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Abstract

Hypophysitis is a heterogeneous condition that leads to inflammation of the sella and/or 

suprasellar region, potentially resulting in hormonal deficiencies and/or mass effects. A 

preponderance of hypophysitis subtypes have an underlying autoimmune aetiology. The overall 

incidence and prevalence of hypophysitis has dramatically increased over the past decade, mainly 

due to increased awareness of the condition in the medical community, improvements in imaging 

techniques, and a rise in the occurrence of certain forms of hypophysitis such as IgG4 

hypophysitis (IgG4Hy) and immune checkpoint inhibitor induced hypophysitis (ICIHy). The 

clinical presentation varies from an asymptomatic condition to a fatal disease often as a result of 

electrolyte abnormalities due to glucocorticoid deficiency in the context of adrenal crisis from 

central adrenal insufficiency. Milder forms of hypophysitis are treated with replacement of 

deficient hormones while more acute presentations with mass effects require glucocorticoid 

therapy, immunosuppressive therapy or surgery. Timely diagnosis and interventions are keys to 
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prevention of the lethal complications of this disease. In this review, we provide an update on the 

recent advances in the field of pituitary autoimmunity, with an emphasis on autoimmune 

hypophysitis and novel forms of hypophysitis such as anti-PIT1 hypophysitis, IgG4Hy and ICIHy.
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1. Introduction

Autoimmune endocrine disorders were initially described in animal models in the 1950s [1]. 

Since then, there has been a remarkable increase in the incidence and prevalence of 

autoimmune endocrinopathies in humans, which are known to affect various endocrine 

systems, including the pituitary gland. Hypophysitis is the general term used to describe any 

form of sellar and/or suprasellar inflammation that leads to structural changes in the 

hypothalamic-pituitary axis and varying degrees of anterior and/or posterior pituitary 

hormonal deficiencies [2]. Hypophysitis was initially thought to be primarily an autoimmune 

condition. However, recent definitions describe hypophysitis as a highly heterogeneous 

entity caused by various forms of autoimmune, inflammatory, infectious, and neoplastic 

disorders, with some having an unknown pathogenesis [2]. A majority of hypophysitis do 

have an autoimmune aetiology, while several forms of systemic diseases and medications are 

responsible for the remaining cases of hypophysitis [3, 4]. Clinically, the presentation of 

hypophysitis can range from an asymptomatic disease to a rapidly progressive disease 

potentially with fatal consequences [5].

Based on several reports, the estimated overall prevalence of hypophysitis has ranged from 

0.2% to 0.88% [6–9]. As per Caturegli et al. (2005), the projected annual incidence of 

hypophysitis is 1 case per 9 million individuals [8]. However, this estimate was derived from 

a report on 5 biopsy-proven hypophysitis cases by Buxton and Robertson over 15 years from 

a single center in Nottingham, U. K. that provided care to a community of 3 million people 

[7]. Moreover, these cases were comprised of only lymphocytic or granulocytic forms of 

hypophysitis. Due to the rapid increase in the detection of several novel forms of 

hypophysitis over the past decade, the epidemiological landscape of hypophysitis has 

substantially transformed [10]. Since the reporting of the first magnetic resonance imaging 

(MRI)-proven hypophysitis case in late 1980s, the number of reports on hypophysitis have 

almost exponentially increased. By March 2013, the Johns Hopkins Hospital pathology 

department hypophysitis database identified a total of 857 patients described in the literature 

from 42 countries, with the highest prevalence being in Japan (27%) followed by the U.S.A. 

(19%) [11]. Between 2000 and 2010, the detection of two newly-described forms of 

hypophysitis has been responsible for the increase in hypophysitis reports, namely immune-

checkpoint inhibitor (ICI) induced hypophysitis (ICIHy) and IgG4 hypophysitis (IgG4Hy) 

[11]. The number of hypophysitis cases is likely to increase in the upcoming years due to 

several factors: an increase in the knowledge and awareness of the condition among 

physicians, higher numbers of pituitary imaging and surgeries, and the rise in the number of 
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certain forms of hypophysitis such as ICIHy. In addition, novel forms of hypophysitis called 

anti-pituitary-specific transcription factor-1 hypophysitis (anti-PIT1Hy) and isolated 

adrenocorticotropic hormone (ACTH) deficiency have been recently identified [12]. Several 

detailed reviews have been published on the topic of hypophysitis and pituitary 

autoimmunity over the past decades [2, 5, 6, 8, 10, 12–17]. Our review provides a more in-

depth coverage of novel emerging pathophysiological concepts and recent updates in the 

field of pituitary autoimmunity, with an emphasis on autoimmune and drug-induced forms 

of hypophysitis.

2. Classification of hypophysitis

Historically, almost all cases of hypophysitis were deemed idiopathic as the underlying 

pathophysiologic mechanisms were not yet elucidated, although some cases were suspected 

to be due to autoimmune-mediated hypophyseal destruction. Due to a substantial increase in 

the number of hypophysitis cases being identified and studied over the past decades, more 

light has been shed on the pathogenesis of this disorder and several forms of hypophysitis 

have since been identified. Hypophysitis can be broadly classified into primary and 

secondary forms (Table 1) [15]. Primary hypophysitis (PHy) comprises of autoimmune 

forms of hypophysitis that have distinctive forms of immunological profiles and 

histopathological features, as well as idiopathic forms, in which the precise aetiology and 

pathogenesis is unknown [15]. Secondary hypophysitis (SHy) is caused by a variety of 

autoimmune, inflammatory, infectious, vascular and neoplastic conditions, or as an adverse 

effect of various medications [15]. Both PHy and SHy are rare disorders and are relatively 

uncommon in the general population. However, a reliable estimate for the incidence and 

prevalence of various forms of hypophysitis in the population is difficult to ascertain as 

several prior reports have not clearly distinguished the various forms of hypophysitis under 

their epidemiological description, and several subtle cases may have gone undiagnosed [15].

Autoimmune hypophysitis (AHy), as the name suggests, is a form of hypophysitis that 

results from autoimmunity-mediated destruction of the pituitary gland. AHy is the most 

common form of hypophysitis [15]. The first probable case of AHy was described by 

Simmonds in 1917 [18]. The first biopsy proven lymphocytic infiltration of pituitary gland 

was described by Goudie and Pinkerton in 1962 [19]. AHy includes most forms of 

hypophysitis under PHy category and those secondary to autoimmune polyendocrinopathies 

and systemic autoimmune diseases under SHy (Table 1). Identification of AHy cases has 

dramatically increased over the past few decades. For instance, from 1962 to 1981, only 16 

AHy cases were reported, while from 1982 to 2001, 290 cases of AHy were described, and 

from 2002 to 2004, approximately 73 AHy cases were reported [8]. Hypophysitis can also 

be classified based on the anatomical site of pituitary gland involvement. Hypophysitis can 

affect only the anterior pituitary (adenohypophysitis), posterior pituitary 

(infundibuloneurohypophysitis), or the entire pituitary gland (panhypophysitis) (Table 1) [8, 

15].
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2.1. Primary hypophysitis

PHy is the most common form of hypophysitis, and in turn, the most common form of AHy. 

A vast majority of PHy cases are of lymphocytic hypophysitis (LHy) sub-type [15]. As of 

June 2016, there were 1,005 known cases of PHy, and analysis of this data has shown that 

the mean age of onset of PHy is 41±16 years, with a female predilection (female: male ratio: 

2.5:1) [20]. The different forms of PHy are described in the following sections.

2.2.1. Lymphocytic hypophysitis—LHy is the most common form of hypophysitis 

and the most extensively studied sub-type of PHy/AHy in the literature. Previous reports 

have suggested that LHy constitutes about 71.8% of all cases of hypophysitis [6]. Over the 

years, studies from smaller cohorts have provided higher prevalence ranges of approximately 

76% to 86% [21, 22]. Several prior articles have used the terms ‘LHy’ and ‘AHy’ 

interchangeably, which in turn confounds the precise estimation of incidence and prevalence 

of LHy per se [8, 15]. However, the 2013 worldwide data from 711 patients diagnosed with 

all forms of hypophysitis showed that biopsy-proven LHy was present in approximately 55% 

of the patients, and in up to 79% of patients with PHy [11]. Follow-up data on 674 

histopathologically proven PHy patients from 2016 showed a somewhat lower LHy 

prevalence of 68% among PHy forms [20]. LHy can affect either anterior pituitary 

(lymphocytic adenohypophysitis; LADHy), posterior pituitary (lymphocytic 

infundibuloneurohypophysitis; LINHy), or the entire pituitary gland (lymphocytic 

panhypophysitis; LPAHy) [15]. LHy has been classically described to occur during 

pregnancy and the post-partum period. The first case of LHy was described by Goudie and 

Pinkerton in 1962 in a 22-year-old woman who succumbed to circulatory shock 14-months 

postpartum from supposed adrenal insufficiency (AI) [19]. An autopsy revealed a shrunken 

pituitary gland with lymphocytic infiltration of the adenohypophysis. LHy was previously 

thought to occur almost exclusively in women, as the first 20 or so reported patients with 

LHy were all women [15]. It is only from 1987 onwards that occurrence of LHy was also 

recognized in men [23].

Apart from varying forms of hormonal deficiencies, different forms of LHy demonstrate 

unique clinical characteristics. The LADHy sub-type is more common in women (about 

75% to 80% of the cases; female:male ratio = 4:1), of which 30 to 70% of cases are 

associated with late pregnancy or the postpartum period, LPAHy seems to have a weak 

female preponderance (female:male ratio = 1.9:1), and LINHy does not demonstrate any 

gender predilection (female:male ratio = 1:1) [5, 11]. The mean age of presentation of 

LADHy is at a younger age for women (35 ± 13 years) as compared to men (49 ± 16 years). 

