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defined as an unexpected sellar or parasellar finding incidentally Epidemiology and
discovered on animaging study that was not performed for a clinically natural history
suspected pituitary lesion. Recommendations are offered for when Diagnosis
endocrinology, neurosurgery and ophthalmology consultation,
dedicated pituitary imaging, pituitary hormone testing and visual
assessment are warranted for macroadenomas, microadenomas,
cysticlesions and empty sella, as well as when surgical resection is Indications for surgical
indicated forincidental pituitary adenomas and cystic sellar lesions. management
Special considerations in patients with multiple endocrine neoplasia
typel, children and adolescents, older people, and pregnant women Managing patient
are addressed. The Consensus workshop concluded that diagnostic expectations
and management approaches should be individualized to the Conclusion
specific clinical context of an incidentally discovered pituitary lesion.
Consultation with amultidisciplinary pituitary tumour centre of
excellence should be considered in the presence of new or deteriorating
lesion-specific signs or symptoms, particularly when surgical or

other adjuvantinterventions are being considered and when there is
uncertainty about the most appropriate subsequent management.
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Introduction

A pituitary incidentaloma is a sellar or parasellar finding incidentally
discovered during an imaging study. Although symptoms associated
with hormone excess, hypopituitarism or mass effect might be covertly
presentinthese patients, imaging is not undertaken because of a sus-
pected pituitarylesion. Of all lesions discovered incidentally, pituitary
adenomas are the most commonly diagnosed, followed by Rathke
cleft cyst (RCC) and empty sella'>; vascular, inflammatory, infiltrative
and infectious aetiologies are also encountered’ (Box 1). Very rarely, a
double pituitary incidentaloma might be detected, most commonly
with growth hormone-secreting and adrenocorticotrophic hormone
(ACTH)-secreting pituitary adenomas and more rarely with an RCC*°.

Pituitary adenomas are predominantly benign and clinically
indolent, and morbidity results from hormone hypersecretion and/or
growth into or compression of local structures®. Although clinically
non-functioning pituitary adenomas (NFPAs) comprise only one type
ofincidentaloma, the terms ‘NFPA’ and ‘pituitary incidentalomas’ are
often used interchangeably in the literature. MicroNFPAs, defined as
adenomas <10 mmindiameter, are nearly always detected with no overt
signs or symptoms, show no hormone secretory activity, and have a
low likelihood of inducing hormonal deficits. MicroNFPAs are gener-
ally managed with regular observation rather than through surgical
resection’. MacroNFPAs, defined as 210 mmin diameter, are more likely
than microNFPAs to be associated with visual field changes or cavern-
oussinusinvasion at the point of NFPA identification®. Characteristics
of NFPAs found incidentally or due to symptoms might differ markedly.
MacroNFPAs are managed conservatively in many countries’, enabling
longitudinal study of NFPA behaviour. Thus, this conservative practice
has enabled a generalized understanding of how a pituitary adenoma
with no or few overt clinical symptoms might progress over time.

Within the constraints of limited evidence-based reports, this
Pituitary Society Consensus summarizes the epidemiology and natural
history, diagnostic work-up, and treatment options for patients with
pituitaryincidentalomas. We distinguish between pituitary adenomas
and other types ofincidentalomas and particularly distinguish between
microadenomas and macroadenomas given the lower likelihood of the
latter to be a truly incidental finding.

We offer recommendations on a range of topics: when referral
to specialists is warranted; when to pursue more advanced imaging,
endocrine and other clinical evaluation and diagnostic studies; and
whento consider surgery for each type of lesion detected. We present
management approaches for incidentalomas discovered in unique
populations, including those with multiple endocrine neoplasiatype1l,
children, adolescents, older individuals and pregnant women.

Overall, diagnostic and management approaches should be indi-
vidualized to the specific clinical context. In the presence of new or
deteriorating signs or symptoms, consultation with amultidisciplinary
pituitary tumour centre of excellence should be considered'®". These
centres bring together endocrinologists, neurosurgeons, neuroradi-
ologists, ophthalmologists, pathologists and radiation oncologists
with expertisein the diagnosis and treatment of pituitary disease. Such
acollaborative, experienced approach might be particularlyimportant
for patients with pituitary incidentalomas inwhom surgical interven-
tionisbeing considered and when there is uncertainty about the most
appropriate next step in management'*",

Methods
The Pituitary Society hosted four virtual meetings of the Incidentaloma
Consensus Group between January and September 2024 to draft and

discuss recommendations. Workshop Chairs (M.F. and S.M.) identified
topicsrelated to diagnosis and management to be addressed and assigned
themduringavirtual Steering Committee planning meeting comprising
members selected for their expertise based on their respective publica-
tion records and recognized standing in the field (members: M.F., M.G.,
A.M., H.F, A.Glezer,F.L., T.H.S., Y.G.,N.K.and S.M.). Evidence-based topic
summaries were developed and entailed critically reviewing English-
language, PubMed-indexed papers published before January 2024 using
search terms including “pituitary incidentaloma” and “incidentaloma”
withtermsassociated with topicsfor discussion, including “epidemiology”,
“natural history”, “diagnosis”, “imaging”, “surveillance”, “hormones”,
“hypopituitarism”, “symptoms”, “visual field testing” and “surgery”.Each
of these terms was also considered within the context of the lesion
type, including “pituitary adenoma”, “arachnoid cyst”, “Rathke cleft cyst”,
“craniopharyngioma” and “empty sella”. The written summaries and draft
recommendations were reviewed by all Steering Committee membersin
four rounds and discussed during subsequent virtual meetings.

In September 2024, recommendations were sent to the full
Consensus Group, comprising 40 expertendocrinologists and neuro-
surgeons representing 21 countries with different health-care systems,
then discussed during a virtual meeting in small breakout groups.
Key discussion points and suggested changes were reported to the
entire group, after which consensus recommendations were finalized
based on majority opinion.

Previously published consensus statements from the Pituitary
Society used GRADE principles for grading of evidence supporting
recommendations'?”’, Recommendations based on very-low-quality
or low-quality evidence were graded as weak, and those based on
medium-quality or high-quality evidence were graded as strong'*".
As thereis no high-quality evidence and very limited medium-quality
evidence for the management of pituitary incidentaloma, we con-
sidered factors that affect the strength of the GRADE expert rec-
ommendation, such as balance between desirable and undesirable
effects”, and distinguish between stronger ‘recommended’ and weaker
‘suggested’ recommendations. Consensus was achieved by voting for
allrecommendations (labelled recommendation1(R1),R2and soon).

After the meeting, the approved consensus recommendations
and all discussion points were collated. Data published after the initial
cut-off date of January 2024 were identified in subsequent literature
reviews using the same keywords and were added as appropriate. The
draft manuscript was then circulated to all authors for final approval.

Epidemiology and natural history

Epidemiology

The frequency of pituitary incidentalomas is derived from autopsy,
imaging and population studies"”*"*®, A brief overview of available
datais provided here.See Supplementary Box 1for additional details.

Incidentally detected yet unsuspected sellar and/or parasellar
lesions at autopsy are, by definition, not incidentalomas, as they are
notidentified onimaging for another indication. Nevertheless, these
studies are often considered when surveying the incidentaloma epi-
demiology as they are indicators of the frequency of lesions that,
had imaging been performed, might have been detected during the
patient’s lifetime.

Not surprisingly, autopsy studies show the highest rates of
incidental pituitary adenomas'®*’ (Supplementary Table 1). A survey
of 33 studies comprising >19,000 autopsies showed a total of 2,084
lesions discovered, yielding a mean prevalence of 10.7% (range,
1.5-31.1%)*. By contrast, when limited to pituitary incidentalomas
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Box 1| Pituitary incidentaloma:
differential diagnosis

Anterior pituitary lesions e Chordoma or

e Pituitary adenoma chondrosarcoma

e Pituitary hyperplasia e Germinoma

e Pituitary carcinoma e Hypothalamic glioma
e Pituicytoma

Vascular ¢ Schwannoma

e Intra-cavernous carotid

aneurysm Infiltrative

e Sarcoidosis

o Amyloidosis

e Haemochromatosis

e Langerhans cell histiocytosis
e Erdheim-Chester disease

e Cavernous arteriovenous
malformation

Cysts
e Rathke cleft cyst
e Cystic pituitary adenoma

e Dermoid cyst Empty sella
e Epidermoid cyst o |diopathic
e Arachnoid cyst e Secondary pituitary

atrophy (due to apoplexy,

Inflammatory hypophysitis, surgery or
o Hypophysitis radiotherapy)
- ldiopathic e Congenital gland hypoplasia
- Lymphocytic, e Pseudo-tumour cerebri
granulomatous or (idiopathic intracranial
xanthomatous hypertension)
- Secondary to
immunotherapy Infectious

o Bacterial abscess
o Tuberculosis

- Secondary to IgG4 disease

Other neoplasms e Fungal infection
e Craniopharyngioma o Syphilis

e Meningioma

e Metastasis (breast, lung, Normal

colon or other)
e Lymphoma
e Plasmacytoma

e Variant of normal anatomy
e Technical artefact

Adapted from Langlois and Fleseriu®.

detected on MR, studies show a 3.4% pooled frequency; however,
the populations included in the studies and the methods used
were heterogeneous (Supplementary Table 2). A meta-analysis of
29 MRIstudies comprising 38,406 patients reported acrude estimate
for pituitary neoplasms of 2.7 (95% C11.7-4.0) per 1,000 scans™.

