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Abstract

Sections

Hypophysitis is defined by inflammation of the pituitary gland

and/or infundibulum. It can cause headaches and symptoms due to
hypopituitarism. Diagnosis is based on a combination of hormonal and
imaging parameters but can, inindividuals with an uncertain diagnosis,
require a transsphenoidal biopsy. While the risk ofimmune checkpoint
inhibitor-induced hypophysitis is well known, several aetiologies of
secondary hypophysitis have beenidentified and hypophysitis can also
occur inrelation to pregnancy. Primary hypophysitis is defined by the
absence of a secondary cause of hypophysitis. Although each subtype
can present with distinct clinical, endocrine and radiological features,
extensive overlap makes the aetiological diagnosis difficult. Management
of hypophysitis is another challenging task. Whereas some studies

have suggested that high-dose glucocorticoids canimprove pituitary
function and alleviate symptoms, others have found limited benefit.
Immunosuppressive agents have also been used as targeted therapy for
the underlying condition orinindividuals with aggressive hypophysitis,
potentially improving both clinical presentation and hormonal function.
These therapeutic approaches, used alone or in combination, canbe
considered inselected patients with primary, pregnancy-related or
secondary hypophysitis. The aim of this comprehensive Review is to
critically analyse the positive and aetiological diagnostic steps and the
management of all subtypes of hypophysitis.
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Key points

o The diagnosis of hypophysitis is based on histopathological
documentation. However, radiological (MRl appearance), biological
(anterior pituitary deficiency, hyperprolactinaemia, confirmed
vasopressin deficiency) and/or clinical (headache, visual impairment)
evidence can be sufficient.

o Hypophysitis typically presents on MRI with a moderate increase
in glandular size with homogeneous enhancement, suprasellar
extension, thickening of the pituitary stalk and loss of the posterior
pituitary T1-W bright spot.

o Hypophysitis can be the first manifestation of systemic disease
(sarcoidosis, L-group histiocytosis, IgG4-related disease). It is important
to screen for systemic disease at diagnosis and to repeat screening
over time.

e Anti-CTLA4 and anti-PD1-PDL1 therapies are immune checkpoint
inhibitors that can cause hypophysitis. In patients receiving these
treatments, pituitary function needs to be monitored regularly.

e Glucocorticoids are the therapy that has shown the most evidence
of efficacy in hypophysitis. They appear to prevent endocrine
deterioration and improve headaches, but their effect on visual
pathway compression needs to be clarified.

Introduction

The first reported case of hypophysitis was in 1962, in a 22 year-old
woman who died of postpartum adrenal crisis'. Since then, and espe-
cially with the advent of immune checkpoint inhibitors (ICls)*?, the
incidence of hypophysitis has increased dramatically®*. We now
know that hypophysitis can be related to pregnancy?’, or precede
or be diagnosed during the course of systemic diseases® such as
sarcoidosis’, L-group histiocytosis®® and, more recently, IgG4-related
disease'. These infiltrative diseases are characterized, respectively,
by non-necrotizing granulomatous inflammation", accumulation
of dendritic cells and/or macrophage-derived cells?, and infiltrates of
IgG4-positive plasma cells”. A few years ago, paraneoplastic autoim-
mune hypophysitis was also described™. Finally, primary hypophysi-
tis, the most well-known form, can occur spontaneously, presumably
due to autoimmunity"”. While the procedures to diagnose primary
hypophysitis can be challenging, and successful diagnosis some-
times requires repeated evaluations over several years to ascertain
the ‘primary’ nature of the condition, the management is at least as
complex. Indeed, apart from the management of ICl-induced hypo-
physitis, whichis now well defined?, the treatment of the other aetiolo-
gies of hypophysitis remains a matter of debate. However, the growing
number of cases of hypophysitis identified through improvement in
diagnostic procedures means that there is a need for several special-
ists to try to better understand the epidemiology, diagnostic steps
and management possibilities for this complex disease. The aim of
this comprehensive Review therefore is to critically analyse the posi-
tive and aetiological diagnostic steps, providing a detailed overview
of the different subtypes of hypophysitis. We also highlight the main
characteristics that enable identification of a particular aetiological
subtype. The final part of the article focuses on the management of

all subtypes of hypophysitis, adding some advice coming from our
multidisciplinary experience.

Definition and epidemiology

Hypophysitis is characterized by inflammation of the pituitary gland
and/or the pituitary stalk. While the diagnosis has long been based
on histological evidence, it is now usually based on a combination of
clinical, biochemical and radiological findings.

The epidemiology of hypophysitisis unclear except for ICI-induced
hypophysitis. In the past 10 years, the incidence of ICI-induced hypo-
physitis has been frequently studied, and ranges from 0.6% to 20% of
patients treated with ICIs'®". Data on the other aetiologies of hypo-
physitis are scarce. The estimated prevalence of hypophysitis from
20 years ago of one in nine million people was probably an underesti-
mate because imaging techniques, which are crucial for the positive
diagnosis of hypophysitis, were not as effective as they are today’®.
Morerecently,ina2010 study, the prevalence has beenestimated at one
in five million™. Several surgical series have reported that hypophysitis
accounts for 0.3-1.0% of pituitary surgical procedures*, 0.5% of
hypopituitarism cases” and 2.0% of non-functioning macro lesions™.

Several distinct classifications of hypophysitis can be used (Fig. 1).
First, hypophysitis is classified anatomically as adenohypophysitis
(damage to the anterior pituitary gland), neuroinfudibulohypo-
physitis (damage to the posterior pituitary gland and the pituitary
stalk) and panhypophysitis (damage to the entire pituitary gland).
Second, hypophysitis is classified histologically as lymphocytic,
granulomatous, xanthomatous, xanthogranulomatous and 1gG4-
associated hypophysitis'®**. Third, hypophysitis is classified aetio-
logically as primary, pregnancy-related, secondary and paraneoplastic
hypophysitis. Several causes of secondary hypophysitis can be identi-
fied:iatrogenic disease, whichis usually (but not exclusively) induced
by ICIs, and systemic disease, which is mainly due to immune system
dysregulation (mainly sarcoidosis or IgG4-related disease), clonal cell
expansion (mainly L-group histiocytosis), or infection (mainly syphilis
or tuberculosis).

Hypophysitis can be the first symptom of a systemic disease,
sometimes appearing several years before other manifestations®.
Pregnancy-related hypophysitis usually occurs in the months before
or after childbirth. Primary hypophysitis is a diagnosis of exclusion:
secondary causes must be systematically ruled out, first at diagno-
sis and then during follow-up, as we discuss in the following para-
graphs. Inthis Review, we deign as ‘non-iatrogenic hypophysitis’alarge
group of aetiologies of hypophysitis including primary hypophysi-
tis, pregnancy-related hypophysitis, secondary hypophysitis due to
systemic diseases and paraneoplastic hypophysitis. These different
aetiological subtypes are characterized by slightly different clinical,
endocrinological and MRI presentations, but overlaps are common
(Supplementary Table1). The sex ratio and age at onset of hypophysitis
vary according to this aetiological subtype (Supplementary Table 1).