The mean age of presentation is 39 ± 20 years for LINHy and 43 ± 17 years for LPAHy in 

both men and women, and both of these sub-types do not show a clear association with 

pregnancy [11]. Up to 50% of LHy cases can be associated with other autoimmune 

endocrinopathies and systemic autoimmune diseases [15, 22].

There are several interesting features regarding the association between LHy/LADHy and 

pregnancy. While several autoimmune conditions improve during pregnancy, LHy 

paradoxically manifests during pregnancy [24]. This could be potentially explained due to 

the increase in pituitary antigens secondary to the pituitary hyperplasia that occurs during 
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pregnancy, along with the change in the hypophyseal blood flow pattern in which the 

pituitary derives more blood supply from the systemic circulation than from the 

hypothalamic-hypophyseal portal system, thus increasing exposure to the immune system 

[24]. Molecular mimicry through co-expression of antigens such as enolase isoforms in both 

pituitary and placenta, which are known targets of certain pituitary antibodies, can also 

possibly explain the increased frequency of LHy during pregnancy [25]. LHy does not seem 

to adversely affect pregnancy or fetal outcomes in general [8]. Successful pregnancies have 

been achieved with a pre-existing diagnosis of LHy [8, 26]. Additionally, there have been 

reports where LHy has occurred in one pregnancy and resolved in a subsequent pregnancy 

[27, 28]. Another report also showed recurrent LHy in two consecutive pregnancies in a 

single patient [29]. There have been rare situations where pregnancy was associated with 

either LINHy or LPAHy [30–32].

The histopathology of LHy demonstrates the characteristic infiltration of lymphocytes into 

the pituitary gland, mainly in the interstitium, but partly in the pituitary acini, and these 

lymphocytes can sometimes even arrange themselves into lymphoid follicles with germinal 

centers [11, 15, 33]. The density of lymphocytes is higher in LHy when compared to other 

forms of PHy, and the lymphocytes can often be accompanied by plasma cells [33, 34]. The 

end result of LHy is pituitary fibrosis, which can often be severe [11]. The amount of 

lymphocyte infiltration usually inversely correlates with the amount of fibrosis [34]. 

Recently, two different patterns of immunological involvement have been identified with 

LHy, and both patterns demonstrate higher numbers of T lymphocytes than B lymphocytes 

[35]. The first pattern is an autoimmune process with T-helper cell 17 predominance without 

T regulatory cells, and with few B lymphocytes. The CD3 positive lymphocytes (T 

lymphocytes) also stain positive predominantly for CD4 in this pattern of LHy. In the second 

pattern, the lymphocytic infiltration is more organized forming germinal centers with 

relatively higher number of B lymphocytes as compared to the first pattern, and most CD3 

positive cells stain positive for CD8. These data were obtained from two patients (one 

patient for each pattern) and further investigations are required to evaluate the frequency of 

occurrence of these histopathological and immunohistochemical patterns, as patients with 

autoimmune pattern of involvement could be candidates for immunosuppressive therapy. 

The reticulin network is generally maintained in hypophysitis, whereas it is disrupted in 

cases of pituitary adenomas [11].

Several pituitary antibodies directed against various antigens have been described. Earlier 

reports have suggested growth hormone (GH) and alpha enolase as potential targets for 

pituitary antibodies [36, 37]. Moreover, certain enolase isoforms are co-expressed in the 

placenta and pituitary, which could potentially explain the increased incidence of LHy 

during pregnancy [25]. However, anti-alpha enolase antibody has also been found in 46% of 

patients with pituitary adenomas and 24% of patients with other pituitary conditions [38]. 

Other pituitary auto-antigens described in the literature include secretogranin 2, pituitary 

gland-specific factors 1a and 2, TPIT, PIT1, and chorionic somatomammotropin [11]. Anti-

rabphilin 3A antibodies have been shown to be positive in cases of LINHy [31]. Anti-

hypothalamic antibodies targeting corticotrophin-releasing hormone (CRH) secreting cells 

have also been identified [39]. In addition, antibodies directed against somatotroph, 

lactotroph, gonadotroph, and corticotroph cells causing selective hormonal deficiencies have 
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been described [40–43]. However, the pathogenicity of these antibodies is not yet well-

established. Due to the lack of high sensitivity and specificity, and lack of confirmation by 

independent investigators, utility of pituitary antibodies in clinical practice is of limited 

value [11]. Several HLA alleles are associated with LHy, including HLA DQ8, DR4, DR5, 

and DR53 [14, 44, 45]. Further research is required to establish a more definitive association 

between HLA and LHy pathogenesis.

2.2.2. Granulomatous hypophysitis—Granulomatous hypophysitis (GHy) is the 

second most common form of AHy, and accounts for approximately 20% of PHy cases [20, 

46]. The first case of GHy was described in 1917, which may be the first description of AHy 

in the literature [18]. A systematic review of 82 cases of GHy has shown that GHy, similar 

to LHy, is a female predominant disease (female:male = 2.6:1), with a mean age at 

presentation being 44 ± 15 years [47]. However, unlike LHy, GHy does not seem to bear a 

strong association with pregnancy and peri-partum period [48]. GHy can also concomitantly 

occur with LHy, as some histological specimens have demonstrated lymphocytic infiltration 

into the pituitary gland [47]. The histopathology of GHy reveals numerous histiocytes, 

sometimes arranged in the form of granulomas, along with lymphocytes, multinucleated 

giant cells, and areas of fibrosis [47]. Several granulomatous conditions that cause SHy such 

as tuberculosis, sarcoidosis, vasculitides such as granulomatosis with polyangitis, 

Langerhan’s histiocytosis, syphilis, and ruptured Rathke’s cleft cyst, can mimic GHy, so 

these conditions causing SHy should be ruled out [46]. There has been an on-going debate 

on whether GHy represents a part of the clinical spectrum of the natural history of LHy. 

Development of GHy-like lesions (multinucleated giant cells) have been demonstrated 

several days after an initial lymphocyte-predominant pituitary infiltration in mouse models 

of AHy [49]. Moreover, GHy also has a strong female predilection and occurs about 8 years 

after the mean age of occurrence of LHy [47]. These observations would support the 

likelihood of GHy being a late histopathological manifestation of LHy. Further research is 

necessary to assess and delineate the pathophysiological relation between LHy and GHy.

2.2.3. IgG-4 hypophysitis—One of the novel emerging causes of hypophysitis is the 

IgG4Hy, also known as plasmacytic hypophysitis. IgG4Hy is usually a part of IgG4-related 

disease, a systemic disease involving multiple organs [50]. IgG4-related disease comprises 

of a variety of conditions, such as autoimmune pancreatitis, Mikulicz’s disease, Riedel’s 

thyroiditis, retroperitoneal fibrosis, inflammatory pseudotumor, and hypertrophic 

pachymeningitis, among others [2, 48]. However, IgG4Hy has also been reported to occur in 

isolation without involvement of other organs, and such isolated forms appear to be more 

common in females [13, 51, 52]. This form of hypophysitis was first suggested as a separate 

entity in 2004 [53], and the first histologically confirmed report was published in 2007 [54]. 

Since then, more than 100 cases have been identified, with more than half of the reports 

from Japan [13, 52]. Although reports have identified the prevalence of IgG4Hy at 4% from 

large cohorts [20], a more recent study showed that several cases previously designated as 

LHy or unspecified hypophysitis were in fact IgG4Hy based on histopathological 

examination, so the prevalence could actually be much higher [55]. However, the latter 

projection of disease prevalence was based on a much smaller study population.
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Unlike other forms of PHy, IgG4Hy occurs more commonly in males (female:male = 1:3). 

However, the isolated forms of IgG4Hy without systemic involvement seems to be more 

common in females (female: male = 2:1) [55]. The overall mean age of onset is also higher 

(after 60 years) when compared to other forms of PHy, and the mean age of onset for 

females (56.4 years) is about 11 years younger than that of males (67.5 years) [13]. The 

presence of ≥10 IgG4 producing plasma cells per high power field was initially suggested as 

a requirement for the diagnosis of IgG4Hy [11, 56]. Currently, the more widely accepted 

diagnostic criteria is the one suggested by Leporati and colleagues [56], which consists of 5 

diagnostic criteria for identification of IgG4Hy. A diagnosis of IgG4 can be established by 

the following combinations of criteria: 1) Biopsy-proven IgG4 disease of the pituitary gland 

alone (criterion 1); or 2) Positive imaging features of hypophysitis (criterion 2) with biopsy-

proven IgG4 disease of other organs (criterion 3) in situations where no pituitary biopsy is 

available; or 3) Imaging evidence of hypophysitis (criterion 2) with elevated serum IgG4 

antibody levels (>140 mg/dl) (criterion 4) and prompt response to glucocorticoid therapy 

(criterion 5) in cases where neither the biopsy samples of pituitary nor of other sites are 

available. Histopathology reveals mononuclear infiltration with ≥10 IgG4 positive plasma 

cells per high power field, storiform fibrosis (cartwheel pattern of fibrosis, with strands of 

collagen radiating from a central point), and rarely lymphoid follicles and eosinophils [57]. 

Establishing the diagnosis of IgG4Hy is crucial, since this form of hypophysitis is 

responsive to glucocorticoid therapy, which could be particularly beneficial in the 

inflammatory stage, and can also reduce circulating IgG4 levels [52, 58].