Population-based studies estimate the overall frequency of pitui-
tary adenomas within a specific region; however, these studies do
not all distinguish pituitary adenomas that are incidentally detected.
The prevalence of clinically relevant pituitary adenomas based on
cross-sectional regional reportsis 78-94 cases per 100,000 persons*"*%,
Country-specific standardized incidence rates have increased
over the years, rising from 0.59-0.73 cases per 100,000 to 1.6-2.0
cases per 100,000 persons per year over a span of 8-14 years®**°
(Supplementary Box1).

Pooled estimates across 18 clinical studies comprising >2,000
patients suggest that approximately 43% of incidental pituitary

adenomas detected onimaging are macroadenomas (Table1); however,
reported rates vary widely®*"*5,

Natural history

NFPAs foundincidentally are often followed conservatively, which ena-
blesestimates ofthe overallnatural history ofincidentalomas”52264449-¢0,
A systematic review of 11 studies® found that 3.3 (95% C1 2.1-4.5) per
100 person-years of microadenomas and 12.5 (95% Cl 7.9-17.2) of
macroadenomas grew. However, stability, growth and even adenoma
shrinkage are variably reported, with heterogeneity attributed to dif-
ferencesinstudy design, cohort size,imaging techniquesand duration
of follow-up, as well as the inclusion of patients with other pituitary
pathologies. Using these reports to inform intervals for follow-up in
management algorithmsis therefore challenging. See Supplementary
Box 2 for details.

Diagnosis

Headache, trauma, cerebrovascular symptoms, internal ear dysfunc-
tion, cognitive deficits and visual disturbances are common clinical
features that trigger animaging procedure with subsequent detection
of apituitary incidentaloma' "% (Box 2).

Primary care and internal medicine physicians, neurologists,
otolaryngologists, ophthalmologists, emergency room physicians and
oncologists are most likely to order imaging for these symptoms™*.
Although headache might be partially related to, or caused by, the
incidentaloma, a sellar lesion might not be considered prior to its
incidental detection onimaging.

Wheniis an endocrinology consultation warranted?

« R1. Werecommend that an endocrinologist be consulted, when
possible, for patients with newly discovered pituitary inciden-
talomas to establish an initial diagnosis, undertake hormonal
evaluation and detailed imaging, and establish the frequency of
subsequent evaluations.

* R2. We recommend consultation with an endocrinologist and,
ifappropriate, also a neurosurgeon, especially for pituitary inci-
dentalomas with one or more of the following features that might
indicate aneed for early intervention:

Adenomamaximal diameter >10 mm or cavernous sinusinvasion
Evidence of 15-20% growth in maximum diameter compared
with previous imaging studies

Visualfield deficits or localization of the lesion abutting or near
the optic chiasm or in the suprasellar space

Ophthalmoplegia or severe headaches

Clinical signs and symptoms suggestive of hypopituitarismor
hormone hypersecretion

Desire for pregnancy or diagnosis during pregnancy

Following detection of a pituitary incidentaloma, imaging, endo-
crine and clinical evaluation should determine a need for subsequent
surveillance and/or surgical intervention. Personalized assessment
should consider the risks associated with an increase in lesion size,
specifically asit relates to mass effect, hormonal dysfunction and vision
loss. Patients with lesions showing a 15-20% increase in maximum
diameter on repeat imaging should be referred to an endocrinolo-
gist or neurosurgeon. Although such growth might not signal a need
for intervention, close observation is warranted for a clearly grow-
ing pituitary mass. For all lesions, a multidisciplinary team approach
comprising endocrinologists, neurosurgeons and neuroradiologists
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should be considered, particularly when there is uncertainty about
appropriate management.

The cost burden of regular surveillance imaging and subsequent
hormonal testing is animportant consideration in managing pituitary
incidentalomas. An informal survey of Consensus Group members

found that the cost of an MRIin countries with anational health system
canrange fromalow of US$ 175 equivalentina public hospital to a high
of US$ 750 equivalent if performed at a private clinic or hospital. In
the USA, the cost of an MRI can be more than US$ 5,000. The cost of
a pituitary hormone panel can be as high as US$ 500 equivalent at a

Table 1| Characteristics of pituitary incidentalomas of different aetiologies

Study n Age, sex Lesion size and type Hypopituitarism  Visual Surgery Growth or recurrence
defect
Reincke et al., 18 44 years, 61% macroadenoma, 17% 1% 22% 17% with growth at
1990 (ref. 53) 67%F 15% prolactinoma 24 months
Donovan and 31 33 years, 59% macroadenoma NA NA NA 10% with growth at
Corenblum, 65% F 6.4 years
1995 (ref. 49)
Nishizawa et al., 28 63 years, 100% macroadenoma NA NA NA NA
1998 (ref. 85) 56% F (microadenoma excluded),
70% NFPA, 13% RCC,
7% prolactinoma
Feldkamp et al., 67 47 years, 37% macroadenoma, 15% 4.5% NA 3% microadenoma, 26%
1999 (ref. 26) 67%F 12% prolactinoma macroadenoma over
2.7 years
Day, 2004 (ref. 28) 46 16-77 years, 59% macroadenoma, 2% 35% 37% 9% microadenoma and
52% F 15% prolactinoma 14% macroadenoma
with growth
Oyama et al., 550 49 years, 17% macroadenoma, 61% NFPA,  20% subclinical ~ Excluded 51% 47% symptoms, 53%
2005 (ref. 48) 61% F 29% RCC, prolactin >100ng/dl follow-up, 12% with growth
excluded at 27 months
Arita et al., 42 61years, 88% macroadenoma, NA NA 28.5% 40% with growth, 20%
2006 (ref. 24) 57%F 100% pituitary adenoma symptoms, 9.5% apoplexy
(others excluded)
Karavitaki et al., 40 (15 pituitary 52 years, 60% macroadenoma, 27% or higher 12% 2.5% 35% over 42 months
2007 (ref. 8) incidentalomas) 55%F 100% NFPA
Dekkers et al., 28 55 years, 100% macroadenoma NA NA NA NA
2007 (ref. 58) 46% F
Anagnostis et al., 61 53 years, 78% macroadenoma, 77% NFPA,  12% 45% 48% 11% with growth during
2011 (ref. 23) 38% F 18% prolactinoma, 2% RCC follow-up, 48% with
surgery
Famini et al., 282 NA 41% NFPA, 8% prolactinoma, NA 16% NA NA
2011 (ref. 1) 8% non-adenomatous lesions
Esteves et al., VAl 52 years, 63% macroadenoma, 71% 25% 6% NA NA
2015 (ref. 25) 62% F pituitary adenoma (59% NFPA),
13% RCC, 7% prolactinoma
Imran et al., 328 55 years, 71% macroadenoma, 55% NFPA,  36% Excluded 32% 13% non-surgery,
2016 (ref. 27) 52% F 14% RCC, 11% prolactinoma 34% post-surgery
Iglesias et al., 57 56 years, 72% macroadenoma, 100% 24% NA NA 4% with growth
2017 (ref. 43) 51% F NFPA (others excluded)
Ishii et al., 65 56 years, 51% NFPA, 17% RCC, 15% ACTH NA NA NA
2019 (ref. 92) 48% F 6% prolactinoma deficiency
Tresoldietal., 371 50 years, 49% macroadenoma, 100% 23% NA 29% 15% with growth at 3 years
2020 (ref. 56) 64% F NFPA (others excluded)
Fredaetal., 131 59 years, 85% macroadenoma 27% 6% 37% NA
2020 (ref. 29) 55% F
Constantinescu 65 60 years, 100% macroadenoma, 45% 12% 40% 10% per year
etal., 2023 (ref. 44) 43% F (microadenomas excluded),

100% NFPA (others excluded)

Selected studies included those focused on pituitary incidentalomas as an inclusion criterion or where incidentalomas constituted a subgroup with separate data and analysis. In total, 2,241 patients
are included in this Table, with an average age of 53 years; 55% of patients were female and 61% of the pituitary incidentalomas were macroadenomas. ACTH, adrenocorticotrophic hormone; F, female;

NA, not available; NFPA, non-functioning pituitary adenoma; RCC, Rathke cleft cyst.
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Box 2 | Indications for imaging resulting in
discovery of incidentalomas in two large
single-centre studies (n=413)

Neurological and other
clinical symptoms

Headache

Visual loss or blurring
Diplopia

Cranial nerve palsy
Sinusitis, deviated septum,
nose bleeds

Otitis

Primary eye disorder
Tinnitus, hearing loss

Neck pain or swelling, throat
infection

Mastoiditis

Syndrome of inappropriate
diuresis

e Memory loss
o Altered mental status

Injury orillness

e Cerebrovascular accident,
transient ischaemic attack

e Trauma

e Brain metastases screening

e Seizure

e Multiple sclerosis

e Parkinson disease

e Cervical spine disease

Other
o Follow-up of non-pituitary
brain mass

e Syncope o Dental X-rays
¢ Vertigo, dizziness e MRI study volunteer
e Fatigue o Elective screening MRI

Data were retrieved from retrospective studies based on chart reviews, which
could potentially limit the specifics of the presentations. Indications for
imaging vary between centres and countries. Adapted from Famini et al.' and
Freda et al.”.

private clinic outside of the USA and atleast twice thatin the USA. Deter-
mining the clinical need for each assessment in each patient can help
minimizethe costburden onboththe patientand the health-care system.

