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Abstract WHO classifications should be used for comparing
the results from different groups of pathologist and clinicians
by standardized histopathological methods. Our present report
describes the important parameters of pituitary adenoma pa-
thology as demand of the WHO classification for correlation
to endocrine data and prognosis. The combination of HE stain
based structures with immunostainings for pituitary hormones
allows subclassification of adenomas as the best method not
only for correlations to clinical hyperfunctions but also for
statements to the sensitivity of drug therapies (somatostatin
analogs, dopamine agonists). GH-, PRL- and ACTH-
secreting pituitary adenomas are further classified based on
the size and number of their secretory granules by electron
microscopy, or as is mostly the case nowadays by cytokeratin

staining pattern, into densely and sparsely granulated.
Granulation pattern may be considered for the prediction of
treatment response in patients with GH-secreting adenomas,
since the sparsely granulated subtype was shown to be less
responsive to somatostatin analog treatment. For prognosis, it
is important to identify aggressive adenomas by measure-
ments of the Ki-67 index, of the number of mitoses, and of
nuclear expression of p53. Among the criteria for atypical
adenomas, high Ki-67 labeling index and invasive character
are the most important adverse prognostic factors. Promising
molecular markers have been identified that might supplement
the currently used proliferation parameters. For defining atyp-
ical adenomas in a future histopathological classification sys-
tem, we propose to provide the proliferative potential and the
invasive character separately.
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Introduction

The WHO classification of 2004 [1] for pituitary tumors
should be used by all pathologists reporting pituitary speci-
mens. Only a standardized consistent classification basing on
standardized histopathological methods can ensure that pa-
thologist and clinicians around the world can compare their
results. As a matter of principle, a report of pituitary adenoma
should include details of immunohistolologic hormone con-
tent, of proliferation, and of regressive changes.

In this multi-disciplinary article, we studied on the base of
the WHO classification the value of pathological parameters
for clinical diagnoses, postoperative treatment, and prognosis
which was done in only few papers [2–4].
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General Pathology of Pituitary Adenomas

A typical sinusoidal basic structure is typical for gonadotroph
adenomas and null cell adenomas. A diffuse architecture is
found in most GH and Prolactin secreting tumors, but also
in TSH and ACTH adenomas. A strong eosinophilic cyto-
plasm is present in densely granulated GH adenomas, and in
weaker fashion in densely granulated Prolactin cell adenomas.
The staining intensity correlates to the amount of secretory
granules which is also characteristic for the PAS positivity of
densely and sparsely granulated ACTH adenomas. Typically
chromophobic tumors are the gonadotroph and null cell ade-
nomas. These criteria may be used for correlations to
immunostainings for hormones: the stronger the staining the
stronger are mostly the immunoreactions for GH and ACTH.

Amyloid [5, 6] in stroma or psammoma bodies [7] can be
seen in some Prolactin adenomas. Global PAS positive inclu-
sions [8] in the cytoplasm are typical for TSH adenomas, but
all criteria do not replace immunostainings.

Signs of proliferation are delivered by the number of mito-
ses [9], which are rarely found in adenomas, by Ki-67 index
[10] which should not exceed 3 % in non-aggressive adeno-
mas, and by the p53 index [9] which is negative in most
adenomas or limited to very sparse nuclei in non-aggressive
adenomas.

Regressive changes are represented by necroses of cells,
shrinkage of nuclei, and fibroses of stroma. Necroses are more
frequent in silent ACTH cell adenomas. Shrinkage and fibro-
ses are frequently found in Prolactin adenomas treated with
dopamine agonists [11, 12]. Some more fibroses are demon-
strable in some GH adenomas treated with somatostatin ana-
logs [13].

Use of Immunohistochemical Stainings in Evaluating
the Hormone Expression Status

Classification

The use of reliable antibodies to detect hormone expres-
sion in pituitary adenoma specimens is mandatory and
represents the basis of the currently valid version of the
WHO classification system [1]. But, similar to other
neuroendocrine tumors, the functional status of pituitary
adenomas is defined by the presence of clinical symp-
toms, not by immunohistochemistry [14]. Therefore, a
close cooperation between pathologists and clinicians
(i.e., interdisciplinary tumor boards) is recommended.
Inadequate clinical evaluation should not be a reason
to make the diagnosis of a Bsilent^ lesion and the term
Bsilent adenoma^ should be restricted to tumors that
have no evidence of clinical or biochemical abnormali-
t ies [15–17]. Immunohistochemically detectable