Diagnosis

Positive diagnosis of hypophysitis

Clinical symptoms. The clinical symptoms of hypophysitis are vari-
able. The most common symptomis headache, which occursin38-76%
of patients®**~32,In cases of locoregional invasion (that is, when pitui-
tary hyperplasiacompresses the optic chiasm), disturbances affecting
the visual pathways canbe observed, and have been reportedin 11-52%
of patients?#?3°73¢ These disturbances include visual field defects
(from exclusion of the blind spot to quadranopia (loss of a temporal
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Fig.1]| Classification of hypophysitis.

a, Anatomical classification. Hypophysitis can affect
the anterior pituitary alone (adenohypophysitis),

the posterior pituitary and pituitary stalk
(infundibuloneurohypophysitis) or the entire pituitary
gland (panhypophysitis). b, Aetiological classification.
Hypophysitis can be categorized as primary, secondary,
pregnancy-related or paraneoplastic. Secondary
hypophysitis is predominantly caused by sarcoidosis,
L-group histiocytosis, IgG4-related disease orimmune

checkpoint inhibitor (ICI) therapy. ¢, Histological
classification. Hypophysitis can be classified as
lymphocytic, granulomatous (or lymphogranulomatous)
(shown using haematoxylin phloxine saffron staining) or
xanthomatous (or xanthogranulomatous). The right
image in part cis reprinted fromref. 45, CCBY 4.0.

b Aetiological classification

Primary Secondary Pregnancy-related
hypophysitis hypophysitis hypophysitis
¢ i v V
Sarcoidosis L-group IgG4-related ICl-related
histiocytosis disease hypophysitis

C Histological classification

Granulomatous (and
lymphogranulomatous)
hypophysitis

o
Lymphocytic hypophysitis

Paraneoplastic
hypophysitis

Xanthomatous (and
xanthogranulomatous)
hypophysitis

fourth of the visual field), hemianopia (loss of the temporal half of the
visual field) or loss of visual acuity), or, less commonly, oculomotor
palsy. In individuals with hypothalamic infiltration, disturbances in
satiety (resulting in rapid weight loss or gain) or body temperature
(hypothermiaor hyperthermia) can be observed. This very rare situa-
tionis defined as hypothalamitis, and might or might not be associated
with hypophysitis®.

Lastly, clinical symptoms can be due to endocrine deficiencies or
hyperprolactinaemia due to pituitary stalk compression. These symp-
toms can include fatigue, decreased libido, galactorrhoea, nausea,
amenorrhoea and polyuria—polydipsia syndrome?.

Pituitary deficiency and hormonal measurements. Infiltration
or inflammation can cause various pituitary dysfunctions, includ-
ing anterior or posterior deficits, and hyperprolactinaemia (due to
stalk compression) or less commonly hypoprolactinaemia. The most
common anterior pituitary deficiency is corticotroph deficiency (in up
to 60%), followed by thyrotroph deficiency and gonadotroph deficiency

(in30-60%). Arginine-vasopressin (AVP) deficiency (previously known
as diabetes insipidus) has been reported in 50% of cases.

Asis discussed later in each section, different hormonal profiles
can indicate specific systemic diseases in secondary hypophysi-
tis. These profiles are also important when considering the risks of
late-onset pituitary deficiency or the chances of long-term recovery.
However, all patients with a suspected diagnosis of hypophysitis should
have acomplete hormonal evaluation. This evaluation shouldinclude
assessment of 8.00 a.m. levels of adrenocorticotropin hormone (ACTH)
and cortisol, levels of thyroid-stimulating hormone (TSH) and free
thyroxine, luteinizing hormone, follicle-stimulating hormone, prolac-
tin, and testosterone in men or oestradiol in women (exceptin women
with regular menses or menopause). Levels of IGF1 can be difficult to
interpret in patients with sometimes altered general condition such
as weight loss and denutrition. The diagnosis of growth hormone
(GH) deficiency should, however, be based on a stimulation test such
as insulin tolerance test”. Finally, AVP deficiency should be investi-
gated by looking for polyuria (>40-50 ml/kg per 24 h) and polydipsia
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(>3 1/day), and possibly by determining urine osmolality and blood
levels of sodium.

Imaging. Hypophysitis typically presents on MRI as a moderate
increase in pituitary gland size, with homogeneous enhancement and
suprasellar extension (adenoma-like pattern)*s. Less commonly, it can
present as an asymmetrical enlargement with heterogeneous enhance-
ment***°, Theincreased in pituitary gland size is often associated with
thickening of the pituitary stalk, which can be isolated in one-third of
patients®, and loss of the posterior pituitary T1-W bright spot. These
signs are the most characteristic features of hypophysitis®*.,

Pituitary inflammation can extend beyond the gland, with mucosal
thickening of the sphenoid sinus and adjacent dural thickening. Dark
signal intensity areas on T2-W images around the pituitary gland,
described as the parasellar T2 dark sign*’, might be seen in chronic
forms associated with fibrosis. The chronic course usually leads to
atrophy in the form of an empty sella.

Imaging does not clearly distinguish between different aetiologies
of hypophysitis, particularly in the absence of extrapituitary radiologi-
calfindings. However, some presentations are more commonin clinical
practice. Lymphocytic hypophysitis usually presents with the typical
findings of hypophysitis, that is gland enlargement and homogene-
ous enhancement. Granulomatous hypophysitis, often secondary

to sarcoidosis, results in extensive hypothalamic-pituitary involve-
ment with leptomeningeal infiltration****. In addition to sarcoidosis,
any radiological abnormality of the central nervous system, such as
leptomeningeal thickening and enhancement, should prompt evalu-
ation for secondary causes of hypophysitis, particularly tuberculosis,
syphilis or IgG4-related disease”. The rare xanthomatous form can pre-
sentwith cystic changes®. Finally, ICI-induced hypophysitis forms can
present with normal findings on MRI, classic non-specific findings or
subtle changes that are more visible when compared with MRIimages
from before therapy (Fig. 2).

The MRI protocol should include high-resolution (<1 mm)
isotropic 3D acquisition for adetailed view of the pituitary stalk, pitui-
tarygland and parapituitary environment. The pre-contrast T1-W acqui-
sition, particularly with fat signal saturation, is useful for detecting
the presence or absence of the posterior pituitary T1-W bright spot.
It seems reasonable to recommend cerebral MRI in conjunction with
the pituitary MRI.

Histopathological findings. A biopsy of the pituitary gland or stalk can
confirm hypophysitis. Although a biopsy remains the gold standard
for confirming the diagnosis, it is rarely performed, as it often pro-
vides no additional information over standard diagnostic procedures,
rarely alters management, and carries the risk of inducing pituitary

Fig.2|Primary and secondary hypophysitis. Adenoma-like lymphocytic
hypophysitisin a 25-year-old woman (parts a and b) shows enlargement of the
pituitary gland with suprasellar extension and hypersignal on the coronal T2-W
image (parta), mimicking an adenoma but with symmetrical enlargement

and strong homogeneous enhancement on the sagittal post-contrast T1-W
image (partb). Primary infundibuloneurohypophysitis in a 28-year-old woman
(parts cand d) shows thickening of the pituitary stalk on the coronal T2-W image
(partc) associated with an enlargement of the posterior pituitary gland on the
sagittal post-contrast T1-W image (part d). Panhypophysitis in a47-year-old
woman with inconclusive histology (parts e and f) shows enlargement of the
pituitary gland and pituitary stalk with cystic and/or necrotic changes on

the sagittal T2-W image (part e) and the sagittal post-contrast T1-W image (partf).