Whenis dedicated pituitary imaging warranted?
Atdiagnosis.

» R3.Werecommend performing an MRl with pituitary-dedicated
sequences for most patients after incidental detection of a pitui-
tary or sellar lesion on other brainimaging (for example, CT, brain
MRI or *®F-fluorodeoxyglucose (FDG) PET-CT).

* R4. We recommend that, unless contraindicated, gadolin-
ium enhancement be used with the pituitary MRI to improve
characterization of the incidental pituitary lesion.

« R5.Werecommend, where possible, use of a standardized imag-
ing protocol toinclude T1-weighted spin echo MRIin coronal and
sagittal planes pre-gadolinium and post-gadolinium, as well as
T2-weighted fast (turbo) spin echo MRIin the coronal plane, with
aslice thickness <3 mm.

« R6. We suggest that dedicated pituitary imaging might not be
required when existing images provide sufficientinformation for
possible diagnosis.

Intervals for regular surveillance.

* R7.Werecommend thattiming of the firstimaging procedure after
adiagnosisbeindividualized. Inthe absence of new or worsening
signs or symptoms, acceptable intervals are 2-3 years for micro-
adenomas, 1year for macroadenomas that are >5 mm away from

the optic chiasm and 6-12 months for macroadenomas that are
<5 mm from the optic chiasm, assuming that surgical resection
isnotundertaken.

« RS8. To further determine the subsequent imaging interval, we
suggest considering age and the rate and direction of adenoma
growth after the first repeat MRI, as well as the adenoma consist-
ency (solid versus cystic), intensity on T2-weighted images and
pituitary stalk deviation.

* R9.Werecommend repeat MRl every1-2years for slowly enlarging
macroadenomas and for stable macroadenomas that are <5 mm
away fromthe optic chiasm. Enlarging orinvasive (including cavern-
ous sinus extension) macroadenomas could require closerimaging
intervals and could be considered for surgical intervention.

* R10. We recommend repeat MRI every 2-3 years for stable
macroadenomas that are >5 mm away from optic chiasm.

Discontinuing surveillance imaging.

« R11. In the absence of new or worsening signs or symptoms, we
suggest reassessing the need for regular surveillance imaging
of microadenomas that are <5 mm in size and that remain stable
on repeat MRI performed 2-3 years after the initial MRI, espe-
cially in patients who have reduced life expectancy, poor func-
tional status or contraindication to surgery. Consensus was not
reached on when to stop imaging. Some members of the Consen-
sus Group considered suggesting repeat imaging after another
5years, depending on clinical circumstances, for example, in
patients <40 years of age.

Indications for MRI with pituitary-dedicated sequences
Anincidentally detected sellar or parasellar lesion might not be ade-
quately characterized oninitial brainimaging, and additional dedicated
pituitary-focused imaging sequences might be required"**.

We do not recommend routine CT, as soft tissue contrast is
inferior compared with MRI for imaging adenomas, and invasion of
adjacent structures, including the cavernous sinus, is less readily
appreciated”®, Sellar or parasellar lesions might be identified on
a wide array of magnetic resonance sequences, including during
imaging of the cervical spine, where the pituitary gland is often visu-
alized on sagittal sections. However, magnetic resonance sequences
and planesvary according to the primary indication for intracranial
imaging. With use of thicker sections (such as 5 mmslices), the sellar
region is often only captured on one or two images in each plane,
and the pituitary might be visualized opportunistically for some
indications.

Despite case reports of pituitary lesions detected incidentally
on PET®**, multiple retrospective series of patients undergoing
whole-body*®F-FDG PET-CT for other clinical indications demonstrate
focallyincreased pituitary uptake in <1% of patients®* . Nevertheless,
further evaluation of these findings can yield high rates of pituitary
pathology. In a chart review of 40,967 patients, incidental pituitary
FDG uptake was seeninonly 30 patients (anincidence rate of 0.073%),
after excluding those with a history of pituitary adenoma or other
lesions. Yet, of these 30 patients, a pituitary adenoma was found in 18 of
19 patients who underwent follow-up MRI, and none was a metastasis**.
Similarly, in two other studies of 13,145 and 24,007 patients, inciden-
tal pituitary FDG uptake was observed in 0.8% and 0.13% of patients,
respectively. Pituitary adenomas, metastatic spread of a primary
tumour, and non-adenomatous inflammatory or infiltrative lesions
were all detected®*°. Focal uptake of other PET radiotracers (such as
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%8Ga-DOTATATE, ®*Ga-DOTATOC and *®F-choline) by a pituitary adenoma
hasbeendescribed inasmall number of reports, precluding accurate
estimates of incidence rates®*®.

In patients exhibiting increased pituitary uptake on PET per-
formed for another indication, dedicated MRI of the pituitary gland
and surroundingstructuresisindicated dueto the high probability of
identifying primary sellar pathology®*°®. Discussion with the patient
is warranted when there are notable comorbidities or limited life
expectancy that might justify a conservative approach®,

Adoption of a standardized MRI protocol increases the likeli-
hood of correctly identifying the nature of anincidentally discovered
pituitary lesion and facilitates comparison with subsequent follow-up
scans. A finematrix (for example, 256 x 256 or greater) and asmall field
of view (16-18 cm) are favoured to focus on the sella and immediate
surrounding structures®>**%7°,

Gadolinium enhancement should be used for dedicated pitui-
tary MRI; however, concerns regarding the effects of repeated expo-
suretogadolinium-based contrast agents have led to reconsideration
of which contrast agents to use as well as when contrast enhancement
might not be required as a result of increased use of T2-weighted
sequences’’%. Nevertheless, the acquisition of a complete set of
baseline pre-contrast and post-contrast images is important to
facilitate optimal diagnosis and potentially reduce or eliminate
the need for follow-up imaging®. CT witout contrast enhancement
might be considered to assess mass calcification and skull base bony
extension®*’,

Factorsinfluencingintervention versus regular surveillance
Although they are not all well defined, several factors predictive of inci-
dentalomaenlargement might help identify patients who are likely to
benefit fromsurgicalintervention. Studies of NFPAs where the patients
are undergoing observation versus surgery inform the likelihood of
adenoma progression without intervention’**. In general, macroad-
enomas grow more rapidly than microadenomas. Macroadenomas
are also more likely to show symptomatic enlargement, with visual
field deficits, new or deteriorating pituitary hormone deficiencies,
and apoplexy®®"7,

Adenoma size. Larger size at diagnosis has been widely studied as
a potential risk factor for subsequent lesion growth. Accordingly, a
new proposed comprehensive classification for pituitary adenoma
prognosis™ includes adenomasize asarisk factorinacalculated score
to assess pituitary disease severity.

Inameta-analysis of 19 studiesincluding 1,057 patients with NFPAs,
macroadenomas were more likely to undergo growth (34% versus 12%;
P <0.01) or apoplexy (5% versus <1%; P=0.01) compared with micro-
adenomas”. The incidence of macroadenoma growth is 10-14 events
per100 person-years versus 2-5 per 100 person-years for microadeno-
mas>>**?%!, Approximately 40-45% of macroadenomas show increased
diameter or volume within 3-4 years®* and an additional 5-10% grow
when followed up for >4 years®. Compared with microadenomas,
macroadenomas are associated with a fivefold higher risk of apoplexy,
fourfold increased risk of visual field deficits and a threefold higher
risk of pituitary hormone deficits®. Nevertheless, growth is not lin-
ear; most macroadenomas and microadenomas remain unchanged
in size over time and some might shrink or disappear on follow-up
imaging™°’°. Furthermore, the probability of enlargement increases
with longer follow-up times. For instance, in some studies, increases
were only seen after 24-60 months of follow-up, regardless of initial

adenomasize, with some patients showing growth up to14 years after
diagnosi524,48,50,51,55.