hormone expression in clinically silent tumors can be
very helpful in the sometimes difficult differentiation
of sellar lesions (e.g., metastases vs. adenoma). Drug
administration can result in reversible morphological
changes in the adenoma tissue. The interpretation of
these findings, e.g., marked shrinkage in cell size, can
be challenging as the morphological features resemble
lymphoma or lymphocytic hypophysitis. In such cases,
immunohistochemical stainings are required to address
this differential diagnosis. Furthermore, it can be helpful
to uncover lymphocytic infiltrations within the tumor
and to identify the cell population responsible for pro-
liferation [3]. For the group of gonadotroph cell adeno-
mas, no obvious correlation is apparent between histo-
logic pattern, type, and extent of immunoreactivity and
the hormonal activity of tumors as shown by currently
used hormone assays [1]. Null cell adenomas represent
immunonegative and hormonally inactive tumors.
Therefore, such a diagnosis can only be made by using
immunohistochemistry. The fact that the currently valid
WHO classification system allows single tumor cells
with FSH and or LH expression in this subtype is prob-
lematic because of tumor heterogeneity and missing re-
liable standards. Growth hormone secreting adenomas
are predominantly clinically associated with acromegaly.
They show a homogenous and intense (densely granu-
lated) or more variable (sparsely granulated) staining
pattern using antibodies against human growth hormone.
Clinically silent patients and tumor specimens without
immunohistochemically detectable hormone expression
are exceptional cases. The immunoprofile of mixed
somatotroph and lactotroph adenomas resembles that of
mammosomatotroph adenomas and the distinction is
usually an academic challenge rather than prognostic
[3]. Sparsely granulated lactotroph tumors show gener-
ally a distinct and strong paranuclear located („Golgi
patternB) expression pattern whereas the rarely densely
granulated cases display a diffuse cytoplasmatic staining and a
marked acidophilic phenotype. Immunohistochemistry is just
recommended to confirm the clinical diagnosis, because these
tumors are nearly always clinically active and elevated levels
of Prolactin are detected by currently used hormone assays.
TSH producing adenomas show a variable extent of
immunohistochemically detectable hormone expression.
Sometimes interspersed Prolactin and Growth hormone posi-
tive cells can be detected within the tumor. Usually, the diag-
nosis is already supposed prior surgery and immunohisto-
chemistry is just used for confirmation purposes. In
cases of ACTH producing adenomas, both clinically si-
lent and Cushing disease associated tumors show a
varying extent of immunoreactivity. Immunohistochemistry
is mandatory to detect the subtype of silent corticotroph ade-
nomas, which are reportedly more aggressive characterized by
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high recurrence rates, invasive growth, and the propensity to
undergo hemorrhagic infarction [14, 18]. Furthermore, the
diagnosis and subtyping of plurihormonal adenomas can only
be performed using immunohistochemistry.

Prognostic Purpose

Pituitary adenomas that are associated with aggressive behav-
ior include sparsely granulated somatotroph adenomas, dense-
ly granulated lactotroph adenomas, acidophil stem cell adeno-
mas, thyrotroph adenomas, sparsely granulated corticotroph
adenomas, Crooke’s cell adenomas, silent subtype 3 adeno-
mas, and null cell adenomas [3, 14, 19]. The use of immuno-
histochemistry is obligate to diagnose and discriminate these
adenoma subgroups. No single immunohistochemically de-
tectable biomarker has been found to independently predict
aggressive behavior in pituitary neoplasms [14, 20–22]. The
best prognosticator still remains accurate subtyping of the ad-
enoma based on hormone content and subtype classification
[14–16, 19, 23]. As indicated above, the most important clin-
ical and prognostic features of pituitary adenomas remain the
hormonal profile and subtype classification. The lack of accu-
rate codes to reflect this classification will result in a continu-
ing inability to collect statistics and represents a failure on the
part of the pathology community to play an important role in
clinical epidemiology [23].

Predictive Value

In the past, a diagnosis of Badenoma^ was considered suffi-
cient for many patients, but the advances in pituitary medicine
demand a more thorough clinicopathological diagnosis that
will guide patient management [15]. Today, no correlation
between histomorphology of pituitary adenomas alone and
clinical outcome exists and has, therefore, no impact on treat-
ment decisions. Additional immunohistochemistry can be
helpful and may have an impact on planning the therapeutic
strategy.

