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Abstract
The vast majority of pituitary neuroendocrine tumors (PitNETs) are benign
and slow growing with a low relapse rate over many years after surgical resec-
tion. However, about 40% are locally invasive and may not be surgically
cured, and about one percentage demonstrate an aggressive clinical behavior.
Exceptionally, these aggressive tumors may metastasize outside the sellar
region to the central nervous system and/or systemically. The 2017 (4th Edi-
tion) WHO Classification of Pituitary Tumors abandoned the terminology
“atypical adenoma” for tumors previously considered to have potential for a
more aggressive behavior since its prognostic value was not established. The
2022 (5th Edition) WHO Classification of the Pituitary Tumors emphasizes
the concept that morphological features distinguish indolent tumors from
locally aggressive ones, however, the proposed histological subtypes are not
consistent with the real life clinical characteristics of patients with aggressive
tumors/carcinomas. So far, no single clinical, radiological or histological
parameter can determine the risk of growth or malignant progression. Novel
promising molecular prognostic markers, such as mutations in ATRX, TP53,
SF3B1, and epigenetic DNA modifications, will need to be verified in larger
tumor cohorts. In this review, we provide a critical analysis of the WHO guide-
lines for prognostic stratification and diagnosis of aggressive and metastatic
PitNETs. In addition, we discuss the new WHO recommendations for chang-
ing ICD-O and ICD-11 codes for PitNET tumor behavior from a neoplasm
either “benign” or “unspecified, borderline, or uncertain behavior” to “malig-
nant” neoplasm regardless of the clinical presentation, histopathological sub-
type, and tumor location. We encourage multidisciplinary initiatives for
integrated clinical, histological and molecular classification, which would
enable early recognition of these challenging tumors and initiation of more
appropriate and aggressive treatments, ultimately improving the outcome.
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1 | INTRODUCTION

Anterior pituitary gland neoplasms have been designated
as tumors more than a century ago [1, 2]. The terms

tumor and adenoma have been interchangeably used
through the time. Early on, both secretory and mass
effects of the adenohypophysial tumors were recognized
as it was “realized that the tumor need not necessarily be
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bulky but, quite to the contrary, striking clinical effects
might be produced by minute, symptomatically predict-
able adenomas” [3]. Although typically benign and treat-
able by surgery and pharmacological therapy, rare
adenohypophysial tumors may behave aggressively and
even metastasize. The term pituitary carcinoma has for
decades been used to designate anterior pituitary neo-
plasms spreading within or outside the central nervous sys-
tem [4]. Previously, the term “atypical adenoma” was
applied to adenohypophysial tumors showing increased
proliferation defined by increased mitotic account and
proliferative index Ki-67 as well as an extensive expression
of p53 by immunohistochemistry. [4] Since then a synony-
mous use of the histological term “atypical adenoma” and
the clinical term “aggressive adenoma” has frequently
raised confusion. Clinically aggressive PitNETs have been
defined as “large, radiologically confirmed invasive lesions
with an unusually rapid growth, or clinically relevant
growth despite optimal standard therapies” [5].

In the recent WHO classifications [4,6], the term
“atypical adenoma” has been abandoned, but precise des-
ignation of the clinically aggressive tumors is lacking.
Assessment of pituitary tumor staging/invasion, an
important feature of clinically aggressive PitNETs, is not
considered. Instead, certain histological subtypes have
been associated with potentially more aggressive behav-
ior. Of these, sparsely-granulated somatotroph tumors
may be more invasive and less responsive to standard
somatostatin receptor 2 (SSTR2) targeting medical ther-
apy, mostly related to the lower expression of SSTR2 on
tumor cells [7-10]. Silent corticotroph tumors develop at
younger age and demonstrate invasive growth and recur-
rence more frequently than silent gonadotroph tumors
according to some studies [11-14], but not others [15,16].
Experience with other “high-risk PitNETs” such as
immature PIT1 lineage PitNETs [17], Crooke cell [18],
and acidophilic stem cell tumors [19], is limited. Null-cell
tumors represent a controversial category [20] and it is
questionable whether aggressive tumors reported in the
literature as null-cell adenomas [21] fulfill the strict cri-
teria for being classified as PitNETs. The prognostic
value of the proposed “high-risk” histological subtypes
according to the WHO classifications has not been veri-
fied in larger studies of PitNETs with the exception of the
silent corticotroph tumors [11-16]. Recently, the addition
of “high-risk” PitNETs has been assigned as a risk factor
in a clinicopathological classification proposed by the
Pituitary Society [22].