2.2.4. Xanthomatous hypophysitis—Initially described in 1998 in a series of 3 

patients, xanthomatous hypophysitis (XHy) is a rare form of PHy/AHy that is characterized 

by the presence of foamy macrophages in the pituitary gland [59]. XHy accounts for 

approximately 3% of cases of PHy [20]. IHC demonstrates positivity for CD68 (macrophage 

marker), and lipid laden macrophages are evident on electron microscopy [59]. As with 

other forms of PHy, XHy is more common in women (female: male = 3:1) and the mean age 

of presentation is in the 4th decade [46]. Unlike LHy, XHy has no relation with pregnancy or 

post-partum period [48]. The disease mainly involves the anterior pituitary, central diabetes 

insipidus (DI) is seldom a manifestation of XHy, and visual symptoms are infrequent [60]. 

Cystic areas of liquefaction can occur within the pituitary and can often be visualized on 

MRI [46]. Secondary causes such as Erdheim-Chester disease can also give rise to 

xanthomatous or xanthogranulomatous lesions in the pituitary and must be suspected in 

supposed XHy cases with multi-organ involvement, especially if these lesions harbor the 

somatic BRAF V600E variant [61]. Conversely, DI is the most common endocrinopathy 

seen in patients with Erdeim-Chester disease, and can present as the first clinical 

manifestation. The pathogenesis of XHy is unclear. Several causes such as autoimmunity, 

infection, or regional endothelial dysfunction have been suggested, but the most plausible 

aetiology appears to be a local inflammatory response to a ruptured Rathke’s cleft cyst [48, 

62].

2.2.5. Necrotizing and mixed forms of hypophysitis—Necrotizing hypophysitis 

(NHy) is the rarest form of PHy (0.6%) and very few cases have been reported in the 

literature [48, 63–65]. Females are more commonly affected than males (3:1) and the 
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pathogenesis has not been elucidated [48]. Although the disease could be a separate entity 

altogether, it is more likely that NHy represent a more severe form of one of the other forms 

of hypophysitis. NHy can also occur with SHy, and has been reported in at least one case of 

ICIHy from the use of CTLA-4 inhibitor therapy [20]. Although the clinical and imaging 

features are similar to other forms of hypophysitis, NHy is more likely to present more 

acutely with mass effect symptoms (e.g., eye pain, visual defects) or even as aseptic 

meningitis [11, 65]. Histopathology reveals extensive areas of necrosis with infiltration of 

lymphocytes, plasmacytes, and a few eosinophils, and chronic inflammation can lead to 

fibrosis [48, 63]. Other conditions that can cause pituitary necrosis include Sheehan 

syndrome, macroadenomas, pituitary metastases, septic shock, and snake venom poisoning, 

and must be considered in the differential diagnoses [63].

Mixed forms of hypophysitis are observed in 4% of PHy cases [20]. Lymphogranulomatous 

hypophysitis can contain features of both LHy and GHy, but it is likely that this subset of 

hypophysitis histopathologically could represent a transition from an initial lymphocytic 

infiltrative pattern of LHy to a more granulomatous, chronic inflammatory pattern of GHy 

[47]. Xanthogranulomatous hypophysitis (XGHy) containing both foamy xanthoma cells 

and multinucleated giant cells along with cholesterol clefts and hemosiderin deposits has 

also been described in the literature [46, 66]. These lesions seem to share the pathogenesis of 

XHy, and appear to represent a disease spectrum, with XHy being the earlier manifestation 

followed by XGHy changes that occur later during the course of the disease [62].

2.3. Secondary hypophysitis

2.3.1. Immune checkpoint inhibitor induced hypophysitis—ICI therapy has 

revolutionized the field of oncology, and their treatment indications are being increasingly 

investigated in several forms of cancers. At least seven ICIs are currently approved by the 

U.S. Food and Drug Administration (ipilimumab, nivolumab, pembrolizumab, atezolizumab, 

durvalumab, cemiplimab, and avelumab), while other ICIs (such as tremelimumab) are 

being actively tested in clinical trials [67]. A diagrammatic representation of the 

mechanisms underlying ICIHy is shown in Figure 1.

ICIs are monoclonal antibodies that bind to, and inhibit the action of, cytotoxic T-

lymphocyte antigen 4 (CTLA4) and programmed cell death 1 (PD1) on the T lymphocytes, 

and the PD1 ligand 1 (PDL1) on the antigen presenting cells (Figure 1). These proteins are 

involved in T cell activity inhibition and T cell depletion, but their inhibition through ICI 

therapy reactivates the T cells and enhances detection of cancer cells, leading to immune-

mediated tumor lysis [68, 69]. As with other forms of oncologic therapy, ICIs come with 

their own set of adverse effects, several of which are immune-related. ICI induced 

endocrinopathies (which includes ICIHy) comprise a major set of immune-related adverse 

events from this particular therapy [68]. As of March 2013, there were 101 cases with ICIHy 

described in the literature, which were comprised of data from 83 patients enrolled in 

clinical trials and from 18 case reports [11]. The report by Caturegli et al. from December 

2016 was comprised of 128 cases with SHy from CTLA4 blockade [20]. Unlike LHy, ICIHy 

more commonly affects males (about 79%, female: male ratio: 1:4) and has an older age of 

onset (59±13 years) [20]. Based on the data from sizeable cohorts of patients treated with 
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ipilimumab (CTLA4 inhibitor) for metastatic melanoma, the prevalence of ICIHy has been 

estimated to be 11% to 13.6% among patients receiving CTLA4 inhibitors [67, 70–73], but 

the prevalence of ICIHy is substantially lower (0.5%) with PD1/PDL1 inhibitors such as 

pembrolizumab and nivolumab [67, 74]. Also, the mean time to diagnosis of ICIHy after 

treatment initiation is earlier with CTLA4 inhibitors as compared to PD1/PDL1 inhibitors 

(9.3 weeks vs. 25.8 weeks, respectively) [67]. With combination therapy (CTLA4 plus PD1 

inhibitors), the mean duration of onset is approximately 12.5 weeks [67].

The exact pathophysiology of ICIHy has not yet been completely deciphered, but mice 

model experiments have demonstrated the expression of CTLA4 on the pituitary cells, and 

these mice develop complement deposition in the pituitary after CTLA4 antibody injection 

[75]. Interestingly, patients with ICIHy from CTLA4 treatment for melanoma develop 

CTLA4 antibodies [75]. Data on histopathological evaluation of the pituitary glands of 

patients with ICIHy is sparse because most, if not all, patients with ICIHy reported in the 

literature have not undergone pituitary biopsy or autopsy sampling [20]. However, 

histopathological evaluation of ICIHy in a few patients has revealed that the most likely 

underlying pathophysiologic process is a combination of type II and type IV hypersensitivity 

reactions [20]. The type II reaction is mediated through the binding of IgG antibody to target 

antigen on pituicytes (glial cells of the posterior pituitary), which in turn activates 

macrophages and complement pathways, whereas the type IV reaction is driven by T 

lymphocytes which cause granzyme and perforin-mediated cytotoxicity, cytokine release, 

and activation of the B lymphocytes and phagocytes [20]. In one case, there was evidence of 

emperipolesis (penetration of one living cell into another living cell) of lymphocytes into the 

pituitary acidophils, which is suggestive of an autoimmune process [20]. A case of 

histopathologically confirmed NHy induced by tremelimumab (CTLA4 inhibitor) has also 

been reported [20]. The above findings might also explain why CTLA4 inhibitors are more 

likely to cause ICIHy. Unlike CTLA4 inhibitors which are IgG1/IgG2 monoclonal 

antibodies, PD1/PDL1 inhibitors are IgG4 monoclonal antibodies and do not efficiently 

activate antibody-mediated cytotoxicity or the classic complement pathway [67]. Clinically, 

headaches from ICIHy are more common with CTLA4 inhibitors and combination therapy 

than with PD1 inhibitors [67]. More recent reports on patients developing ICIHy with PD1/

PDL1 inhibitor therapy have shown a unique pattern of hypophysitis distinct from CTLA4 

inhibitor mediated ICIHy. PD1/PDL1 inhibitor therapy often causes isolated ACTH 

deficiency, with hyponatraemia being a common presenting symptom, and MRI scans often 

do not reveal classic features of hypophysitis [76]. Patients with melanoma who develop 

hypophysitis from ipilimumab have a better overall survival irrespective of glucocorticoid 

therapy, when compared with those patient who do not develop hypophysitis [77].

2.3.2. Other forms of secondary hypophysitis—Several systemic autoimmune 

conditions are associated with hypophysitis. It is unclear as to where exactly in the 

classification the systemic autoimmune diseases fit. If classified based solely on the 

autoimmune aetiology, hypophysitis from any autoimmune disease would be classified as 

PHy. But if the underlying autoimmune disease is considered as a systemic disease, then the 

associated hypophysitis is classified as SHy. However, the classification of hypophysitis 

from autoimmune diseases is still a matter of debate. As these forms of hypophysitis are 
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associated with autoimmune diseases, they are likely to be AHy. AHy has been associated 

with several autoimmune endocrine conditions such as Graves’ disease, Hashimoto’s 

thyroiditis, type 1 diabetes mellitus, or autoimmune polyglandular syndromes (APS) [19, 

78–80]. Other autoimmune diseases such as systemic lupus erythematosus, Sjogren’s 

syndrome, Behcet’s syndrome, and systemic inflammatory diseases can also occur along 

with AHy [81–83]. Coeliac disease-associated haplotypes in Caucasian patients, particularly 

the ones linked to DQ8 and DQ2, have an increased association with hypophysitis, and anti-

pituitary, anti-hypothalamus, and antinuclear antibodies were found in higher frequencies in 

patients with coeliac disease-associated haplotypes [84].