Problems

There is wide variability depending on tissue fixation, anti-
bodies, and method of immunolocalization [1].

Electron Microscopy

The most detailed electron microscopic classification of pitu-
itary adenomas was published by Kovacs and Horvath [24] in
1986. In that time, the ultrastructure appeared to be the best
method for classification, since some adenoma types, espe-
cially the acidophil stem cell adenoma showing giant mito-
chondria and fibrous bodies [25], the sparsely granulated GH
adenoma with fibrous bodies and sparse small secretory

granules [26], and later the silent subtype 3 adenoma [25] with
strong development of smooth and rough endoplasmic retic-
ulum, the large Golgi fields and the focal accumulation of
secretory granules need the electron microscope for
identification.

The development of immunostaining since the eighties and
nineties of the former century replaced the requirement of the
electron microscope in most cases. So, the fibrous bodies of
sparsely granulated GH cell adenomas and acidophil stem cell
adenomas could be identified by Keratin-positive globules in
the light microscope. The giant mitochondria in the acidophil
stem cell adenomas could be seen as large vacuoles in very
good paraffin sections.

The silent subtype 3 [25] adenomas cannot be identified
with certainty in the light microscope. If the distinct diagnosis
of this special adenoma type appears to be important, the use
of electron microscopy is not avoidable.

Granule Size and Distribution in Pituitary Tumors

The observation of secretory granules in varying numbers and
size in pituitary tumors by electronmicroscopy prompted their
use in the pathological classification of GH-, PRL- and
ACTH-secreting pituitary adenomas into ‘densely’ and
‘sparsely’ granulated subtypes.

GH-Secreting Pituitary Adenomas

Ultrastructural classification by electron microscopy in dense-
ly and sparsely granulated was traditionally seen as a patho-
logical characteristic of the GH-secreting pituitary adenomas.
The finding that sparsely granulated tumors contain a
cytokeratin-rich aggregation of intermediate filaments, called
fibrous body, in the cytoplasm in close proximity to the nu-
cleus enabled the classification by light microscopy using
anti-cytokeratin antibodies. Immunohistochemistry with the
Cam 5.2 antibody in GH-secreting tumors shows two staining
patterns: a dot pattern that stains the fibrous bodies that are
juxtanuclear globular aggregations of cytokeratin intermediate
filaments characteristic of sparsely granulated tumors and a
perinuclear pattern seen in somatotroph cells of the normal
pituitary and in densely granulated tumors [27]. An interme-
diate staining pattern is also observed with cells showing
clearly dot pattern and cells having a perinuclear staining
within the same tumor, as well as ‘transitional’ cells with the
dot pattern forming into a ring around the nucleus [28]; how-
ever, immunohistochemical analysis in a big number of cases
(n=104) revealed that the intermediate subtype shares clinical
characteristics with the densely granulated and could therefore
be included in this category.

The formation of the fibrous body responsible for the dot
pattern in the sparsely granulatedGH-secreting tumorsmay be
attributed to low E-cadherin expression [29, 30]. E-cadherin
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anchors cytokeratin filaments to the cell membrane promoting
effective cell to cell adhesion. When absent, these intermedi-
ate filaments collapse into cytoplasmic aggregates that may
form the fibrous bodies [29] Interestingly, under the electron
microscope, densely granulated cells retain the normal
somatotroph cell morphology, while sparsely granulated tu-
mor cells look less differentiated.

Mutations in the alpha subunit of the stimulatory regulatory
G protein (Gs protein; gsp), are observed in around 40 % of
acromegalic tumors [31]. However, no correlation was found
between gsp mutational status and granulation pattern [32,
33].

Sparsely granulated GH-secreting pituitary adenomas are
less common and are more associatedwith tumor invasiveness
and a more aggressive phenotype; they tend to be
macroadenomas and occur in younger, female patients [28,
33–35].