From the aspects of pituitary tumor and neuroendo-
crine tumor biology, assessment of proliferative markers
such as mitotic count and Ki-67 index, seems more rele-
vant; however, no cut off levels were provided by the
2022 WHO classification [6]. Expression of the tumor
suppressor TP53 by immunohistochemistry has been
removed from the current classification as a criterium
suggestive of aggressiveness of PitNETs [6].
Although not a histopathological parameter, tumor inva-
siveness figures as a prognostic factor in the WHO

classification [6], and is an essential prognostic factor in
the five-tired classification proposed by Trouillas
et al [23]. However, uncertainty regarding the definition
of invasiveness in PitNETs and the fact that MRI infor-
mation on tumor invasiveness is usually not provided to
the pathologist limit the use of this parameter in routine
assessment. Moreover, the Trouillas classification [23]
well identifies tumors with high risk of recurrence after
surgery, but was not developed to identify the uncommon
aggressive and metastatic PitNETs.

Despite a broad integration of molecular pathology
in the classification of tumors of the central nervous sys-
tem, genetic factors have not yet been included in the
classification of PitNETs, even when their prognostic
value has been confirmed.

A terminology change from “pituitary adenoma” to
“pituitary neuroendocrine tumor/PitNET” was proposed
in 2017 by The International Pituitary Pathology
Club [24] and supported by the International Agency for
Research on Cancer (IARC) and an WHO expert
group [25]. The intention was to introduce a terminology
that reflects the biological nature of the anterior pituitary
neoplasms, and also covers the spectrum of phenotypes
from harmless intrasellar lesions to the aggressive, ther-
apy resistant and, in exceptional cases, metastatic neo-
plasms. This broad spectrum of behaviors has been
unfortunately not properly addressed by the international
coding agencies [25, 26] which resulted in controversial
coding of all PitNETs as malignant neoplasms, and also
discrepant coding through different WHO classifications
[6, 27, 28].

In this review, we will (1) provide an update on the
WHO classification of metastatic PitNETs, (2) discuss
pathological, molecular and clinical aspects of aggressive,
and metastatic PitNETs, and (3) give a critical view on a
controversial coding system applied to PitNETs in the
current WHO classification.

2 | CURRENT DEFINITION OF
METASTATIC PITUITARY
NEUROENDOCRINE TUMORS
ACCORDING TO THE WHO 2022
CLASSIFICATION

In the current WHO classification, the term pituitary
neuroendocrine tumor (PitNET) was proposed and the
designation metastatic PitNET introduced [6], although
the term pituitary carcinoma is still considered accept-
able. A main argument for terminology “metastatic Pit-
NET” instead of “pituitary carcinoma” is to avoid
confusion with neuroendocrine carcinoma, a term used
to designate a poorly differentiated epithelial neuroendo-
crine neoplasm in other organs. Metastatic PitNET is
defined as “A tumor of adenohypophysial neuroendocrine
cells that manifests metastatic disease to lymph nodes and
distant sites, or that has discontinuous spread through the
central nervous system”. Furtherly, “It also remains to be
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determined whether primary poorly differentiated pituitary
NENs exist that would qualify for classification as neuro-
endocrine carcinoma (NEC) based on the WHO/IARC
framework” [6].

There are no histological characteristics that indicate
metastatic potential in PitNETs. Although increased
mitotic activity and high Ki-67 proliferative index at ini-
tial or later surgeries suggest aggressive behavior, these
histological features do not predict metastatic dissemina-
tion. Moreover, tumors with benign histology and low
cell proliferation at the initial surgery may develop an
aggressive, and metastatic phenotype (Figure 1). In the
European Society of Endocrinology (ESE) surveys on
aggressive and metastatic pituitary tumors, proliferative
indices were highly variable. Ki-67 ≤ 3% at the first sur-
gery was observed in 15% of 150 patients [29]. Similari-
ties between aggressive and metastatic tumors regarding
proportion of corticotroph tumors, increased Ki-67 and
mitotic index as well as a relatively frequent p53 overex-
pression motivated proposal for the designation “pitui-
tary tumor with malignant potential without metastasis”
for aggressive PitNETs [30].

