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Abstract  20 

Pituitary autoimmunity is one of the principal causes of hypopituitarism. Additionally, 21 

hypophysitis is one of the immune-related adverse events associated with immunotherapy. 22 

Recent case-oriented research has revealed a novel type of autoimmune hypophysitis, anti-PIT-23 

1 hypophysitis, related to isolated adrenocorticotropic hormone (ACTH) deficiency and 24 

immune checkpoint inhibitor-related hypophysitis, as a form of paraneoplastic syndrome. 25 

Under these conditions, the ectopic expression of pituitary antigens present in tumors evokes a 26 

breakdown of immune tolerance, resulting in the production of autoantibodies and autoreactive 27 

cytotoxic T cells that specifically harm pituitary cells. Consequently, an innovative clinical 28 

entity of paraneoplastic autoimmune hypophysitis has been purported. This novel concept and 29 

its underlying mechanisms provides clues for understanding the pathogenesis of autoimmune 30 

pituitary diseases and can be applied to other autoimmune diseases. This review discusses the 31 

etiology of paraneoplastic autoimmune hypophysitis and its future.  32 

 33 

 34 
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Introduction 38 

The pituitary gland regulates the endocrine system by modifying peripheral hormone secretion 39 

from the endocrine organs, and comprises the adenohypophysis (anterior lobe) and the 40 

neurohypophysis (posterior lobe). Hypopituitarism is defined as the insufficient secretion of 41 

the anterior pituitary hormone. The clinical symptoms of hypopituitarism are usually non-42 

specific, but can cause life-threatening events, leading to increased mortality and impairing the 43 

quality of life of an individual. Hypopituitarism is classified into two major etiologies: 44 

congenital and acquired hypopituitarism. Acquired hypopituitarism is typically caused by 45 

organic diseases such as pituitary tumors, surgery, irradiation, infarction, autoimmunity, trauma, 46 

infection, hemochromatosis, granulomatous disease, and histiocytosis [1]. However, in 6% of 47 

the cases, the etiology of hypopituitarism is unknown [2].  48 

The pathophysiology of autoimmune hypophysitis and isolated adrenocorticotropic 49 

hormone (ACTH) deficiency has been contributed to pituitary autoimmunity. Yet, the 50 

underlying mechanisms remain unclear. Recently, a new cause of acquired pituitary hormone 51 

deficiency in the form of paraneoplastic syndrome has been discovered [3]. In this study, we 52 

discuss the clinical characteristics and pathophysiology of this novel concept of "paraneoplastic 53 

autoimmune hypophysitis." 54 

 55 

A. Hypopituitarism 56 

The anterior pituitary secretes six hormones: ACTH, thyroid-stimulating hormone (TSH), 57 

luteinizing hormone (LH), follicle-stimulating hormone (FSH), prolactin (PRL), and growth 58 

hormone (GH). The posterior pituitary stores the hypothalamic hormones, namely, vasopressin 59 

and oxytocin. Hypopituitarism is defined as one or more anterior pituitary hormone deficiency, 60 

with or without deficiency of posterior pituitary hormones [4]. Hypopituitarism increases 61 

mortality due to cortisol deficiency caused by ACTH deficiency [5]. The onset of 62 
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hypopituitarism is classified as either congenital or acquired. The causes of congenital 63 

hypopituitarism are mostly associated with mutations in genes that regulate hypothalamus 64 

and/or pituitary development and function [6].  65 

One example of a gene associated with pituitary development is pituitary-specific 66 

transcription factor 1 (PIT-1, also known as POU1F1). PIT-1 is a pituitary-specific transcription 67 

factor that belongs to the POU homeodomain family [7, 8]. PIT-1 is crucial for the 68 

differentiation and maintenance of somatotrophs, lactotrophs, and thyrotrophs in the anterior 69 

pituitary [9, 10]. Patients with pathogenic variants of the PIT-1 gene exhibit undetectable levels 70 

of GH, PRL, and very low serum TSH levels. PIT-1 R271W, a well-known gene mutation, was 71 

the earliest reported cause of congenital hypopituitarism [11]. The R271W mutation leads to 72 

dissociation of PIT-1 protein with β-catenin and special AT-rich sequence-binding protein-1 73 

(Satb1), diminishing PIT-1-1-dependent gene activation [12].  74 

Pro-opiomelanocortin (POMC) is the precursor protein for ACTH (the melanocyte-75 

stimulating hormone), β-lipotropin, γ-lipotropin, and endorphins [13]. It is expressed in several 76 

tissues, such as the hypothalamus, pituitary gland, skin, and immune system [14]. Therefore, 77 

loss-of-function mutations of the POMC gene result in congenital isolated ACTH deficiency 78 

accompanied by early onset obesity, hyperphagic obesity, and red hair [15].  79 

The causes of acquired hypopituitarism are vastly diverse. The most common cause 80 

of hypopituitarism are pituitary tumors and related treatments such as surgery or radiotherapy 81 

[2, 16]. Other causes of acquired hypopituitarism include autoimmune conditions, infection, 82 

vascular impairment (including apoplexy), traumatic brain injury, neurosurgery, 83 

hemochromatosis, granulomatous disease, and histiocytosis [4]. Pituitary autoimmunity entails 84 

not only autoimmune (lymphocytic) hypophysitis, but also IgG4-related hypophysitis, immune 85 

checkpoint inhibitor-related hypophysitis, and isolated ACTH deficiency [17].  86 

Based on its etiology, hypophysitis is classified into two groups: primary and 87 
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secondary [18]. Primary hypophysitis is classified into several histological diagnoses, 88 

including lymphocytic (also known as autoimmune), granulomatous, xanthomatous, and 89 

necrotizing hypophysitis [19]. Pituitary biopsy is the most helpful way to differentiate between 90 

neoplastic and inflammatory conditions and ideally results in a definite diagnosis. Histological 91 

findings of lymphocytic hypophysitis generally show infiltration of polyclonal lymphocytes 92 

without a dominant subset [20]. In addition to lymphocytes, the immune infiltrate comprises 93 

other cells such as plasma, eosinophils, macrophages, histiocytes, and neutrophils [21]. 94 

Endocrine abnormalities in lymphocytic hypophysitis are often associated in the following 95 

order (although not definitive): ACTH > LH/FSH = TSH > GH = PRL [17].  96 

Secondary hypophysitis is caused by a spread of a nearby inflammatory lesion (such 97 

as Rathke’s cleft cyst and germinoma), or as part of systemic diseases such as IgG4-RD, 98 

granulomatous with polyangiitis, sarcoidosis, Langerhans cell histiocytosis, and systemic lupus 99 

erythematosus [18]. This category also includes immune checkpoint inhibitor-related 100 

hypophysitis, as described in our other review series titled "Immune Checkpoint Inhibitor-101 

Related Hypophysitis". 102 

Several reports have demonstrated the presence of circulating autoantibodies in 103 

autoimmune hypophysitis, including GH1 or GH2 [22], α-enolase [23], pituitary gland specific 104 

factors 1a and 2 [24], and secretogranin-2 [25]. Autoantibodies directed against lactotroph have 105 

rarely been reported [26]. Evidently, autoantibodies against Rabphilin-3A can be used as 106 

markers of lymphocytic infundibuloneurohypophysitis [27, 28]. Generally, the specificity of 107 

these antibodies directed against pituitary cells/tissue is not high, as they have been found in 108 

various diseases such as Cushing's disease [29] and pituitary adenomas [30]. Therefore, it is 109 

speculated that most of these antibodies are produced due to pituitary tissue disruptions and 110 

can be utilized as disease markers. 111 

   112 
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B. Classic paraneoplastic endocrine syndromes 113 

