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Pituitary tumors are very complex and heterogeneous and have a very wide range of
proliferative and aggressive behaviors, and how to define and classify these tumors
remains controversial. This review summarizes the epidemiology and progress in the
classification and definition of pituitary tumors, as well as controversial issues. Based on
the results of radiologic and autopsy studies, the prevalence of pituitary tumors has
recently increased significantly. However, the majority of pituitary tumors are incidentally
discovered and asymptomatic, and such tumors are called pituitary incidentalomas. Most
of these incidentalomas do not induce symptoms, remain stable in size, and do not need
treatment. The recent revised classification strategies mainly depend on
immunohistochemistry (IHC) to detect pituitary hormones and pituitary transcription
factors; therefore, the accuracy of diagnosing pituitary tumors has improved. Although
new classification strategies and definitions for pituitary tumors have been presented,
there are still some controversies. The term pituitary neuroendocrine tumor (PitNET) was
proposed by the International Pituitary Pathology Club, and this terminology can
encompass the unpredictable malignant behavior seen in the subset of aggressive
pituitary adenomas (PAs). However, some endocrinologists who oppose this change in
terminology have argued that the use of tumor in the terminology is misleading, as it gives
PAs a harmful connotation when the majority are not aggressive. Such terminology may
add new ambiguity to the origin of PAs and unnecessary anxiety and frustration for the
majority of patients with benign PAs. The classification of aggressive PAs mainly relies on
subjective judgment of clinical behavior and lacks objective biomarkers and unified
diagnostic criteria. However, the term “refractory” could more accurately represent the
characteristics of these tumors, including their clinical behaviors, radiological features, and
pathologic characteristics. Moreover, the diagnostic criteria for refractory PAs are stricter,
more objective, and more accurate than those for aggressive PAs. Early identification of
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patients with these tumors through recognition and increased awareness of the definition
of refractory PAs will encourage the early use of aggressive therapeutic strategies.
Keywords: pituitary tumors, definition, classification, management, China Pituitary Adenoma Specialist Council
INTRODUCTION

Pituitary tumors arise from anterior pituitary cells, most of
which are generally benign tumors and are classified as
pituitary adenomas (PAs); only 0.1–0.2% of tumors present
craniospinal or systemic metastasis, and these tumors are
known as pituitary carcinomas (PCs) (1). Although the
classification of pituitary tumors has been modified
significantly in recent years, there are still some controversies
(2, 3). The China Pituitary Adenoma Specialist Council (CPASC)
established in 2012 includes experienced neurosurgeons,
endocrinologists, pathologists, radiologists, and scientists. To
introduce newer concepts into the classification and definition
of pituitary tumors, the CPASC has summarized the recent
advances and controversial issues in the classification and
definition of pituitary tumors. This short review presents the
epidemiology, new classification strategies, and new definitions
of pituitary tumors, as well as controversial issues.
PREVALENCE AND INCIDENCE
OF PITUITARY TUMORS