Sparsely granulated tumors produce only GH, while the
densely granulated type may produce in addition to GH,
PRL, beta subunit of TSH and/or alpha subunit [34]. No sig-
nificant associations were found between granulation pattern
and symptoms of acromegaly, incidence of diabetes II mellitus
and hypertension [36]. In contrast, there is a strong correlation
between granulation pattern and treatment outcome.
Incomplete surgical resection and re-operations are more fre-
quent in acromegalic patients with sparsely granulated tumors
with a shorter time interval between operations [35].
Furthermore, patients with sparsely granulated tumors showed
poor response to somatostatin analog treatment [28, 30, 32,
33, 37–39]. Densely granulated GH-secreting pituitary tumors
have higher SSTR2 immunoreactivity and this may explain
the good response of these tumors to the currently used
SSTR2-binding somatostatin analog treatment [32, 39, 40].
In contrast, they have lower SSTR5 expression with SSTR5
immunoreactivity being observed exclusively in sparsely
granulated tumors [40]. Therefore, for the management of
the treatment resistant acromegalic patients with sparsely
granulated tumors, somatostatin analogs that strongly bind
SSTR5 (pasireotide) could be considered instead of the stan-
dard SSTR2 somatostatin analogs (octreotide, lanreotide)
[16].

Prolactinomas

Sparsely granulated lactotrophs are hypothetically actively
synthesizing prolactin, while the bigger densely granulated
cells are storing it [41]. The majority of prolactinomas are
sparsely granulated, respond to dopamine agonist treatment,
and generally have a good prognosis [3]. Densely granulated
prolactinomas are rare (0.3 % in the German Pituitary Tumor
Registry [42]), present with diffuse PRL immunoreactivity,
and are mainly found in male patients with aggressive tumors.

They are frequently resistant to dopamine agonist treatment
[43, 44].

Corticotrophinomas

Contrary to GH- and PRL-secreting tumors, the 2004 WHO
classification does not classify corticotrophinomas according
to granulation. Nevertheless, electron microscopy and low
molecular weight keratin (LMWK)-CAM5.2 staining (of ker-
atins 7 and 8) shows perinuclear bundles of cytokeratin fila-
ments and distinguishes corticotrophinomas into densely
granulated and sparsely granulated [45]. Densely granulated
corticotroph tumors are morphologically similar to the normal
corticotrophs, present with strong and diffuse ACTH immu-
noreactivity, and are the most common cause of Cushing’s
disease. Sparsely granulated corticotrophinomas are usually
low secreting macroadenomas that are associated with the
development of Nelson’s syndrome after bilateral adrenalec-
tomy [3].

Crooke’s cell adenoma is a very rare and atypical form of
corticotrophinoma that shows accumulation of hyaline mate-
rial in the cytoplasm. This corticotrophinoma subtype may be
endocrinologically active, is characterized by an aggressive
and invasive behavior, and is very difficult to manage by sur-
gery and radiotherapy [46]. It also stains strongly with the
CAM5.2 antibody and shows a characteristic intense ring-
like pattern, while electron microscopy shows dense presence
of perinuclear keratin [47].

Silent corticotrophinomas are ACTH immunopositive tu-
mors that are not accompanied by physical and biochemical
signs of cortisol excess [48, 49]. They are also divided into
densely granulated (subtype 1) and sparsely granulated (sub-
type 2) that is characterized by large cells and is invasive to the
cavernous and sphenoid sinus [50].

Granulation Patterns in Other Pituitary Tumor Types

TSH-secreting pituitary adenomas or thyrotrophinomas are
sparsely granulated with the secretory granules scattered into
the cell periphery [51]. Null cell adenomas that do not stain for
any of the pituitary hormones also present with few secretory
granules [52]. Gonadotrophinomas are characterized by
smaller number and size of secretory granules compared to
the non-tumorous gonadotroph cells, which may explain the
lack of gonadotrophin hormone excess and endocrine pheno-
type (clinically inactive) in patients bearing these tumors [52].

Conclusion and Critical Outlook of Granulation
as Diagnostic Tool

The clinical importance of granulation pattern as diagnostic
tool is more evident in acromegaly in regard to treatment
response [53]. Sparsely granulated GH- and PRL-secreting
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pituitary tumors are usually resistant to somatostatin analog
and dopamine agonist treatment, respectively, aggressive and
more difficult to manage. Accordingly, the granulation pattern
may be taken into consideration when deciding treatment
options.