3 | GENETIC AND EPIGENETIC
FACTORS PREDICTIVE OF
AGGRESSIVENESS AND METASTATIC
POTENTIAL IN PitNETs

Molecular characterization of PitNETs has been instru-
mental for understanding and diagnostic application of

the terminal lineage differentiation of these tumors
[31–34]. However genomic, transcriptomic, and epige-
netic analyses of PitNETs have been of limited value in
predicting tumor behavior, mostly due to rarity of
aggressive and metastatic PitNETs and lack of studies on
the larger cohorts.

Recent studies have demonstrated that mutations in
the ATRX gene are associated with tumor aggressive clin-
ical behavior mainly in the corticotroph subtype [35, 36].
This assay has been applied in the routine work-up at
some pathology centers. Since the mutated ATRX pro-
tein is absent or modified and thus not recognized at
immunohistochemistry, a negative immunostaining can
be used as a simple screening method. In the lactotroph
tumors, SF3B1 mutations were recently shown to be
associated with aggressive behavior and metastatic dis-
semination [37–39]. An increasing number of publica-
tions have demonstrated TP53 gene mutations in
aggressive tumors, especially in the corticotroph [36, 40–
48], but also in the lactotroph tumors [39, 49]. However,
studies on TP53 mutational status in non-aggressive Pit-
NETs are rare [39, 47]. To our knowledge, TP53 muta-
tions have not been reported in benign tumor types,
except a single corticotroph tumor recently reported [39].
Since correlations between TP53 gene alterations and
immunohistochemical expression of the p53 protein
remain unclear, the prognostic value of p53 immunos-
taining is debated. Other genes reported altered in spo-
radic cases of aggressive and metastatic PitNETs are
CDKN2A/2B [36, 50, 51], PTEN [36, 52, 53], Rb [36,
54, 55], DAXX [43], reviewed and listed in tab. S1 in

F I GURE 1 Initial first surgery specimens from three different pituitary carcinomas showing a highly variable cell proliferation: A GH-PRL
producing carcinoma with no mitoses in haematoxylin-eosin staining (A) and a low Ki-67 index <1% (B), a corticotroph carcinoma with scattered
mitoses (C) and moderately elevated Ki-67 index 5%–8% (D), and a corticotroph carcinoma with high mitotic rate (E) and Ki-67 > 40% (F).
Hematoxylin–eosin microphotographs are taken with 400� magnification and Ki-67 immunostaining captured with 200� magnification. Mitoses are
highlighted with arrows.
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Burman 2023 [29]. USP8 is frequently mutated in benign
corticotroph tumors [31, 56–58], but rarely in their
aggressive or metastatic counterparts [45, 47, 59].

Differences in genome-wide DNA methylation and
proteomic profiling have recently been detected in non-
functioning tumors with and without postsurgical pro-
gression [60, 61]. However, methylation data on tumors
fulfilling the strict criteria for aggressiveness have not yet
been published.

Data on copy number variation (CNV) pattern and
aggressiveness are sparse. There is an association between
disrupted CNV and size and invasiveness, but not recur-
rence rate in corticotroph tumors [45]. Recently, genome
wide loss of heterozygosity was shown to correlate with
aggressiveness and therapy-resistance in a cohort of
26 aggressive and metastatic tumors, mostly of cortico-
troph type [39].

Interestingly, a single cell RNA sequencing study
revealed the presence of different cell subpopulations in
PitNETs according to their degree of differentiation—
well-differentiated and poorly-differentiated—within
their specific cell-lineage tumor subtype (PIT1, TPIT and
SF1 lineages). The differentiation status was related to
long-term recurrence in an independent cohort of
800 cases, including higher recurrence rates in both
poorly differentiated tumors in PIT1 and TPIT lineages,
whereas higher recurrence rates correlated surprisingly
with the markers of well-differentiated tumors in SF1 lin-
eage tumors [62].

Although studies like these are promising, the use of
molecular markers with potential prognostic or therapeu-
tic application has not yet bridged into diagnostic prac-
tice in pituitary tumor pathology.