Immune checkpoint inhibitor-induced hypophysitis (anti-PD1 and anti-CTLA4
therapy combined) in a 61-year-old woman with enlargement of the anterior
pituitary (parts g and h) shows no involvement of the pituitary stalk on the
coronal T2-W image (part g) and the sagittal post-contrast T1-W image (part h).
Infundibuloneurohypophysitis in a 29-year-old man with sarcoidosis (parts i-k)
shows linear thickening of the pituitary stalk and tuber cinereum on the sagittal
post-contrast T1-W image (part i) and associated leptomeningitis of the cranial
nerves on the axial post-contrast T1-Wimages (partsjand k). Langerhans cell
histiocytosis in a 38-year-old woman presenting with arginine-vasopressin
deficiency (parts 1and m) shows loss of the posterior pituitary bright spot on the
sagittal T1-Wimage (partl), thickening of the pituitary stalk and left Iytic lesion of
the cranial bone; part m shows the right craniotomy flap after surgical biopsy.
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Fig.3|Pathology of hypophysitis. In lymphocytic
hypophysitis, haematoxylin phloxine saffron
(HPS) staining (part a) shows infiltration of the
pituitary parenchyma by chronic inflammatory
cells associated with fibrotic tissue remodelling.
Immunohistochemical analysis (parts b-e) shows
apolymorphicinflammatory infiltrate composed
of CD3* T cells (partb), CD20" B cells (part ¢) and
plasma cells (part d), without IgG4 overexpression
(insetin partd). In granulomatous hypophysitis,
standard HPS staining (part e) shows destruction
of the pituitary parenchyma by epithelioid giant
cell (arrowhead) granulomas, without necrosis.
Immunohistochemical staining for CD68 (partf)
shows the nodular granulomatous organization of
histiocytic cells.

deficiencies. Histopathological examination can help distinguish
between primary and secondary forms of hypophysitis and identify
subtypes such as lymphocytic, granulomatous and xanthomatous
variants'®*%,

Treatment approaches remain largely similar across these forms,
although these subtypes exhibit distinct histological features. Lympho-
cytichypophysitis (Fig. 3a-d) is characterized by diffuse lymphocytic
infiltration. Plasma cells, a differentiated type of lymphocyte, canalso
be present, in which case the term ‘lymphoplasmocytic’ form can be
used. When abundant, specific IgG4 staining can provide valuable
diagnostic information in the setting of IgG4-related hypophysitis.
Granulomatous hypophysitis (Fig. 3e,f) is characterized by granulomas
with multinucleated giant cells. These granulomas can also contain
lymphocytic infiltration, in which case the term ‘lymphogranuloma-
tous’ form canbe used, although the nosological classification remains
granulomatous hypophysitis. Xanthomatous hypophysitisis character-
ized by foamy histiocytes*. Occasional granulomas can be observed;
in such cases, the term ‘xanthogranulomatous’ form can be applied,
although the conditionis still classified as xanthomatous hypophysitis.

Histologically, primary and pregnancy-related hypophysitis are
most often associated with lymphocytic or granulomatous inflamma-
tion, whereas secondary forms more commonly exhibit granulomatous
or xanthomatous patterns. However, IgG4-related hypophysitis is a
notable example of a type of secondary hypophysitis that typically
presents asalymphocytic form (Fig. 1c). Furthermore, xanthomatous
hypophysitis can also arise as a reaction to a Rathke cleft cyst*°.

Biopsy findings can identify secondary causes of hypophysitis,
such as tuberculosis (granulomas with caseous necrosis or Mycobac-
terium tuberculosis), L-group histiocytosis (histiocytic infiltration

with BRAF or MAP kinase mutations) or IgG4-related disease. Tailoring
treatment requires identifying these causes. This identification can
often be achieved without resorting to pituitary biopsy.

Antibodies. Several antibodies can be looked for when diagnos-
ing hypophysitis, including anti-pituitary antibodies and anti-
hypothalamic antibodies. These antibodies are non-specific as they
canbe found invarious conditions, including traumatic braininjury®,
autoimmune endocrine diseases and pituitary adenoma, and even in
healthyindividuals*®. The anti-rabphilin 3A antibody is detected in most
individuals with non-iatrogenic hypophysitis; however, it can also be
foundin12-14% of healthy individuals and in those with other autoim-
mune diseases*’. Although circulating anti-pituitary antibodies have
been described as a marker of hypophysitis for more than 30 years®°,
their measurement is not recommended in daily practice owing to a
lack of specificity. The role of anti-Pitl antibody is described in the
section ‘Paraneoplastic hypophysitis’.

Differential diagnosis on MRI

The differential diagnosis of hypophysitisis broad and includes sellar
masses and pituitary thickening® . Distinguishing hypophysitis from
macroadenoma is acommon clinical concern. Intense enhancement
of the pituitary is highly suggestive of hypophysitis. A 2009 study*’
created a score to help guide diagnosis. An asymmetrical increase in
size, weak and heterogeneous enhancement, cavernous extension,
erosion of the sellar floor, deviation of the stalk, and identification of
a healthy portion of the pituitary gland should favour the hypothesis
ofanadenoma. Extrapituitary imaging features are alsoimportant for
diagnosis, such as associated parenchymal or meningeal lesions and

Nature Reviews Endocrinology



iranpoper = Downloaded from https://iranpaper.ir

e 0lnl ol oy90

https://www.tarjomano.com

Review article

extracranial lesions (head and neck or systemic). Finally, the temporal
progression towards atrophy favours a diagnosis of hypophysitis over
other aetiologies such as pituitary metastasis (Fig. 4). Of note, apart
from hypophysitis, several pituitary disorders can cause hypopituita-
rism during pregnancy such as Sheehan syndrome and non-functioning
adenoma’.

Although haemochromatosis has been postulated as a potential
cause of secondary hypophysitis, iron depositionin the pituitary gland
typically occurs without associated inflammatory changes. Therefore,
pituitary haemochromatosis is more appropriately considered a dif-
ferential diagnosis rather than a distinct subtype of hypophysitis.
Serum levels of ferritin should be systematically measured during
the diagnostic work-up of hypophysitis, particularly in patients with
gonadotroph deficiency™*.