Vasculitic processes such as granulomatosis with polyangitis [85, 86], microscopic 

polyangitis [87], Takayasu arteriitis [88], and Cogan’s syndrome [89] have also been 

associated with AHy. Apart from ICI, other drugs are also known to cause AHy, including 

interferon alpha [90], interferon alpha/ribavirin combination therapy [91, 92], and 

ustekinumab [93]. Hypophysitis is also caused by several inflammatory conditions such as 

sarcoidosis, IgG4-related disease, and infectious diseases such as tuberculosis, syphilis, and 

fungal infections [15, 46, 61]. Proliferative disorders such as Langerhans cell histiocytosis, 

Erdheim Chester disease [94, 95], and neoplastic conditions such as germinoma, 

craniopharyngioma, and lymphoma can also give rise to hypophysitis [15, 46]. In particular, 

germinomas are highly immunogenic tumors and can cause peritumoral autoimmune 

reactions in the sellar and suprasellar region leading to an AHy-like picture [96].

2.3.3. Novel causes of secondary hypophysitis—Anti-PIT1Hy is a novel form of 

AHy that is characterized by selective deficiencies of GH, thyroid stimulating hormone 

(TSH), and prolactin [12]. PIT1 is a POU-domain transcription factor that is involved in the 

differentiation of somatotroph, thyrotroph, and lactotroph cells during organogenesis, and its 

mutations are known to cause congenital GH, TSH, and prolactin deficiencies [12, 97, 98]. 

Anti-PIT1Hy has been also referred to as ‘anti-PIT1 antibody syndrome’ as the condition is 

associated with circulating anti-PIT1 antibodies, which are specific markers for this 

condition [99]. But it is cytotoxic T lymphocytes (CTL) that are actually responsible for the 

development of the disease, because the circulating antibodies do not exhibit cytotoxic 

properties but rather serve as biomarkers for anti-PIT1Hy [100]. Recent experiments have 

demonstrated that PIT1 protein epitopes are presented by the MHC/HLA class I on the 

pituitary cells, which would further suggest a CTL-mediated destruction in this disorder 

[101]. Less than 10 cases have been described to date, with most of the reports in male 

patients [12]. The age of onset is usually after the 7th decade of life, although one case 

occurring at 44 years of age has been described [12]. Anti-PIT1Hy is a paraneoplastic 

manifestation, and the underlying primary tumor in most cases has been a thymoma; rarely, 

other underlying primary tumors such as bladder lymphoma have been reported [12]. 

Yamamoto et al. have suggested the following criteria for the diagnosis of anti-PIT1Hy: 1) 

Acquired specific GH, TSH, and prolactin deficiencies without impairment of other pituitary 

axes; 2) Presence of circulating anti-PIT1 antibodies or PIT1-reactive CTL; and 3) 

Underlying diagnosis of a thymoma or another malignant neoplasm [12]. A definitive 

diagnosis is established if criteria 1 and 2 are met, and the presence of criterion 1 alone 
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suggests a probable diagnosis [12]. Anti-PIT1Hy can also concomitantly occur with other 

autoimmune endocrinopathies such as type 1 diabetes mellitus [12].

Another novel form of pituitary autoimmune condition is acquired, isolated ACTH-

deficiency, which also is a paraneoplastic syndrome [12]. A recent case description reported 

a patient with an ectopic ACTH-expressing large cell neuroendocrine carcinoma who later 

developed isolated ACTH-deficiency [12]. Circulating anti-proopiomelanocortin (POMC) 

antibodies were detected and the peripheral blood lymphocytes were reactive to POMC 

protein, indicative of a CTL-mediated reaction. Similarly, isolated ACTH-deficiency has 

been reported in other malignancies such as gastric cancer and acute myeloid leukaemia 

[102, 103]. As isolated ACTH-deficiency has been associated with lymphocytic infiltration 

of the pituitary, it is likely that this condition could represent a novel form of AHy [104].

3. Clinical features of hypophysitis

Clinical presentation of hypophysitis has a wide spectrum: anywhere from being clinically 

asymptomatic, to having one or more features of hypopituitarism, to acute onset of mass 

effects including pituitary apoplexy and even death from circulatory collapse and adrenal 

crisis [5, 19]. All forms of hypophysitis can potentially manifest with one or more of the 

following four clinical features: 1) Mass effects such as headaches and visual symptoms; 2) 

Symptoms of deficiency of anterior pituitary hormones; 3) Central DI; and, 4) 

Hyperprolactinaemia [8, 11, 15]. Caturegli et al. collected data on PHy patients from 1917 to 

June 2016 and identified the following prevalence for the symptoms at presentation: 

headaches in 47%, low cortisol in 35%, polyuria and polydipsia in 35%, visual disturbance 

in 31%, low sex steroids in 20%, and low thyroxine in 16% of the patients [20]. In the same 

report, among the patients with SHy from CTLA-4 blockade, headache was prevalent in 

60%, low cortisol in 72%, polydipsia and polyuria in 0.9%, visual disturbance in 3%, low 

sex steroids in 15%, and low thyroxine in 20% of the cohort [20].

The most common presenting features of hypophysitis are the symptoms of mass effects, 

including headaches, and visual disturbances, especially in the acute or subacute phase [14, 

105]. The anatomical disruption of the sellar region and the adjacent regions caused by 

hypophysitis is shown in Figure 2. Several studies have reported mass effects ranging from 

24% to 83% of patients with PHy [9, 21, 105, 106]. Headaches occur in 57% to 83% and 

nausea, visual disturbances are observed in 50% to 70% of patients with acute AHy [21, 48]. 

Headache is the most common mass effect symptom, which is usually generalized and can 

often be severe [11]. Headaches occur in 47% to 68% of PHy patients and 60% to 61% of 

ICIHy patients [17, 20]. The likely cause is upward expansion of the inflamed, enlarged 

pituitary gland which impinges on the dura mater and optic chiasm, or lateral extension of 

the inflamed pituitary causing compression of the cavernous sinus [11, 107]. Headaches 

seem to be more severe in patients with PHy when compared to those with ICIHy, but occur 

more consistently in ICIHy patients [20]. The second common mass effect symptom is 

visual disturbance [11]. Visual symptoms can occur in up to 31% of PHy patients while they 

are extremely rare (approximately 3%) in ICIHy patients [20]. Similarly, visual symptoms 

are rare with XGHy [60]. Visual symptoms could manifest as visual field defects if the 

enlarged pituitary encroaches on the optic chiasm causing bitemporal quadrantopsia or 
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hemianopsia, or pupillary defects or diplopia from compression of cranial nerves III 

(oculomotor), IV (trochlear), and VI (abducens), and rarely orbital pain or facial 

paraesthesia from compression of the branches of cranial nerve V (trigeminal nerve) [108–

110]. Asthenia is another common symptom reported in up to 86% of PHy and 58% of 

ICIHy patients [17].

Anterior pituitary hormone deficiencies leading to varying degrees of hypopituitarism is the 

next most commonly occurring feature of hypophysitis. The frequency of AHy-related 

anterior hypopituitarism reported in the literature ranges from 40% to 81% [9, 14, 21, 105, 

106, 111]. A number of studies have provided varying frequencies of occurrence of different 

symptoms and hormonal deficiencies, including ACTH, GH, TSH, gonadotropins (follicle 

stimulating hormone; FSH, and luteinizing hormone; LH), and prolactin. The usual 

sequence of hormonal deficiencies seen with other causes of panhypopituitarism is loss of 

GH, followed by LH/FSH, TSH, and ACTH (mnemonic: Go Look For The Adenoma) [112]. 

In contrast, in hypophysitis, ACTH deficiency is the most frequently observed deficiency, 

followed by LH/FSH and TSH deficiencies, and then less frequently GH and prolactin 

deficiencies [14, 15]. Central AI has been reported in 20% to 75%, central hypogonadism in 

15% to 60%, central hypothyroidism in 25% to 58%, GH deficiency in 5% to 41%, and 

prolactin deficiency in 13% to 25% of patients with various forms of PHy [8, 20, 21, 105, 

111, 113, 114]. When compared with PHy, the frequency of ACTH, TSH, and LH/FSH 

deficiencies at diagnosis seem to be more profound in cases of SHy due to ICIHy [20]. Also 

unlike in PHy, where ACTH deficiency is more common, ACTH, TSH, and LH/FSH 

deficiencies occur at similar frequencies in ICIHy [20]. Based on the data compiled by 

Caturegli et al. on patients with SHy due to CTLA-4 blockade, secondary hypocortisolism 

was prevalent in 91%, secondary hypothyroidism in 84%, and secondary hypogonadism in 

83% of the patients [20]. Hyponatraemia from isolated ACTH deficiency can be seen with 

ICIHy from PD1/PDL1 inhibitor therapy [76]. A variety of symptoms can manifest based on 

the type of hormonal deficiency, such as fatigue and muscle weakness (ACTH, TSH, FSH, 

LH, GH), orthostatic hypotension (ACTH), anorexia and nausea/vomiting (ACTH), 

hyponatraemia (ACTH, TSH), menstrual irregularities/amenorrhea (FSH, LH, TSH), erectile 

dysfunction (FSH, LH), hot flashes and vaginal dryness (FSH, LH) constipation and weight 

gain (TSH), weight loss (ACTH), and cold intolerance (TSH) [112]. Children with GH 

deficiency can present with short stature [48]. Prolactin deficiency can manifest as lactation 

failure in women during the post-partum period, which should particularly raise the concern 

for LHy [11]. Of all the manifestations of hypopituitarism, identifying the signs and 

symptoms of ACTH deficiency is crucial, as untreated AI can potentially be lethal [15, 48]. 