Paraneoplastic syndrome refer to symptoms or signs resulting from damage to organs or tissues 114 

that are isolated from the site of a malignant neoplasm or its metastases [31]. One important 115 

cause of paraneoplastic syndrome is the secretion of bioactive substances, such as hormones 116 

and cytokines, from the tumor. In contrast, most paraneoplastic neurological syndromes are 117 

caused by the antigen mimicry mechanism between tumor and normal tissues, causing 118 

autoimmune tissue damage. Historically, "classic" paraneoplastic endocrine syndrome has 119 

been associated with ectopic expression of various hormones. Malignant tumors occasionally 120 

secrete hormones or bioactive peptides, leading to the manifestation of these hormones, such 121 

as syndrome of inappropriate antidiuretic hormone secretion (SIADH) and ectopic Cushing 122 

syndrome (Table 1) [32, 33]. These conditions are caused by ectopic production of hormones 123 

or peptides from malignant tumors; thus, the direct effect of these hormones or peptides causes 124 

systemic symptoms. Successful treatment of the underlying tumor, namely, reducing the 125 

amount of ectopic hormones or peptides, occasionally improves these symptoms. For example, 126 

although the prognosis of ectopic ACTH syndrome with small cell lung cancer is generally 127 

ominous, it has been reported that successful treatment with immune-checkpoint inhibitors of 128 

small cell lung cancer resolved Cushing’s syndrome [34]. 129 

Immune cross-reactivity between malignant and normal tissues also causes 130 

symptomatic paraneoplastic syndromes, which are frequently associated with paraneoplastic 131 

neurological syndromes. The tumor ectopically expresses various autoantigens and evokes 132 

autoimmunity against host tissues due to cross-reactivity. Dendritic cells phagocytose the 133 

antigen-expressing apoptotic tumors and activate antigen-specific lymphocytes. B cells and 134 

plasma cells produce antibodies against the antigens. An immune attack by the antibodies 135 

and/or cytotoxic T lymphocytes (CTLs) may prevent tumor growth. However, autoimmunity 136 

directed towards tumors can also react with normal tissues expressing similar antigens, leading 137 
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to their damage and/or dysfunction. The relative roles of antibodies and cytotoxic T 138 

lymphocytes (CTLs) in paraneoplastic syndrome depend on each individual pathological 139 

condition. Various autoimmune paraneoplastic syndromes have been reported, especially in 140 

neurologic, dermatologic, and rheumatologic paraneoplastic diseases (Table 2) [32, 35]. 141 

Generally, symptomatic paraneoplastic syndromes are rare, except for the Lambert–Eaton 142 

myasthenic syndrome in 3% of small-cell lung cancer [36], myasthenia gravis in 15% of 143 

patients with thymoma [37], and demyelinating peripheral neuropathy in 50% of patients with 144 

osteosclerotic plasmacytoma [31, 38]. 145 

 Recent research has elucidated an increasing number of autoantigens and the 146 

identification of tumoral factors associated with paraneoplastic syndromes. Autoantibody 147 

detection in the serum of patients with paraneoplastic syndrome suggests that the etiology of 148 

paraneoplastic syndrome is autoimmunity. The etiology has been classified into two groups 149 

based on the characteristics of the autoantibody epitopes. These are as follows: 150 

1) Autoantigens are intracellular proteins shared by tumors and normal tissues. 151 

Autoantibodies, although thought to be valuable diagnostic markers, are not pathogenic 152 

[39]. The primary etiology of tissue degeneration are the antigen-specific CTLs. One such 153 

example is cancer-associated retinopathy. The epitopes of recoverin, the antigen of cancer-154 

associated retinopathy, were detected in malignant tumor tissues. Anti-recoverin antibody 155 

is detected in the serum of patients with cancer-associated retinopathy [40]. However, 156 

antitumor CTLs recognize recoverin epitopes, causing the disease [41]. For example, Yo-157 

specific or Hu-specific T cells have been reported in patients with paraneoplastic cerebellar 158 

degeneration and limbic encephalitis [42, 43]. 159 

2) Autoantibodies recognize cell-surface functional molecules, such as channels or 160 

receptors, and cause the symptom. The well-established examples are autoantibodies 161 

against the voltage-gated calcium channel (VGCC) and acetylcholine receptor (AchR). 162 
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These antibodies are associated with Lambert-Eaton myasthenia syndrome and myasthenia 163 

gravis, respectively [44, 45]. These antibodies interfere with channels or receptors, 164 

resulting in functional dysfunction of these molecules. In addition, the anti-AchR antibody 165 

attached to nerve cell receptors also initiates an inflammatory reaction by complement 166 

activation with the formation of membrane attack complexes, resulting in cell injury. 167 

Moreover, antigenic modulation by an anti-AchR antibody causes the internalization and 168 

degradation of surface AChRs [46]. In other words, antibodies attached to surface proteins 169 

can play a pathological role. 170 

 171 

C. Novel clinical entity: Paraneoplastic autoimmune hypophysitis 172 

One of the underlying mechanisms in paraneoplastic syndrome is the ectopic expression of 173 

various proteins in tumors. The direct effect of ectopic production of hormones or bioactive 174 

peptides causes "classic" paraneoplastic endocrine syndrome whereas the occurrence of 175 

autoimmunity-related paraneoplastic endocrine syndrome is rare. Recently, new 176 

autoimmunity-related paraneoplastic endocrine syndrome has been reported in three 177 

conditions: anti-PIT1 hypophysitis, isolated ACTH deficiency, and immune checkpoint 178 

inhibitor-related hypophysitis (Table 3) [47].  179 

 180 

1) Anti-PIT-1 hypophysitis 181 

History and pathophysiology 182 

The account of anti-PIT-1 hypophysitis (anti-PIT-1 antibody syndrome) started from a medical 183 

case presented with acquired and specific GH, PRL, and TSH deficiency in a middle-aged man. 184 

Endocrinological abnormalities were similar to those in patients with PIT-1 mutations, but as 185 

the condition developed, no mutation in the PIT-1 gene was detected [48]. Thereafter, two 186 

additional medical cases with similar symptoms were identified. Interestingly, circulating anti-187 
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PIT-1 antibody was detected, indicating the presence of autoimmunity directed against PIT-1, 188 

which could explain the pituitary hormone abnormalities. Immunohistochemistry of the 189 

pituitary gland from the patient's autopsy revealed that not only GH-, PRL-, and TSH-positive 190 

cells were absent, but also PIT-1 positive cells, despite the presence of ACTH-, LH-, and FSH-191 

positive cells. Additionally, histological analysis of other tissues (i.e., gastric mucosa, pancreas, 192 

adrenal gland, liver, and thyroid) revealed lymphocyte infiltration and disrupted tissue structure. 193 

From these observations, we initially defined "anti-PIT-1 antibody syndrome" as: 1. Acquired 194 

combined pituitary hormone deficiency (CPHD) characterized by specific GH, PRL, and TSH 195 

deficiencies, 2. The presence of circulating anti-PIT-1 antibodies, and 3. Various autoimmune 196 

endocrinopathies, including insulitis, thyroiditis, and adrenalitis, suggest that this syndrome 197 

may be associated with autoimmune polyglandular syndrome (APS) [48, 49]. However, we 198 

later redefined this syndrome and renamed it "anti-PIT-1 hypophysitis" due to the clarification 199 

of the pathophysiology. 200 

Additional investigation revealed a further in-depth pathophysiology of this disease. 201 

In several autoimmune diseases such as Graves' disease [50], hypoparathyroidism [51], and 202 

myasthenia gravis [52], the circulating autoantibodies are known to play a causal role in the 203 

pathogenesis. In anti-PIT-1 hypophysitis, the serum of the patient did not exhibit inhibitory 204 

effects on the pituitary cells and complement-dependent cytotoxicity was not detected. 205 