Pituitary biopsy: its role and limitations in diagnosis

In this section, we differentiate between biopsies that are performed
due to diagnostic uncertainty (non-resection biopsy) and biopsies
that are performed during the course of surgery aimed to be cura-
tive (thistypeisdiscussed in detailed in the section ‘Management and
outcomes’). Fewer than 50 cases of non-resection biopsy have been
reported in the literature. Despite its diagnostic value, the risks asso-
ciated with all types of biopsy must be carefully considered, mainly

-~
Fig. 4 | Differential diagnosis. Pituitary hyperplasiain a23-year-old woman
with headache (parts a-c) shows a size within normal limits for age, an enlarged
homogeneously enhancing pituitary gland with a convex superior margin
onthesagittal post-contrast T1-W image (part a), and anormal signal on the
sagittal TI-Wimage (partb) and the T2-Wimage (part ¢). Germinoma of the
central nervous systemin a20-year-old man (parts d and e) appears as a sellar
and suprasellar heterogeneous mass on the coronal T2-W image (part d) and
the sagittal post-contrast T1-W image (part e). Rathke cystin a 53-year-old
woman (parts fand g) appears as a hyperintense suprahypophyseal cystic
lesion on the T1-W image (part f) with a hypointense nodule within the cyst on
the T2-Wimage (part g). Pituitary metastasis in a 59-year-old man with lung
cancer (parts h and i) shows extensive suprasellar parenchymal oedemaon the

because of complications such as pituitary hormone deficiency or
AVP deficiency, which occur in approximately 14% of patients under-
going biopsy®’, as well as the risks associated with transsphenoidal
surgery. In our clinical experience, biopsies or partial resections of
anterior pituitary lesions appear to have a lower risk of endocrine
deficiency and provide more material, resulting in more informative
biopsies compared with stalk biopsies. As a consequence, biopsies
should probably be limited to patients with an uncertain diagnosis
and severe hypophysitis. It is important to note that the therapeutic
management will probably remain the same with or withoutabiopsy,
because the treatment strategy is only marginally influenced by the
underlying cause of the hypophysitis.

Aetiological classification and diagnosis

Primary hypophysitis

Primary hypophysitis is a diagnosis of exclusion. Notably, hypo-
physitis can precede other clinical manifestations of an underlying
systemic disease by several years, potentially leading to a misclas-
sification as primary hypophysitis in the early stages®. Patients with
primary hypophysitis are difficult to describe based on existing
literature. Indeed, many studies have either mixed the aetiological
subtypesordid notsearch forasecondary cause. We only discuss stud-
ies in which at least a minimal evaluation was performed to rule out

coronal fluid-attenuated inversion recovery (FLAIR) image (part h) with a sellar
necrotic lesion eroding the sphenoid bone on the sagittal post-contrast T1-W
image (parti). Pituitary macroadenomain a 57-year-old woman (parts j and k)
shows as a persistent bright spot of the post-pituitary gland on the sagittal T1-W
image (partj), asymmetrical enlargement of the pituitary gland with suprasellar
extension, right cavernous invasion and depression of the right sellar floor, and
persistence of a displaced layer of healthy pituitary gland at the periphery of the
lesion on the coronal post-contrast T1-Wimage (part k). Craniopharyngiomain
a40-year-old man (partsland m) appears as a sellar and suprasellar cystic lesion
onthe coronal T2-Wimage (part 1) with peripheral enhancement on the sagittal
post-contrast T1-W image (part m).
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secondary hypophysitis****°-°, A history of autoimmune disease is
frequently reported in patients with primary hypophysitis (15-40%
of patients)>*2557¢0,

Pregnancy-related hypophysitis

Pregnancy-related hypophysitis was previously considered the most
common form of the disease®, but more recent studies published since
2015 have disproved this***. To be classified as pregnancy-related,
hypophysitis must occur during or within 1 year of the start of preg-
nancy. It most commonly develops during the peripartum period,
defined asthe seventh to the ninth month of gestation and the 2 months
following delivery®. A2023 comparative study’ analysed clinical, bio-
logical and MRI characteristics of pregnancy-related versus primary
hypophysitis. In this study, patients with pregnancy-related hypo-
physitis more frequently presented with chiasmal syndrome (50% of
patients), particularly when onset occurred during pregnancy, and
showed similar rates of headache and oculomotor nerve involve-
ment. Corticotroph deficiency was the most common dysfunction
(71%), followed by thyrotroph and gonadotroph deficiencies (approxi-
mately 60%). AVP deficiency was notably rarer, affecting only 12% of
women with pregnancy-related hypophysitis. MRI findings typically
revealed a slightly thickened pituitary stalk and predominant intra-
sellar involvement, with a possible pseudo-adenoma-like appear-
ance. Minor clinical differences were observed between women
with pregnancy-related hypophysitis arising during pregnancy and
those with hypophysitis arising in the postpartum period: chiasmal
syndrome was more prevalent during pregnancy (64% of patients),
whereas other clinical, hormonal and radiological features were largely
similar. Interestingly, a history of autoimmune disease was reported
in 22% of patients with pregnancy-associated hypophysitis, primarily
thyroid autoimmunity®.

Systemic diseases

To support the investigation of secondary hypophysitis caused by
systemic diseases, asummary of the most common subtypesis provided
in Table 1. This table also outlines the typical extrapituitary organ
involvement associated with each condition, along with the relevant
clinical and paraclinical methods used to assess such involvement.

Sarcoidosis. Although the prevalence of pituitary sarcoidosis is
unknown, it is estimated to be less than 10% among individuals with
neurosarcoidosis®***** and 1% among those with intrasellar lesions®.
However, the prevalence of pituitary sarcoidosis is probably underes-
timated becauseitis not oftenlooked for®. Few studies have included
patients presenting with pituitary sarcoidosis®”*’ 72, Pituitary sar-
coidosis can affect all pituitary functions but appears to cause mainly
gonadotrophdeficiency (75-87.5% of patients), followed by thyrotroph
deficiency (40-65%), corticotroph deficiency (33-36%) and AVP defi-
ciency (25-50%). Polydipsia and polyuria without AVP deficiency can
alsobe found due to dysregulation of the hypothalamic thirst centrein
hypothalamitis”. Hyperprolactinaemia has been reportedin 30-77% of
patients with sarcoidosis. On MRI, 50-64% of patients show infiltration
of the pituitary stalk, and 34-58% show pituitary hyperplasia. Hypo-
thalamicinfiltration hasbeenreportedin 33-53% of patients. Pituitary
sarcoidosis can be isolated””?, but is more commonly associated with
multisystem sarcoidosis. Among the various manifestations, neuro-
sarcoidosis appears to predispose most strongly to hypophysitis®**’ 7%,
All patients with hypophysitis should therefore be investigated for the
presence of sarcoidosis®""*” (Table 1).

L-group histiocytosis. Histiocytoses are rare entities characterized by
the accumulation of cells derived from dendritic cells or macrophages.
The L-group histiocytoses share similar clonal mutations and clinical
complicationsand notably include Langerhans cell histiocytosis (LCH)
and Erdheim-Chester disease (ECD)". Both are characterized by tissue
infiltration of specific histiocytes (LCH’ or ‘non-LCH’). Abiopsy should
be performed whenever possible, targeting the most accessible site
or the site with the lowest risk of complications. These biopsies often
reveal BRAF'*°°F or MAPK-ERK pathway mutations®”*””. Group L his-
tiocytoses are known for their pituitary deficiencies (hypothalamic
involvement is also possible), mainly leading to AVP deficiency.
Pituitary inflammation can precede the diagnosis of histiocytosis
by years®”®”°. F-Fluorodeoxyglucose PET-CT is the most sensitive
technique for detectingbone involvement. The rates of pituitary defi-
ciency, including AVP deficiency are highly variable (5-55% in LCH
versus 25-48% in ECD) and cannot be considered good aetiological
markers®**7780°% The sameis true for pituitary MRI, which might show
infiltration of the pituitary stalk (20-71% in LCH versus 3-35% in ECD)
or pituitary hyperplasia (0-35% in LCH versus 14% in ECD)®%%°*5152,
Other symptoms might be seen and can help to differentiate the two
entities: lytic bone lesions, and pulmonary, neurological, hepatic and
splenicand skininvolvementare seenin LCH’® (Table1). Bone involve-
mentisseenin>80% ofindividuals with ECD and canbe associated with
neurological, pulmonary, aortic, retroperitoneal or skininvolvement,
and right atrial pseudotumour’ (Table 1).