Pituitary tumors account for approximately 10–15% of all
intracranial neoplasms and are the second most common
primary brain tumors in humans (4). A meta-analysis of
autopsy and imaging evaluation studies found an overall
estimated prevalence of PAs of 16.7% (14.4% in autopsy studies
and 22.5% in radiologic studies) (5). With the wide application of
magnetic resonance imaging (MRI), the prevalence of PAs has
increased significantly in the last 10 years. According to the
results from several cross-sectional community-based studies,
the prevalence of PAs varies from 78 to 116 per 100,000
individuals (6–9). However, a majority of adenomas are
incidentally discovered and asymptomatic, and such tumors are
called pituitary incidentalomas. Currently, the accepted definition
for a pituitary incidentaloma is an unexpected pituitary/sellar
lesion discovered on an imaging study performed for an unrelated
reason (10). The prevalence of pituitary incidentalomas is rather
high, and a previous autopsy series revealed a mean prevalence of
10.7%, with the frequency of identified pituitary incidentalomas
ranging from 1.5 to 31% (11). A retrospective analysis of 353
patients from one institution reported that pituitary
incidentalomas represented 12% of all pituitary tumors (12).
The majority of pituitary incidentalomas are non-functioning
adenomas that do not induce symptoms and remain stable in size
over long-term follow-up and therefore do not need treatment
(13). Only approximately 11–13.3% of pituitary incidentalomas
will increase in size and need therapeutic intervention (13, 14).
Within one million people, approximately 100,000 harbor PAs;
n.org 2
however, only 0.1% of these PAs cause clinically significant health
problems (15). Among patients with PAs who experience
significant clinical health issues, 68.4% of them (range, 62.2–
77.3%) are female, and 47.8% (range, 41.3–56.9%) have
macroadenomas at diagnosis (16). Prolactinomas are the most
prevalent (32 to 66%), followed by non-functioning adenomas
(NFPAs) (14 to 54%), acromegaly (8 to 16%), Cushing’s disease (2
to 6%), thyrotropin-secreting adenomas (less than 1%), and the
very rare PCs (0.1 to 0.2%) (17, 18).
ADVANCES IN THE CLASSIFICATION AND
DEFINITION OF PITUITARY TUMORS

Pituitary tumors are divided into PAs and PCs based on whether
they show cerebrospinal and/or systemic metastasis. Before the
release of the 4th edition of the World Health Organization
(WHO) guidelines for the classification of pituitary tumors in
2017, PAs were classified as invasive or non-invasive, typical, or
atypical, and aggressive or non-aggressive PAs according to their
radiological characteristics, pathologic features, and clinical
behavior (19). In the 4th edition of the guidelines for the
classification of pituitary tumors, the term “atypical adenoma”
was abandoned due to the lack of sufficient evidence that poor
prognosis can be predicted by only pathological markers (20).
Another main change is the introduction of a cell lineage-based
classification strategy for PAs, including classification according
to pituitary adenohypophyseal cell lineage and hormones
production (21). The new classification strategy for PAs has
abandoned the concept of “a hormone-producing pituitary
adenoma” and adopted a pituitary adenohypophyseal cell
lineage-based strategy to classify PAs. In the new classification,
in addition to immunohistochemistry (IHC) analysis to detect
hormones, IHC to detect transcription factors is required and
prioritized to classify PAs, but routine ultrastructural
examination is not required for these tumors (2).

Most PAs are considered benign tumors, but approximately
10% of them have aggressive behavior and are refractory to
conventional therapy. The definition of aggressive PAs has also
been modified in the 4th edition of the classification of pituitary
tumors. According to the recent Clinical Practice Guidelines
issued by the European Society of Endocrinology, aggressive PAs
are tumors that are radiologically invasive and have an unusually
rapid growth rate or clinically relevant tumor growth despite
optimal standard therapies (surgery, radiotherapy, and medicinal
treatments) (22).

This new classification scheme also recognizes some subtypes
of pituitary tumors as “high-risk Pas,” which include sparsely
granulated somatotroph adenomas, lactotroph adenomas in men,
silent corticotroph adenomas, Crooke’s cell adenomas, and
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plurinominal Pit-1-positive adenomas (23). Most of these “high-
risk PAs” are invasive, large macroadenomas with a high Ki-67
proliferation index; in addition, they are usually difficult to
completely resect and tend to have a high recurrence rate after
surgery (24).