Conversely, Enzyme-Linked ImmunoSpot (ELISpot) assay revealed that the patient 206 

lymphocytes react specifically toward PIT-1 protein. The infiltration of clusters of 207 

differentiation (CD) 8-positive cells (meaning CTLs) was observed in the pituitary gland. 208 

These results strongly suggest that CTL-mediated autoimmunity plays a pivotal role in anti-209 

PIT-1 hypophysitis development [53]. Based on these observations, the anti-PIT-1 antibody is 210 

a diagnostic marker and the pathological findings in the pituitary indicate that this is an 211 

autoimmune-based inflammatory disease such as lymphocytic hypophysitis with a targeted 212 
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injury of specific pituitary cells, we renamed this syndrome "anti-PIT-1 hypophysitis." A 213 

similar mechanism is used in type 1 diabetes mellitus [54]. The anti-GAD antibody is widely 214 

used for the diagnosis of type 1 diabetes mellitus. However, this autoantibody is a disease 215 

marker, and CTLs play an essential role in disease development. Additional studies have 216 

demonstrated that PIT-1 protein is processed in the antigen presentation pathway, and its 217 

epitopes are presented with major histocompatibility complex (MHC)/ human leukocyte 218 

antigen (HLA) class I molecules on the cell surface of anterior pituitary cells, supporting the 219 

hypothesis that PIT-1-reactive CTLs caused cell-specific damage [55]. Interestingly, a disease 220 

model using patient-derived induced pluripotent stem cells showed that the number of PIT-1 221 

epitope presentation was similar to that in control subjects, suggesting that the pituitary 222 

condition was not responsible for the disease, although it cannot be ruled out as there were 223 

differences in of antigen presentation quality and there was a promotion factor for antigen 224 

presentation at the onset in the patients.  225 

In the first three cases of anti-PIT-1 antibody syndrome, thymoma was diagnosed, and 226 

thymoma tissue showed ectopic expression of PIT-1 in the neoplastic cortical thymic epithelial 227 

cells, suggesting that thymoma plays a role in the pathogenesis of this syndrome. Interestingly, 228 

after thymectomy, the titer of anti-PIT-1 antibody decreased, and CTLs reacting with PIT-1 229 

protein diminished. Based on this evidence, we defined this syndrome as a novel thymoma-230 

associated disease [56]. It was speculated that the ectopic expression of PIT-1 as a self-antigen 231 

and impaired negative selection of autoreactive T cells in the thymoma was the etiology of this 232 

disease.  233 

This clinical concept has been further developed recently. Subsequently, we have 234 

encountered more cases of this disease, in which thymoma was undetected; other malignancies, 235 

however, were complicated [57]. A case was diagnosed as anti-PIT-1 hypophysitis with a 236 

typical feature of endocrine abnormalities and exhibited diffuse large B-cell lymphoma 237 
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(DLBCL) in the bladder. Interestingly, DLBCL cells ectopically expressed PIT-1 protein, as 238 

observed in thymomas in previous cases. ELISpot assay revealed that the patient's lymphocytes 239 

recognized the PIT-1 protein. Additional cases with malignant non-thymic tumors also showed 240 

GH-, PRL-, and TSH-deficiencies that matched the definition of this syndrome [57, 58]. Based 241 

on our study involving multiple medical cases, it is now considered that ectopically expressed 242 

PIT-1 protein in the tumor tissues – complicated malignant tumors which are not necessarily 243 

thymoma–evokes the breakdown of immune tolerance for PIT-1, resulting in autoimmunity 244 

against PIT-1. Hence, we recognized that anti-PIT-1 hypophysitis is a form of paraneoplastic 245 

syndrome and defined the following new diagnostic criteria [3].  246 

Criterion 1: Acquired specific GH, PRL, and TSH deficiency. 247 

Criterion 2: Presence of anti-PIT-1 antibody or PIT-1-reactive T cells in circulation  248 

Criterion 3: Coexistence of thymoma or malignant neoplasm. 249 

A probable diagnosis would meet criterion 1. A definite diagnosis would need to meet criteria 250 

1 and 2. Criterion 3 is an auxiliary diagnostic demand, because, as with other paraneoplastic 251 

syndromes, endocrine abnormalities tend to proceed with the diagnosis of causal malignancies, 252 

and malignancies can be occult tumors. 253 

 254 

Unsolved issues in anti-PIT-1 hypophysitis 255 

Although accumulating medical cases of this disease have unveiled new discoveries about the 256 

pathophysiology, there are many unresolved issues. One enigma is the type of malignancy 257 

associated with this syndrome. We have reported cases with anti-PIT-1 hypophysitis that 258 

accompanied with thymoma, DLBCL, bladder cancer, and multiple metastases of unknown 259 

origin malignancy [57]. PIT-1 is highly specific for pituitary expression. However, there are 260 

several reports showing ectopic PIT-1 expression in malignancies. For example, PIT-1 is 261 

expressed in breast cancer and is associated with tumor aggressiveness via the CXCL12-262 
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CXCR4 axis [59, 60]. A previous study showed that PIT-1 protein functions to enhance cell 263 

proliferation in a mammary gland cancer cell line, suggesting that PIT-1 expression plays a role 264 

in the development of these tumors. Still, the underlying mechanisms of ectopic PIT-1 265 

expression in malignant tumors need to be clarified. With regard to thymoma, it has been 266 

reported that various genes associated with DNA methylation regulation are mutated in thymic 267 

carcinoma [61, 62], and epigenetic abnormalities are common in thymoma [63, 64]. Given that 268 

many malignancies exhibit abnormal epigenetic regulation [65], it is plausible that these altered 269 

epigenetic modifications result in ectopic PIT-1 expression. Although we analyzed the 270 

methylation status of the regulatory region of the PIT-1 gene in thymoma, we are yet to detected 271 

methylation abnormalities (data not shown).  272 

 Another query that came up due to this study is the prevalence of anti-PIT-1 273 

hypophysitis in patients with neoplasms, including thymoma. Thymoma is a rare neoplasm 274 

with a prevalence of 0.13 per 100,000 person-years [66]. It is well known that thymoma is often 275 

complicated with autoimmune diseases such as myasthenia gravis and pure red cell anemia 276 

[67]. Myasthenia gravis are reportedly observed in 30% to 45% of thymoma cases [68]. It 277 

remains unknown how often anti-PIT-1 hypophysitis is complicated. Additionally, the 278 

prevalence of anti-PIT-1 hypophysitis in other malignancies also needs to be clarified. GH and 279 

TSH deficiencies can cause general fatigue and impaired quality of life. These symptoms are 280 

sometimes indistinguishable from malignancy symptoms. Therefore, the complication of anti-281 

PIT-1 hypophysitis in various malignancies may be underestimated. 282 

Regarding endocrine disease, anti-PIT-1 hypophysitis is one of the causes of adult GH 283 

deficiency. Adult GH deficiency symptoms include metabolic abnormalities associated with 284 

visceral obesity, reduced muscle and bone mass, and impaired QOL [69]. GH replacement 285 

therapy effectively improves these clinical features. However, GH replacement therapy is 286 

contraindicated in patients with active malignancies because the GH/insulin-like growth factor 287 
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(IGF-I) axis is generally considered to promote tumor progression in certain malignancies. 288 

However, many clinical studies have shown that GH replacement therapy does not increase the 289 

incidence of malignancies in patients with adult GH deficiency [70]. In anti-PIT-1 hypophysitis, 290 

the possibility of a complicated tumor must be considered when performing GH replacement 291 

therapy. 292 

 293 

2) Paraneoplastic autoimmune isolated ACTH deficiency 294 

Isolated ACTH deficiency (IAD) is a disorder that results from impaired secretion of ACTH 295 

and can occasionally cause life-threatening events due to adrenal crisis [71]. Various 296 

autoimmune diseases, especially autoimmune thyroid diseases, frequently accompany acquired 297 