IgG4-related disease. IgG4-related hypophysitis is a chronic
fibro-inflammatory disease characterized by lymphoplasmacytic
infiltration. Diagnostic criteria for this condition were proposed in
2011 (refs. 84,85). Two literature reviews have described this specific
entity'®® and report that the median age is 55 years (62 years in men
versus 38 yearsin women). Headache was found to be presentin 30% of
patients, and visual pathway defects were seen in 16-20% of patients.
At least one pituitary deficiency was observed in 75-78% of patients.
AVP deficiency was the most common type, reported in 70-75% of all
patients with IgG4-related hypophysitis, followed by gonadotroph
deficiency. Other typical organinvolvement seen in IgG4-related dis-
ease, such as pancreatic, salivary and lacrimal gland, chest, kidney or
retroperitoneal involvement or lymphadenopathy should be searched
forinthe diagnosis®* % (Table1).

COVID-19. Despite the widespread prevalence of COVID-19 and COVID
vaccination, hypophysitisis arare complication of this infection. Todate,
morethan770 million COVID-19 cases have beenreported (WHO COVID-19
dashboard), with 67% of the general population globally having received a
complete primary series ofaCOVID-19 vaccine. Pituitary involvement after
vaccination hasbeenreportedin23individuals, including nine with hypo-
physitis (six women, three men, median age 46 years)’°. Among patients
infected with SARS-CoV-2, hypophysitis has been reported in seven
(four women, three men, median age 37 years)® with a heterogeneous
presentation, not allowing any firm conclusion to be drawn.

Others. Of note, Sjogren’s syndrome®”, ANCA vasculitis™®,
tuberculosis®*” and syphilis”*°’ have allbeen reported to cause hypo-
physitis, but hypophysitis is less commonly found with these condi-
tions than in the aforementioned diseases (Table 1). Hypophysitis
could be caused by abacterial, fungal or viral infection. Hypophysitis
is very rarely (fewer than cases) caused by or associated with lupus,
inflammatory bowel disease, or thyroid disease.

Nature Reviews Endocrinology

o



=1 Downloaded from https://iranpaper.ir

Alio (il (gawass dey

7 Olnl a9

https://www.tarjomano.com

qulop

Review article

Table 1| Secondary hypophysitis: clinical signs and symptoms, prevalence and additional tests, according to the

underlying cause
Underlying cause Clinical and Prevalence Expected signs Investigations Diagnosis
imaging features (%)
All systemic NA NA NA Blood analysis: CBC, quantitative serum NA
disease immunoglobulin tests (including 1I9G4), SPEP,
calcium, ACE, ANCA, ferritin, creatininaemia,
ANA (anti-SSa and anti-SSb), IGRA test, TPHA,
fasting blood glucose®
Chest-abdominal CT scan®
Tuberculin skin test®
Clinical examination for a systemic disease®
Cerebral MRI?
Sarcoidosis"*”®  Pulmonary 90 Micronodules Chest CT scan® Pathology with
Fibrosis Pulmonary function tests f;lranulon?aﬁ Tt
. arge ‘epithelioid’
Lymphocyte alveolitis BAL oS el
Liver 20-30 Hepatomegaly Echography and CT scan multinucleated
Cholestasis Liver function tests giant gelle". ora
Portal hypertension Cmelnajtlgn of
signs (clinical,
Eye 10-30 Uveitis Ophthalmologist examination® biological and
Retinopathy Dilated eye examination with slit lamp® radiological)
Peripheral 10-20 Mostly cervical or supraclavicular Chest CT scan®
lymphadenopathy
Skin 15 Various lesions Skin examination
Spleen ~10 Splenomegaly Echography and CT
Nervous system 5 Lymphocytic meningitis Cerebral MRI
Facial nerve palsy CSF analysis (lumbar puncture)®
Deficits
Psychiatric manifestations
Heart 2-5 Branch block Electrocardiogram
Arrhythmia Cardiac ultrasonography
Cardiac MRI
8FE_.FDG PET-CT with cardiac acquisition
Others Hypercalcaemia Blood analysis®: calcium, ACE, SPEP,
2 ACE creatininaemia
Tuberculin anergy Tuberculin skin test?
Polyclonal Salivary gland biopsy® (ref. 134)
hypergammaglobulinaemia
1 Creatininaemia
Erdheim-Chester Bones >80 (38% Long-bone osteosclerosis Plain radiography or CT scan Clinicaland
disease” symptomatic) BE.EDG PET-CT® radiological
- — - - - findings
Kidney ~60 Fat infiltration around the kidneys Abdominal CT scan® .
(hairy kidneys’) Pathology with
X . histiocytes CD68"
Bilateral hydronephrosis CD163* FXllla* and
Neurological ~50 Enhancing masses or high signal Neurological examination to identify CDla”
density cerebellar and pyramidal syndromes Molecular
Meningeal involvement Cerebral MRI® analysis: BRAF'*%%
Exophthalmos or MAPK-ERK .
pathway mutation
Pulmonary <50 Infiltration of the pleura and lung Chest CT scan® if atypical clinical
parenchyma with an interstitial lung presentation
disease-like pattern
Aortic ~40 Coated aorta Aortic CT scan
Heart ~30 Right atrium pseudotumour Cardiac ultrasonography
Infiltration of coronary arteries Cardiac MRI
Pericardial disease
Retroperitoneal ~30 Retroperitoneal infiltration Abdominal CT scan®
Skin ~20 Xanthelasma around the eyes Skin examination®