Compared with the previous WHO 2004 classification
guidelines for pituitary tumors, the 2017 WHO classification
guidelines are more practical because they enable an accurate
diagnosis mostly based on the levels of pituitary hormones,
pituitary transcription factors, and other commonly used
markers (detected by IHC). A good correlation between the
subtypes and pathological features and clinical outcomes has also
been shown, which contributes to our understanding of the
clinicopathological characteristics of pituitary tumors.
CONTROVERSIES IN THE
CLASSIFICATION AND DEFINITION
OF PITUITARY TUMORS

Pituitary tumors are a group of tumors with complex and
heterogeneous clinical features, including a very wide range of
proliferative and aggressive behaviors. Some pituitary tumors are
asymptomatic and remain stable in size for a long time, whereas
other aggressive PAs grow rapidly and are refractory to
conventional treatments. Some pituitary tumors are small in
size but have severe systemic metabolic abnormalities caused by
excessive secretion of pituitary hormones, whereas others are
massive, invasive adenomas that cause local mass effects but do
not show excessive hormone secretion. Thus, it is difficult to
classify these complex pituitary tumors. Although the new
classification and definition strategies for pituitary tumors have
been significantly modified, there are still some controversies.

The term “pituitary adenoma” has been used to define a
benign pituitary tumor for approximately a century. However,
“adenoma” does not represent the malignant characteristics of
aggressive PAs, such as invasion of nearby anatomical structures,
rapid growth, non-response to conventional treatments, and early
postoperative recurrence. More recently, a proposal to change the
terminology from PA to pituitary neuroendocrine tumor
(PitNET) was proposed by the International Pituitary Pathology
Club (25). They argued that the term “PitNET” instead of
“adenoma” permitted variability in biological behavior and
aligned these tumors with the terminology used for other
neuroendocrine tumors. Subsequently, the European Pituitary
Pathology Group endorsed the term PitNETs and developed a
practical recommendation for standardized reports and
diagnostic algorithms for PitNETs (26). Trouillas and
colleagues also believe that PitNETs more closely reflect the
variability of pituitary tumor behavior (with invasiveness linked
to a higher risk of recurrence) and that the new terminology may
suggest new strategies for the early identification and
management of the most aggressive tumors (27). Although a
large majority of PitNETs behave as well differentiated and
benign neoplasms, the terminology of PitNETs not only reflects
more closely the variability of behavior of pituitary tumors, but
Frontiers in Endocrinology | www.frontiersin.org 3
also impact positively on clinical practice. In addition, the current
classification of the anterior pituitary adenomas does not
accurately reflect the clinical behavior including invasive PAs
that cannot be completely resected and aggressive PAs refractory
to therapy. Therefore, application of this term may open up new
strategies for the early identification and management of the most
aggressive forms. Therefore, they endorsed PitNET terminology
as well because it could positively impact clinical practice.

However, the PitNET terminology has caused a nomenclature
debate. Some endocrinologists who oppose this change in
terminology argue that the use of the term tumor is misleading,
as it gives PAs a negative connotation when the majority are not
aggressive (only a small subset of them are aggressive adenomas),
and true malignant PCs are extremely rare (28). They criticize
that the PitNET term encompasses tumors with unpredictable
malignant behaviors and that the PitNET terminology will
add new ambiguity to the origin of PAs and bring unnecessary
anxiety and frustration to patients with typical benign Pas (15).
Therefore, both the adenoma and PitNET terminologies
have their own pros and cons, and more research and
discussion are required to verify which is more representative
of the characteristics of pituitary tumors. To date, there is still
no consensus or consist terminology and definitions used for
these complex and heterogeneous pituitary tumors, and
more accurate terminology and definitions are needed to
appropriately represent the highly variable clinical features of
pituitary tumors.

Most PAs are benign and non-invasive adenomas that can be
cured by surgery or controlled by medicinal therapy, such as
dopamine-agonist therapy for lactotroph tumors. However,
approximately 35% of PAs have invaded into surrounding
anatomical structures and cannot be completely resected (19).
Moreover, approximately 10% of PAs with invasive
characteristics and unusually rapid growth rates recur multiple
times despite optimal administration of standard therapies, and
such tumors are defined as clinically aggressive Pas (29). Before
the release of the recent Practice Guidelines for aggressive PAs,
the definitions of “aggressive tumor” varied from a large invasive
pituitary tumor with rapid growth, to a tumor resistant to
conventional treatment, a pituitary tumor with early
recurrence despite gross-total resection, to a tumor with
malignant potential without metastasis, to a localized pituitary
carcinoma (30–32). Trouillas and colleagues demonstrated that
aggressive PAs and pituitary carcinomas are clinically
and histologically similar. Therefore, they suggested that
aggressive PAs are “tumors with malignant potential without
metastasis” and proposed that aggressive PAs and carcinomas
may be two sides of the same coin (32). Compared with
the various previous definitions for aggressive PAs, the
version recently proposed by the European Society of
Endocrinology is currently the most authoritative and
comprehensive (22). Although the definition of aggressive PAs
has been revised and modified repeatedly, there is still some
controversy and confusion.