IAD. Therefore, autoimmunity against corticotrophs, which are ACTH-producing cells, has 298 

been suggested as the pathogenesis of IAD. In fact, anti-pituitary antibodies, such as anti-299 

corticotroph antibodies, were detected in the serum of patients [72, 73]. Interestingly, 300 

autoantibodies against S100β-positive cells were detected in some patients with IAD, 301 

suggesting the presence of autoimmunity against folliculo-stellate cells, indicating that 302 

autoimmune pathogenesis of IAD is heterogeneous [74]. Yet, the underlying mechanism of 303 

IAD remains largely unknown. 304 

Recently, a case of acquired IAD with large cell neuroendocrine carcinoma (LCNEC) 305 

in the lung was reported [75]. The 42-year-old woman was diagnosed with LCNEC 3 years 306 

after being diagnosed with acquired IAD. Interestingly, immunostaining revealed ectopic 307 

ACTH expression in LCNEC tissue. In addition, infiltration of lymphocytes, particularly CTLs 308 

and B cells, was observed in the tumor. Immunofluorescence analysis using the pituitary gland 309 

of a mouse showed that the patient's IgG recognized POMC protein, suggesting that 310 

autoimmunity against POMC protein was present. The patient’s IgG did not exhibit any 311 

impairment of cell proliferation and viability of AtT20 cells (a mouse POMC-expressing cell 312 
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line). However, the ELISpot assay revealed that the patient's lymphocytes specifically reacted 313 

with the POMC protein. Collectively, these data suggest that the anti-POMC antibody is a 314 

disease marker and that POMC-reacting CTLs play a pivotal role in the pathogenesis of anti-315 

PIT-1 hypophysitis in this case.  316 

Several medical cases of acquired IAD accompanied by malignant tumors have been 317 

reported, such as gastric cancer [76, 77] and acute lymphoblastic leukemia [78], ectopic 318 

expression of POMC has not been examined in these cases. Interestingly, it has been reported 319 

that 48% of non-small cell lung cancers show silent POMC expression without clinical 320 

symptoms of Cushing's syndrome [79], and carcinoid tumors express POMC even in the 321 

absence of ectopic ACTH syndrome [80]. These data suggest that the prevalence of tumors that 322 

ectopically express POMC and have IAD causing potential may be underestimated. It has been 323 

reported that malignancies are often occult tumors in patients with paraneoplastic syndromes 324 

because of the tumor immunity activation. Thus, it is speculated that in patients with idiopathic 325 

acquired IAD, occult tumors may be present. 326 

Collectively, the case of IAD associated with LCNEC suggested that IAD was caused 327 

as a form of paraneoplastic syndrome. Several reported cases of acquired IAD complicated 328 

with malignancies have been reported, although a causal relationship has not been determined 329 

[75-78, 81]. Therefore, it is important to clarify the prevalence of paraneoplastic autoimmune 330 

IAD and the profile of potential cancers. 331 

 332 

3) Immune-checkpoint inhibitor-related hypophysitis as a paraneoplastic autoimmune 333 

hypophysitis 334 

Recently, immune-checkpoint inhibitor (ICI)-related hypophysitis has emerged as the 335 

development of cancer immunotherapy has expanded. The thyroid and pituitary glands are the 336 

organs majorly involved in immune-related endocrine adverse events [82]. Although the 337 
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underlying mechanisms of ICI-related hypophysitis are largely unknown, it has been reported 338 

that the expression of anti-cytotoxic T-lymphocyte antigen-4 (CTLA4) plays a role in CTLA-339 

4 inhibitor-related hypophysitis. Lactotroph and thyrotroph express CTLA-4, and the direct 340 

interaction of anti-CTLA-4 antibodies with these cells induces complement-dependent 341 

cytotoxicity to the pituitary gland [83]. However, the underlying mechanisms of programmed 342 

death-1 (PD-1) and programmed death-ligand 1 (PD-L1) inhibitor-related hypophysitis remain 343 

unclear. Furthermore, the pattern of impaired pituitary hormones and clinical features are 344 

different between CTLA-4 inhibitor- and PD-1/PD-L1 inhibitor-related hypophysitis, 345 

suggesting that the underlying mechanisms are different. 346 

 The new concept of "paraneoplastic autoimmune hypophysis" and "paraneoplastic 347 

autoimmune IAD" has further developed to understand the pathophysiology of ICI-related 348 

hypophysitis. As formerly mentioned, although ectopic ACTH syndrome is rare, malignant 349 

tumors often express POMC silently. Intriguingly, in PD-1/PD-L1 inhibitor-related 350 

hypophysitis, most cases exhibit IAD [84, 85]. We detected anti-corticotroph antibodies in two 351 

out of 20 patients (10%) with PD-1/PDL-1 inhibitor-related hypophysitis. Remarkably, the 352 

tumor tissues of these cases exhibited ectopic expression of POMC, suggesting that immune 353 

tolerance for POMC was broken by the ectopic expression of POMC in the tumor. Furthermore, 354 

the pituitary gland expresses PDL-1 [86] and it is possible that PD-1/PDL-1 inhibitors directly 355 

enhance autoimmunity against the pituitary. Collectively, these data clearly show a common 356 

underlying mechanism between "paraneoplastic autoimmune hypophysitis" and PD-1/PD-L1 357 

inhibitor-related hypophysitis, and some of PD-1/PD-L1 inhibitor-related hypophysitis is 358 

caused by these mechanisms. It is also suggested that in patients with cancers that silently and 359 

ectopically expressed POMC, ICI use can promote the autoimmune reaction and develop 360 

hypophysitis, resulting in IAD. 361 

 362 
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D. Future perspective 363 

Presently, a novel clinical entity, "paraneoplastic autoimmune hypophysitis," includes anti-PIT-364 

1 hypophysitis, paraneoplastic IAD, and PD-1/PD-L1-related hypophysitis (Table 2). Ectopic 365 

hormone expression in tumors can generally be diagnosed when the symptoms associated with 366 

hormone excess manifest. Clinically relevant ectopic hormone production is generally rare. 367 

However, "silent" ectopic expression of hormones may not be rare, as shown in the silent 368 

ACTH expression [79]. Epigenetic dysregulation is commonly observed in many malignant 369 

tumors, resulting in ectopic expression of various proteins [87]. In addition, even if the 370 

expression is silent, it can be an antigen and may cause autoimmunity. Therefore, attention 371 

should be paid to concurrent malignant tumors in patients with acquired hypopituitarism. It is 372 

important to be cautious that symptoms related to autoimmunity sometimes proceed to 373 

diagnose malignancies such as paraneoplastic syndromes, dermatomyositis, and Leser-Trélat 374 

syndrome [88]. Indeed, many occult tumors that cause paraneoplastic syndrome and tumors 375 

associated with paraneoplastic syndrome show a slow progression, likely due to tumor 376 

immunity [31]. Therefore, it may be challenging to find occult tumors in patients with 377 

paraneoplastic hypopituitarism.  378 

 Although the prevalence of acquired IAD is rare (3.8 to 7.3 per 100,000 people [89] ), 379 

it is the most prevalent among the anterior pituitary hormones. Interestingly, the prevalence of 380 

ectopic ACTH syndrome is also the most prevalent among the anterior pituitary hormones [90-381 

94]. These data suggest that although the reasons remain unknown, POMC tends to be 382 

ectopically expressed in various tumors. These data can also explain the reason for IAD is 383 

observed in PD-1/PD-L1-related hypophysitis [81] (Figure 1).  384 

Another issue is the significance of ectopic expression of these proteins in tumors. 385 

