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Current and proposed change
of classification

Anterior pituitary tumors arising from oral ectoderm-derived
differentiated hormone-expressing lineages are classified
according to cell type, size, location, secretory function
and neoplastic behavior. The pathological classification of
pituitary tumors has been driven by advances in physiology,
cell biology and genetics. Almost all pituitary adenomas
are benign neoplasms; extremely rarely, some may undergo
malignant transformation, metastasizing to extracranial
sites. An intermediate group of higher risk locally invasive
adenomas are described as ‘atypical’ or ‘aggressive’ based
on clinical features.

In the 2004 Classification of Endocrine Tumors, the
World Health Organization (WHO) defined this latter group
as atypical pituitary adenomas while retaining previous
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functional classification based on hormone immunohisto-
chemistry [1]. A modification to the classification of pitu-
itary adenomas was proposed in 2017 [2]. WHO recom-
mended that the term atypical pituitary adenoma be dropped
and that these higher risk adenomas be characterized by the
extent of proliferative and invasive markers. The 2017 WHO
also recommended that the functional classification based
on hormone production be replaced by cell lineage designa-
tion defined from the immunohistochemistry of expressed
pituitary transcription factors and hormones.

More recently, The International Pituitary Pathology
Club, a group of experienced pathologists, endocrinologists,
neurosurgeons, and scientists have proposed that pituitary
adenomas be designated as pituitary neuroendocrine tumors
(NETSs) [3].
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Why is a nomenclature change to NET
proposed?

The Club contends that “pituitary endocrine neoplasms
exhibit a spectrum of behaviors that are not entirely benign
and can cause significant morbidity, even when they are
not metastatic. Many are large and invasive neoplasms that
cause significant morbidity due to mass effects, with or with-
out hormone excess syndromes” [3]. They propose that “a
reclassification of these tumors to apply terminology that has
been widely accepted in other NETs.” The proposed argu-
ment is that:

(1) The word pituitary ‘adenoma’ be replaced by ‘tumor’
to recognize some similarity to extra-pituitary NETs
that may manifest unpredictable malignant behavior
among the most seemingly bland NE neoplasms;

(i) Pituitary hormone-producing cells are members of
the family of neuroendocrine cells and should be
renamed as pituitary NETSs.

This proposal has also received support from an Interna-
tional Agency for Research on Cancer in a WHO Consensus
Expert Panel Consensus proposal on a common classifica-
tion framework for neuroendocrine neoplasms [4].

This proposition, which is based on some similarity in
unpredictable proliferative behavior, seems reasonable at
first glance, especially for the small subset of aggressive
adenomas. However, further consideration raises important
questions as to whether a seemingly innocuous proposed
change in terminology intended to ‘simplify’ a field may
not necessarily fulfill the intention, and may, in fact, elicit
unintended anxiety-provoking consequences for patients.

Tumor and adenoma definitions

As defined by standard textbooks, a tumor is a non-specific
word connoting a neoplasm, an abnormal growth of cells,
which can either be benign or malignant. An adenoma is
a benign tumor arising from glands in epithelial tissue.
According to the Club proposal, the rationale for using
‘tumor’ is the recognition of similarities to NETSs in ‘unpre-
dictable malignant behavior.” However, tumor is a non-
specific term for a neoplasm. The connotation that tumors
harbor unpredictable malignant behaviors brings an unwar-
ranted change to a time-honoured definition.

Replacing ‘adenoma’ with ‘tumor’ creates additional ambi-
guity because it implies that pituitary adenomas do not nec-
essarily originate from the glandular structures of epithelial
tissues, evoking confusion and inaccuracies about their lineage
origin. If replacing adenoma with tumor is adopted, the pro-
posal not only embeds a sinister tone to neutral nomenclature
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but could also wrongly denote that pituitary neoplasms may
not arise from glandular epithelial tissue.

Classification

The Pituitary Pathology Club contends that ‘pituitary hor-
mone-producing cells are members of the family of neuroen-
docrine cells’ [3]. However, what constitutes an endocrine cell
or a neuroendocrine cell is not discussed nor is the hierar-
chal classification within the endocrine system. The proposed
classification as stated by the Pituitary Pathology Club is at
variance with that of The European Taskforce on Endocrine
Cancers. This group appropriately classifies tumors of the
pituitary, adrenal cortex, thyroid and parathyroid glands as
separate from ‘neuroendocrine cancers, which are, in turn,
classified as a subset of endocrine cancers (https://www.endoc
rinecancer.eu/en/pages/statement).