Two series found fairly low growth rates for microadenomas.
Among 133 incidental NFPAs and non-pituitary sellar masses, over-
all, adenoma growth occurred in 2% at 1 year, 5% at 2 years and 9% at
3years. Yet, when considering growth based onsize, none of the micro-
adenomas <5 mm and 14% of those =5 mm grew during follow-up,
compared with 25% of macroadenomas”. Another study of 271 micro-
NFPAs found alow growth rate of 8% over approximately 3 years (range,
3-154 months)*™. Initial adenoma size, sex and age did not affect median
time to growth. Among the 92% of adenomas that did not grow over
time, 10% shrunk and 25.8% were not visible on last MRI; adenomas
<5 mmin size had a higher likelihood of shrinkage than those =5 mm
(ref.50).In177 patients with microadenomas, approximately two-thirds
of the microadenomas remained unchanged or decreased in size during
long-term follow-up”’.

Adenomasize candrivereferral for surgical resection, whichwas
undertaken in 20-30% of patients in whom macroadenoma enlarge-
ment occurred®>>**’8, versus <4% of patients who did not exhibit
macroadenoma enlargement®**, The effect of growth on clinical
symptoms, and particularly on visual function, is also an important
driver of surgical resection®. A growth rate of 5.9 mm per year®' as
well as an increase >3.5 mm overall® predicted deteriorating visual
function, and a macroadenoma volume growth rate >10 mm?® per
month assessed at 2 years was highly predictive of the requirement
forsurgery®?. Untreated macroNFPAs can also shrink over time. Inthe
UKNFPA Consortium of 949 macroNFPAs, the cumulative probability of
adenomashrinkage was 9.6% after 5 years of follow-up®’, whereas 20%
of49 patientsfollowed up forameanof4.9yearsshowedadecreaseinsize
(mean, 3.5+ 1.3 mm)”.

Mass effects. Clinically meaningful growth is more frequent in mac-
roadenomas thanin microadenomas. Inacohort of 42 patients (88% of
whom had macroadenomas), 24% showed symptomatic enlargement
with visual symptoms, panhypopituitarismand apoplexy 4 years after
diagnosis*. Although size and likelihood of enlargement did not cor-
relate, the risk of symptomatic enlargement increased in those with
adenoma height =15 mm versus those with adenoma height <15 mm
(P=0.007)*.By contrast, in 271 microNFPAs, 8.1% showed a mean size
increase of 3.1 mm (SD 1.0) over amedian follow-up time 0f 29 months
(range, 3-154 months)™.

Visual field deficits are uncommon and almost invariably occur
withmacroadenomasrather than with microadenomas. A meta-analysis
reported a low rate of visual symptoms of 0.65 per 100 person-years
(95% C147-0.82) inuntreated patients with pituitary incidentalomas®.
New hypopituitarism or worsening pituitary function was seen in
4% of 197 patients with untreated NFPAs followed up for a median of
37months (95% C112-170)"". Higher rates of hypopituitarism have been
reportedinthose with macroadenomasthaninthose withmicroadeno-
mas, with approximately 8% of patients with macroadenoma and no
patients with microadenoma developing hypopituitarism in a series
of 50 patients followed up for 3 years™.

Pituitary apoplexy rates in patients with macroadenomas vary
from 3% in patients followed up for a median of 35 months to 14% in
those followed up for 85 months®*® and might be associated with both
adenoma size enlargement™’ or reduction’®. Adenoma size is one of
the few independent predictors of apoplexy®. In 385 patients with
NFPA treated surgically, 75% of whom had macroadenomas, clinically
silent apoplexy was identified in 13% of patients®. Apoplexy is rarely
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encountered in microadenomas”'**, Apoplexy can be the first mani-
festation of a pituitary incidentaloma® or might be identified only on
imaging or sometimes during surgery**, and could be precipitated by
head trauma®*, Nevertheless, apoplexy was rarely encountered in
a systematic review of 11 studies of pituitary incidentalomas, with an
overallincidence of 0.6 per 100 person-years®’.

Adenoma consistency. Determining adenoma consistency based
on imaging alone can be challenging®. However, such information
could be useful as incidental lesions appearing solid on imaging and
presumed to be NFPAs are more likely to enlarge than cystic lesions.
Of 265 incidental lesions not surgically resected, risk of enlarge-
ment was higher for NFPA than for non-pituitary sellar masses, 75%
of which were RCCs or other cysts, with an odds ratio of 3.92 (95% CI
1.27-12.07; P=0.017)”. Two other studies showed that 20% of solid
lesions presumed to be NFPAs increased in size during follow-up of
51 months and 23 months compared with 5% of lesions presumed
to be RCCs followed up over 23-24 months®’%, In the UK NFPA
cohort, the presence of a cystic or haemorrhagic component pre-
dicted macroNFPA shrinkage (HR 0.30, 95% CI 0.19-0.48 for purely
solid lesions)™.

Intervals forimaging during regular surveillance

Previous guidance recommended considering the size of anincidentally
discovered pituitary adenoma together with other key clinical fea-
tures toinform the need and timing for subsequent surveillance®>*>¢,
For example, a macroadenoma with aggressive biology in a patient
<65 years old has a potentially higher risk of enlargement thanin an
older patient and requires closer surveillance®, Yet, it remains diffi-
cultto defineindependent predictors of outcomes based on present-
ing features; indeed, some studies did not identify any such factors®.
Potentially predictive factors for increasing adenoma size include
adenoma location <1 mm from the optic chiasm® and adenomas
>15 mm in size at diagnosis*. Age was not an independent predictor
of the need for surgery in one series” although, in another study, pro-
gression was found to be more likely in women aged >50 years thanin
women aged <50 years or in men®’. Both male sex*” and female sex®°
predicted growth. Pituitary stalk deviation’® as well as presence of
hormone deficiency at diagnosis** are associated with pituitary inciden-
taloma progression. In addition, contrast enhancement on T1-weighted
images and high signal intensity on T2-weighted images were more
common among incidentalomas increasing in size than in those that
remained stable’®.

Although methodologies to assessrisk and predictors of progres-
sionvary between studies, any of these findings could potentially prove
helpful when defining intervals forimaging during regular surveillance.
The presence of new or worsening signs or symptoms should prompt
repeat imaging regardless of the planned interval schedule, and a
need for intervention rather than continued surveillance should be
determined.

Macroadenomas. MRl of incidental macroadenomas has traditionally
been recommended every 6 months for the first 2 years then annu-
ally for 3-5 years®*°*; however, data from the UK NFPA showed less
growth in the first year than in every subsequent year up to 5 years®.
Generally acceptableimaging intervals after theinitial finding are 1 year
for macroadenomas =5 mm from the optic chiasm and 6 months for
macroadenomas <5 mm from the optic chiasm, assuming surgery is
not performed. If size remains stable, imaging can be performed less

frequently and eventually discontinued according to the patient and
adenoma characteristics.

Microadenomas. Recommendations for surveillance of microad-
enomas consider the lower likelihood of clinically significant lesion
growth during follow-up compared with macroadenomas. Based on
large observational studies published in the past 5years, the first repeat
MRIshould be performed 2-3 years after diagnosis, unless the lesion
is in close proximity to the optic chiasm™°°",

Microadenoma size could be used to guide intervals. For small
microadenomas (those <5 mm), some published reviews suggest no
imaging surveillance is needed®®*’. A more prudent approach might
be to discontinue surveillance of microadenomas shown to remain
stableonrepeat MRI performed 2-3 years after theinitial MRI. However,
some members of the Consensus Group suggested repeat imaging
after another 5 years, depending on clinical circumstances, before
discontinuing surveillance. For microadenomas >5 mminsize, areview
suggested MRI at 6 months, then annually if growth is detected, and
repeated at 2 years only if the microadenoma remains stable®®. More fre-
quentimaging canbe considered in rareinstances of microadenomas
in close proximity to the optic chiasm.

Adenoma growth rate. Regular MRIs during the first 1-2 years after
diagnosis can be used to assess incidentaloma growth rate, which
might inform subsequent imaging intervals. For example, a study
of 197 NFPAs evaluated cut-off values for adenoma growth between
the first and second annual MRIs and found that volumetric growth
>0.88 cm® per year predicted deteriorating visual function. Thus,
for adenomas growing more slowly than this cut-off, delay of repeat
MRI might be warranted®. Generally, however, annual repeat MRl is
warranted for slowly enlarging macroadenomas and stable macroad-
enomas <5 mm from the optic chiasm versus MRI every 2-3 years for
stable macroadenomas =5 mm from the optic chiasm (Fig. 1).

Factors influencing consultation with an

expert neuroradiologist

Although many centres are equipped to deliver optimized pituitary
imaging, interpretationis not always straightforward and might require
special expertise. For example, normal pituitary physiology can vary
during adolescence, menopause or pregnancy. Cystic lesions with
haemorrhagic components might be difficult to assess, and less experi-
enced radiologists might overestimate the importance of asubclinical
sellar or parasellar haemorrhage or one that might resolve without
intervention®.