In addition, in cases of ICIHy, the symptoms of hypocortisolism (fatigue, tiredness, weight 

loss) can overlap with the symptoms of the underlying malignancy, which could potentially 

confound the physician’s assessment and lead to a missed diagnosis of AI [20].

Hyperprolactinaemia is prevalent in 18% to 48%, and central DI in 17% to 72% of patients 

with hypophysitis [9, 14, 21, 105, 106, 111, 114]. In PHy, central DI is seen in 39% and 

hyperprolactinaemia is seen in 37% of patients [20]. However, hyperprolactinaemia and 

central DI are uncommon in ICIHy, affecting 9% and 1% of patients, respectively [20]. The 

plausible explanations for hyperprolactinaemia with hypophysitis include disruption of the 

inhibitory hypothalamic dopaminergic signals due to pituitary stalk inflammation or 
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compression, concomitant hypothalamic inflammation leading to decreased dopamine 

synthesis, or the presence of lactotroph-stimulating auto-antibodies causing prolactin 

synthesis and release [8, 48]. Hyperprolactinaemia can present as galactorrhea and 

amenorrhea in women, and as loss of libido and erectile dysfunction in men [115]. Central 

DI is more likely to occur in cases of infundibuloneurohypophysitis or panhypophysitis, and 

manifests as polyuria, polydipsia, nocturia and dehydration [112]. Central DI is rarely seen 

with XHy [60]. Simultaneous hypothalamic involvement could give rise to adipsic DI which 

can predispose the patient to the risk of severe hypernatremia [112, 116]. In patients with 

concomitant central AI, the central DI can be masked due to impaired free water clearance 

caused by glucocorticoid deficiency, and subsequent glucocorticoid replacement in central 

AI can unmask the central DI [112]. Sellar germinomas can mimic LINHy, and can also 

present with a triad of DI, hypopituitarism mainly as GH deficiency, and visual symptoms 

[48, 117].

Other rare findings associated with hypophysitis include internal carotid artery occlusion, 

aseptic meningitis, and pituitary apoplexy [118–120]. Hypothalamic dysfunction from AHy 

manifesting as weight gain and temperature dysregulation are also reported [113, 121]. 

Hypercalcaemia is another uncommon feature observed in cases of AHy with AI [122, 123]. 

The proposed underlying mechanism is the increased efflux of calcium from bones along 

with increased tubular reabsorption and decreased renal excretion of calcium due to 

glucocorticoid deficiency [123]. In cases of SHy, features of other autoimmune endocrine 

disorders (Graves’ disease, Hashimoto thyroiditis, type 1 diabetes, APS), non-endocrine 

autoimmune conditions (systemic lupus erythematosus, rheumatoid arthritis, Sjogren’s 

syndrome, vasculitis, coeliac disease), or inflammatory conditions (sarcoidosis, IgG4 

disease) can be evident on clinical presentation [14].

4. Diagnosis of hypophysitis

Making an accurate and timely diagnosis of hypophysitis continues to be a challenge to this 

day. Due to the relative rarity of the condition in the general population, clinically non-

specific symptoms that could be erroneously attributed to other causes by physicians 

unaware of this condition, and the likelihood of late presentation with panhypopituitarism 

due to a clinically silent hypophysitis and fibrosis are all the factors that can explain a 

delayed or missed diagnosis [15]. The diagnostic approach towards hypophysitis can be 

broadly categorized into three groups: 1) Biochemical evaluation: 2) Imaging evaluation; 

and 3) Evaluation of secondary causes of AHy. A general algorithm for diagnosing and 

managing hypophysitis is shown in Figure 3.

Biochemical evaluation should comprise of measurement of pituitary hormones and the 

hormones of their target endocrine glands [112]. Pituitary hormones requiring evaluation 

include plasma ACTH, TSH, LH, FSH, GH, and prolactin. The target organ hormone 

measurements include plasma cortisol, free thyroxine, testosterone/oestradiol, and insulin-

like growth factor – 1. Central adrenal insufficiency can be evaluated by measuring an 8 to 9 

AM serum cortisol. A morning cortisol level of <3 mcg/dL is indicative of AI while a level 

of >15 mcg/dL likely excludes AI [112]. An ACTH stimulation test must be performed for 

AM cortisol values between 3 and 15 mcg/dL, and a value of <18.2 mcg/dL at 30 or 60 
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minutes after ACTH stimulation is suggestive of AI [112]. It is important to note that the 

ACTH stimulation test was not designed for evaluation of secondary AI [124]. Both the 

high- and low-dose ACTH stimulation test have similar diagnostic accuracy and are 

adequate to rule in, but not rule out, central AI [124]. In particular, ACTH stimulation tests 

can miss cases of secondary AI that have developed acutely. The gold standard test for 

evaluating central AI is the insulin tolerance test, which is rarely used given its inherent risks 

[124].

In secondary hypothyroidism, the free thyroxine is low and the TSH can be low, normal, or 

slightly elevated [112]. For males, along with LH and FSH, an AM serum testosterone 

(before 10 AM preferably after an overnight fast) should be measured, and a low AM serum 

testosterone along with low or normal gonadotropins indicates central hypogonadism [112]. 

In pre-menopausal women, normal menstruation suggests a normally functioning 

gonadotroph axis, and central hypogonadism can manifest with menstrual irregularities or 

amenorrhea. In cases of menstrual irregularities, LH, FSH and serum oestradiol must be 

measured, and pregnancy must be ruled out in patients with amenorrhea [112]. In post-

menopausal women, absence of elevated LH, FSH is indicative of hypogonadotropic 

hypogonadism [112]. GH deficiency is difficult to diagnose with isolated GH or IGF-1 

levels due to heterogeneous pulsatility in GH secretion and several confounding factors, 

including body weight and age, and up to 20% of adults with GH deficiency can have 

normal IGF-1 levels [112]. A diagnosis of GH deficiency can be firmly established only 

through GH stimulation testing [112]. However, with established deficiencies of three other 

pituitary hormones, GH deficiency testing is not necessary [112]. Prolactin levels must be 

measured to evaluate for prolactin deficiency and hyperprolactinaemia, both of which can 

occur with hypophysitis. In addition, hyperprolactinaemia can be associated with 

dysfunction of other pituitary axes, such as the gonadotroph and thyrotroph axes [112]. 

Central DI must be evaluated in patients with polyuria (defined as >50 ml/Kg/24 hours in 

adults) [116]. Serum sodium, and plasma and urine osmolality must be measured as initial 

laboratory tests. A serum sodium of >145 mmol/L, plasma osmolality of ≥295 mosm/Kg, 

and a urine osmolality of <300 mosm/Kg is indicative of DI [112, 116]. For indeterminate 

cases, especially in patients with urine osmolality >300 mosm/Kg and <800 mosm/Kg, 

further testing in the form of the indirect water deprivation test or hypertonic saline infusion 

test coupled with plasma copeptin measurement can be carried out if facilities are available 

for the respective tests [116, 125].

Currently, MRI is the best imaging modality for diagnosing hypophysitis. MRI 

abnormalities can be seen in up to 98% of PHy and 77% of ICIHy cases [20, 126]. Over the 

years, several MRI features have been noted to be associated with hypophysitis. The 

following are the common MRI findings and their typical frequency of occurrence in 

hypophysitis: pituitary enlargement in 23% to 93.2% of cases [21, 47, 105, 111, 127], 

homogeneous pituitary contrast enhancement in 23% to 91.7% of cases [21, 47, 105, 111, 

113], pituitary stalk thickening (>4 mm antero-posterior diameter on sagittal section) in 

33.8% to 96% of cases [11, 47, 105, 111, 113, 114], and loss of posterior pituitary bright 

spot on T1-weighted imaging in 18% to 70.8% [21, 105, 111]. Other frequently observed 

radiological signs include intrasellar plus suprasellar extension, seen in 50% to 92% of 

LHy/PHy patients [105, 111], and up to 100% of GHy patients in one report [113], and a 
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parasellar T2 dark sign (seen in up to 50% of PHy patients) [105, 128]. Other rarer 

radiographic findings include parasellar extension, cystic changes, central necrosis/apoplexy, 

‘figure of 8’ appearance, the presence of a ‘dural tail’ or a ‘meningeal tail’ (contrast-

enhanced inflamed tissue along the dura mater), or an empty sella during late stages of the 

disease [11, 105, 129]. In XHy and XGHy, there can be mixed signal intensity on T1/T2 

imaging due to cholesterol deposits [11, 48]. MRI can be normal in ICIHy from PD1/PDL1 

inhibitor therapy [76]. In anti-PIT1Hy, the MRI can be normal, or can demonstrate an 

atrophic pituitary gland with heterogeneity [12]. Figures 4 and 5 illustrate some of the MRI 

features of hypophysitis.