The 2000 WHO Histological Typing of Endocrine Tumors
refers to endocrine tumors of the adenohypophysis, adrenal
cortex, adrenal and extra-adrenal paraganglia, parathyroid
glands, pancreas, and gastrointestinal tract [5]. The term neu-
roendocrine tumor is conspicuous by its absence in this his-
tological classification of endocrine tumors. In a 2004 review
of NETs encompassing tumors of extra-adrenal paraganglia,
parathyroid glands, pancreas, and gastrointestinal tract, the
authors argue for adoption of the neuroendocrine (rather than
endocrine) nomenclature because many endocrine tumors
share ‘a number of antigens with nerve elements’ that char-
acterize the neuroendocrine origin of the cells [6]. Pituitary
(and parathyroid) adenomas are appropriately not included
as NETs in this review.

According to the American Society of Clinical Oncology,
a NET arises from ‘specialized cells with traits of both hor-
mone-producing endocrine cells and nerve cells.” The Mayo
Clinic has a similar definition (https://www.mayoclinic.org/
diseases-conditions/neuroendocrine-tumors/symptoms-cause
s/syc-20354132). Both state that NETs can occur in any part
of the body but point to lungs, gastrointestinal tract, pancreas,
and adrenal glands as common sites with no mention of the
pituitary gland.

Clearly, there is lack of consensus and of consistency in
terminology and definitions of these loosely related tumors.
Self-driven proposals to change terms and definitions among
stakeholders without presenting an evidence-based case based
on cell biology, taxonomy, and clinical phenotype is producing
confusion and obfuscation surrounding the distinction between
endocrine and NETs.
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Pituitary adenoma behaviour

An argument to classify pituitary adenomas as NETs
evolved from dissatisfaction with the term ‘atypical
adenoma’ used then to designate a group of adenomas
manifesting unpredictable behavior and invasiveness. A
pertinent matter for supporting a terminology change is
the question as to how representative is so-called ‘NET’
behavior among pituitary neoplasms.

Unselected autopsy studies report a prevalence of pitui-
tary adenomas in about 10% of the population [7]. This
high prevalence is supported by imaging surveys with CT
[8, 9] and MRI [10], with one reporting a prevalence as
high as 40% [11] among unselected subjects. However,
the overwhelming number of pituitary adenomas detected
at autopsy are clinically inapparent, and do not cause
morbidity. Population-based studies report that approxi-
mately 1 in 1000 in the community suffer from clinically
significant health problems caused by pituitary adenomas
[12-14]. A survey in Belgium reported that approximately
56% of their patients with clinically relevant pituitary
adenomas undergo surgery [12]. What proportion of sur-
gically treated patients harbor ‘atypical’ adenomas that
demonstrate aggressive or invasive behaviour? The data
from 1139 patients from 5 centers demonstrate that about
10% of these tumors exhibit atypical behavior [15-19]
considered to possess NET-like characteristics [3]. Clas-
sical oncogene mutations have not been encountered [20]
and less than 0.2% of surgically-resected pituitary neo-
plasms are malignant [21].

What fraction of pituitary adenomas cause substantial
morbidity from invasive behavior? In a population of 1
million, approximately 100,000 harbor pituitary adenomas

Subclinical
99.9%

Clinically
Significant
0.1%

Fig. 1 Epidemiology of pituitary adenomas. Left panel, proportion
of pituitary adenomas causing clinically significant health problems
(0.1%) among all pituitary adenomas in the population. Right panel,
proportion of pituitary neoplasms causing clinically significant health

Non invasive
No surgery 44%

(10% prevalence). Of these, approximately 100 cause clini-
cally significant morbidity (prevalence 1:1000) [12—14], of
which about 56 (56%) go to surgery. Of these 56, 6 (10%)
are atypical. Thus, 6 of 100 clinically significant pituitary
adenomas and 6 of 100,000 pituitary adenomas manifest
behavior that are NET-like, giving a prevalence of 6%
and 0.006% respectively (Fig. 1). Furthermore, as prolac-
tinomas, the most prevalent pituitary secreting adenomas,
rarely undergo surgical resection, the true prevalence of
NET-like behavior is likely much lower.

Can a case be made for designating all pituitary adeno-
mas as NETs when only a very small fraction exhibits inva-
sive behaviors akin to those of extra-pituitary NETs? Is there
justification for designating the majority (94%) of clinically
significant non-invasive pituitary adenomas as NETs? It is
true that pituitary endocrine neoplasms exhibit a spectrum
of behaviors that are not entirely benign and may some-
times cause significant morbidity, even when they are not
metastatic. However, it is equally true that the vast majority
of pituitary adenomas (99.9%) are indolent, non-invasive
benign neoplasms.