Early consultation with aneuroradiologist with expertise in pitui-
tary imaging and with the broader pituitary tumour centre of excel-
lence team is advised when intervention is being considered or when
thereis uncertainty about the nature and consistency of alesion or the
most appropriate next step in management'*" (Fig. 2).

Endocrine evaluation
Whenis pituitary function testing warranted?
At diagnosis.

« R12. We recommend that pituitary hormone testing be per-
formed in all patients with incidental sellar lesions at initial
presentation, irrespective of size, as well as in patients with inci-
dentally discovered empty sella. Presence or absence of symp-
toms might not correlate with pituitary dysfunction at initial
presentation.

Nature Reviews Endocrinology | Volume 21| October 2025 | 638-655

644


http://www.nature.com/nrendo

Consensus statement

Incidental pituitary adenoma
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Fig.1| Analgorithm for assessment of an incidentally discovered pituitary
adenoma onimaging managed conservatively. Type of assessment to

be performed and timing of assessment depend on clinical and tumour

features. If initial imaging was a brain MRI or CT, dedicated pituitary MRI with
specific sequences is desired in most cases. Patients should undergo pituitary
function testing at presentation to rule out hypopituitarism and/or hormone
hypersecretion and should undergo visual assessment (including visual field
testing). Further repeat evaluation depends on adenoma size and proximity to
the optic chiasm. If amicroadenoma <5 mm in size remains stable on repeat MRIs
performed atintervals of 2-3 years, reassess the need for continued imaging.

For macroadenomas and microadenomas <5 mm from the optic chiasm,

visual field testing could be performed in the interval between MRIs done

after 6-12 months. Evaluation and follow-up for cystic lesions, cystic
adenomas, or other sellar or parasellar masses, including Rathke cleft cyst and
craniopharyngiomas, should be individualized based on both patient and lesion
characteristics. *We recommend that patients with documented hormone
hypersecretion or hypopituitarism be followed up as per current guidelines.
**CT of head and/or sella might help confirm a diagnosis of craniopharyngioma,
chordoma or other non-pituitary lesions.

« R13.Werecommend screening for prolactinand growth hormone
hypersecretion by measuring levels of prolactin and insulin-like
growth factor 1 (IGF1) in all patients with incidentally discovered
pituitary adenomas; screening for hypercortisolism should be
performed if clinically warranted.

» R14. We recommend baseline screening for hypopituitarism in all
patients with sellar lesions by measuringlevels of free thyroxine (T4),
thyroid-stimulatinghormone (TSH), cortisol (inthe morning), ACTH,
luteinizing hormone, follicle-stimulating hormone (FSH) and IGF1
levels; testosterone in men and oestradiol in women should be meas-
ured as needed. Dynamic testing of the hypothalamus-pituitary-
adrenal axis should be performedif morning cortisol levels suggest
hypocortisolism. Dynamic testing for growth hormone deficiency
might be required in select patients after correction of other pitui-
tary hormone deficiencies. Premenopausal women with regular
menses do not require gonadal hormonal testing.

During follow-up.
* R15.Werecommend patients withdocumented hormone hyper-
secretion or hypopituitarism be followed as per current guidelines
for these conditions.

« R16. We suggest repeat pituitary hormone evaluation in all
patients with microadenoma and macroadenomas at 1-2 years
or earlier in the presence of new clinical symptoms, as new
hypopituitarism, albeit not frequently, might develop without
evidence of concurrent lesion growth.

« R17. We recommend repeat pituitary hormonal evaluation
in patients with enlarging microadenomas and macroadenomas.

Screening for a functioning pituitary adenoma
Prolactinomas comprised 6-18% of incidentalomas in pooled case
series (Table 1). Of 159 surgically resected incidentalomas, 6.9% were
prolactin-secreting and 5% growth hormone-secreting”. A smaller
series of 65 patients with incidentalomas undergoing endocrine evalu-
ation found rates of 6.2% for prolactin-secreting and 3.1% for growth
hormone-secreting adenomas®. An evaluation of 35 incidentalomas
found that 9% were growth hormone-secretingadenomas’, andinan
autopsy study thatidentified 334 clinically silent pituitary adenomas,
39.5% stained for prolactin, 13.8% for ACTH and only 2% for growth
hormone”.

Variation in rates of growth hormone-secreting adenomas
might relate to unrecognized clinical evidence of growth hormone
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hypersecretion. Of 112 patients with surgically treated acromegaly,
17% were diagnosed following an incidental image finding®*. Yet, 58%
of these patients had ‘look back’ clinical features of acromegaly, and
47% presented with otolaryngology manifestations, including hearing
loss, sinusitis and tinnitus. Similar symptoms were the most common
presenting features prompting imaging in a study of 67 incidentally
diagnosed pituitary adenomas, and evaluation revealed loss of libido
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per relevant
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clinical practice;
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* Surgery
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Fig.2|Baseline imaging evaluation of incidentally detected sellar or
parasellarlesions. Management decisions are based on whether initial work-
up and/or additional dedicated sellar or parasellar imaging is sufficient for
diagnosis or whether referral for expert evaluation at a pituitary tumour centre
of excellence (PTCOE) is required. (1) Examples of incidental lesions in which
initial imaging, together with clinical and laboratory assessment, enabled
diagnosis and management without requiring additional baseline imaging.

Top, 25-year-old woman with incidental Rathke cleft cyst (yellow arrows)
detected during migraine evaluation. Bottom, 27-year-old man with incidental
enlarged, partial empty sella due to an arachnoid cyst (yellow arrows) detected
during evaluation for limb weakness and sensory loss. (2) Examples of incidental
lesions in which additional dedicated sellar or parasellar imaging was required
to ascertain the diagnosis and guide management. Top, 70-year-old woman
withincidental cavernous sinus aneurysm (yellow arrows) detected during
evaluation for hearing loss and tinnitus. Bottom, 62-year-old man with incidental
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o Trial of medical therapy

inthe three men with macroprolactinoma and oligomenorrheain1of
5women with macroprolactinoma?®.

Screening for Cushing syndromein the absence of clinical features
is typically not recommended®. Screening tests for hypercortisolism
have high false-positive rates”, which could prompt unnecessary
patient anxiety. Nevertheless, in 68 consecutive patients with pituitary
incidentalomabut without clinically overt hypercortisolism, 7.3% met
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pituitary macroadenoma (yellow arrows) detected during investigation of
sudden onset dysphasia. (3) Examples of incidental lesions in which uncertainty
remained following dedicated sellar or parasellar imaging, necessitating further
assessment at aPTCOE. Top, 59-year-old man with incidental left parasellar
mass (yellow arrows) detected during evaluation of retro-orbital headache with
diplopia. The nature of the lesion remained unclear on dedicated sellar and
parasellarimaging. A biopsy revealed a pituitary adenoma. Bottom, 45-year-old
woman with incidental sellar mass (yellow arrows) detected during evaluation
for frontal headaches. Initially, a pituitary adenoma was suspected. However,
review by an expert pituitary neuroradiologist suggested a broader differential
diagnosis, considering the atypical appearance and possible clival invasion.
Atsurgery, achordomawas successfully resected. *Lesion might be evident on
careful review of historical imaging (for example, brain CT or MRI, or cervical
spine MRI). FIESTA, Fast Imaging Employing Steady-state Acquisition; Gad,
gadolinium; T1, T1-weighted; T2, T2-weighted.
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biochemical criteria for Cushing disease and 4.4% had confirmed ACTH
on histology of surgically resected tissue. Similarly, in 105 patients
without clinically overt hypercortisolism, 4.8% were diagnosed with
Cushingdisease after surgery”.Itisnot knownwhether ACTH-secreting
adenomas without overt hypercortisolism confer anincreased risk of
cardiovascular,bone and other adverse effects associated with lengthy
hypercortisolism®. Therefore, screening should be performed for
clinical suspicion based on features and/or comorbidities suggestive
of Cushing disease, even in the absence of classic hypercortisolism
characteristics®™.

As clinical evidence of a functioning pituitary adenoma might
be subtle and/or might slowly progress over time'®, initial evalua-
tion of prolactin and growth hormone axes should be undertaken
in all patients with incidentally discovered sellar lesions®*®%, If ini-
tial endocrine assessment excludes a secretory adenoma, further
assessment is not indicated if not clinically required or if no signs of
an aggressive adenoma are found during surveillance. If screening
is suggestive of hormone hypersecretion or if new clinical features
appear, further testing and follow-up should be performed according
to Cushing disease®, acromegaly®” and prolactinoma™ guidelines.
Switch of a previously documented silent adenoma to a functioning,
growth hormone-secreting or ACTH-secreting adenoma could signal
apotentially aggressive pituitary tumour'® requiring intervention.