The main challenge in diagnosing hypophysitis on MRI lies in differentiating hypophysitis 

from a pituitary adenoma. A radiologic score was proposed by Gutenberg et al. to 

distinguish hypophysitis from a pituitary adenoma [130]. The following features favored a 

diagnosis of hypophysitis over an adenoma: 1) onset during late pregnancy and the early 

post-partum period; 2) relatively homogeneous uptake of gadolinium contrast and higher 

enhancement post-contrast; 3) absence of the posterior pituitary ‘bright spot’; and 4) 

pituitary stalk thickening. On the other hand, larger pituitary volume, asymmetric expansion 

of the pituitary, and sphenoid sinus mucosal thickening favors a diagnosis of pituitary 

adenoma. An aggregate of several of these findings provided a sensitivity and specificity of 

92% and 99%, respectively, in identifying hypophysitis, and a correct diagnosis could be 

made in up to 97% of patients [130]. There are some exceptions to these criteria. A 

homogeneous intensity can be observed in macroadenomas that are secondarily inflamed, 

and cystic areas can occasionally develop in the pituitary, especially in XGHy, and can lead 

to heterogeneous enhancement [11, 15, 131]. A pre-contrast T1-weighted MRI of the 

pituitary normally reveals a posterior pituitary ‘bright spot’ which is thought to be caused by 

the phospholipid rich granules containing neurophysin-peptide complex that are stored in the 

posterior pituitary [132]. However, the presence of the ‘bright spot’ is subject to physiologic 

variations and can be absent in 8% to 25% of individuals, and in up to 29% among elderly 

subjects, and therefore cannot be used as a sole measure of hypophysitis and/or posterior 

pituitary damage [133, 134].

The role of HLA testing and pituitary antibody measurement is currently of uncertain value 

and further research is required to establish the role of pituitary antibodies and HLA testing 

in diagnosing AHy [14]. Immunoglobulin levels must be measured if IgG4Hy is suspected 

[10]. Pituitary biopsy is considered as the gold standard for establishing the diagnosis of 

AHy [14]. However, the procedure is invasive, and because biochemical testing and MRI can 

detect most cases of AHy, pituitary biopsy is not routinely performed. Pituitary biopsy 

should be undertaken only in select cases where the diagnosis is uncertain and if the results 

of the biopsy are likely to change the course of management [46]. The procedure must be 

performed in well-equipped centers by an experienced neurosurgeon [46].

The differential diagnosis of hypophysitis are listed in Table 1, and includes several other 

inflammatory, infectious, and neoplastic causes [15]. These secondary causes must be 

appropriately evaluated (e.g., Quantiferon testing, serum angiotensin converting enzyme 

levels, and ANCA antibodies in cases of suspected GHy to rule out tuberculosis, sarcoidosis, 

and vasculitis; whole body bone scan, skeletal survey and biopsy in cases of Erdheim-
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Chester disease or Langerhan’s histiocytosis; serum alpha fetoprotein and beta-HCG in 

cases of sellar/suprasellar germinomas) [10]. Congenital disorders with abnormal pituitary 

development due to mutations in genes such as PIT1 or PROP1 can give rise to varying 

degrees of panhypopituitarism and present usually during infancy or early childhood, and 

these conditions must be on the list of differential diagnoses when evaluating for 

hypophysitis in the paediatric age-group [98, 135]. Some of the physiologic pituitary 

changes that can mimic hypophysitis include pituitary hypertrophy in children and during 

puberty, and pregnancy. Other causes such as Sheehan’s syndrome and isolated thyrotroph 

hyperplasia from severe, long-standing primary hypothyroidism can also mimic 

hypophysitis on imaging studies [14, 46].

5. Treatment of hypophysitis

There is no clear consensus on the optimal strategy for treatment of hypophysitis because of 

the rarity of the disease, heterogeneity in clinical presentation and natural history of the 

disease, and lack of clinical trials comparing the efficacy of different treatment modalities 

[48]. The therapeutic strategies employed for hypophysitis addresses one or both of the 

following issues: 1) Treatment of hormonal abnormalities; and 2) Alleviation of neurological 

and mass effects.

Hormonal abnormality pattern is identified based on biochemical testing, and those 

hormones that are deficient should be replaced. AI is treated with hydrocortisone 15 to 20 

mg that is typically body-surface area based, and administered in two or more divided doses, 

with the highest dose to be taken in the morning after waking up [112]. All patients with AI 

should be educated about AI and its symptoms and dosing for physical stresses, and should 

be provided with a medical alert card/necklace/bracelet and supplies of injectable 

hydrocortisone along with instructions about its handling [112]. Central hypothyroidism is 

treated with levothyroxine (average dose of 1.6 mcg/Kg/day) and the biochemical follow-up 

should be via measurement of free thyroxine levels, with a goal level of mid to upper half of 

the reference range [112]. As secondary AI and hypothyroidism are more common in 

patients with AHy, treatment of AI should precede the treatment of central hypothyroidism 

in order to avoid the theoretical risk for thyroid hormone-induced adrenal crisis [112]. 

Testosterone replacement is necessary for male patients with central hypogonadism in order 

to improve bone mineral density, libido, sexual function, maintenance of muscle mass, 

strength, and prevention of anaemia [112]. Several testosterone formulations are available 

and choice of the formulation depends on the patient’s preference, regional availability, and 

cost [112]. In premenopausal women with central hypogonadism, hormone replacement 

therapy should be provided (combined oestrogen – progestin formulations for women with 

intact uterus and oestrogen-only formulations for those who have undergone hysterectomy) 

[112]. GH replacement could be considered in patients with proven GH deficiency, with a 

starting dose of 0.2 – 0.4 mg/day in patients <60 years of age and 0.1–0.2 mg/day in patients 

>60 years of age [112]. Central DI can be treated with desmopressin, but in some instances, 

partial DI might not bother the patient much and no treatment may be necessary [112]. 

Caution must be implemented in treating patients with adipsic DI, with careful adjustments 

of fluid intake and desmopressin based on urine output. Symptomatic hyperprolactinaemia is 
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treated with dopamine agonists (cabergoline, bromocriptine) and the dosage adjusted based 

on serum prolactin levels [115].

Immunosuppressive therapy is utilized for patients with rapid onset of neurological 

symptoms and mass effects due to pituitary enlargement. Immunosuppressive drugs have 

demonstrated efficacy in reducing pituitary swelling, and with restoring pituitary function 

[16]. Glucocorticoids are the first-line immunosuppressive agents for the treatment of AHy. 

Although hormonal replacement alone is sufficient in a majority of cases with AHy, 

glucocorticoid treatment is the mainstay of therapy in some forms of hyophysitis such as 

IgG4Hy [46]. Various forms of glucocorticoids (prednisone, methylprednisone, or 

dexamethasone) have been utilized in the treatment of hypophysitis, either as monotherapy 

or in combination with other immunosuppressive agents [10, 16, 72, 109, 114, 136]. 

Glucocorticoid therapy is less effective in GHy and XHy [60]. In some studies, two-thirds of 

the patients experienced improvement/reversal in PHy (65.5% to 66.7%) after two years of 

average follow-up [136, 137], while another study showed up to 75% improvement in PHy 

after a median follow-up of 8 months after initiation of immunosuppressive therapy [105]. In 

another report, partial recovery occurred in 23% and complete recovery occurred in 4% of 

PHy patients after 6 months of glucocorticoid or combination therapy [21]. In contrast to 

PHy, ICIHy appears to be more refractory to glucocorticoid therapy, and studies have 

demonstrated the lack of improvement or recovery of hormonal function of pituitary 

function even after 12 months of glucocorticoid treatment [70, 72, 138]. Regardless, 

glucocorticoid therapy is recommended in ICIHy based on the severity. For grade 1 

(asymptomatic) or grade 2 (mildly symptomatic) ICIHy, hormone replacement can be 

provided and there is no need for discontinuation of ICI therapy [139]. For grade 3 

(moderately symptomatic) ICIHy, ICI therapy must be delayed and re-initiation of ICI must 

be considered based on clinical response to hormonal replacement/glucocorticoid treatment. 

For grade 4 (severe or life-threatening) ICIHy, ICI therapy must be discontinued and high 

dose glucocorticoid therapy must be administered [139]. There is concern of reduced 

survival among patients who receive glucocorticoids for ICIHy based on a study in a 

melanoma cohort receiving ipilimumab [77]. But even those patients who received 

glucocorticoids for ICIHy had a better overall survival compared to patients who did not 

develop ICIHy. Nevertheless, high dose glucocorticoids are not recommended for ICIHy 

except for acute presentations such as symptomatic mass effects [77].

For glucocorticoid treatment of hypophysitis in general, after an initial high dose treatment 

(1mg/kg/day of prednisone or its equivalent), glucocorticoids are tapered over several weeks 

to months, and the duration of treatment is guided by the clinical response [11]. Other 

immunosuppressive agents such as azathioprine, methotrexate, and cyclosporine A can be 

used in patients who relapse or do not respond to glucocorticoid therapy, and these 

modalities have been shown to be effective in both PHy and SHy [109, 140–142]. Rituximab 

can be of potential benefit, especially among those patients with IgG4Hy or those with a 

biopsy-proven B-lymphocyte predominant, steroid-refractory hypophysitis [142–144].

Surgery should be reserved for cases of uncertain diagnosis, rapid progression of 

neurological symptoms, and large space-occupying lesions that are accessible through 

transsphenoidal approach [136]. An advantage of surgery is that it allows for conclusive 
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histopathological diagnosis and can definitively reduce mass-effects from AHy [48]. 

Moreover, surgery could be a better option for certain forms of PHy, such as GHy, where it 

has shown better resolution of symptoms, lesser need for hormone replacement, and lower 

rates of recurrence when compared to glucocorticoid treatment [47]. In cases that are 

refractory to both medical and surgical modalities, stereotactic radiotherapy has been shown 

to be effective [145, 146].