Special Adenoma Subtypes

By definition, null cell adenomas are endocrine inactive ade-
nomas without expression of pituitary hormones. Adenoma
cells are small or medium-sized and chromophobic.
Ultrastructurally, the cytoplasma is poor in organelles show-
ing sparse small secretory granules [24]. Few null cell adeno-
mas strongly express alpha-subunit (alpha-subunit only
adenomas) [54] but this is not a special adenoma type in the
WHO classification. The same is true for the oncocytic ade-
noma. This is an inactive adenoma composed of oncocytic
tumor cells characterized by huge amounts of slightly pleo-
morphic mitochondria in the cytoplasm as seen in the electron
microscope [55] whereas in the light microscope, an enlarged
slightly eosinophilic cytoplasm with cloudy granular struc-
tures is demonstrable. Nowadays, the oncocytic character
can be identified by immunostaining with antibodies against
mitochondrial proteins [56]. Not only null cell adenomas but
also FSH-LH adenomas, GH adenomas, and TSH adenomas
can contain oncocytic parts [56] but are never totally com-
posed of oncocytes. The acidophil stem cell adenoma [25] is
a kind of oncocytic adenoma [57], too, due to its high amounts
of mitochondria.

Crooke’s cell adenomas is a special type of ACTH adeno-
ma composed nearly completely of Crooke’s which are de-
fined as ACTH cells suppressed by high levels of cortisol and
found in the tumor-free pituitary in Cushing’s syndrome [58].
Crooke’s cell adenomas show large cells with a typical hyaline
ring, paranuclear vacuoles, and a peripheral PAS positive
granulation. Ultrastructurally, the hyaline ring is composed
of densely arranged cytofilaments, whereas the vacuoles are
large lysosomes. Thirty-five percent of these adenomas are
clinically inactive, whereas 65 % are hyperactive in Morbus
Cushing [59]. Eighty-one percent of Crooke cell adenomas
are macroadenomas and 72 % invasive. Recurrences develop
in 60 % [59].

Acidophil stem cell adenomas (see above) induce a
hyperprolactinemia and in some cases a mostly slight acro-
megaly [60]. All are macroadenomas and invasive [4, 57]. It
is, therefore, a member of the group of aggressive adenomas
[2, 57]. They are ultrastructurally characterized by giant mito-
chondria and fibrous bodies [25].

Silent subtype 3 adenomas are also aggressive invasive
macroadenomas. They are definitively endocrine inactive
but may show a slight hyperprolactinemia. The light micro-
scopic structure [25] shows large chromophobic cells in dif-
fuse arrangement. Some blotchy acidophilia and PAS positive

granulation can be seen. Immunostainings [25] reveal mostly
hormone-negative parts but also areas with GH-, Prolactin- or
TSH-positive cells. ACTH-, FSH- or LH-positive cells are
rarely found. The amount of Prolactin-positive cells does not
correlate to the level of hyperprolactinemia. For an unequiv-
ocal evidence of this adenoma type, electron microscopy is
necessary (see above).

Atypical and Aggressive Adenomas

Introduction

The 2004 WHO classification of pituitary adenomas [1] dif-
ferentiates three histopathological grades, namely typical ad-
enomas, atypical adenomas, and pituitary carcinomas [1]. The
classification reflects the different biological behavior of pitu-
itary adenomas. The typical adenoma is considered a benign
and slow-growing tumor. Pituitary carcinomas show signs of
malignant behavior and are defined by metastatic deposits
through systemic spread or dissemination along the cerebro-
spinal fluid pathways. Pituitary carcinomas account for less
than 1 % of pituitary adenomas [42].

Atypical adenomas represent an intermediate biological
type. It is intended to summarize in this category those ade-
nomas with uncertain behavior that might show a more ag-
gressive behavior, an increased growth potential, and a higher
likelihood of recurrence. In the German Pituitary Tumor
Registry, 2.7 % of the adenomas were classified as atypical
[42]. Others [61] reported on 15% atypical adenomas. In their
study, invasive character was not included as a criterion for the
atypical adenomas.

The WHO classification uses the cell cycle markers Ki-67
and p53 for assessing proliferative potential of pituitary ade-
nomas. Atypical adenomas are defined by a Ki-67 labeling
index >3 %, an excessive p53 immunoreactivity and an in-
creased rate of mitoses [1]. In addition, an invasive adenoma
growth is a prerequisite for the classification as atypical
adenoma.