Screening for hypopituitarism

Hypopituitarismisreported in up to half of patients with incidentalo-
mas of various aetiologies, including pituitary adenomas, RCCs and
other sellar lesions. Deficiency of luteinizing hormone and/or FSH,
TSH and growth hormone are the most common, and arginine vaso-
pressin deficiency (AVP-D; formerly known as diabetes insipidus) is
fairly uncommon®°>1%,

Ingeneral, hormonedeficitislesscommonly encounteredin patients
with microadenomas than in those with macroadenomas™***>*°2 How-
ever, therisk of developing new endocrinopathiesis notdifferent (0.9and
2.1, respectively, per 100 person-years; P=0.15)°, and larger adenoma
size does not always predict worsening hormone function®?**, Clinical
symptoms also do not necessarily predict hormone dysfunction®”>.
Pituitary function testingis typically recommended for macroadenomas
regardless of symptomatology but recommendations for testing in cases
of microadenomaare less consistent®'*'>,

Adenomasize. Retrospective analyses support the relevance of lesion
sizein contributing to the likelihood of hypopituitarism but careful lit-
erature interpretationis required. In 903 patients with sellar masses of
various aetiologies (pituitary adenoma, RCC, craniopharyngioma and
meningioma), 31% of 222 patients with pituitary incidentalomas had
hormone deficiencyin atleast oneaxis, particularly hypogonadism and
hypothyroidism'. Macroadenoma (P= 0.002) and male sex (P=0.006)
increased the risk of new or worsening hormone deficiency; as 71%
of incidentalomas were macroadenomas, adenoma size might have
contributed to the hypopituitarism.

In 371 patients with NFPA, at least one hormone deficiency was
evident at diagnosis in 37% of those with macroadenoma and 11% of
those with microadenoma (P <0.001). A macroadenoma was a sig-
nificant predictor of hormone dysfunction (OR 3.38,95% CI1.81-6.29;
P <0.001)*. Importantly, however, 3% of 187 patients with both imag-
ing and hormone function and at least 3 years of follow-up showed
worsening pituitary dysfunction even without evidence of adenoma
growth®,

Results from the UK NFPA Consortium show that approximately
10% of 459 patients with microNFPAs had hypopituitarism, with
7.2% having hypogonadism and <2% having hypothyroidism and
hypoadrenalism’. By contrast, in the macroNFPA cohort, re-evaluation
of previously intact pituitary hormone axes showed biochemical
evidence of new-onset hypoadrenalism, hypogonadism and hypo-
thyroidism in 4.0%, 4.6% and 4.9% of patients, respectively, and pitu-
itary failure in up to 2.2% of patients, despite imaging evidence of
adenoma stability*’.

Clinical symptoms. Comparison of incidentally discovered (n=131)
versus clinically symptomatic (n =138) NFPAs that were >6 mmin 269
patients demonstrated more hypopituitarism in the symptomatic
group than in the incidental group (58.7% versus 27.4%; P <0.0001).
However, neither the negative predictive value of the lack of symptoms
(71%) nor the areaunder the curve proved helpful inguiding aneed for
pituitary testing®.

Screening for pituitary dysfunction in patients with RCC
Hypopituitarismin patients with incidental RCCs is not well described,
as studies vary with regard to the number of affected axes and
diagnostic tests used to assess pituitary function'®*. Among 62 of
134 patients with RCCs not treated surgically, 48% of which were inci-
dentally discovered, 16% had hypopituitarism at diagnosis, mostly
hypoadrenalism (9.7%)'%. After 37 months of follow-up, the rate of
hypopituitarism decreased; hyperprolactinaemia resolved in 5 of
10 patients and no new deficits were noted, including in those with
cystenlargement. Nevertheless, maximum cyst diameter >10 mm cor-
related with hormone dysfunction (P=0.04), suggesting a need for
pituitary function monitoring in patients with cysts >10 mm (ref. 105).
As 25% of patients with resected RCCs exhibit hypocortisolism at
diagnosis'®®, hypothalamus-pituitary-adrenal axis testing is indicated
atbaseline.

Screening for pituitary dysfunction in patients with
emptysella

Hypopituitarism rates are considerably higher in patients diagnosed
with empty sella based on clinical suspicion than in those diagnosed
incidentally'”. Function and pituitary volume do not correlate,
although patients with total empty sella are more likely to have hypo-
pituitarism than those with partial empty sella'®®, Testing in 402 patients
with primary empty sellarevealed that 40.5% exhibited one or more
axis deficiencies, with a rate of 29% in the 289 patients diagnosed
incidentally'”’”. Hypothyroidism (29.2% versus 2.8%), growth hormone
deficiency (20.4% versus 12.5%), hypogonadism (50.4% versus 8.5%) and
hyperprolactinaemia (15.7% versus 2.9%) were more frequent in patients
with clinically suspicious pituitary disease than in those diagnosed
incidentally, whereas rates of hypocortisolism (17.7% versus 13.5%)
and AVP-D (1.7% versus 0.9%) were similar. Male sex (P = 0.02), clinical
suspicion (P <0.001) and traumatic braininjury (P=0.003) predicted
hypopituitarism. Progression from partial to total empty sella could
be associated with hormonal deterioration (P=0.006)"".

Clinical evaluation

Cranial neuropathy, hypopituitarism and/or hormonal excess might
develop over timein patients with pituitary incidentaloma due to cen-
tral compressive effects, local inflammation or autonomous hormone
secretion®>*®”, Headache, visual field disturbance, diminished visual
acuity, diplopiaand, extremely rarely, hypothalamic dysregulation and
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cerebrospinal fluid rhinorrhoea might occur. Ideally, clinical evaluation
of patients with diagnosed incidentalomas should be undertaken by a
collaborative multidisciplinary team.

Indications for repeat endocrine evaluation

New hormone deficiencies. The incidence of new-onset pituitary
hormone deficiency in patients with pituitary incidentaloma ranges
from 1.2 to 2.4 per 100 person-years®*>**¢!, Considerably higher
rates, up to 11.9 per 100 patient-years, are encountered with some
macroadenomas®’,

The frequency of new-onset pituitary hormone deficiency asso-
ciated with mass growth varies widely, with deficiency of ACTH seen
in 0.2-39.0%, of growth hormone in 0.2-31.8%, of TSH in 0.5-21.4%,
and of luteinizing hormone and/or FSH in 0.2-19.7%**°**%%%_ As gon-
adotropin axis impairment is frequently present from the time of
diagnosis and growth hormone is not always assessed using dynamic
tests, rates of new luteinizing hormone and/or FSH deficiencies
might be overestimated and growth hormone deficiencies under-
estimated. ACTH stimulation testing is recommended to confirm
adrenalinsufficiency for most patients if morninglevels of cortisol are
not diagnostic'®.

Although the rate of new hormone deficiencies in microNFPA is
low, withonly two found in the 459 patients of the UK NFPA Consortium
cohort’, initial mass size might be unrelated to new-onset hormone
dysfunction with pituitary adenoma growth. Among 111 patients with
NFPA followed over a median of 3.75 years (interquartile range 4.33),
approximately 5% developed new hormone deficiencies, but there
was no association between new hormone deficits and initial ade-
noma diameter across size categories of <5 mm, 5-10 mmand >10 mm
(ref.27).Similarly, among 194 incidental NFPAs followed for amedian
of 3 years after diagnosis (interquartile range 2-5), new hormone
deficiencies were unrelated to mass size and 10 of 194 patients (5.2%)
with both repeat imaging and hormonal testing showed new-onset
hormone deficiency despite stable or decreasing size*. In 35 patients
withmacroNFPAs managed conservatively and followed for amedian of
50 months, those withhormone deficiencies showed amorerapid onset
of adenoma growth in the first 2 years after diagnosis than patients
without hormone deficiencies, and all patients with hypopituitarism
atbaseline had experienced growth by year 5 (ref. 44).

By contrast, in patients with non-adenomatous cysts, the risk of
new hormone deficiencies is more closely related to lesion size than
in all patients with macroNFPAs. The Swedish Pituitary Registry of
patients with RCCs showed hypopituitarismin 3.3% at1year and 7% at
Syears among the 204 patients with cysts <10 mm in diameter versus
20% and 22%, respectively, among the 174 patients with cysts >10 mm

indiameter'.

New hormone excess in NFPAs. Very rarely, clinically silenthormone-
expressing pituitary adenomas might transform into secreting
adenomas™. Of 20 patients identified in a systematic review, 4 silent
corticotroph adenomas and 4 null celladenomas converted to Cushing
disease and 1silent somatotroph adenoma converted to acromegaly,
with a median time to transformation of 72 months (range 12-276)">.
Silent adenomas that convert to hormone-secreting adenomas are
potentially aggressive'®’.

Conversion of silent corticotroph adenoma to Cushing disease
is well studied', but frequency varies widely. Transformation to
Cushing disease was reported in 5 0f176 (2.8%) patients with resected
corticotroph adenomas over an average of 4.2 years'* whereas, in

75 silent corticotroph adenomas, transformation occurred in 3 (4%)
patients over 7 years'®. Among 16 patients with silent corticotroph
adenoma that transformed to Cushing disease, median time from
diagnosis to transformation was 30 months, with 50% transforming
in 12-24 months™®. These patients required a median of 2.5 surgeries
(95% Cl 2-4); 81% received radiation therapy and only one-third of
those remitted.