The salient features of each major form of hypophysitis is summarized in Table 2. The data 

on the natural course of hypophysitis is highly variable, mainly due to the rarity of the 

disease and a small patient population in most studies. The disease can be self-limiting and 

spontaneous remissions can occur [46]. Anterior pituitary function can spontaneously 

improve in up to 33% of patients, although the rate of recovery is highly variable [14, 105, 

114]. Glucocorticoid treatment has also shown somewhat similar rates in improvement in 

anterior pituitary function (12% to 41%) [105, 114, 136]. Cortisol and gonadotroph axes 

tend to improve more frequently with therapy, while DI rarely recovers is more often 

refractory. DI has been shown to be a negative prognostic factor in the response of AHy to 

glucocorticoid therapy [105, 147]. Approximately 71% to 72% of patients require long-term 

hormone replacement therapy [14, 105]. Initial improvements in mass effects and radiologic 

features with glucocorticoid therapy are observed in over 75% of patients, with different 

studies showing response rates of 40% to 89%, and the pituitary lesion size can remain 

stable in up to 31% of patients [16, 114, 136, 148]. However, relapse/recurrence rates are not 

uncommon following glucocorticoid therapy, and have been observed in 38% to 46% of 

patients, with disease progression in 3% [114, 136]. Data on the influence of the dose and 

duration of glucocorticoids on the long-term prognosis of AHy is insufficient [46]. Also, 

prognostic data on some forms of AHy such as anti-PIT1Hy or isolated ACTH-deficiency is 

lacking due to the extreme rarity of these conditions. Surgery can result in rapid 

improvements in mass effects and neurological symptoms, and radiologic shrinkage in the 

size of the lesion can be observed in up to 68% of patients [136]. But even after surgery, the 

pituitary mass lesion can remain unchanged (approximately 21%) or progress 

(approximately 3%) [136]. The disease can be fatal in 6% to 7% of patients, mainly due to 

adrenal crisis [11, 14]. Long-term inflammation in hypophysitis can cause fibrosis and 

shrinkage of the pituitary, which in turn can lead to the development of an empty sella [15, 

46].

6. Summary: Challenges and Future directions

A substantial wealth of knowledge has acclimated over the past decade on the 

pathophysiology, diagnostic approach, and treatment strategies for management of 

hypophysitis and pituitary autoimmune conditions. However, many areas in this disease need 

further refinement. The precise classification of hypophysitis is still a matter of debate. 

Some publications include all the autoimmune forms of hypophysitis such as those 

associated with vasculitis or APS under PHy [46], while others have classified hypophysitis 

from systemic autoimmune disease under SHy [2, 15]. On the other hand, some forms of 

PHy such as IgG4Hy (which have multi-organ involvement) are placed under both PHy and 

SHy [2, 15, 48]. Therefore, further research into molecular and histopathological 

demarcation between the various forms of hypophysitis is necessary for a more precise 
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classification of the condition. Additionally, future investigations on the role of 

autoantibodies and HLA phenotypes in the pathogenesis of AHy could provide more 

insights into the relationship between the pituitary gland and the immune system. Other 

potential areas of further investigations include the histopathological and 

immunohistochemical phenotyping of hypophysitis and the role of immunosuppressive and 

immunomodulatory therapies in affecting the long-term prognosis of hypophysitis. 

Autoimmune patterns of hypophysitis can lack T regulator cells, which is a pattern also seen 

with other autoimmune conditions such as rheumatoid arthritis and multiple sclerosis [35]. 

Therefore, those patients who have an autoimmune pattern of pituitary involvement might 

benefit from immunosuppressive therapy. Furthermore, those patients with B-lymphocyte 

predominant AHy can be potentially treated with rituximab-based regimen [143, 144]. Large 

scale prospective studies on ICIHy are currently lacking and there is no strong data on the 

impact of discontinuing a potentially life-saving treatment such as ICI in order to tackle a 

manageable adverse effect of ICIHy [138]. Therefore, a multi-disciplinary team approach 

comprising of endocrinologists, oncologists, neuroradiologists, and pathologists is necessary 

for shared decision-making in order to formulate individualized treatment. As more data on 

hypophysitis and pituitary autoimmunity gather in the coming years, several of these 

questions can potentially be answered in the near future.
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PHy Primary hypophysitis

SHy Secondary hypophysitis

AHy Autoimmune hypophysitis

LHy Lymphocytic hypophysitis

GHy Granulomatous hypophysitis

IgG4Hy IgG-4 hypophysitis

XHy Xanthomatous hypophysitis

NHy Necrotizing hypophysitis

ICIHy Immune-checkpoint inhibitor (ICI) induced hypophysitis

Anti-PIT1Hy Anti-pituitary-specific transcription factor-1 (Anti-PIT1) 

hypophysitis
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LAHy Lymphocytic adenohypophysitis

LINHy Lymphocytic infundibuloneurohypophysitis

LPHy Lymphocytic panhypophysitis
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Practice Points

• Hypophysitis is a heterogeneous condition that leads to inflammation of the 

sella and/or suprasellar region, potentially resulting in hormonal deficiencies 

and/or mass effects

• A preponderance of hypophysitis subtypes have an underlying autoimmune 

aetiology

• Coeliac disease-associated haplotypes in Caucasian patients, particularly the 

ones linked to DQ8 and DQ2, have an increased association with hypophysitis

• The overall incidence and prevalence of hypophysitis has dramatically 

increased over the past decade, with a rise in the occurrence of certain forms 

of hypophysitis such as IgG4 hypophysitis (IgG4Hy) and immune checkpoint 

inhibitor induced hypophysitis (ICIHy)

• The clinical presentation varies from an asymptomatic condition to a fatal 

disease often as a result of electrolyte abnormalities due to glucocorticoid 

deficiency in the context of adrenal crisis from central adrenal insufficiency

• Milder forms of hypophysitis are treated with replacement of deficient 

hormones while more acute presentations with mass effects require 

glucocorticoid therapy, immunosuppressive therapy or surgery

• Headaches from ICIHy are more common with CTLA4 inhibitors and 

combination therapy than with PD1 inhibitors

• PD1/PDL1 inhibitor therapy often causes isolated ACTH deficiency, with 

hyponatraemia being a common presenting symptom, and MRI scans often do 

not reveal classic features of hypophysitis

• Patients with melanoma who develop hypophysitis from ipilimumab have a 

better overall survival irrespective of glucocorticoid therapy, when compared 

with those patient who do not develop hypophysitis

• MRI is the best imaging modality for diagnosing hypophysitis and MRI 

abnormalities can be seen in up to 98% of PHy and 77% of ICIHy cases

• Glucocorticoids are the first-line immunosuppressive agents for the treatment 

of AHy

• For grade 1 (asymptomatic) or grade 2 (mildly symptomatic) ICIHy, hormone 

replacement can be provided and there is no need for discontinuation of ICI 

therapy

• For grade 3 (moderately symptomatic) ICIHy, ICI therapy must be delayed 

and re-initiation of ICI must be considered based on clinical response to 

hormonal replacement/glucocorticoid treatment

• For grade 4 (severe or life-threatening) ICIHy, ICI therapy must be 

discontinued and high dose glucocorticoid therapy must be administered
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• For glucocorticoid treatment of hypophysitis in general, after an initial high 

dose treatment (1mg/kg/day of prednisone or its equivalent), glucocorticoids 

are tapered over several weeks to months, and the duration of treatment is 

guided by the clinical response

• Surgery should be reserved for cases of uncertain diagnosis, rapid progression 

of neurological symptoms, and large space-occupying lesions that are 

accessible through transsphenoidal approach

• 71% to 72% of patients require long-term hormone replacement therapy
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Research Agenda

• Elucidate the role of pituitary antibodies and HLA testing in diagnosing AHy

• Establish a more definitive association between HLA and LHy pathogenesis

• Better understand molecular mimicry through co-expression of antigens such 

as enolase isoforms in both pituitary and placenta, which are known targets of 

certain pituitary antibodies

• Decipher the pathogenesis of IgG4Hy, also known as plasmacytic 

hypophysitis, which can be part of IgG4-related disease, a systemic disease 

involving multiple organs
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Figure 1: 
Mechanism of immune checkpoint inhibitor-induced hypophysitis (ICIH). A: The tumor 

antigen is presented to T lymphocyte (TLC) by antigen presenting cell (APC), which in this 

scenario can be a tumor cell, through the interaction between the T-cell receptor (TCR) and 

the major histocompatibility complex I (MHCI). Another simultaneous interaction occurs 

between CD28 on the TLC and B7 on the APC which leads to the completion of TLC 

activation. B: Cytotoxic T-lymphocyte antigen 4 (CTLA4) is a negative immunomodulator 

that is induced after the initial activation of TLC. CTLA4 binds to B7 with a higher affinity 
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when compared to CD28, and causes inactivation of TLC. Programmed death 1 (PD1) is up-

regulated in activated TLCs and, in response to the inflammatory state, various tissues 

express PD1 ligand 1 (PDL1) and the PD1/PDL1 interaction down-regulates TLC activation. 

These mechanisms act as immune checkpoints and are utilized by normal cells in the body 

to prevent immune-mediated destruction. But the tumor cells take advantage of these 

immunomodulatory pathways to evade the immune system. C: Immune checkpoint 

inhibitors (ICIs) are monoclonal antibodies that target the immune checkpoints (CTLA4, 

PD1/PDL1) and inhibit their action, leading to persistent TLC activation and proliferation. 