Previously, radiological investigation was used to determine
the invasiveness of aggressive PAs; however, radiologically
March 2021 | Volume 12 | Article 604644
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determined invasion, based on preoperative MRI, is not always
consistent with intraoperatively observed invasiveness (33). The
Knosp classification is based on preoperative MRI and is most
widely used system to evaluate the invasiveness of Pas (34).
According to this classification system, Knosp grade 0–2 tumors
are non-invasive PAs, and Knosp grade 3–4 tumors are invasive
PAs. However, the MRI-based Knosp grade is often unreliable
for predicting intraoperative invasion in Knosp grade 1–3
microadenomas (35). A subset of MRI-based radiologically
invasive tumors is found to exhibit expansive growth without
cavernous sinus invasion on intraoperative inspection, whereas
some radiologically non-invasive tumors are found to have
cavernous sinus invasion during surgery. Therefore,
radiologically determined invasion cannot accurately represent
the invasiveness of aggressive PAs, and the term invasive should
consider both radiological and surgical findings.

Second, there is no uniform objective standard to identify the
unusually rapid tumor growth rate required in the definition of
aggressive PAs. Currently, physicians determine whether the
tumor is growing rapidly mainly based on their own subjective
experience, which may result in different clinicians having
inconsistent judgments for the same patient. Therefore, the lack
of objective and unified standards for identifying an unusually
rapid tumor growth rate can easily lead to inconsistent diagnoses
for the same patient with an aggressive PA.

Third, the diagnosis of aggressive PAs mainly depends on
subjective judgment of clinical characteristics and lacks objective
biomarkers and unified diagnostic criteria. It is difficult for
inexperienced physicians to diagnose aggressive PAs early and
accurately. Therefore, some aggressive PAs are easily missed by
inexperienced physicians due to the lack of obvious diagnostic
markers and uniform objective criteria.

Therefore, the term “aggressive” is mainly applied based on
clinical behaviors rather than histological markers. The
definition of aggressive tumors does not accurately convey the
precise clinical and pathological features of “aggressive” tumors,
and there is no correlation between pathologic findings and the
clinical behavior of these tumors. Furthermore, there is no
biomarker used in the definition of “aggressive” that predicts
the aggressiveness of these tumors. In addition, the term
“aggressive” is frequently interpreted differently by individual
clinicians due to the lack of objective diagnostic markers and
uniform criteria. Moreover, the terms “invasive” and “aggressive”
are constantly interchangeably and synonymously used in some
studies. Thus, a more reasonable and comprehensive term or
definition is needed to properly convey the clinical, radiological,
and histological features of these aggressive PAs.

To address this situation, we proposed the term “refractory
PAs” to identify invasive-aggressive PAs with a high Ki-67 index,
rapid growth, early recurrence, and resistance to conventional
treatments (36). This definition was derived by summarizing the
clinical characteristics and pathological findings of a group of
patients with refractory PAs from Peking Union Medical College
Hospital (PUMCH). The diagnostic criteria for refractory PAs
were also proposed as follows: 1) tumor infiltration of adjacent
structures according to radiological results or intraoperative
Frontiers in Endocrinology | www.frontiersin.org 4
findings; 2) Ki-67 index greater than 3%, and growth velocity
greater than 2% per month; 3) failure of current treatments to
control tumor growth and/or hormonal hypersecretion; and 4)
tumor recurrence within 6 months after surgery (37). Although
the term “refractory” has caused some controversy (38), it does
provide a more accurate definition and more objective diagnostic
criteria for these invasive-aggressive PAs.