Pituitary tumors associated with germline mutations
causing multiple endocrine neoplasia (MEN) 1 and famil-
ial isolated pituitary adenoma syndrome (FIPA) present
at a younger age, and are more often less responsive to
treatment with somatostatin analogues [63]. However,
they do not seem to be associated with a higher risk for
developing an aggressive and metastatic course. There
are single case reports of aggressive and metastatic
tumors in patients with MEN1 [64–66], one case with an
AIP [67], and succinate dehydrogenase genes [68] muta-
tions, respectively. So far, five cases of aggressive Pit-
NETs have been reported in patients with Lynch
syndrome, an autosomal dominantly inherited cancer
predisposing syndrome caused by defective mismatch
repair mechanisms (MLH1, MSH2, MSH6, PMS2)
[69–72]. Of these, one corticotroph tumor with concomi-
tant ATRX mutation developed metastatic disease
[36, 69]. Since tumors with mismatch repair mutations in
general are susceptible to treatment with immune check
point inhibitors, a family history/ other manifestations of
Lynch syndrome, should be asked for in the work up
of aggressive PitNETs/PCs.

There are no genetic factors with confirmed associa-
tion especially to metastatic disease in PitNETs. ATRX,

TP53, and SF3B1mutations have all been identified in
both carcinomas and aggressive non-metastatic tumors
[36, 38, 47]; however, follow-up periods have been rela-
tively short limiting the possibility to assess the impact on
the metastatic potential. Thus, genetic and epigenetic
studies on larger cohorts of aggressive and metastatic Pit-
NETs are warranted to characterize genetic landscape of
these rare tumors and allow for the integration of molec-
ular features into the classification of PitNETs.

We have summarized histological and molecular
genetic factors with negative prognostic impact in Pit-
NETs in Table 1.

4 | CLINICAL EXPERIENCES
REGARDING AGGRESSIVE AND
METASTATIC PitNETs

Aggressive and metastatic PitNETs usually present as
invasive “macroadenomas”, less frequently as giant
tumors (largest diameter ≥4 cm), and display a highly
variable clinical course. The most common subtypes are
corticotroph and lactotroph tumors (Figure 2). Function-
ing corticotroph tumors (Cushing’s disease) represent
40%–50% of the aggressive tumors, and 60% of the
patients are men. This differs from the situation among
“ordinary” non-aggressive PitNETs where only 5%–10%
have Cushing’s disease and the typical patient is a
woman [75]. Among non-functioning aggressive and met-
astatic PitNETs, silent corticotroph tumors (SCT) and
tumors of the PIT1 cell lineage are overrepresented [29].
The gonadotroph subtype was estimated to comprise up

TABLE 1 Overview of the PitNET features reported to have
negative prognostic impact.

Histopathological subtypes
• Sparsely granulated somatotroph PitNET/adenoma [6–10]
• Silent corticotroph PitNET/adenoma [6, 11–15]
• Immature PIT1-lineage PitNET/adenoma [6, 17]
• Crooke cell PitNET/adenoma [6, 18]
• Acidophilic stem cell PitNET/adenoma [6, 19]

Tumor invasion and cell proliferation
• Local invasion [21, 23]
• Increased mitotic count [6, 21]
• Increased Ki-67 index [6, 21, 27, 73, 74]

Molecular genetic factors
Somatic mutations
• ATRX [35, 36, 39]
• SF3B1 [37–39]
• TP53 [36, 39–49]
• CDKN2A/2B [36, 39, 50, 51]
• PTEN [36, 39, 52, 53]
• Rb [36, 39, 54, 55]
• DAXX [35, 43]
Germline mutations
• Mismatch repair genes MSH2, MSH6, MLH1/Lynch syndrome

[29, 69–72]
Epigenetic alterations
• Disrupted CNV pattern in corticotroph tumors [39, 45]
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to a third of cases, however the cell lineage had not
always been determined making the precise assessment
difficult [73]. In comparison, in surgical series of “ordi-
nary” non-functioning PitNETs more than 70% [76, 77]
were gonadotroph tumors, indicating that
gonadotroph tumors have low propensity for malignant
transformation.

Silent aggressive and metastatic PitNETs, especially
SCTs, may occasionally evolve into hormone-secreting
tumors. Such a change has been reported in 5% of non-
aggressive SCTs [12, 78]; in one study, the shift was asso-
ciated with an increased tumor expression of prohormone
convertase 1/3 [79]. In the ESE survey on aggressive and
metastatic PitNETs, 5 of 13 SCTs and 2 of 8 silent soma-
totroph tumors subsequently became functioning [29, 73].
The shifts were mostly observed either prior to or in par-
allel with progression of the pituitary tumor, and, in a
few cases, in parallel with detection of metastases [73].