PIT-1 is reportedly expressed in several malignant tumors, such as breast cancer [60] and acute 386 

myeloid lymphoma [95]. A recent study revealed that PIT-1 expression leads to tumor 387 
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progression and metastasis in breast cancer-induced metabolic reprogramming [96, 97]. These 388 

data suggest that ectopically expressed molecules, including hormones, play a role in tumor 389 

progression and can be targets for treatment strategies.  390 

The emerging concept, "paraneoplastic autoimmune hypophysitis," has allowed for 391 

the furthering of research in multiple areas. First, this concept clearly indicates that a part of 392 

the paraneoplastic endocrine syndrome is caused by autoimmunity, which is commonly 393 

observed in paraneoplastic neurological syndromes. Second, not only oncology but also 394 

immunology and endocrinology need to be united in understanding the pathophysiology, 395 

indicating the importance of the new field of onco-immuno-endocrinology. Finally, this 396 

concept can be applied to various autoimmune conditions related to malignancies to understand 397 

the underlying mechanisms. 398 

 399 

Summary 400 

Novel clinical entities related to hypophysitis caused by pituitary autoimmunity have recently 401 

emerged due to the continued study of this area. These entities include anti-PIT-1 hypophysitis, 402 

paraneoplastic autoimmune isolated ACTH deficiency, and immune checkpoint inhibitor-403 

related hypophysitis. In these conditions, ectopic expression of pituitary transcription factors 404 

or hormones in complicated tumors evokes autoimmunity against pituitary cells, leading to the 405 

production of autoantibodies and auto-reactive cytotoxic T cells. These mechanisms resemble 406 

those of the paraneoplastic neurologic syndrome. In most paraneoplastic neurologic syndromes, 407 

autoantibodies against self-antigens expressed in the tumor play a pivotal role in the 408 

development of the disease, and cellular immunity plays an essential role in hypophysitis. 409 

These conditions clearly support our newly presented concept of "paraneoplastic autoimmune 410 

hypophysitis." These data clearly indicate the significance of the interplay between tumors and 411 

the immune and endocrine systems, suggesting the importance of new disciplinarily in onco-412 
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immuno-endocrinology.  413 

 414 
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Figure Legend 430 

Figure 1. Pathogenesis of paraneoplastic autoimmune hypophysitis. 431 

Malignant tumors ectopically express ACTH/POMC. Dendric cells phagocytize tumor cells, 432 

leading to the generation of ACTH/POMC-reactive cytotoxic T lymphocytes (CTLs). 433 

ACTH/POMC-reactive CTLs destroy corticotrophs in the pituitary gland. 434 

 435 

References 436 

[1] Lamberts SW, de Herder WW, van der Lely AJ. Pituitary insufficiency. Lancet (London, England). 437 



19 
 

1998;352:127-34. 438 
[2] Bando H, Iguchi G, Fukuoka H, Taniguchi M, et al. The prevalence of IgG4-related hypophysitis in 170 439 
consecutive patients with hypopituitarism and/or central diabetes insipidus and review of the literature. European 440 
journal of endocrinology. 2014;170:161-72. 441 
*[3] Yamamoto M, Iguchi G, Bando H, Kanie K, et al. Autoimmune Pituitary Disease: New Concepts With 442 
Clinical Implications. Endocr Rev. 2020;41. 443 
*[4] Higham CE, Johannsson G, Shalet SM. Hypopituitarism. The Lancet. 2016;388:2403-15. 444 
[5] Burman P, Mattsson AF, Johannsson G, Höybye C, et al. Deaths among adult patients with hypopituitarism: 445 
hypocortisolism during acute stress, and de novo malignant brain tumors contribute to an increased mortality. J 446 
Clin Endocrinol Metab. 2013;98:1466-75. 447 
[6] Fang Q, George AS, Brinkmeier ML, Mortensen AH, et al. Genetics of Combined Pituitary Hormone 448 
Deficiency: Roadmap into the Genome Era. Endocr Rev. 2016;37:636-75. 449 
[7] Scully KM, Rosenfeld MG. Pituitary development: regulatory codes in mammalian organogenesis. Science. 450 
2002;295:2231-5. 451 
[8] Ingraham HA, Flynn SE, Voss JW, Albert VR, et al. The POU-specific domain of Pit-1 is essential for 452 
sequence-specific, high affinity DNA binding and DNA-dependent Pit-1-Pit-1 interactions. Cell. 1990;61:1021-453 
33. 454 
[9] Li S, Crenshaw EB, 3rd, Rawson EJ, Simmons DM, et al. Dwarf locus mutants lacking three pituitary cell 455 
types result from mutations in the POU-domain gene pit-1. Nature. 1990;347:528-33. 456 
[10] Gordon DF, Haugen BR, Sarapura VD, Nelson AR, et al. Analysis of Pit-1 in regulating mouse TSH beta 457 
promoter activity in thyrotropes. Mol Cell Endocrinol. 1993;96:75-84. 458 
[11] Tatsumi K, Miyai K, Notomi T, Kaibe K, et al. Cretinism with combined hormone deficiency caused by a 459 
mutation in the PIT1 gene. Nature genetics. 1992;1:56-8. 460 
[12] Skowronska-Krawczyk D, Ma Q, Schwartz M, Scully K, et al. Required enhancer-matrin-3 network 461 
interactions for a homeodomain transcription program. Nature. 2014;514:257-61. 462 
[13] Raffin-Sanson ML, de Keyzer Y, Bertagna X. Proopiomelanocortin, a polypeptide precursor with multiple 463 
functions: from physiology to pathological conditions. European journal of endocrinology. 2003;149:79-90. 464 
[14] D'Agostino G, Diano S. Alpha-melanocyte stimulating hormone: production and degradation. Journal of 465 
molecular medicine (Berlin, Germany). 2010;88:1195-201. 466 
[15] Krude H, Grüters A. Implications of proopiomelanocortin (POMC) mutations in humans: the POMC 467 
deficiency syndrome. Trends in endocrinology and metabolism: TEM. 2000;11:15-22. 468 
[16] Tanriverdi F, Dokmetas HS, Kebapcı N, Kilicli F, et al. Etiology of hypopituitarism in tertiary care institutions 469 
in Turkish population: analysis of 773 patients from Pituitary Study Group database. Endocrine. 2014;47:198-205. 470 
*[17] Caturegli P, Newschaffer C, Olivi A, Pomper MG, et al. Autoimmune hypophysitis. Endocr Rev. 471 
2005;26:599-614. 472 
[18] Joshi MN, Whitelaw BC, Carroll PV. MECHANISMS IN ENDOCRINOLOGY: Hypophysitis: diagnosis and 473 
treatment. European journal of endocrinology. 2018;179:R151-r63. 474 
[19] Fukuoka H. Hypophysitis. Endocrinology and metabolism clinics of North America. 2015;44:143-9. 475 