Pituitary neuroendocrine tumors

As the neuroendocrine system is diffuse, tumors can arise
in almost any organ of the body, although most commonly
in the gastrointestinal and respiratory system. Intracranial
NETs are extremely rare, and of the eight reported, two are
NETs: of the pituitary and sellar region, and six of the skull
base [22]. The two reported pituitary NETs which caused
substantial parasellar, neuro-ophthalmic, central nervous
system symptoms exhibited pre-operative morbidity indistin-
guishable from a non-functioning pituitary macroadenoma

Caronoma

problems that do not require surgery (44%), the proportion requir-
ing surgery (56%), and within the surgically operated adenomas, the
proportions that are non-invasive (50%), atypical (6%), or cancerous
(1%)
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[22, 23]. These two tumors manifested high expression of
cytokeratins, synaptophysin, and chromogranin A with high
proliferative indices, fulfilling a histopathological diagnosis
of NETSs. These isolated case reports reinforce the rarity of
extra-gastrointestinal and respiratory NETs under the tradi-
tional classification while reaffirming invasive and aggres-
sive behavior.

Pituitary adenomas are a manifestation of multiple endo-
crine neoplasia type 1 (MEN1) along with parathyroid, car-
cinoid and pancreatic tumors. MEN1-associated pituitary
adenomas emerge earlier, are larger, more invasive, and
resistant to therapy [24]. Because of their syndromic link to
carcinoid and gastro-pancreatic NETs, can MEN1-associated
pituitary adenomas provide insights into refining the clas-
sification of pituitary adenomas?

What about other endocrine neoplasms?

If pituitary adenomas would be classified on the basis of
neuroendocrine-like behavior as proposed, should the same
classification also extend to other endocrine tumors, such
as those of the thyroid and adrenal cortex? Follicular thy-
roid adenomas are common but occasionally exhibit aggres-
sive and malignant behavior that cannot be predicted from
histological markers of proliferative activity. Like pituitary
adenomas, follicular thyroid neoplasms are classified as
invasive or malignant based on histological and clinical
findings. Similarly, adrenal cortical adenomas are common
and are mostly benign neoplasms. A minority exhibit inva-
sive and metastatic behavior similar to those of pituitary and
thyroid neoplasms. Like pituitary adenomas, some thyroid
follicular [25] and adrenal cortical neoplasms [26] express
neuron-specific enolase and synaptophysin, considered neu-
roendocrine features. Based on the Pituitary Pathology Club
suggestion, does the Club also propose that these tumors
therefore be reclassified as thyroid NETs (as distinct from
medullary thyroid carcinoma) and adrenal cortical NETs?

Perspective

Pathologists are invaluable members of an interdisciplinary
team that aims to provide optimal management for pituitary
neoplasms and related disorders [27]. Pathologists encounter
a fraction of pituitary adenomas, i.e., only those that undergo
surgery. Only a very small proportion of pituitary adeno-
mas including those identified radiologically as an incidental
finding ever end up under a microscope. There is a clear
selection bias in the ‘pathological’ degree of material that is
sent to the pituitary pathologist. The clinical epidemiology
does not support the claim by the Club that “many are large
and invasive neoplasms that cause significant morbidity”
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[3] or “that these tumors are recognized to have a high inci-
dence of invasion of surrounding tissues” [4]. In fact, the
contrary is true. Furthermore, health systems and patient
psychological consequences arising from a terminology
change to one that connotes a potentially grim prognosis
are enormous and concerning. Adopting a “NET” label for
these benign adenomas engenders significant and unneces-
sary patient anxiety and confusion. Pituitary adenomas are
still best comprehensively classified based on cell lineage,
transcription factor, and hormone expression, imaging char-
acteristics, biochemical hormone secretory profile, and most
importantly, clinical phenotype.

Simplification or confusion?

The Pituitary Pathology Club has argued a case for clas-
sifying all pituitary adenomas as pituitary NETs based on
the behavior of a very small subgroup that exhibit behavior
similar to those of extra-pituitary NETs.

The proposed change in classification by the Club creates
a number of untoward challenges:

(i) Gives tumor a sinister connotation and removes mean-
ingful information on its developmental origin;

(i) Does not address the distinction between an endocrine
cell and a neuroendocrine cell, possibly challenging
the hierarchal classification of tumors of the endocrine
system;

(iii) Asserts high-risk tumor behavior, despite that being
an extremely rare exception for the vast majority of
pituitary adenomas;

(iv) Has not addressed where very rare true NETs of the
pituitary, sellar, and skull base sit in the proposed clas-
sification;

(v) Ignores whether similar terminology should apply to
neoplasms in other endocrine organs, e.g., thyroid and
adrenal.

We agree with the Pituitary Pathology Club’s recogni-
tion of a small subgroup of high-risk adenomas that are
not entirely benign and the need to subclassify these. How-
ever, adopting the nomenclature as proposed can only bring
greater confusion. The proposed NET nomenclature does not
advance patient care, has little role in guiding decision-mak-
ing, and will likely lead to unnecessary patient concerns.
The field requires a clear articulation of what distinguishes
an endocrine tumor from a NET based on developmental
origin and taxonomy and a consistency across organs and
systems. The overwhelming majority of pituitary adenomas
do not behave like NETSs.

There is not yet a compelling case to call pituitary adeno-
mas other than what they are.
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