There are few reports of silent somatotroph adenomas developing
into acromegaly. These adenomas are usually more aggressive than
both NFPAs and clinically overt acromegaly and are usually refractory
totreatment. In17 patients followed up foramean of 3.9 years, 5showed

increased levels of IGF1and required repeat surgery or radiotherapy'”.

When is ophthalmological evaluation warranted?
At diagnosis.

« R18. We recommend ophthalmological consultation and visual
field testing for patients with vision complaints or lesions abutting
the optic nerves or chiasm regardless of lesion size.

« R19. Wesuggest visual field testing for patients with incidentalo-
mas>10 mmindiameter as well asthose with sellar lesions <10 mm
indiameter that are close to the optic chiasm (<3-5 mm).

At follow-up.

« R20. We suggest repeat visual field testing after 6 months in
patients with suprasellar extension if surgery is not performed.

« R21.Wesuggest repeat visual field testing at 1-2 years in all patients
with macroadenomas, as adenoma growth and distance to the
opticchiasmatbaseline are not always predictive of deteriorating
visual function.

« R22.For patients with macroadenomas not compressing the optic
chiasm who are followed up with annual MRIs, we suggest visual
field testing be performed at 6-12 months to detect potential early
adenoma growth during the extended MRlinterval.

« R23.Werecommend that patients with abnormal visual field test
results be evaluated by a neuro-ophthalmologist.

Recommendations for ophthalmological evaluationare based on
datareviewed by the expert panel regarding theincidence of visual field
abnormalities and predictors of visual loss in patients with macroNF-
PAs, microNFPAs and other incidental lesions”®2+26:44:51:54:56,58,61,62 118124
See Supplementary Box 3 for details.

Indications for surgical management

Aswith other conditions that can manifest across all ages (for example,
diabetes mellitus), a decision to pursue a more intensive or conserva-
tive treatment approach should beinformed by the potential risks and
benefits to the individual patient. Therefore, although age-specific
thresholds have been included throughout these guidelines (derived
from published studies where available), the Consensus Group advises
takingaccount of other factors that might independently affect patient
outcomes (for example, comorbidities and general frailty) when
discussing management options.

Whenis surgical resection indicated for incidental NFPAs?
* R24. We recommend surgery for incidentally detected
hypersecreting pituitary adenomas as per current guidelines.
* R25.Werecommend surgery in patients with visual compromise,
cranial neuropathy or another neurological deficit related to the
adenoma.
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» R26. We recommend surgery in patients with an adenoma abut-
ting the optic chiasm after evaluationinapituitary tumour centre
of excellence. However, in patients >65 years old or in patients of
any age who have poor functional status butintact visual function,
observation can be considered.

« R27.Ifthe adenomais =5 mm from the optic chiasm, we suggest
individualized care based on the size of the mass and the age of
the patient. Surgical consultation could be considered for mac-
roadenomasin young patients, in those with evidence ofadenoma
growth onserial MRIs or cavernous sinusinvasion, and inwomen
desiring pregnancy.

« R28. We suggest surgery for most patients with severe and/or
progressive visionloss or withadiminished level of consciousness
duetoapoplexyinapituitary adenoma.

« R29.We suggest that risks and benefits of surgery be considered
for patients with severe headache refractory to anti-headache
medication after evaluationin amultidisciplinary clinic, including
by an expert neurologist.

* R30.Forasymptomatic macroadenomas, we suggest considering
age and functional status when deciding between surgery and
observation. In frail patients, close observation for evidence of
growthmightbesuitable. Inthe absence of clinical factors driving
adecision, patient preference is considered.

« R31. We suggest considering surgery for patients with progres-
sively enlarging macroadenomas, especially those close to the
optic chiasm, and for patients with new-onset hypopituita-
rism; however, postoperative recovery of pituitary deficits is
notassured.

The role of surgery in the management of a pituitary inciden-
taloma, especially for NFPAs, has not been well defined and no ran-
domized studies have evaluated outcomes®-**'*"%_Indications for
surgery as well as potential benefits and risks should be discussed with
acollaborative multidisciplinary team>**2,

Macroadenomas, including those detected incidentally, gen-
erally have more adverse outcomes than microadenomas’. Never-
theless, the presence of a visual defect, cranial neuropathy, other
neurological deficit or cavernous sinus invasion'” confirmed to be
related to the incidentaloma should be referred for interdisciplinary
discussion and surgery consideration regardless of mass size, except
for prolactinomas, as per current guidelines'*">**?%, Development of
new hormone deficiencies is not always related to adenomasize, and
recovery of postsurgical hypopituitarism has been observed**'°%**13°,
Inapatient who is agood surgical candidate with new-onset hormone
deficiencies and progressive adenoma growth, we suggest that sur-
gery be considered in a specialized centre to mitigate risks of new
postoperative deficits.

Age, functional status, adenomasize and cavernous sinusinvasion
should be considered when weighing surgical resection versus obser-
vation of asymptomatic incidentally discovered pituitary adenomas.
Forexample,inafemale patient of childbearing age with alarge micro-
adenomaorasmall macroadenoma, surgery or close observation until
lesiongrowthis documented could be appropriate, especially if fertil-
ity is desired. However, in a frail patient with a macroadenoma who is
asymptomatic and isnotagood surgical candidate, observation might
be considered evenifthelesion abuts the optic chiasm. By contrast, if
the risk of surgical complications is low and there are no clinical fac-
torsdriving the decision-making process, patient preference could be
considered. For example, prompt surgical resection might be preferred

over observationgiven the cost burden of serialimaging and frequent
clinical evaluations as well as the adverse effect on patient anxiety
regarding the potential for continued adenoma growth.

Management of patients with pituitary apoplexy is complex
and evolving. Initial recommendations mandated urgent pituitary
surgery in all patients with apoplexy and visual or neurological
abnormalities®>. However, a multicentre, international prospective
registry of 97 patients confirmed that 3 months after the apoplectic
event, surgery did not confer benefit in improving vision compared
with conservative management. Timing of surgery (<3 days versus
>3 days after the event) also did not affect outcomes, and underlying
adenoma size decreased in both groups™. Nevertheless, as surgery
was performedin more severelyill patients, itis difficult to generalize
these findings to all patients with apoplexy. Notably, these results only
apply to patients presenting with clinical apoplexy, and not to the 25%
of patients with signs of prior subclinical pituitary haemorrhage when
pituitary imaging is performed®.

Individualized approaches for patients with hypersecreting pitui-
tary adenomas have been reviewed in detail'*"*"*"**, Surgical resec-
tion is the mainstay of therapy for Cushing disease and acromegaly
and is also sometimes used to manage certain prolactinomas'*'>2813,
TSH-secreting adenomas are exceedingly rare’, and rarer still are
those incidentally discovered™®. Surgical resection is a preferred
approach™,

When s surgical resection indicated for cystic
sellarincidentalomas?

* R32.Werecommend a detailed MRl and hormonal evaluation to
establish a differential diagnosis for an incidentally discovered
cysticsellar lesion.

« R33.Wesuggest that the risks and benefits of surgery in patients
with symptomatic cysticadenomasbe discussed by a multidiscipli-
nary team, especially for patients with severe headache refractory
to medication and those with large cystic lesions and pituitary
apoplexy.

* R34.Wesuggest that asymptomatic small RCCs (<10 mm) be fol-
lowed by serial pituitary MRIwith frequency depending on clinical
features, similar to pituitary adenomas.

* R35. We suggest that risks and benefits of surgery be considered
for patients with small RCCs (<10 mm) and severe headache
refractory to anti-headache medication after evaluation in a
multidisciplinary clinic, including by an expert neurologist.

* R36. We recommend surgery for enlarging cystic lesions
associated with visual and/or hormonal dysfunction.

« R37. We suggest observation of small arachnoid cysts (<10 mm)
and larger asymptomatic arachnoid cysts (=10 mm).

* R38. We suggest that a multidisciplinary team undertake an
evidence-based discussion of observation versus surgery for
small (<10 mm) stable craniopharyngiomas. In patients who are
good surgical candidates, surgery by an expert neurosurgeon
might be beneficial for complete safe resection and confirmed
pathological diagnosis. For frail patients, observation might
be reasonable in the absence of central signs and symptoms of
mass effect.

* R39. We recommend surgical resection of enlarging and
large craniopharyngiomas (=10 mm) followed by medication
and/orradiationif gross total resectionis notachieved. In patients
>65yearsold or frail patients, observation might be reasonable if
visionisintact.
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Overall,20% of cystic sellar lesions, including RCCs, cystic pituitary
adenomasandarachnoid cysts, are diagnosed as incidentalomas. Distinc-
tiveclinical, biochemical and radiological findings areimportant for diag-
nostic and treatment purposes'*®. The remainder usually present with
mass compression leading to headache and vision compromise™ 4,

Rathke cleft cysts

RCCs are the most common sellar lesion found at autopsy, account-
ing for up to one-third of incidental pituitary lesions'**** and 19% of
non-adenomatous masses found on MRI'. In 116 RCCs, the average
maximal diameter was 13 mm (ref. 141) and ranged from 9 mmto 30 mm
in 27 RCCs™°.