Non-specific lesions
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Table 1 (continued) | Secondary hypophysitis: clinical signs and symptoms, prevalence and additional tests, according to

the underlying cause
Underlying cause Clinical and Prevalence Expected signs Investigations Diagnosis
imaging features (%)
Langerhans cell Pulmonary 40-50 Solid or cavitated nodules and Chest CT scan® Clinicaland
histiocytosis®’® thick-walled or thin-walled cysts radiological
Bones 30-50 Opposite painful or swollen areas Plain radiography if visible lesions e .
(osteolytic lesions) If not: *F-FDG PET-CT* or 99m-technetium | ainology with
keletal scintigraph g e i CoRE
S graphy CD163* CD207"
Neurological 15-20 Brain parenchyma infiltration Neurological examination to identify ataxia and CD1a*
(cerebellum or brainstem) and dysarthria Lesional histiocytes
Cerebral MRI with grooved and
Liver and spleen  10-15 Hepatosplenomegaly and Echography and CT® elonga.ted i
hepatic nodules Intermixed
eosinophils
Skin 5-10 Erythematous petechial papules Skin examination® possible
thathcan b(la erozi\(e,fp[gdominating Molecular analysis:
on the scalp and in folds BRAFY%% (70% of
cases) or
RAS-RAF-MEK-ERK
pathway mutation
if atypical clinical
presentation
IgG4-related Pancreas and ~19-65 Diffuse pancreas enlargement Abdominal CT scan® Pituitary pathology
disease®#"% biliary tree Cholangitis with mononuclear
- - — — infiltration, rich
Salivary and/or ~18-28 Invqlvement usually_ bllatgral: Clinical examination in lymphocytes
lachrymal glands lacrimal glands, major salivary and plasma cells,
glands (pgrotld, sublingual, with more than
submandibular) ten IgG4* cells per
Lymphatic ~17-27 Lymphadenopathy Chest-abdominal CT scan®®F-FDG PET-CT E'gé"lio,‘”?r field
gG staining or
Chest ~15-18 Pe_ribropchovascular and septal Chest CT scan® CD138 staining)
thickening BF-FDG PET-CT Or abnormal
Pulmonary or pleural infiltration pituitary MRI with
and fibrosis pathology of
Kidney ~12-13 Renal pelvic wall thickening Abdominal CT scan® another cc)irgan @
. . . . increased serum
Low-density areas in re.nal cortices  Blood analysis: C3, C4 levels of IgG4
Hypocomplementaemia and response to
Retroperitoneal ~ ~10-18 Retroperitoneal peri-aortitis Abdominal CT scan® glucocorticoids
or fibrosis BE.EDG PET-CT
Others 1 Serum IgG4 concentration Blood analysis: IgG4, CBC
Blood eosinophilia
Other underlying causes
ANCA NA NA 1 PR3 or MPO-ANCA Blood analysis: ANCA, creatininaemia® Clinical, biological,
vascularitis® 1 Serum creatininaemia Chest CT scan® and histological
Interstitial lung diseases Clinical examination to identify crusted rhinitis svidence
Intra-alveolar haemorrhage or sinusitis
Sjogren NA NA T ANA Blood analysis: ANA (anti-SSA/ro, anti-SSB/La)* Clinical, biological,
syndrome® 1 Anti-SSA (80% of cases) and histological
1 Anti-SSB (50% of cases) e
Tuberculosis” NA NA IGRA usually positive Chest CT scan® Clinical, biological,
TST usually positive IGRA® bacteriological
Abnormal chest CT scan TST® anq e
. L . . evidence
Clinical examination to identify fever
and dyspnoea
Syphilis NA NA TPHA positive Blood analysis: TPHA® Clinicaland

Skin examination

biological evidence

ACE, angiotensin-converting enzyme; ANA, antinuclear antibody; ANCA, anti-neutrophil cytoplasmic antibody; BAL, bronchoalveolar lavage; CBC, complete blood count; CSF, cerebrospinal
fluid; FDG, fluorodeoxyglucose; IGRA, interferon-y release assays; MPO, myeloperoxidase; NA, not applicable; PR3, proteinase 3; SPEP, serum protein electrophoresis; TPHA, Treponema
pallidum haemagglutination assay; TST, tuberculin skin test. “To be sought systematically in all patients with hypophysitis, unless in those with pregnancy-related hypophysitis. °In the presence
of a gonadotroph deficiency®. °Any vasopressin deficiency, without headache, associated with an infiltration of the pituitary stalk.
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Immune checkpointinhibitors
ICIs, notably anti-CTLA4 (ipilimumab) and anti-PD1 or PDL1 therapies
(such asnivolumab, pembrolizumab or atezolizumab), have revolution-
ized cancer treatmentbutare associated withimmune-related endocrine
adverse events, particularly hypophysitis'®. Theincidence of hypophysi-
tisreaches as highas20% with anti-CTLA4 therapies, is less with anti-PD1
or PDL1therapies (0.2-6%), and is even up to 30-40% with combina-
tion regimens'®"'%2, Onset is typically earlier with anti-CTLA4 therapy
(2-3 months) than with anti-PD1 or PDL1 therapies (4-6 months)'**'**,
Studies published over the past 5 years underline distinct clini-
cal and pathophysiological patterns in ICl-associated hypophysitis.
Anti-CTLA4 hypophysitisinvolves T cell mediated pituitary inflamma-
tion leading to combined anterior pituitary deficiencies (ACTH, TSH,
gonadotropins) and transient pituitary enlargement on MRI'%>'°¢,
By contrast, anti-PD1-related or PDL1-related hypophysitis typically
presents with isolated ACTH deficiency, often asymptomatic, with
infrequent radiological abnormalities, highlighting the need for sys-
tematic screening'®'°>'°71% | ong-term data onanti-CTLA4, anti-PD1 or
PDL1therapiesreveal frequent persistence of corticotroph deficiency,
requiring lifelong replacement therapy, whereas the thyrotroph and
gonadotroph axes can recover'©>1°%11°,

Paraneoplastic hypophysitis

Pitl (POUIFI) is alate-acting pituitary-specific transcription factor
involved in the final steps of GH-producing, TSH-producing and
prolactin-producing pituitary cell differentiation. Anti-Pitl antibod-
ieswerefirstdescribedina2011studyin three patients with thymoma
with TSH, GH and prolactin deficiencies™. The pathophysiological
mechanism of paraneoplastic hypophysitisinvolves the ectopic expres-
sion of Pitlin tumour tissue, leading to the activation of Pitl-reactive
cytotoxic T cells"* and the production of anti-Pitl antibodies. These
Tcells, rather than the antibodies, subsequently target GH-producing,
prolactin-producing and TSH-producing cells in the pituitary gland.
To date, nine patients considered to have paraneoplastic hypophysitis
have been reported", four with thymoma and five with various malig-
nancies. All patients had GH and prolactin deficiency, and very low TSH
levels. All patients showed a normal or slightly atrophic pituitary gland
on MRI. Anti-Pitl antibodies were detected in all but one patient who
presented with Pitl-reactive T cells. Interestingly, these antibodies are
nottoxic to pituitary cells and should therefore be considered as mark-
ersrather than agents of paraneoplastic hypophysitis'>. The condition
could have agenetic predisposition, as all reported patients were from
Japan with specific HLA features. Interestingly, anti-Pitl hypophysitis
hasbeenreportedin patients treated with IClIs. A2025 Comment article
hypothesized that ectopic Pitl expression could be present inanumber
of patients with malignancies, and that ICI treatment might lead to a

transition from a preclinical to a clinical form of hypophysitis™.

Management and outcomes

Treatment approaches can be classified as disease-controlling thera-
pies or substitutive treatments. Disease-controlling therapies aim to
resolve hypophysitis by reducing or stopping intrapituitary inflam-
mation, thereby alleviating or eliminating associated clinical and
hormonal symptoms. By contrast, substitutive treatments areintended
tocompensate for hormone deficiencies resulting from hypopituitarism.
Conservative management, involving no treatments other than substitu-
tive treatments, canbe considered for mild forms of the disease, or at the
patient’s request. Approaches to the management of hypophysitisinrela-
tiontoaetiological subtype are summarizedin Table 2. These treatment

strategies are shared for informational purposes only. They reflect our
clinical practice but are not based on sufficient evidence to be considered
as formal recommendations. Therapeutic decisions should always be
individualized and discussed within a multidisciplinary team.