Proliferation Markers: Ki-67 Labeling Index

Ki-67 is a cell cycle specific antigen, which is expressed in the
proliferative phases of the cell cycle but not in the quiescent
G0 phase. The monoclonal antibody MiB-1 is used for immu-
nohistochemical staining for Ki-67. Ki-67 is a measure of the
cellular growth fraction. Ki-67 labeling index and MiB-1 la-
beling index are used in a synonymous manner.

Sufficient evidence is provided in the literature to allow the
conclusion that a high Ki-67 labeling index is significantly
correlated to a more aggressive behavior of pituitary adeno-
mas and to a higher propensity to recur [62–64]. Recent pub-
lications with large case numbers are particularly confirmatory
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[65–67]. As this correlation was not uniformly found in all
studies, it has been suggested that Ki-67 alone has limited
prognostic ability to predict recurrence accurately and the
combination with other biological markers may be more
promising [68].

A few studies have assessed the growth velocity of pitui-
tary adenomas and found a positive correlation with Ki-67
labeling index [69–71]. However, if fast- and slow-growing
adenomas are compared, a significant overlap of Ki-67 label-
ing index is observed. Hence, the predictive value of Ki-67
labeling index for the growth rate in an individual case is low.
Hsu et al. [72] examined postoperative adenoma progression
and found a correlation of tumor volume doubling time
(TVDT) and Ki-67 labeling index among progressive adeno-
mas. Interestingly, mean Ki-67 labeling indices were only
slightly higher in progressive adenomas as compared to non-
progressive adenomas.

A correlation of pituitary tumor subtypes with their hor-
mone production and Ki-67 labeling index is not clearly
established and the data from the literature are controversial
[68, 73].

A cut-off level of 3 % has been adopted in the WHO clas-
sification [1]. However, cut-off values for Ki-67 labeling in-
dex in pituitary adenomas are a matter of debate [73]. By far,
lower cut-off value has been proposed and a rapid decrease of
sensitivity for predicting recurrence with increasing cut-off
values has been reported [10, 62, 65, 70, 72]. Righi et al.
[10] have shown that a Ki-67 labeling index >3 % is associ-
ated with a low sensitivity for predicting recurrence or pro-
gression of adenomas. Gejman et al. [62] have stressed that
the assessment of the Ki-67 labeling index is subject to a
number of variables and discrepancies are explained by meth-
odological differences. The mean values of Ki-67 labeling
index reported in different studies on pituitary adenomas var-
ied from 0.84 to 2.72 [72]. Salehi et al. [73] have reviewed the
role of Ki-67 in pituitary adenomas and concluded that uni-
form definitions and methods, as well as new markers, are key
to improved treatment of pituitary tumors.

Expression of p53

p53 is a tumor suppressor protein encoded by the TP53 gene
[74]. P53 has a low level of expression in normal cells. P53
immunostaining detects both mutated p53 protein and wild-
type p53 protein. Whether p53 overexpression in pituitary
adenomas is caused by TP53 gene mutation resulting in mu-
tated p53 protein or is caused by dysregulation of wild-type
p53 protein is still unsettled [75]. The significance of p53 for
predicting progression and recurrence is not as clear as for Ki-
67. While some studies have shown that excessive p53 immu-
noreactivity is a significant predictor for increased prolifera-
tion and recurrence [66, 73] in pituitary adenomas, other stud-
ies have not confirmed this finding [62, 65]. Therefore, the

relevance of p53 expression as a marker of recurrence has
been questioned [73]. It has been shown that the use of Ki-
67 labeling index alone is equal in discriminating recurring
and non-recurring adenomas compared to the application of
all three parameters for proliferation that are used in the cur-
rent WHO classification for discriminating typical from atyp-
ical adenomas [67]. Due to methodological differences among
centers, a well-defined cut-off is not provided in the WHO
classification.

Mitotic Activity

The prognostic value of a higher mitotic activity for the bio-
logical behavior of pituitary adenomas has not been sufficient-
ly investigated. In the large study by Lee et al. [66], the mitotic
index failed to reach significance for predicting recurrence.

Additional Biological Markers

The role of cell cycle regulators for growth of pituitary ade-
nomas has also been examined. In the study of Lee et al. [66],
normostaining for p16 and overstaining for pRB protein and
cyclin D1 predicted recurrence in functioning pituitary adeno-
mas. Salehi et al. [73] reviewed the biomarkers in pituitary
adenomas for various cellular processes, including cell-cycle
progression, cell proliferation, apoptosis, cell adhesion, and
tumor vascularity. Some markers, such as fibroblast growth
factor, fibroblast growth factor receptor and matrix metallo-
proteinases, were found to be promising for identification of
pituitary tumors with aggressive behavior.

