Figure 10A), which are
solid tumors driven by BRAF-V600E mutations, which Rathke
cleft cysts lack. Rupture of any of those cysts often results in
a xanthogranulomatous inflammatory response (Figure 11D).8
The prognosis for Rathke cleft cyst is excellent, and although they
may recur, complete surgical excision is curative.?

TUMORS OF THE NEUROHYPOPHYSIS

Tumors of the neurohypophysis are rare and may cause mass
effect symptoms. These tumors are nonendocrine neoplasms;
thus, they do not produce pituitary hormones and tend to
arise in adults.”” Absence of expression of synaptophysin and
pituitary hormones helps aid in this distinction. Though
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positive for TTF-1, a pattern shared by all 3 entities.

FIGURE 12. Tumors of the neurohypophysis. A, Pituicytoma, C, granular cell tumor, B and D, spindle cell oncocytoma, strongly

histologically dissimilar (Figure 12A-12C), they generally share
in common benign clinical behavior, as well as expression
of thyroid-transcription factor 1 (TTEF-1), suggesting a similar
precursor cell origin. (Figure 12D)>7® Granular cell tcumors occur
more frequently in females, whereas pituicytoma and spindle cell
oncocytoma show no clear gender preference. On imaging, all
3 present similarly as solid, enhancing, well-circumscribed
masses often indistinguishable from that of pituitary
adenomas.”®

Pituicytoma

This benign astrocytic neoplasm is histologically composed of
bipolar spindle cells arranged in fascicles or storiform patterns
(Figure 12A).7%%° Cytoplasm is abundant and eosinophilic,
but not granular. Histochemistry stain with periodic-acid-Schiff
(PAS) is negative. The neoplasm lacks Herring bodies (unlike
normal neurohypophysis) as well as Rosenthal fibers and EGBs
(unlike pilocytic astrocytomas).®8":82 S-100 and vimentin are
expressed, though Glial Fibrillary acidic protein (GFAP) is
variable.””8" These tumors do not transform to higher grade,
infiltrate, or grow rapidly. Current treatment is surgery.5-%’

Granular Cell Tumor of the Sellar Region

Though these neoplasms rarely present as a symptomatic
mass, they are quite common as an incidental finding at
autopsy.”® Microscopically, cells are epithelioid (discrete cell
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borders) with abundant, coarsely granular eosinophilic cytoplasm
(because of accumulation of lysosomes) and are often arranged
in sheets or nodules (Figure 12B).”® PAS is strongly positive,
as well as PAS with diastase digestion (cells are not glycogen-
filled).” S-100 is generally positive, and GFAP is negative.
The tumors grow slowly and are best treated with surgical

resection.”®

Spindle Cell Oncocytoma

These tumors microscopically can display quite variable cell
shapes, with epithelioid and spindle cells often mixed, with
eosinophilic to oncocytic cytoplasm and usually arranged in
fascicles (Figure 12C and 12D).*”® The presence of oncocytic
changes may lead to an erroneous diagnosis of an oncocytic
pituitary adenoma (especially oncocytic null cell pituitary
adenoma) without the appropriate immunohistochemical evalu-
ation.?*% In contrast to granular cell tumor, cytoplasm is
eosinophilic but finely granular (because of accumulation of
mitochondria). Staining with PAS is also negative. S-100 is
positive, but GFAP is negative. Positive staining for EMA often
distinguishes this tumor from pituicytomas and granular cell
tumors. Unlike the other diagnostic possibilities of the neuro-
hypophysis, spindle cell oncocytomas can recur in up to 1/3 of
cases.®”-88 Usually, recurrent tumors display elevated proliferation
indexes and aggressive behavior.®”-8
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FIGURE 13. Germ cell tumors of the pituitary. A-C, Germinoma. A, Large tumor cells stand out against a background of benign lymphocytes. Sometimes, granu-
lomatous inflammation is so prominent so as to make the tumor cells inconspicuous. Germinomas stain positive with B OC13/4 and C CD117. D-F, Embryonal
carcinoma. D, These tumors are composed of large, cobesive, pleomorphic cells, often forming gland-like or slit-like spaces. Tumor cells stain with E CD30 and
F OCT3/4. G-I, Yolk sac tumor. G, The characteristic Schiller-Duval body, composed of tumor cells lining a vessel, is not seen in most cases. H, The reticulated
or net-like pattern of growth and hyaline globules may be seen. 1, a FP is positive in the tumor cells. J-L, Choriocarcinoma. J, The tumor is composed of a mix of
large, multinucleated, often bizarre cells (syncytiotrophoblasts) and smaller, rounded cells, often with cytoplasmic clearing (cytotrophoblasts). The background is often