This up-regulation in TLC activity caused by ICIs leads to destruction of the tumor and, as 

an adverse effect, also causes ICIH and other immune-related adverse events. The binding of 

ICI to pituitary cells elicits various immune reactions: a type II hypersensitivity reaction 

leading to activation of macrophages and complement pathways, a type IV hypersensitivity 

reaction causing cytotoxic T lymphocyte activation resulting in the release of granzyme, 

perforin, and cytokines, and activation of humoral immunity pathway leading to the 

production of anti-pituitary antibodies, all of which cause the disruption of the pituitary 

gland. (Courtesy of Sriram Gubbi, NIDDK, NIH)
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Figure 2: 
Diagrammatic representation of normal anatomy of the sellar region and the adjacent 

neurovascular structures (left panel) and the mass effects of hypophysitis (right panel). 

(Courtesy of Sriram Gubbi, NIDDK, NIH)
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Figure 3: 
Diagnostic evaluation and treatment of hypophysitis.
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Figure 4: Magnetic Resonance Imaging Findings in a Case of Primary Hypophysitis.
Panel A) T1-weighted image, sagittal section. Panel B) T1-weighted image, coronal section. 

Panel C) T1-weighted image post-gadolinium, sagittal section. Panel D) T1-weighted image 

post-gadolinium, coronal section. A homogeneous enlargement of the pituitary with 

thickening of the stalk can be seen. The mass shows intense and homogeneous enhancement 

post-gadolinium.

With permission from ref. 46
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Figure 5: 
Magnetic resonance imaging (MRI) features (T1-weighted images) of hypophysitis. White 

arrows: pituitary gland; Blue arrows: pituitary stalk. 1: sagittal non-contrast T1-weighted 

image; 2: sagittal post-contrast; 3: coronal post-contrast. A: Initial MRI of acute 

hypophysitis in a lady presenting at 6-weeks post-partum with severe headaches, nausea, 

vomiting, and lactation failure without diabetes insipidus. MRI shows an enlarged pituitary 

gland along with thickened stalk. The post-contrast images demonstrate a homogeneous 

uptake within the pituitary gland. B: Follow-up MRI 2 months after initiation of 

glucocorticoid therapy (prednisone 40 mg per day for 2 months followed by 20 mg per day 

for 3 months, then gradual taper to 5 mg per day for 6 months, and then maintenance therapy 
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with hydrocortisone for 6 months). There is evidence of reduction in the pituitary 

enlargement and stalk thickening. All symptoms resolved one month after initiation of 

therapy. C: Follow-up MRI 17 months after the initial MRI. There is resolution of all the 

features of acute hypophysitis. The patient continues to be on hormone replacement and is 

clinically doing well. (Courtesy of Joseph G. Verbalis, Georgetown University Medical 

Center, Washington, DC)
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Table 1

Causes of hypophysitis.

A. Based on the aetiology:

I. Primary hypophysitis

1. Lymphocytic hypophysitis (LHy)

2. Granulomatous hypophysitis (GHy)

3. IgG-4 hypophysitis (IgG4Hy)

4. Xanthomatous hypophysitis (XHy)

5. Necrotizing hypophysitis (NHy)

6. Mixed forms (lymphogranulomatous, xanthogranulomatous hypophysitis)

II. Secondary hypophysitis

1. Autoimmune endocrinopathies:
a

 • Autoimmune polyglandular syndromes

 • Hashimoto’s thyroiditis

 • Graves’ disease

 • Type 1 diabetes mellitus

 • Addison’s disease

2. Systemic autoimmune diseases:
a

 • Sjogren’s syndrome

 • Systemic lupus erythematosus

 • Bechet’s disease

 • Primary biliary cirrhosis

 • Optic neuritis

 • Atrophic gastritis

 • Myocarditis

 • Crohn’s disease

 • Idiopathic thrombocytopenic pupura

 • Autoimmune hepatitis

3. Vasculitides:

 • Temporal arteritis

 • Takayasu arteritis

 • Granulomatosis with polyangitis (Wegener’s granulomatosis)

 • Microscopic polyangitis

 • Cogan’s syndrome

4. Inflammatory and proliferative disorders:

 • Sarcoidosis

 • IgG4 disease

 • Langerhans cell histiocytosis

 • Erdheim-Chester disease

 • Tolosa-Hunt syndrome

 • Rathke’s cleft cyst rupture

5. Neoplastic lesions of the sellar and suprasellar regions:
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 • Germinoma

 • Craniopharyngioma

 • Pituitary adenoma

 • Meningioma

 • Glioma

 • Chordoma

 • Pituicytoma

 • Pituitary adenoma

 • Pituitary lymphoma

 • Dermoid

 • Epidermoid

6. Drug-induced hypophysitis:

 • Immune checkpoint inhibitor induced hypophysitis (ICIHy)

 • Interferon alpha

 • Ribavirin

 • Ustekinumab

7. Infections:

 • Tuberculosis

 • Syphilis

 • Fungal infections (Nocardia, Aspergillus)

 • Pituitary abscess

 • Viruses (Coxsackie, Herpes simplex, Varicella zoster)

 • Toxoplasma

8. Paraneoplastic syndromes:

 • Anti-PIT1 hypophysitis (Anti-PIT1Hy) - mostly secondary to thymomas

 • Isolated ACTH deficiency - from large cell neuroendocrine carcinoma

B. Based on the anatomical site of involvement

I. Adenohypophysitis

II. Infundibuloneurohypophysitis

III. Panhypophysitis

a
Hypophysitis associated with other autoimmune endocrinopathies and with other systemic autoimmune diseases are classified as ‘primary 

hypophysitis’ by some authors.
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Table 2

Salient features of common forms of hypophysitis.

1. Lymphocytic hypophysitis

• Most common form of hypophysitis (68% of PHy).

• Common in females (female:male = 4:1 for LADHy, 1.9:1 for LINHy, and 1:1 for LPHy).

• Mean age of presentation: females: 35 years, men: 49 years for LAHy. For LINHy, 39 years and for LPHy, 43 years in both sexes.

• Association with pregnancy and post-partum period.

• Histopathology: lymphocytic infiltration in the interstitium and in the pituitary acini. Lymphoid follicles with germinal centers can be 
observed.

2. Granulomatous hypophysitis

• Second most common form (20% of PHy).

• Common in females (female:male = 2.6:1).

• Mean age of presentation: 44 years.

• Histopathology: arranged in the form of granulomas, along with lymphocytes, multinucleated giant cells, and areas of fibrosis.

• Might represent a later stage in the course of natural history of lymphocytic hypophysitis.

3. IgG4 hypophysitis

• Prevalence of 4% among PHy (although some cohorts suggest as high as 41%).

• Often part of a systemic disease known as IgG4 disease.

• More common in males in cases of systemic involvement (female:male = 3:1), but isolated hypophysitis is more common in females 
(female:male = 2:1)

• Mean age of presentation is earlier in females (females: 56.4 years; males: 67.5 years).

• More common in eastern countries such as Japan.

• Histopathology: mononuclear infiltration with ≥10 IgG4 positive plasma cells per high power field, storiform fibrosis, rarely lymphoid 
follicles and eosinophils.

• Highly responsive to glucocorticoid therapy.

• Diagnosis can be established based on the following criteria: 1. Histopathological evidence on pituitary biopsy, 2. Hypophysitis on MRI, 3. 
Biopsy-proven systemic involvement, 4. Serum IgG4 levels >140 mg/dl, and 5. Excellent response to glucocorticoid therapy. Criterion 1 alone, 
or criteria 2 + 3, or criteria 2 + 4 + 5 establish the diagnosis.

4. Xanthomatous hypophysitis

• Prevalence of about 3% among PHy.

• More common in females (female:male = 3:1).

• Commonly presents in the 4th decade.

• Usually causes adenohypophysitis. Central DI is uncommon.

• Histopathology: infiltration with CD68 positive foamy macrophages. Xanthogranulomatous sub-type can contain cholesterol clefts and 
hemosiderin deposits.

• MRI can show cystic areas of liquefaction.

• Visual symptoms are uncommon in this type of hypophysitis.

• Precise aetiology unclear: likely an inflammatory reaction to a ruptured Rathke’s cleft cyst.

5. Necrotizing hypophysitis:

• Rarest histopathological form (0.6% of PHy).

• Can also occur in association with CTLA4 inhibitor therapy.

• Common in females (female:male = 3:1).

• More likely to present with acute onset of symptoms with mass effects.

• Histopathology: extensive areas of necrosis with infiltration of lymphocytes, plasmacytes, and a few eosinophils. Fibrosis can result from 
chronic inflammation.
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6. Immune checkpoint therapy induced hypophysitis:

• Most common form of secondary hypophysitis.

• Common in males (female:male = 1:4)

• Mean age of presentation: 59 ± 13 years

• Aetiology: combination of a type II and type IV hypersensitivity reaction, along with humoral immune response.

• More common with CTLA4 inhibitors (13.6%) as compared to PD1/PDL1 inhibitors (0.5%).

• Headaches are more common but visual disturbances are less on presentation when compared to PHy.

• Central DI is uncommon, and occurs in about 1% of patients.

• Isolated ACTH deficiency with hyponatraemia and a normal pituitary MRI is more common with PD1/PDL1 inhibitor therapy.

• Relatively refractory to glucocorticoid treatment.

PHy: primary hypophysitis; LADHy: lymphocytic adenohypophysitis; LINHy: lymphocytic infundibuloneurohypophysitis; LPAHy: lymphocytic 
panhypophysitis; DI: diabetes insipidus; ACTH: adrenocorticotrophic hormone; MRI: magnetic resonance imaging.
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