Aggressive and metastatic PitNETs may initially
behave as most “benign” pituitary tumors, e.g., respond
to standard therapy, surgery, medical drugs (dopamine
agonists and somatostatin analogues) and/ or radiother-
apy, and later change their clinical course. In patients
with lactotroph tumors, this is exemplified by loss of an
initial good response to cabergoline, resulting in
an enlarging tumor and increasing prolactin levels despite
increasing doses of the drug. In the ESE survey encom-
passing 171 aggressive tumors (50 carcinomas), about
half of them were initially considered as benign based on
their clinical behavior, and demonstrated an aggressive
course after a median 5.5 years from diagnosis [73]. The
tumors in the “initially clinically benign” group displayed
lower proliferative indices and were less often p53 immu-
nopositive at the first surgery compared with tumors with
an aggressive course from outset [73]. The time to metas-
tases was also longer in the “initially benign” group.

Pituitary carcinomas metastasize to the craniospinal
region, and/or systemically, most often to bone and the
liver (but also to the lung and lymph nodes). The liver
and bone seem more often targeted in corticotroph and
lactotroph carcinomas, whilst clinically silent tumors
more often disseminate to the CNS [73, 80]. The time
from diagnosis to detection of metastases is highly vari-
able with average 5–9 years, range 0.5–34 [73, 81–83].
Metastatic tumors with Ki-67 > 10% at the first pituitary
surgery disseminate earlier than the tumors with lower
Ki-67 indices [73, 74].

Most aggressive tumors are identified only after mul-
tiple recurrences after surgery or upon progression after
radiotherapy. Metastatic tumors behave similarly to the
aggressive ones but are only identified after dissemina-
tion. The following clinical characteristics should raise a
suspicion of an aggressive tumor - a man with an invasive
corticotroph macroadenoma, macro/giant lactotroph
tumors initially not responding to, or losing sensitivity to
dopamine agonists, somatotroph tumors demonstrating
increasing GH levels /tumor progression while on
somatostatin analogues, and patients with non-
functioning invasive macroadenomas switching to clini-
cally functioning, especially those becoming ACTH
secreting [73, 84].

With the exception of SCTs, histological PitNET
types classified as “high-risk” tumors in the WHO classi-
fication [6] are very rare tumors, and do not seem to be
prevalent among aggressive and malignant pituitary
tumors. The clinical relevance of a “high risk tumor”
defined by histology can therefore be questioned. Of
interest, ATRX, SF3B1, and TP53 mutations have been
demonstrated already at the first surgery, even in tumors
which developed an aggressive phenotype several years
later [36, 38]. This underlines importance of a further
search for molecular markers for an early identification

F I GURE 2 Tumor size at the
first presentation in 50 patients
with pituitary carcinomas. Of the
12 non-functioning PCs hormone
immunohistochemistry was
positive for prolactin (n = 1),
growth hormone (3),
adrenocorticotroph hormone (4),
transcription factor PIT1 (2), and
not investigated (2). Two of the
silent somatotroph, and 3 of the
silent corticotroph PCs
subsequently became functioning.

WHO CLASSIFICATION OF AGGRESSIVE PitNETs 5 of 9
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of patients at risk of developing aggressive and malignant
PitNETs.

5 | MALIGNANCY GRADING AND ICD
CODING SYSTEM FOR PitNETs

The spectrum of PitNETs clinical presentation from
indolent tumors to locally invasive tumors, and to more
aggressive tumors with repeated recurrences, therapy
resistance, and ultimately metastatic disease fits the over-
all model of NEN/NET from other organs and systems.
As commented in ENDO5, “a rational and coherent clas-
sification system has been proposed for NENs for a uni-
fied approach to these lesions, while recognizing that
important organ-specific differences exist” [6]. A major
difference between PitNETs and other NETs is the lack
of grading and staging systems. Although NETs in most
locations are graded in a three-tier system (G1–G3) with
defined guidelines, this grading system is not applied to
pituitary tumors. Most NETs in other organs are G1 or
G2 and similar to PitNETs almost indolent, high-grade
G3 NETs occur in a variable incidence according to
tumor location [25]. The gray zone between
aggressive and metastatic PitNETs is broad. Whether
aggressive non-metastatic and metastatic pituitary
tumors differ genetically is unclear. The histological fea-
tures are similar and so is the clinical course before meta-
static spread [30, 84]. This may be an argument for
introduction of the term “malignant PitNETs” encom-
passing both aggressive non-metastatic and metastatic
pituitary tumors.