impressively hemorrhagic. X, Cytotrophoblasts sometimes take on a more ‘fried egg” appearance. L, Staining for beta-HCG is intensely positive. M and N, Teratoma.

M, Mature teratoma, composed of bland cartilage (C), sebaceous glands (SG), adipose tissue (AT), hair follicle (HE), and respiratory type epithelium. N, Immature
teratoma areas, composed, of primitive-appearing cells, sometimes forming rosettes. O, Mixed germ cell tumor. These neoplasms are composed of varying proportions of
2 or more germ cell subtypes. Here is a combination of teratoma and embryonal carcinoma.

GERM CELL NEOPLASMS

Similarly, to other midline extragonadal structures, germ cell
neoplasms may be seen intracranially. The pituitary region is
the second most common site, second to the pineal gland.
The majority of cases occur in male adolescents” ! and
have been described in several genetic syndromes, including
Down syndrome, Kleinfelter syndrome, and neurofibromatosis
type L7® Pure germinoma is the most common germ cell
tumor (Figure 13A-13C);”° infrequent germ cell tumors include
embryonal carcinoma (Figure 13D-13F), yolk sac tumor
(Figure 13G-13]), choriocarcinoma (Figure 13]-13L), teratoma
(Figure 13M and 13N), or mixed germ cell tumors (Figure 130).
Vision changes are a common clinical finding.”® Specifically,
germinomas often cause diabetes insipidus.® 3

Germinoma

Germinomas, the intracranial equivalent of seminoma (testes)
or dysgerminoma (ovaries), affect male children and adoles-
cents.”® A higher incidence is seen in East Asia than in people
of European origin.” Grossly, tumors are solid, tan, and uniform.
Histologically, tumor cells are very large with prominent nucleoli
and abundant, often clear cytoplasm, often within thin fibrous
septae, dividing the tumor into lobules. Benign lymphocytes
typically infiltrate the tumor and granulomatous inflammation is
notorious (Figure 13A). At its worst, tumor cells may be difficult
to perceive and an infectious cause is erroneously sought. By
immunohistochemistry, tumor cells are positive for OCT3/4,
CD117 (KIT), and PLAP and are negative for cytokeratins and
CD30.” In pure form, they do not produce alpha-fetoprotein
or beta human chorionic gonadotrophin (BHCG). Germinomas
have the best prognosis of all germ cell neoplasms. Treatment
for germinomas is geared towards radiotherapy, with high cure
rates achieved. Nongerminomas tend to be resistant to adjuvant
therapy regimens; therefore, gross total resection is the most
important factor in prognosis (including for mixed germ cell
tumors).”®

MISCELLANEOUS ADDITIONAL PRIMARY
TUMORS OF THE SELLAR REGION

Several distinct and unrelated tumors are also seen in the
sellar region. Given the presence of the sellar diaphragm partially
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encasing the gland, meningeal-based tumors are diagnostic possi-
bilities. Meningioma is the most common meningeal-based
tumor and shares features with meningiomas seen elsewhere
(Figure 14A). Pilocytic astrocytoma (Figure 14B) may arise in
the sellar region and is a differential diagnosis of adamantino-
matous cranioph i d pitui 8.78,81,82 Chord
pharyngioma and pituicytoma. ordoma
can very rarely originate as a primary neoplasm within the dorsum

sellae (Figure 14C-14E)°.