20 
 

[20] Sautner D, Saeger W, Lüdecke DK, Jansen V, et al. Hypophysitis in surgical and autoptical specimens. Acta 476 
neuropathologica. 1995;90:637-44. 477 
[21] Fehn M, Sommer C, Ludecke DK, U P, et al. Lymphocytic Hypophysitis: Light and Electron Microscopic 478 
Findings and Correlation to Clinical Appearance. Endocrine pathology. 1998;9:71-8. 479 
[22] Takao T, Nanamiya W, Matsumoto R, Asaba K, et al. Antipituitary antibodies in patients with lymphocytic 480 
hypophysitis. Hormone research. 2001;55:288-92. 481 
[23] Crock PA. Cytosolic autoantigens in lymphocytic hypophysitis. J Clin Endocrinol Metab. 1998;83:609-18. 482 
[24] Tanaka S, Tatsumi KI, Kimura M, Takano T, et al. Detection of autoantibodies against the pituitary-specific 483 
proteins in patients with lymphocytic hypophysitis. European journal of endocrinology. 2002;147:767-75. 484 
[25] Bensing S, Hulting AL, Höög A, Ericson K, et al. Lymphocytic hypophysitis: report of two biopsy-proven 485 
cases and one suspected case with pituitary autoantibodies. Journal of endocrinological investigation. 486 
2007;30:153-62. 487 
[26] Iwama S, Welt CK, Romero CJ, Radovick S, et al. Isolated prolactin deficiency associated with serum 488 
autoantibodies against prolactin-secreting cells. J Clin Endocrinol Metab. 2013;98:3920-5. 489 
*[27] Yasuda Y, Iwama S, Kiyota A, Izumida H, et al. Critical role of rabphilin-3A in the pathophysiology of 490 
experimental lymphocytic neurohypophysitis. The Journal of pathology. 2018;244:469-78. 491 
[28] Iwama S, Sugimura Y, Kiyota A, Kato T, et al. Rabphilin-3A as a Targeted Autoantigen in Lymphocytic 492 
Infundibulo-neurohypophysitis. J Clin Endocrinol Metab. 2015;100:E946-54. 493 
[29] Scherbaum WA, Schrell U, Gluck M, Fahlbusch R, et al. Autoantibodies to pituitary corticotropin-producing 494 
cells: possible marker for unfavourable outcome after pituitary microsurgery for Cushing's disease. Lancet 495 
(London, England). 1987;1:1394-8. 496 
[30] Pouplard A. Pituitary autoimmunity. Hormone research. 1982;16:289-97. 497 
*[31] Darnell RB, Posner JB. Paraneoplastic syndromes involving the nervous system. The New England journal 498 
of medicine. 2003;349:1543-54. 499 
[32] Pelosof LC, Gerber DE. Paraneoplastic syndromes: an approach to diagnosis and treatment. Mayo Clinic 500 
proceedings. 2010;85:838-54. 501 
[33] Clement D, Ramage J, Srirajaskanthan R. Update on Pathophysiology, Treatment, and Complications of 502 
Carcinoid Syndrome. Journal of oncology. 2020;2020:8341426. 503 
[34] Nakajima H, Niida Y, Hamada E, Hirohito K, et al. Adrenal insufficiency in immunochemotherapy for small-504 
cell lung cancer with ectopic ACTH syndrome. Endocrinology, diabetes & metabolism case reports. 2021;2021. 505 
[35] Lazaridis K, Tzartos SJ. Autoantibody Specificities in Myasthenia Gravis; Implications for Improved 506 
Diagnostics and Therapeutics. Frontiers in immunology. 2020;11:212. 507 
[36] Sculier JP, Feld R, Evans WK, DeBoer G, et al. Neurologic disorders in patients with small cell lung cancer. 508 
Cancer. 1987;60:2275-83. 509 
[37] Levy Y, Afek A, Sherer Y, Bar-Dayan Y, et al. Malignant thymoma associated with autoimmune diseases: a 510 
retrospective study and review of the literature. Seminars in arthritis and rheumatism. 1998;28:73-9. 511 
[38] Latov N. Pathogenesis and therapy of neuropathies associated with monoclonal gammopathies. Annals of 512 
neurology. 1995;37 Suppl 1:S32-42. 513 



21 
 

[39] Didelot A, Honnorat J. Paraneoplastic disorders of the central and peripheral nervous systems. Handbook of 514 
clinical neurology. 2014;121:1159-79. 515 
[40] Thirkill CE, FitzGerald P, Sergott RC, Roth AM, et al. Cancer-associated retinopathy (CAR syndrome) with 516 
antibodies reacting with retinal, optic-nerve, and cancer cells. The New England journal of medicine. 517 
1989;321:1589-94. 518 
[41] Maeda A, Ohguro H, Nabeta Y, Hirohashi Y, et al. Identification of human antitumor cytotoxic T lymphocytes 519 
epitopes of recoverin, a cancer-associated retinopathy antigen, possibly related with a better prognosis in a 520 
paraneoplastic syndrome. Eur J Immunol. 2001;31:563-72. 521 
[42] Tanaka M, Tanaka K, Shinozawa K, Idezuka J, et al. Cytotoxic T cells react with recombinant Yo protein 522 
from a patient with paraneoplastic cerebellar degeneration and anti-Yo antibody. Journal of the neurological 523 
sciences. 1998;161:88-90. 524 
[43] Tanaka K, Tanaka M, Inuzuka T, Nakano R, et al. Cytotoxic T lymphocyte-mediated cell death in 525 
paraneoplastic sensory neuronopathy with anti-Hu antibody. Journal of the neurological sciences. 1999;163:159-526 
62. 527 
[44] Zalewski NL, Lennon VA, Lachance DH, Klein CJ, et al. P/Q- and N-type calcium-channel antibodies: 528 
Oncological, neurological, and serological accompaniments. Muscle Nerve. 2016;54:220-7. 529 
[45] Drachman DB, Adams RN, Josifek LF, Self SG. Functional activities of autoantibodies to acetylcholine 530 
receptors and the clinical severity of myasthenia gravis. The New England journal of medicine. 1982;307:769-75. 531 
[46] Howard JF, Jr. Myasthenia gravis: the role of complement at the neuromuscular junction. Annals of the New 532 
York Academy of Sciences. 2018;1412:113-28. 533 
*[47] Takahashi Y. MECHANISMS IN ENDOCRINOLOGY: Autoimmune hypopituitarism: novel mechanistic 534 
insights. European journal of endocrinology. 2020;182:R59-r66. 535 
*[48] Yamamoto M, Iguchi G, Takeno R, Okimura Y, et al. Adult combined GH, prolactin, and TSH deficiency 536 
associated with circulating PIT-1 antibody in humans. J Clin Invest. 2011;121:113-9. 537 
[49] Bando H, Iguchi G, Yamamoto M, Hidaka-Takeno R, et al. Anti-PIT-1 antibody syndrome; a novel clinical 538 
entity leading to hypopituitarism. Pediatric endocrinology reviews : PER. 2015;12:290-6. 539 
[50] Barbesino G, Tomer Y. Clinical review: Clinical utility of TSH receptor antibodies. J Clin Endocrinol Metab. 540 
2013;98:2247-55. 541 
[51] Brown EM. Anti-parathyroid and anti-calcium sensing receptor antibodies in autoimmune 542 
hypoparathyroidism. Endocrinology and metabolism clinics of North America. 2009;38:437-45, x. 543 
[52] Cavalcante P, Bernasconi P, Mantegazza R. Autoimmune mechanisms in myasthenia gravis. Current opinion 544 
in neurology. 2012;25:621-9. 545 
*[53] Bando H, Iguchi G, Fukuoka H, Yamamoto M, et al. Involvement of PIT-1-reactive cytotoxic T lymphocytes 546 
in anti-PIT-1 antibody syndrome. J Clin Endocrinol Metab. 2014;99:E1744-9. 547 
[54] Liblau RS, Wong FS, Mars LT, Santamaria P. Autoreactive CD8 T cells in organ-specific autoimmunity: 548 
emerging targets for therapeutic intervention. Immunity. 2002;17:1-6. 549 
[55] Kanie K, Bando H, Iguchi G, Muguruma K, et al. Pathogenesis of Anti-PIT-1 Antibody Syndrome: PIT-1 550 
Presentation by HLA Class I on Anterior Pituitary Cells. Journal of the Endocrine Society. 2019;3:1969-78. 551 