Disease-controlling therapies

Glucocorticoids. There is a limited amount of data in the literature
regarding the appropriate glucocorticoid dosage for treatment of
hypophysitis. In this section we present advice based on our experience
for the use of glucocorticoids in the management of hypophysitis.

For hypophysitis with chiasmal compression or oculomotor nerve
palsy, high-dose intravenous glucocorticoids can be administered at
1g/day for 3-5 days. In patients with clinical deterioration or lack of
improvement, debulking surgery can be considered. This is usually
followed by oral glucocorticoid therapy at 1 mg/kg/day, with agradual
tapering over at least 1 year.

Inpatientswithhypophysitiswithamasseffectbutnovisualinvolve-
ment, oral glucocorticoid therapy can be initiated at 1 mg/kg/day,
with a progressive tapering over aminimum of 1year.

In patients with hypophysitis with substantial endocrine dysfunc-
tion, with or without severe headaches and who are otherwise ingood
general health with a life expectancy exceeding 20 years, a course of
oral glucocorticoids can be considered for 6 to 12 months, starting at
0.5to1mg/kg/day, depending on clinical severity and response.

The proposal for pulse therapy is based on an aggressive approach
similar to that for the treatment of severe neurosarcoidosis®*.
By analogy with systemic autoimmune diseases such as necrotizing
vasculitis, glucocorticoid tapering can follow previous established pro-
tocols: a12-monthtaper according to the CORTAGE trial™, or a 6-month
taper following the low-dose regimen used in the PEXIVAS trial.

Immunosuppressive treatments. Prioritizing safety profile over
demonstrated clinical efficacy, we propose a hierarchical treatment
strategy, starting with mycophenolate mofetil (2 g/day, introduced
gradually over several weeks) as the preferred first-line option. This
treatment can be followed by azathioprine (1-2 mg/kg/day), rituximab
(1gondays1and 15, then 500 mg every 6 months), and finally inf-
liximab (3-5 mg/kg every 8 weeks). Each of these immunosuppressive
agents requires specific safety monitoring prior to initiation"”. Their
use in this context is off-label. Beyond safety concerns, the choice of
immunosuppressant will also be guided by the underlying aetiology
and (if applicable) the pregnancy plans of the patient (Fig. 5). Moreo-
ver, because rituximab and anti-TNF agents are given intravenously,
adherence can be ensured more easily. The choice of immunosup-
pressive therapy — whether as monotherapy or in combination with
glucocorticoids — should be tailored to the severity of the clinical
presentation and discussed within a multidisciplinary team.

Surgery. Surgical resection (non-resection biopsy is not discussed
inthissection) viaatranssphenoidal approachhasavery limited rolein
the treatment of hypophysitis. Today, its useis limited to hypophysitis
with visual impairment associated with an optic pathway mass effect
on MRI and failure of glucocorticoid therapy. Hypophysitis usually
appears as a greyish adherent tissue or can be creamy in colour. Sur-
gery has been shown usually to improve the visual prognosis in these
patients"®, However, surgery might worsen pituitary function, espe-
cially when compared with glucocorticoids or watchful waiting with-
out specific treatment”. By contrast, surgery rarely leads to severe

non-endocrine complications™®,

)

’

)
PRI ¥ Vb0

Nature Reviews Endocrinology



iranpaper

=1 Downloaded from https://iranpaper.ir

Alio (il (gawass dey

7 Olnl a9

https://www.tarjomano.com

Review article

Table 2 | Management of hypophysitis in relation to aetiological subtype

Treatment Primary

Pregnancy-related
hypophysitis hypophysitis

Secondary hypophysitis

Pregnancy- Postpartum- ICl-related’ Sarcoidosis L-group IgG4-related
onset onset histiocytosis’®'** disease™
Substitutive treatments Suitable for pituitary deficiency
Conservative treatment Mild form with few symptoms
Glucocorticoids High-dose intravenous If chiasmatic syndrome or damage to the oculomotor nerves
glucocorticoid at 1g/day If unsuccessful, discuss surgery or radiotherapy
for 3to 5 days followed
by oral glucocorticoid
therapy at 1mg/kg/day,
with a gradual taper over
at least 1year
Oral glucocorticoid therapy ~ Mass effect without chiasmatic syndrome  No Yes To be discussed  Yes
at 1'mg/kg/day, with a
gradual taper over at least
1year
Oral glucocorticoid therapy ~ Substantial endocrine dysfunction, withor No No Yes (0.6 mg/
at 0.5mg/kg/day, with a without headaches kg/day)
gradual taper over 6 months
Immunosuppressive Mycophenolate mofetil, Possible No No No Possible, oftenin No Possible
treatments 2g/day, introduced gradually combination with
over several weeks glucocorticoid
Azathioprine, 1-2mg/kg/day  Possible Possible Possible No Possible, oftenin  No Possible
combination with
glucocorticoid
Rituximab, 1g on days1and 15, Possible No No No No No Possible
then 500mg every 6 months
Infliximab, 3-5mg/kg every  Possible No Possible No Possible, oftenin  No No
8 weeks combination with
glucocorticoid
Methotrexate Unreported  No No No Possible, oftenin  No Possible
combination with
glucocorticoid
Surgery Failed glucocorticoid for the treatment of chiasmatic syndrome
Radiotherapy Failed surgery or contraindication to surgery

Radiotherapy. Only scarce data have been published on the effi-
cacy of radiotherapy for the treatment of hypophysitis, with limited
follow-up™. A 2024 systematic literature review reported eight patients
treated withfocused radiation techniques (GammaKnife radiosurgery
of fractionated stereotactic radiotherapy), all of whom had their final
glucocorticoid dosereduced. Three patients showed complete shrink-
age of the mass, while the others showed stable or decreased volume
onMRI. Pituitary deficiency was present before radiotherapyinseven
patients, and one patient presented with panhypopituitarismafter the
procedure’®. Radiotherapy could be an option in patients who have
failed surgery and glucocorticoids, although the long-term efficacy
and consequences are unknown.

Indications of disease-controlling therapies according
tosubtypes

Figure 5 summarizes the various treatment options according to
the subtype of hypophysitis and the extent of clinical involvement
(forexample, visualimpairment or the presence of alarge sellar mass).

The following sections review how these treatments have been
documented in the literature.