Invasion

In the 2004 WHO classification, the invasive behavior in pi-
tuitary adenomas is ill-defined. Invasive behavior can be
assessed by histological [76] or radiological criteria [66] by
the surgeon’s intraoperative impression [77]. Due to applica-
tion of different criteria for invasion, the clinical significance
of invasive character as reported in the literature has to be
considered in a differentiated manner.

It has been clearly shown that the radiological criteria of
invasiveness strongly correlate with surgical outcome in terms
of persistence in functioning adenomas and in terms of recur-
rence [65–67, 78]. A high Knosp grade [79] for cavernous
sinus invasion has been found a highly significant and inde-
pendent factor for recurrence of pituitary adenomas [65, 66].
Major cavernous sinus invasion prohibits gross total tumor
removal and effects residual adenoma on postoperative MRI.
It is obvious that recurrence is likely under these circum-
stances as compared to enclosed adenomas that can be radi-
cally resected.
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The surgeon’s intra-operative impression is subjective and
should not be used alone for defining invasive adenoma
growth.

The dura invasion is difficult to assess. Usually, only a
small central specimen of the basal dura can be collected for
histopathological examination at the stage of opening the pi-
tuitary fossa during transsphenoidal surgery. It is even not
representative for the whole basal dura. The major site of dura
invasion is the medial wall of the cavernous sinus which is
usually not accessible for biopsy or biopsy is associated with a
risk of surgical morbidity. Only few centers systematically
provide specimens of the dura for histopathological examina-
tion. Meij et al. [76] assessed the long-term significance of
microscopic dural invasion in 354 patients treated for pituitary
adenomas by transsphenoidal surgery. In their study, recur-
rence rate was not related to dural invasion in a consistent or
significant fashion.

Most publications are divided into the two categories—
invasive or non-invasive. This approach oversimplifies the
clinical implications. Circumscribed invasion at one site (f.e.
one-sided cavernous sinus invasion or sole sphenoid sinus
invasion) might still be accessible to complete surgical resec-
tion or residual adenoma at this site might be sufficiently
treated by single-shot radio-surgery. Invasion at two sites
(f.e. bilateral cavernous sinus invasion) is by far a greater
clinical challenge and disease control is impeded. Some ade-
nomas even show general invasive character with involve-
ment of all contiguous structures (cavernous sinus, sphenoid
sinus, clivus).

Correlation of Invasion and Tumor Size with Proliferative
Activity

It is still a controversial issue, whether an increased prolif-
eration as indicated by high Ki-67 LI and high p53 expression
is correlated to invasive growth behavior of pituitary adeno-
mas [61, 68]. Several publications show a correlation of pro-
liferation and invasion [61, 75, 80], while many other publi-
cations do not find an association and claim that proliferation
and invasive behavior are independent properties of pituitary
adenomas [67, 70, 81]. Furthermore, no correlation between
growth velocity as a direct measure of proliferation and cav-
ernous sinus invasion has been found [70, 71].

Proliferative activity is not clearly correlated to tumor size
[73, 81, 82]. Even in giant adenomas, mitotic rates, p53 ex-
pression, and Ki-67 labeling indices were only found mini-
mally increased [83]. On the other hand, incidentalomas in the
microadenoma stage are less likely to grow during observa-
tion than macroadenomas.

Aggressive Adenomas

Aggressive pituitary adenomas are considered a clinical subset
of adenomas with frequent recurrence and resistance to

conventional therapy [84]. A significant number of aggressive
adenomas have been shown to be responsive to temozolomide
chemotherapy [84]. The WHO classification does not provide
an accurate correlate for clinically aggressive adenomas [85]
as many atypical adenomas do not behave aggressively. Mete
et al. [74] claim that the histological subtypes of pituitary
adenomas remain the best independent predictor of aggressive
behavior with sparsely granulated somatotroph adenomas,
densely granulated lactotroph adenomas, acidophil stem cell
adenomas, thyrotroph adenomas, sparsely granulated
corticotroph adenomas, Crooke cell adenomas, silent subtype
3 adenomas, and null cell adenomas being associated with
aggressive behavior.