22 
 

[56] Bando H, Iguchi G, Okimura Y, Odake Y, et al. A novel thymoma-associated autoimmune disease: Anti-PIT-552 
1 antibody syndrome. Scientific reports. 2017;7:43060. 553 
[57] Kanie K, Iguchi G, Inuzuka M, Sakaki K, et al. Two Cases of anti-PIT-1 Hypophysitis Exhibited as a Form 554 
of Paraneoplastic Syndrome not Associated With Thymoma. Journal of the Endocrine Society. 2021;5:bvaa194. 555 
[58] Sugihara H. Review on Recent Topics in Hypophysitis. Journal of Nippon Medical School = Nippon Ika 556 
Daigaku zasshi. 2017;84:201-8. 557 
[59] Martinez-Ordoñez A, Seoane S, Cabezas P, Eiro N, et al. Breast cancer metastasis to liver and lung is 558 
facilitated by Pit-1-CXCL12-CXCR4 axis. Oncogene. 2018;37:1430-44. 559 
[60] Ben-Batalla I, Seoane S, Garcia-Caballero T, Gallego R, et al. Deregulation of the Pit-1 transcription factor 560 
in human breast cancer cells promotes tumor growth and metastasis. J Clin Invest. 2010;120:4289-302. 561 
[61] Wang Y, Thomas A, Lau C, Rajan A, et al. Mutations of epigenetic regulatory genes are common in thymic 562 
carcinomas. Scientific reports. 2014;4:7336. 563 
[62] Kishibuchi R, Kondo K, Soejima S, Tsuboi M, et al. DNA methylation of GHSR, GNG4, HOXD9 and SALL3 564 
is a common epigenetic alteration in thymic carcinoma. International journal of oncology. 2020;56:315-26. 565 
[63] Hirose Y, Kondo K, Takizawa H, Nagao T, et al. Aberrant methylation of tumour-related genes in thymic 566 
epithelial tumours. Lung cancer (Amsterdam, Netherlands). 2009;64:155-9. 567 
[64] Bi Y, Meng Y, Niu Y, Li S, et al. Genome‑wide DNA methylation profile of thymomas and potential epigenetic 568 
regulation of thymoma subtypes. Oncology reports. 2019;41:2762-74. 569 
[65] Lopomo A, Ricciardi R, Maestri M, De Rosa A, et al. Gene-Specific Methylation Analysis in Thymomas of 570 
Patients with Myasthenia Gravis. International journal of molecular sciences. 2016;17. 571 
[66] Engels EA. Epidemiology of thymoma and associated malignancies. Journal of thoracic oncology : official 572 
publication of the International Association for the Study of Lung Cancer. 2010;5:S260-5. 573 
[67] Bernard C, Frih H, Pasquet F, Kerever S, et al. Thymoma associated with autoimmune diseases: 85 cases and 574 
literature review. Autoimmun Rev. 2016;15:82-92. 575 
[68] Álvarez-Velasco R, Gutiérrez-Gutiérrez G, Trujillo JC, Martínez E, et al. Clinical characteristics and 576 
outcomes of thymoma-associated myasthenia gravis. European journal of neurology. 2021;28:2083-91. 577 
[69] Gupta V. Adult growth hormone deficiency. Indian journal of endocrinology and metabolism. 2011;15 Suppl 578 
3:S197-202. 579 
[70] van Bunderen CC, van Varsseveld NC, Erfurth EM, Ket JC, et al. Efficacy and safety of growth hormone 580 
treatment in adults with growth hormone deficiency: a systematic review of studies on morbidity. Clin Endocrinol 581 
(Oxf). 2014;81:1-14. 582 
[71] Andrioli M, Pecori Giraldi F, Cavagnini F. Isolated corticotrophin deficiency. Pituitary. 2006;9:289-95. 583 
[72] Sugiura M, Hashimoto A, Shizawa M, Tsukada M, et al. Heterogeneity of anterior pituitary cell antibodies 584 
detected in insulin-dependent diabetes mellitus and adrenocorticotropic hormone deficiency. Diabetes research 585 
(Edinburgh, Scotland). 1986;3:111-4. 586 
[73] Sauter NP, Toni R, McLaughlin CD, Dyess EM, et al. Isolated adrenocorticotropin deficiency associated with 587 
an autoantibody to a corticotroph antigen that is not adrenocorticotropin or other proopiomelanocortin-derived 588 
peptides. J Clin Endocrinol Metab. 1990;70:1391-7. 589 



23 
 

[74] Fujita Y, Bando H, Iguchi G, Iida K, et al. Clinical Heterogeneity of Acquired Idiopathic Isolated 590 
Adrenocorticotropic Hormone Deficiency. Frontiers in endocrinology. 2021;12:578802. 591 
*[75] Bando H, Iguchi G, Kanie K, Nishizawa H, et al. Isolated adrenocorticotropic hormone deficiency as a form 592 
of paraneoplastic syndrome. Pituitary. 2018;21:480-9. 593 
[76] Kamiya Y, Murakami M. Type 2 Diabetes Mellitus Accompanied by Isolated Adrenocorticotropic Hormone 594 
Deficiency and Gastric Cancer. Internal Medicine. 2009;48:1031-5. 595 
[77] Kinoshita J, Higashino S, Fushida S, Oyama K, et al. Isolated adrenocorticotropic hormone deficiency 596 
development during chemotherapy for gastric cancer: a case report. Journal of medical case reports. 2014;8:90. 597 
[78] Yamaguchi H, Nakamura H, Mamiya Y, Yamamoto Y, et al. Acute lymphoblastic leukemia with isolated 598 
adrenocorticotropic hormone deficiency. Internal medicine (Tokyo, Japan). 1997;36:819-21. 599 
[79] Hao L, Zhao X, Zhang B, Li C, et al. Positive expression of pro-opiomelanocortin (POMC) is a novel 600 
independent poor prognostic marker in surgically resected non-small cell lung cancer. Tumour biology : the 601 
journal of the International Society for Oncodevelopmental Biology and Medicine. 2015;36:1811-7. 602 
[80] Messager M, Carriere C, Bertagna X, de Keyzer Y. RT-PCR analysis of corticotroph-associated genes 603 
expression in carcinoid tumours in the ectopic-ACTH syndrome. European journal of endocrinology. 604 
2006;154:159-66. 605 
[81] Kanie K, Iguchi G, Bando H, Urai S, et al. Mechanistic insights into immune checkpoint inhibitor-related 606 
hypophysitis: a form of paraneoplastic syndrome. Cancer immunology, immunotherapy : CII. 2021. 607 
[82] Del Rivero J, Cordes LM, Klubo-Gwiezdzinska J, Madan RA, et al. Endocrine-Related Adverse Events 608 
Related to Immune Checkpoint Inhibitors: Proposed Algorithms for Management. The oncologist. 2020;25:290-609 
300. 610 
*[83] Iwama S, De Remigis A, Callahan MK, Slovin SF, et al. Pituitary expression of CTLA-4 mediates 611 
hypophysitis secondary to administration of CTLA-4 blocking antibody. Science translational medicine. 612 
2014;6:230ra45. 613 
[84] Ohara N, Ohashi K, Fujisaki T, Oda C, et al. Isolated Adrenocorticotropin Deficiency due to Nivolumab-614 
induced Hypophysitis in a Patient with Advanced Lung Adenocarcinoma: A Case Report and Literature Review. 615 
Internal medicine (Tokyo, Japan). 2017. 616 
[85] Kanie K, Iguchi G, Bando H, Fujita Y, et al. Two Cases of Atezolizumab-Induced Hypophysitis. Journal of 617 
the Endocrine Society. 2018;2:91-5. 618 
[86] Mihic-Probst D, Reinehr M, Dettwiler S, Kolm I, et al. The role of macrophages type 2 and T-regs in immune 619 
checkpoint inhibitor related adverse events. Immunobiology. 2020;225:152009. 620 
[87] Sharma S, Kelly TK, Jones PA. Epigenetics in cancer. Carcinogenesis. 2010;31:27-36. 621 
[88] Pipkin CA, Lio PA. Cutaneous manifestations of internal malignancies: an overview. Dermatologic clinics. 622 
2008;26:1-15, vii. 623 
[89] Yamamoto T, Kamoi K. Prevalence of maturity-onset isolated ACTH deficiency (IAD) in 2005: Japanese 624 
cohort studies. Endocrine journal. 2008;55:939-41. 625 
[90] Beuschlein F, Strasburger CJ, Siegerstetter V, Moradpour D, et al. Acromegaly caused by secretion of growth 626 
hormone by a non-Hodgkin's lymphoma. The New England journal of medicine. 2000;342:1871-6. 627 