Instead of “aggressive,” we prefer to use the term “refractory.”
Because the definition of “refractory” has several advantages
over “aggressive”.

First, although both the “aggressive” and “refractory”
definitions include invasive tumors, the “aggressive tumor”
definition only mentions radiologically invasive tumors, which
is not comprehensive or accurate. In the diagnostic criteria for
“refractory tumors,” tumor infiltration into adjacent structures
according to radiological results or intraoperative findings is
used to determine the invasiveness of tumor, which is more
comprehensive than the term “radiologically invasive tumor”
used in the definition of “aggressive tumors.”

Second, Ki-67 >3%, as an objective biomarker, is used to
diagnose refractory PAs, which provides an objective biomarker
for these tumors. Although most studies have demonstrated that
Ki-67 >3% predicts more aggressive tumor behavior, no firm
consensus on the precise cutoff value has been reached (39).
Therefore, the use of a cutoff value >3% for Ki-67 to distinguish
refractory PAs from benign PAs is still controversial; however,
such a cutoff does help physicians distinguish refractory PAs
from benign PAs.

Third, a rapid tumor growth rate is mentioned in both the
“aggressive” and “refractory” tumor definitions, but the
“aggressive” tumor definition does not provide an objective
and precise value indicating rapid growth. In the diagnostic
criteria for “refractory” tumors, a growth rate >2% per month is
used to define rapid growth of tumors. Although the growth
rate >2% per month criterion was determined based on the
summarized findings of a series of patients with refractory PAs at
PUMCH, and its validity as a marker remains to be confirmed, it
indeed provides an objective reference for an unusually rapid
tumor growth rate. Further research is needed to explore a more
acceptable cutoff value for identifying rapid growth to distinguish
refractory PAs from benign PAs.

Fourth, early recurrence (6–12 months postoperatively) is
another important feature of aggressiveness characterizing
the behavior of aggressive/refractory PAs, whereas typical
benign adenomas may develop recurrence within 5–10 years
after initial treatment (40). Aggressive/refractory PAs are
usually resistant to conventional treatment and recur early
and multiple times despite optimal standard therapies.
However, early recurrence is not highlighted at all in
the definition of “aggressive” tumors. In the definition
of “refractory” tumors, tumor recurrence or regrowth within
6 months after surgery is used to distinguish refractory PAs
from typical benign adenomas. There is still no definite cutoff
value for identifying early tumor recurrence to distinguish
refractory PAs from truly benign adenomas, and the cutoff for
identifying early recurrence (<6 months postoperatively) is still
March 2021 | Volume 12 | Article 604644
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controversial (41). However, the use of the <6 months
postoperatively time for identifying early recurrence provides
an important reference for the early recognition and diagnosis
of refractory PAs.

In summary, the prevalence of pituitary tumors has recently
increased, but the majority of patients are asymptomatic and do
not need treatment. Although the revised classification strategy
for pituitary tumors is based on the levels of transcription factors
(determined by IHC) and is more practical and reasonable than
older strategies, there are still some controversies. The PitNET
terminology encompasses the unpredictable malignant behavior
seen in the small subset of aggressive adenomas. However, it
may add new ambiguity to the origin of PAs and unnecessary
anxiety and frustration to the majority of patients with
benign PAs. The definition of aggressive PAs mainly relies
on clinical behavior but lacks objective biomarkers and
unified diagnostic criteria. However, the term “refractory”
could accurately represent the characteristics of these
tumors, including clinical behaviors, radiological features,
Frontiers in Endocrinology | www.frontiersin.org 5
and pathologic characteristics. Moreover, the diagnostic criteria
for refractory PAs are stricter, more objective, and more accurate
than those for aggressive PAs.
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