A Ki-67 index >10% is suggestive of aggressive and
metastatic PitNETs as it was found in 41% of the aggres-
sive tumors and in 61% of the carcinomas reported to the
second ESE survey [73], whereas in <3% of “benign” Pit-
NETs [85]. Similarly to NETs in other organs, absence of
increased proliferation markers in the histological speci-
mens does not exclude the possibility of an aggressive
phenotype. For instance, Ki-67 at the first pituitary sur-
gery was ≤3% in 15% of the tumor specimens in a cohort
of 150 aggressive and metastatic pituitary tumors [29].
Identification of molecular genetic alterations in combi-
nation with histological markers will likely improve the
prognostic value, as shown in other types of tumors, and
in perspective justify use of the term pituitary
neuroendocrine carcinoma (PitNEC), as previously sug-
gested [48, 86].

In line with this reasoning, ICD-O code 8272/3 for
pituitary neuroendocrine tumor with malignancy grade
3 can be justified for highly proliferative PitNETs with
genetic alterations associated with malignant phenotype.
However, the International Classification of Diseases for
Oncology (ICD-O) coding through the 5th Edition of
WHO classifications [6, 27, 28] defines all PitNETs as
malignant (8272/3) regardless if a pituitary in situ tumor
or metastatic PitNET. On the other hand, a discrepancy

is seeing with the International Classification of Diseases
(ICD-11) coding reported between the 5th Endocrine
WHO classification [6], which classifies all PitNETs as
“2D12.Y: Other specified malignant neoplasms of other
endocrine glands or related structures”, and the ICD-11
coding giving for the same tumors in the central nervous
system (CNS) [27] and pediatric tumors [28] classifica-
tions (2F37.Y & XH94U0 Other specified benign neo-
plasm of endocrine glands & Pituitary adenoma, NOS;
and 2F9A & XH94U0 Neoplasms of unknown behaviour
of endocrine glands & Pituitary adenoma, NOS).

Current use of the ICD-O code 8272/3 for all Pit-
NETs regardless location, histological and molecular
characteristics, invasiveness and other clinical features as
already spelled out in the WHO current classifications [6,
27, 28] seems misleading. Similarly, ICD-11 code 2D12.
Y “Other specified malignant neoplasms of other endo-
crine glands or related structures” applied to all PitNETs
according to the current WHO classification of endocrine
tumors [6] is misleading as it incorrectly staple all Pit-
NETs as malignant despite indolent behavior and benign
histology in the vast majority of the tumors.

It appears that the WHO rationale is in reverse label-
ing the majority indolent tumors as tumors with potential
for aggressive behavior and metastatic disease that corre-
sponds to the minority and rare PitNETs. Given the spec-
trum of clinical behavior of the majority of PitNETs, it
seems that ICD-O code/1 (unspecified, borderline, or
uncertain behavior) would be more appropriate for the
majority of PitNETs and reserving ICD-O code /3 for
the highly proliferative PitNETs and metastatic PitNETs.
Likewise, preferably, the code 2F9A & XH94U0 “Neo-
plasms of unknown behavior of endocrine glands” should
be used, as applied in WHO CNS classification [27].

6 | CLOSING REMARKS

Further refinement of the category of aggressive and
metastatic pituitary neuroendocrine tumors can be
obtained through increased knowledge on molecular
alterations predisposing for aggressive and metastatic
behavior. An integrated clinical, histological and
molecular classification of PitNETs, in line with the
classification of the tumors in the central nervous
system, is essential for stratification of patients in
regard to optimized follow-up and therapeutic proto-
cols. This goal will require multicenter efforts to
establish large cohorts of these rare tumors and an
interdisciplinary approach. Present discrepancies and
confusions in the ICD coding system for pituitary
tumors are contraproductive and should be timely
coordinated between the different classification sys-
tems. As long as reliable markers of aggressiveness
and malignancy are lacking, it is correct to designate
pituitary neuroendocrine tumors as “neoplasms of
uncertain behavior.”
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