Primary hypophysitis. Thereis no consensus ontherole of glucocorti-
coidsinthe treatment of primary hypophysitis, but they are often used
as a first-line treatment along with monitoring. According to a 2022
meta-analysis, glucocorticoid therapy is associated with a higher rate
of partial or complete recovery of endogenous endocrine functionin
patients with primary or pregnancy-related hypophysitis compared
with observation or surgery*’. Glucocorticoids have been shown to
improve visual impairment*'?, relieve headaches®*, promote recov-
ery of pituitary function'” and prevent new deficits'*%. Doses range
from 0.5 mg/kg/day (orally) to 1 g/day by intravenous injection™’.
Decreased dosage usually occurs within 3 months of initiation'?'. How-
ever, the optimal duration of treatment has not been established.
A period longer than 3 months is recommended to prevent relapse™.
Assingle clinical trial in 20 patients evaluated the effect of glucocorti-
coids in hypophysitis treated with 50 mg/day with a gradual tapering
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Chiasmatic syndrome and/or

damage to oculomotor nerves

Mass
High-dose intravenous syndrome
glucocorticoid 1 g/day
3to 5 days
l Improvement
Reassessment Oral glucocorticoid therapy
day 3-5 ———————————— at1mg/kg/day

Gradual taper over at least 1 year

Worsening with

visual impairment

l

Hypophysitis

——> | Pituitary deficiency —»‘ Substitutive treatment ‘

Mild form with few symptoms

Substantial
endocrine

nent

dysfunction
+/- headaches

Oral glucocorticoid therapy at 1 Observation
mg/kg/day

Gradual taper over 6 months

e

Debulking surgery R nent after 2 months ‘ R nent after 2-3 months | «—————
Worsening with
visual impairment Improvement Improvement
Stable Stable
Reassessment Reassessment Reassessment Reassessment

Immunosuppression
+/- glucocorticoid

every 3 months

every 6 months

every 3 months every 6 months

Fig. 5|Management of hypophysitis. Proposed algorithm for the management of hypophysitis based on clinical, biological and MRI findings. Substitutive treatment
and disease-controlling therapies with reassessment periods are proposed.

over 13 months'?2. An improved endocrine prognosis was observed,

but patients experienced adverse effects. Literature reviews report
adverse effectsin about half of patients, emphasizing the need to moni-
tor for these adverse effects and for iatrogenic adrenocorticotropic
insufficiency after withdrawal'*'%*7%,

Someimmunosuppressive agents have been tried in the treatment
of primary hypophysitis, often in combination with glucocorticoids'
or when glucocorticoids were contraindicated or ineffective. These
therapies include conventional immunosuppressive drugs such as
azathioprine or mycophenolate mofetil, and biotherapeutics such
asinfliximab and rituximab. However, none of these has been evaluated
inclinicaltrials for use in hypophysitis, with only case reports or small

series available'”.

Pregnancy-related hypophysitis. Treatment has traditionally
involved surgery or conservative management; more rarely, patients
havebeentreated using glucocorticoids alone orin combination with
surgery. However, the role of surgery has markedly declined over the
past 15 years, with conservative approaches becoming increasingly
favoured. Relapse hasbeen reported in approximately 8% of patients,
particularly in those managed with glucocorticoids’. Nevertheless, itis
difficult to draw firm conclusions about the efficacy of glucocorticoids
fromthese observations alone, given that the dosage and duration of
glucocorticoid therapy use varies considerably between patients”.

Secondary hypophysitis. The specific treatment of secondary
hypophysitis depends on its underlying cause. Recovery of pituitary

function might be observed but is inconsistent. AVP deficiency does
not usually recover, regardless of the underlying cause®™.

ICI-related hypophysitis: Current international guidelines rec-
ommend continuing ICI treatment, initiating hormone replacement,
especially hydrocortisone if needed in an emergency, and reserving
high-dose corticosteroids for severe symptoms>*'®'?, To date, no treat-
ment has been shown to reverseimmune-induced endocrine damage’.
Hormone replacement therapy tailored to the specific deficiencies
remains the mainstay of treatment’. Regular endocrine monitoring and
long-term multidisciplinary follow-up, including patient education,
are essential™.

Sarcoidosis: Patients with pituitary sarcoidosis might show nor-
malization oftheir prolactinlevels and sometimes recover gonadotroph
function”*®*°, There are no guidelines for the treatment of hypophysi-
tis in sarcoidosis™. Treatment of neurosarcoidosis usually requires
high doses of glucocorticoids, starting with an intravenous injec-
tion (500-1,000 mg per day) for a few days followed by 1 mg/kg/day,
with gradual tapering over several months. This treatment regimen
is often combined with other immunosuppressive drugs, including
methotrexate, infliximab, mycophenolate mofetil, azathioprine or
cyclophosphamide®*. These treatments typically relieve patients’
headaches®.

L-group histiocytosis: AVP deficiency in histiocytosis typically
shows little or no recovery®. Treatment of group L-histiocytosis
depends onthe subtype and extent of the disease. The efficacy of glu-
cocorticoidsis debatable. Apart from conventional therapies (chemo-
therapy, IFNq, cladribine and anakinra), targeted therapies such as
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BRAF and MEK inhibitors have shown promising results in patients
with systemic involvement'**°, Very brief reports of recovery from
endocrineinvolvementinadults under these new therapies have been
published™. Treatment options should be discussed with specialists,
taking into account the clinical findings, disease progression, and the
specific mutation identified’*'*.

IgG4 related disease: Lymphoproliferative lesions associated
with IgG4-related disease typically show a good response to gluco-
corticoids (0.6 mg/kg)". Immunosuppressive agents such as rituxi-
mab, azathioprine, methotrexate and mycophenolate mofetil have
also demonstrated efficacy. These immunosuppressive therapies
are particularly favoured in patients in whom glucocorticoids are
contraindicated. A2025 Review proposed a therapeutic algorithm to
guide treatment selection®.

Paraneoplastic hypophysitis. To date, only a few cases of parane-
oplastic hypophysitis have been described. It seems acceptable to
treat the underlying cancer without specific therapeutic interven-
tions for the hypophysitis itself. Glucocorticoid treatment might
work, but there is not enough evidence to consider it in a systematic
therapeutic approach.

Hypopituitarism and substitutive treatments

The initial hormonal evaluation for pituitary deficiencies (discussed
previously) guides replacement therapy, which is the same regard-
less of the aetiology of hypopituitarism*®. However, depending on the
aetiology, and possibly on the type of treatment (although this point
remains controversial for some aetiologies)'?, hormonal evaluation
canbe performed every 6-12 months to check for recovery. Recovery
remains uncommon. Inthe case of ACTH deficiency or AVP deficiency,
education of the patient and the patient’s family regarding sick day
rules is mandatory™®,

Conclusions

Hypophysitis, often diagnosed according to different criteria, isa
heterogeneous disease that includes several entities. We propose
that arevised classification based on clinical, biological and imag-
ing characteristics could be worthwhile to avoid misdiagnosis and
non-optimal management of primary pregnancy-related and secondary
hypophysitis. In parallel, large international epidemiological studies
should be performed to better characterize the different subtypes of
hypophysitis. In patients with hypophysitis, the possibility of anunder-
lying systemic disease should indeed be systematically investigated to
avoid afalse diagnosis of ‘primary” hypophysitis. Collaborative studies
should also help tailor the treatment. In our current state of knowledge,
the systematic use of glucocorticoids should be discussed in all cases
of primary or pregnancy-related hypophysitis and in patients with
visual impairment (before surgical intervention). The optimal dura-
tion and dose are yet to be defined and should be considered as main
priorities for future research. The complexity of the disease makes
multidisciplinary management of these patients essential.

Published online: 27 November 2025
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