24 
 

[91] Melmed S, Ezrin C, Kovacs K, Goodman RS, et al. Acromegaly due to secretion of growth hormone by an 628 
ectopic pancreatic islet-cell tumor. The New England journal of medicine. 1985;312:9-17. 629 
[92] Ozkaya M, Sayiner ZA, Kiran G, Gul K, et al. Ectopic acromegaly due to a growth hormone-secreting 630 
neuroendocrine-differentiated tumor developed from ovarian mature cystic teratoma. Wiener klinische 631 
Wochenschrift. 2015;127:491-3. 632 
[93] Tong A, Xia W, Qi F, Jin Z, et al. Hyperthyroidism caused by an ectopic thyrotropin-secreting tumor of the 633 
nasopharynx: a case report and review of the literature. Thyroid : official journal of the American Thyroid 634 
Association. 2013;23:1172-7. 635 
[94] DiMattia GE, Gellersen B, Bohnet HG, Friesen HG. A human B-lymphoblastoid cell line produces prolactin. 636 
Endocrinology. 1988;122:2508-17. 637 
[95] Lisboa S, Cerveira N, Bizarro S, Correia C, et al. POU1F1 is a novel fusion partner of NUP98 in acute 638 
myeloid leukemia with t(3;11)(p11;p15). Molecular cancer. 2013;12:5. 639 
[96] Seoane S, Martinez-Ordoñez A, Eiro N, Cabezas-Sainz P, et al. POU1F1 transcription factor promotes breast 640 
cancer metastasis via recruitment and polarization of macrophages. The Journal of pathology. 2019;249:381-94. 641 
[97] Martínez-Ordoñez A, Seoane S, Avila L, Eiro N, et al. POU1F1 transcription factor induces metabolic 642 
reprogramming and breast cancer progression via LDHA regulation. Oncogene. 2021;40:2725-40. 643 



Table 1. "Classical" paraneoplastic endocrine syndromes

Syndrome/Symptom Hormone(s) Neoplasma

SIADH Vasopressin

Small cell lung cancer, mesothelioma, bladder cancer,
ureteral cancer, endometorial cancer, prostate cancer,
esopharingial cancer, thymoma, lymphoma, Ewing
sarcoma, brain tumors, gastrointestinal tumors, breast
cancer, and adrenal carcinoma

Cushing syndrome ACTH
Small cell lung cancer, bronchial carcinoid, thymoma,
medullary thyroid cancer, gastrointestinal tract tumors,
pancreatic cancer, adrenal carcinoma, and ovarian cancer

Hypoglycemia IGF-II, insulin
Mesothelioma, sacroma, lung cancer, and gastrointestinal
cancer

Hypercalcemia PTHrP
Breast cancer, multiple myeloma, renal cell carcinoma,
squamous cell cancer, malignant lymphoma, ovarian
cancer, and endometrial carcinoma

Carcinoid syndrome
Serotonin, tachykinins, histamine,
kallikrein, prostaglandins

Neuroendocrine tumor (lung, liver, pancreas, stomach,
small intestine, appendix, colon, and rectum)

SIADH: syndrome of inappropriate secretion of ADH, ADH: antidiuretic hormone, ACTH: adrenocorticotropic hormone, IGF-2: Insulin-
like growth factor 2, PTHrP: parathyroid hormone-related protein



Paraneoplastic syndrome Antigen Mechanism of cell injuery Neoplasma

Inflammatory myopathies
(polymyositis/dermatomyositis)
Interstitial pneumonia

Aminoacyl transfer RNA synthetase (ARS)
Unknown (unlikely for the autoantibodies to
have a direct pathogenic role)

Ovarian cancer, breast cancer, prostate cancer, lung cancer,
colorectal cancer, nasopharyngeal cancer, and non-Hodgkin
lymphoma

Lambert-Eaton myasthenia syndrome
Voltage-gated calcium channel (VGCC)
complex

Autoantibody
Small cell lung cancer (SCLC), prostate cancer, cervical
cancer, and lymphomas

Limbic encephalitis
α-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid receptor (AMPAR)

Autoantibody Lung cancer, breast cancer, and thymic cancer

Limbic encephalitis
Gamma-aminobutyric acid B receptor
(GABABR)

Autoantibody SCLC

Limbic encephalitis metabotropic glutamate receptor (mGluR) 5 Autoantibody Hodgkin lymphoma

Limbic encephalitis N-Methyl-D-Aspartate receptor (NMDAR) Autoantibody Teratoma

Limbic encephalitis
Encephalomyelitis

Ma1/2 Unknown Germ-cell tumors of testis

Limbic encephalitis
Encephalomyelitis
Paraneoplastic cerebellar degeneration
Autonomic neuropathy

Hu Cytotoxic T lymphocyte SCLC

Limbic encephalitis
Paraneoplastic cerebellar degeneration

Collapsin response mediator protein 5
(CRMP5)

Cytotoxic T lymphocyte SCLC and thymoma

Limbic encephalitis
Paraneoplastic cerebellar degeneration
Autonomic neuropathy

Amphiphysin Autoantibody Breast cancer and SCLC

Limbic encephalitis
Progressive encephalomyelitis with rigidity
and myoclonus (PERM)

Glycine receptor (GlyR) Autoantibody Thymoma

Myathenia gravis Acetylcholine receptor (AchR) Autoantibody Thymoma

Myathenia gravis LDL receptor related protein 4 (LRP4) Autoantibody Thymoma

Myathenia gravis Muscle-specific tyrosine kinase (MuSK) Autoantibody Thymoma

Myathenia gravis Titin
Unknown (unlikely for the respective
autoantibodies to have a direct pathogenic role)

Thymoma

Paraneoplastic autoimmune hypophysitis
Pituitary-Specific Positive Transcription Factor
1 (PIT-1),  and pro-opiomelanocortin (POMC)

Cytotoxic T lymphocyte
Thymoma, malignant lymphoma, bradder cancer, unknown
malignancy, large cell neuroendocrine carcinoma (LCNEC),
malignant melanoma, and  renal cell carcinoma

Paraneoplastic cerebellar degeneration mGluR1 Autoantibody Hodgkin lymphoma

Paraneoplastic cerebellar degeneration Yo Cytotoxic T lymphocyte Ovarian cancer, uterus cancer, and breast cancer

Table 2. Underlying mechanisms paraneoplastic syndrome



Anti-PIT-1 hypophysitis Paraneoplastic isolated ACTH deficiency
Immune checkpoint inhibitor (PD-1/PD-L1)-

related hypophysitis

Affected pituitary hormone(s) GH, PRL, TSH ACTH ACTH

Antigen PIT-1 POMC POMC

Associated tumors
Thymoma, diffuse large B cell
lymphoma,and unknown origin

Large cell neuroendocrine carcinoma
(LCNEC) in the lung, gastric cancer*, and

acute lymphoblastic leukemia*
Malignant melanoma and renal cell carcinoma

Table 3. Paraneoplastic autoimmune hypopituitarism

ACTH; adrenocorticotropic hormone, GH; growth hormone, TSH; thyroid-stimulating hormone, PD-1; Programmed cell death 1, PD-L1; Programmed death ligand 1, PIT-1;
pituitary-specific transcription factor 1,  POMC; pro-opiomelanocortin, PRL; prolactin, *; unproven
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