On imaging, RCCs often contain a waxy nodule; approximately
40% are hypointense on T2-weighted images and hyperintense on
T1-weighted images with no contrast enhancement, probably due to
theincreased protein content. In general, they show minimal enhance-
ment, with a thin wall, and are located in the pars intermedia, with the
stalk often displaced anteriorly™****, During long-term follow-up, only
asmall percentage of lesions progress, and many regress over time'**,
withnomorphological features predicting change in size’®. In229 RCCs
followed up with serial MRIs for amedian of 36.6 months, 32% spontane-
ouslyregressed'”;inanother series 0of110 RCCs followed up foramedian
of23months, 13.6% regressed on MRI, and 6.4% became undetectable™.
Similarly, of 94 RCCs followed up for a mean of 27 months, 76.5%
showed no change in size on serial imaging, while 5% increased and

Box 3 | Future directions

e Conduct prospective studies with follow-up of >10-15 years,
especially in patients 40-65 years old, including measuring
adenoma growth, endocrine changes and overall health effects.

o Define risk factors for persistent pituitary adenoma growth and
development of new hormone excess based on demographics
and radiomics.

e Standardize MRI reports to include adenoma volumetric
measurements, distance from the optic chiasm measured in
millimetres and modified Knosp classification.

¢ Define criteria for ‘adenoma’ or ‘likely adenoma’ versus
heterogeneous enhancement and likely artefact in smaller
lesions (<5mm).

¢ Evaluate cost benefits of frequent clinical, biochemical and
imaging monitoring.

e Explore use of advanced analytics, including machine learning,
to facilitate improved management decisions, interpret complex
imaging data, and support more accurate and personalized
clinical recommendations.

¢ Investigate the mental health effect of long-term monitoring,
potential hormonal dysfunction and psychological stress
from an asymptomatic yet monitored condition, particularly in
patients <65 years old.

e Optimize management and surveillance strategies for patients
<65 years old and particularly young adults and women planning
pregnancy.

¢ Define management strategies for small incidental craniopharyn-
giomas <10mm, including the role of early targeted therapy for
papillary craniopharyngiomas.

16% decreased in size®. Based on serial MRIs performed in 75 patients
with incidentally discovered RCCs, 21 of which increased in size, the
mean cyst growthrate was calculated as 0.0010 cm?® per month (95% CI
0.0015-0.0035) and was not statistically distinguishable from zero. Of
note, only nine of these patients underwent surgical resection, which
suggests that RCC growth might not be clinically significant'*.

Given the slow rate of RCC growth, asymptomatic lesions are
typically followed up with serial imaging. Small RCCs (<10 mm) with
intractable headache® and large (=10 mm) or progressively growing
lesions associated with visual and/or hormone dysfunction might be
considered for surgical resection'”’. Cyst drainage leads to new AVP-D
in 0-9% of patients, and complete cyst removal leads to new AVP-D in
19-69% of patients'”*%, Postoperative cerebrospinal fluid leak should
be avoided and cyst closure might be required”’.

Cystic pituitary adenomas
Haemorrhage orischaemic pituitaryadenomainfarctioncanresultina
cystic component evident on MRI"*, with heterogeneity on T1-weighted
images and T2-weighted images that are isointense, wall enhancing
and sometimes nodular. In 82 patients with cystic pituitary adenomas
or RCCs, MRIshowed internal septations, eccentric location, invasion
and distinct layers of fluid in the lesion from prior haemorrhage'*’.
Among 47 patients treated surgically, including 27 (57%) with RCCs
and 17 (36%) with cystic pituitary adenomas, hormone dysfunction
at presentation varied, with amenorrhoea and/or oligomenorrhoea,
decreased libido, and galactorrhoeareportedin24-47% of those with
cystic pituitary adenomas versus 12.8-34.0% of those with RCC'*.
Postoperatively, 70% of patients with cystic pituitary adenomas report
improved headache, 80% improved visual functionand 33% improved
hormone function'*®. Accordingly, in patients with symptomatic cystic
pituitary adenomas, surgery is often considered for those with severe
refractory headache or hormonal excess.

Craniopharyngiomas

Craniopharyngiomasrepresent1% of allintracranial tumours and 5-10%
of sellar tumoursin children'*’. Adamantinomatous tumours are invari-
ably cystic and limited to the sella and often calcify. Papillary tumours
often appear solid or as mixed cystic-solid. Wall enhancement and
hyperintensity on T1-weighted MRIimages are seen. Calcification favours
adiagnosis of adamantinomatous craniopharyngioma over other cystic
lesions, as does a normal-sized sella and a suprasellar cyst location.
Post-contrast 3D T2-FLAIR images are sensitive for differentiating crani-
opharyngiomas fromRCCs as the RCC cyst wall is less likely to enhance™.
Craniopharyngiomas might have a more aggressive course than other
cysticlesions. Treatment at diagnosis or when growthis detected might
lead to more favourable outcomes, especially in patients <65 years old
and in patients with papillary tumours where medical treatment could
beefficacious™. Surgical decompression canimprove symptomsrelated
to mass effects; remission can be achieved with a gross total resection,
and subtotal resection followed by radiation might be equally effective
for long-term control. Nevertheless, given treatment-associated mor-
bidity from both surgery and radiation therapy, observation could be
reasonable until cyst growth is documented™.

Arachnoid cysts

Herniation of arachnoid tissue through a defect in the diaphragma
sellae might lead to arachnoid cysts, representing 1.4% of sellar
lesions™>. These are isointense to cerebrospinal fluid, with no MRI
contrast enhancement, as the cyst has a higher protein content than
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cerebrospinal fluid™*. In 485 patients with arachnoid cysts identi-
fied over a10-year period, 92.5% of adults and 72.4% of children were
asymptomatic'. After an average of 31 months of follow-up, cyst vol-
ume was unchanged in 95% and no previously asymptomatic patients
became symptomatic'®. Similarly, in 213 arachnoid cysts followed up
for 3.8 years, 5 (2.3%) patients showed an increase in size and 2 (0.9%)
developed new or worsening symptoms™, Given the low rate of symp-
toms and small risk of enlargement, small arachnoid cysts (<10 mm)
and larger cysts (210 mm) that remain asymptomatic canbe observed
conservatively™®,

Special considerations

The expert panel reviewed the data on the management of pituitary
incidentaloma in patients with multiple endocrine neoplasia type 1
(refs.157-168), in children and adolescents®'¢”'¢*1 \in older patients
(age >65 years)7°"'%¢, and in pregnant women®*15128134187°191 Gee
Supplementary Box 4 for details.

Managing patient expectations
The recommendations presented here are based on published
peer-reviewed evidence as well as the collective expertise of Consensus
Group members. We also assessed how patients with incidentalomas
interact with the health-care systemto better understand the effect of
our recommendations on clinical practice.

Steering Committee members developed a patient survey to col-
lect information on diagnosis and follow-up monitoring of pituitary
incidentalomas'®%. The results provide importantinsight into managing
the expectations of patients with pituitary incidentalomas.

A total of 275 patients responded to the survey, 84% of whom
were from the UK, Australia, Japan and Brazil; 46% of respondents
were aged <50 years and <10% were aged >70 years. Sex was not
recorded. Although this limited sample might not be representative
of patients with pituitary incidentalomas in all countries, the results
show that accurate patient education about the nature of pituitary
incidentalomas and their treatment is paramount. Communica-
tions with patients should clearly outline management options and
recommendations for the assessment of pituitary incidentalomas.
The importance of accurate specialist assessment and follow-up
should be highlighted, particularly emphasizing the value of expert
multidisciplinary subspecialty care.

Conclusion

Finding a pituitary incidentaloma on imaging requires careful
evaluation from an endocrinologist followed by relevant referrals
to neurosurgery and/or ophthalmology specialists, as determined
by lesion and patient characteristics. This Consensus Statement
from the Pituitary Society offers recommendations on imaging, as
well as endocrine and clinical assessments for diagnosis, and guides
pituitary incidentaloma management and follow-up. Decisions
about MRIsurveillance or surgical intervention for NFPAs should be
based on patient characteristics and adenoma size and location as
well as guided by visual, neurological and associated central signs
and symptoms of mass effects. Cystic lesions, those associated with
genetic syndromes and those found in children, older people and
pregnant women require an individualized approach by an expert
multidisciplinary team to ensure optimal management. Prospec-
tive studies are needed to define criteria for surgical intervention in
patients with small lesions, to optimize management in challenging
clinical settings, and to understand cost-benefit and mental health

effects of long-term imaging and endocrine surveillance in patients
with pituitary incidentalomas (Box 3).

Published online: 24 June 2025
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