Proposals to Improve the Classification

The major shortcoming of the currently valid WHO
classification is the linkage of proliferation parameters
and evidence of invasion for defining Batypical
adenomas.^

There are two scenarios where an aggressive adenoma can
be missed by the current criteria for atypical adenomas:

1. If an adenoma exhibits major invasive behavior, a surgical
cure is impossible and the adenoma is prone to recur even
if the Ki-67 labeling index is low.

2. If an adenoma exhibits a high proliferation index and is
fast growing and aggressive, the absence of invasive char-
acter defines the adenoma as a typical (i.e., totally benign)
adenoma.

Based on the French collaborative study on prognostic fac-
tors of pituitary tumors, Trouillas et al. [67] have proposed a
new 5-grade classification for pituitary adenomas:

& Grade 1a: non-invasive tumor
& Grade 1b: non-invasive and proliferative tumor
& Grade 2a: invasive tumor
& Grade 2b: invasive and proliferative tumor
& Grade 3: metastatic tumor

They provide the following modifications of the current
WHO classification:

1. Invasiveness and proliferation are uncoupled.
2. They have more clearly defined invasion:

& Histological and/or radiological (MRI) signs of cav-
ernous sinus or sphenoid sinus invasion.

3. A more precise and dichotomous evaluation of prolifera-
tion parameters is provided:
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Proliferation is considered on the presence of at least
two of the three criteria:

& Ki-67 labeling index: >1% (Bouin-Hollande fixative)
or >3 % (formalin fixative)

& Mitoses: n >2/10 HPF
& P53: positive (>10 strongly positive nuclei/10 HPF)

Based on the above mentioned data, we suggest the
following modifications for grading of pituitary
adenomas:

1. Invasiveness is only based on radiological criteria.
2. Invasive character is regarded more differentially and di-

vided into three grades:

& Non-invasive
& Invasion at one site (i.e., cavernous sinus, sphenoid

sinus, or clivus)
& Invasion at two or more sites (bilateral cavernous si-

nus invasion included)

3. With the current WHO classification [1] and with
the classification of Trouillas et al. [67], a definite
histopathological diagnosis is only available, if the
clinician and neuroradiologist provide the informa-
tion of invasive character [86]. We recommend that
the proliferation grade is provided independent from
clinical data. It allows a pure histopathological clas-
sification differentiating non-proliferative (grade 1)
and proliferative (grade 2) adenomas. The radiolog-
ical information should be provided separately (f.e.
with an alphabetic character). With this modifica-
tion, histopathological classification without infor-
mation on invasiveness can be provided.

Recommended Classification

Grade 1: Non-proliferative adenoma

& 1a: noninvasive
& 1b: invasion at one site
& 1c: invasion at two or more sites

Grade 2: Proliferative adenoma

& 2a: invasion at one site
& 2b: invasion at one site
& 2c: invasion at two or more sites
& 2d: pituitary carcinoma

The 2004 WHO classification defines atypical adeno-
mas in the presence of increased proliferation markers
(Ki-67 LI, p53 expression, mitosis rate) and invasive
growth. The proliferation markers are considered predic-
tive for progression and recurrence of pituitary adeno-
mas reflecting uncertain or more aggressive adenoma
behavior. Sufficient evidence exists for Ki-67 while the
usefulness of p53 as a marker for progression and re-
currence has been questioned. These markers are best
established and widely used. However, the sensitivity
and specificity of each marker for predicting enhanced
growth of pituitary adenomas is limited. It is paramount
to standardize the methods and the criteria for interpre-
tation of proliferation markers. This is a prerequisite for
reliable and comparable classification of pituitary
adenomas.

Further promising molecular markers have been iden-
tified that might supplement or replace the currently
used proliferation parameters. In particular, markers that
reliably predict clinically aggressive pituitary adenomas
are urgently needed.

Invasive character is an important predictor both for
immediate surgical outcome and for risk of recurrence.
The prognostic value of radiological criteria is superior
to microscopic criteria. The invasive behavior has far-
reaching implications for the clinical management and
for follow-up schedules in pituitary adenomas.

Increased proliferation potential and invasive growth
pattern have to be considered as independent qualities
of adenomas. Therefore, both qualities should not be
intermingled in a histopathological classification system.
For improvement of the WHO classification, we propose
to provide the proliferative potential and the invasive
character separately.
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