Metastatic Tumors of the Pituitary Region

Metastatic neoplasms to the pituitary are rarely clinically
apparent; more commonly, they are found incidentally at autopsy,
often in the setting of a systemic malignancy with widespread
metastasis.” The most common sources are lung and breast
tumors. Although lung carcinomas often stain for TTF-1, similar
to neurohypophyseal tumors, additional positivity for cytoker-
atins and napsin A generally excludes tumors of the neurohy-
pophysis (Figure 14F-14H).”® Metastatic malignancies tend to be
more pleomorphic and mitotically active than primary pituitary
tumors (ie, pituitary carcinoma), helping to facilitate a correct
diagnosis.” Composite lesions have also been seen observed
involving metastases and pituitary adenomas or craniopharny-
giomas.”?

Inflammatory and Related Lesions of the Pituitary
Region

Several distinct inflammatory conditions involve the pituitary
gland, including lymphocytic hypophysitis (Figure 15A and
15B), IgG4 disease (Figure 15C and 15D), and Langerhans
cell histiocytosis, a clonal lymphoproliferative disorder of
histiocytes (activated macrophages), often associated with
numerous non-neoplastic inflammatory cells (Figure 15E and

15F).

Lymphocytic Hypophysitis

Lymphocytic ~ hypophysitis is a rare autoimmune
disorder wherein a humoral-mediated response results in
damage/destruction of the pituitary gland. This disease tends
to occur in association with pregnancy; many of the patients

have a coexisting autoimmune disorder at the time of diagnosis
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napsin A and H, TTF-1 is seen.

FIGURE14. Miscellaneous additional primary tumors of the pituitary region and metastatic malignancies A, meningioma: cells are arranged syncytially within lobules
and whorls. Psammoma bodies (arrows) may be present. B, Pilocytic astrocytoma: a bland, hypocellular glial neoplasm with numerous eosinophilic granular bodies
(EGBs—arrows). C-E, Chordoma. C, Note the epithelioid cells with abundant, eosinophilic, and bubbly cytoplasm, within a bluish background. Hepatocyte-like
chords of epithelioid cells, strung out in a myxoid/mucoid stroma with physaliphorous or bubbly cytoplasm (courtesy of Dr Lawrence Hansen). The main differential
diagnosis for chordoma is chondrosarcoma; however, intense and diffuse staining in chordomas for D, cytokeratin and E, EMA exclude this as a diagnostic possibility.
F-H, Metastatic lung adenocarcinoma. ¥, Tumor cells are considerably more pleomorphic and hyperchromatic than expected for pituitary carcinoma. Positivity for G,

(ie, thyroiditis).”® Microscopically, large numbers of mainly
T-lymphocytes invade the gland and “attack” the acinar cells
(Figure 15A and 15B). Fibrosis eventually occurs in chronic
stages, and with enough destruction of the gland, symptoms of
hormone deficiency results.” Some cases may be IgG4 disease
related (Figure 15C and 15D). Treatment consists of steroids and,
when necessary, hormone replacement therapy. The prognosis
is excellent, with resolution seen postpartum (and only rarely,
permanent hypopituitarism).”8

A possible end stage of lymphocytic hypophysitis is granu-
lomatous hypophysitis.”?> Histologically, mixed inflammatory
infiltrates, including giant cells and granulomas, beleaguer the

NEUROSURGERY

gland. Other causes of granulomatous inflammation must be
ruled out, including sarcoidosis, or infectious causes, such as fungi
and tuberculosis.’*”?

CONCLUSION

The pituitary and sellar are complex regions affected by
multiple inflammatory and neoplastic lesions. Because of the
importance of those areas in human metabolism and homeostasis,
the consequences of those diseases are usually multisystem.
Importantly, neoplastic and non-neoplastic lesions share clinical
symptoms and signs, which may be relieved with surgical
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FIGURE15. Inflammatory and related lesions of the pituitary region. A and B, Lymphocytic hypophysitis. A, Note acini overrun and engulfed by bland lymphocytes,
B, highlighted with CD3 immunobistochemistry (T-cell marker). C and D, IgG4 disease. C, Note the mixed inflammatory infiltrate (many of which are plasma cells)
within a densely fibrotic background. D, By IHC, plasma cells are often positive for IgG4. E and ¥, Langerhans histiocytosis. E, On H&E, Langerhans cells have
abundant eosinophilic cyroplasm and indented or convoluted nuclei. Here, eosinophils are frequent. ¥, CD1a strongly stains the Langerhans cells.

intervention and specific treatment after histopathological
diagnosis by a neuropathologist.
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