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Abstract

Objective: The prevalence and clinical characteristics of IgG4-related hypophysitis remain unclear due to the limited number
of case reports. Therefore, in this study, we screened consecutive outpatients with hypopituitarism and/or diabetes insipidus
(DI) to estimate its prevalence.

Methods: A total of 170 consecutive outpatients with hypopituitarism and/or central DI were screened at Kobe University
Hospital for detecting IgG4-related hypophysitis by pituitary magnetic resonance imaging, measuring serum IgG4
concentrations, assessing the involvement of other organs, and carrying out an immunohistochemical analysis to detect
1gG4-positive cell infiltration.

Results: Among the screened cases, 116 cases were excluded due to diagnosis of other causes such as tumors and congenital
abnormalities. Additionally, 22 cases with isolated ACTH deficiency were analyzed and were found not to meet the criteria of
IgG4-related hypophysitis. The remaining 32 cases were screened and seven were diagnosed with IgG4-related hypophysitis,
of which three cases were diagnosed by analyzing pituitary specimens. IgG4-related hypophysitis was detected in 30%
(seven of 23 patients) of hypophysitis cases and 4% of all hypopituitarism/DI cases. The mean age at the onset of IgG4-related
hypophysitis was 61.8+8.8 years, and the serum IgG4 concentration was 191.1+78.3 mg/dl (normal values 5-105 mg/dl and
values in 1gG4-related disease (RD) > 135 mg/dl). Pituitary gland and/or stalk swelling was observed in six patients, and

an empty sella was observed in one patient. Multiple co-existing organ involvement was observed in four of the seven
patients prior to the onset of IgG4-related hypophysitis.

Conclusion: These data suggest that the prevalence of IgG4-related hypophysitis has been underestimated. We should also
consider the possibility of the development of hypopituitarism/DI caused by IgG4-related hypophysitis during the clinical
course of other IgG4-RDs.
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Introduction

IgG4-related disease (RD) is a newly recognized clinical  and lymphocyte infiltration and an elevated serum IgG4
entity that was first proposed following the close  concentration. This disease involves various tissues
observation of patients with autoimmune pancreatitis in ~ and is associated with Mikulicz’s disease, autoimmune
2001 (1). IgG4-RD is characterized by IgG4* plasma cell pancreatitis, Riedel’s thyroiditis, interstitial pneumonitis,
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interstitial nephritis, prostatitis, lymphadenopathy, retro-
peritoneal fibrosis, inflammatory aortic aneurysm, and
inflammatory pseudotumor (2).

Autoimmune hypophysitis, often referred to as
lymphocytic hypophysitis, is defined as an inflammatory
pituitary disease with an autoimmune etiology that leads
to pituitary dysfunction. Primary hypophysitis is the most
common form of hypophysitis and can occur in isolation
or as a part of multiorgan disease that includes poly-
glandular autoimmune syndromes. Recently, IgG4-related
hypophysitis has emerged as a part of IgG4-RD. It was
initially diagnosed in a clinical setting in 2004 (3) and
then by pathological examination in 2007 (4). Histo-
pathologically, pituitary masses typically demonstrate a
dense lymphoplasmacytic infiltrate among residual nests
of adenohypophyseal cells and fibrosis. Immunohisto-
chemical staining for IgG4 and «/A light chains has
revealed the presence of numerous polyclonal plasma
cells in the pituitary.

Recently, Shimatsu et al. (5) have reviewed 22 patients
with IgG4-related hypophysitis and reported their clinical
characteristics. The majority of IgG4-related hypophysitis
cases were observed in middle-aged and elderly men
presenting with various degrees of hypopituitarism and
diabetes insipidus (DI) and with a thickened pituitary stalk
and/or mass. The pituitary structures shrank significantly
after glucocorticoid therapy, even in patients treated with
low doses. The presence of IgG4-RD and elevated concen-
trations of 1gG4 before glucocorticoid therapy were the
main findings that led to the diagnosis. Probably because
IgG4-RD was first described in Japan (1), most of the
IgG4-related hypophysitis cases that have been reported
were observed among Japanese individuals (6). Leporati
et al. (7), the first to report IgG4-related hypophysitis in
Caucasian patients, reviewed the published literature and
proposed diagnostic criteria on the basis of findings of
11 cases that were analyzed. Although the first IgG4-related
hypophysitis case was described in 2004 (3), only six
histologically proven cases have been reported (3,4, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21).

Because of the limited number of reported cases, the
prevalence and clinical characteristics of IgG4-related
hypophysitis remain incompletely defined. In this study,
we screened consecutive outpatients with hypopituitarism
and/or DI to estimate its prevalence. We detected seven
new cases of IgG4-related hypophysitis, estimated the
prevalence of IgG4-related hypophysitis among patients
with hypopituitarism and/or DI, and outlined the
clinical characteristics. A current review of the literature
is also provided.
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Subjects and methods
Subjects

We screened 170 consecutive outpatients with hypo-
pituitarism and/or central DI at Kobe University Hospital
between 2011 and 2012. For the diagnosis of adult
growth hormone deficiency, each patient was subjected
to an insulin tolerance test or growth hormone-releasing
hormone test (22). The hypothalamic—pituitary-
adrenal axis, hypothalamic-pituitary-thyroid axis, and
hypothalamic-pituitary-gonadal axis were evaluated as
described previously (23). Patients who had already been
diagnosed with known causes were excluded (Fig. 1).
Additionally, patients with isolated adrenocorticotropic
hormone (ACTH) deficiency were excluded and analyzed
separately. Isolated ACTH deficiency was defined as
secondary adrenal insufficiency with low or absent cortisol
production and normal secretion of pituitary hormones
other than ACTH (24). Among the remaining patients
with hypophysitis or without known causes of hypo-
pituitarism and/or central DI, we tried to identify criteria
suggesting IgG4-related hypophysitis: i) serum I1gG4
concentrations >135 mg/dl; ii) involvement of other
organs observed in IgG4-RD; and/or iii) infiltration of
IgG4-positive plasma cells in the involved tissues (1, 2, 5,
25, 26) (Fig. 1). Hypophysitis was diagnosed based on
the magnetic resonance imaging (MRI) findings with
an enlargement of the anterior pituitary and/or stalk
with extension of the thickened stalk up toward the
hypothalamus with homogeneous gadolinium enhance-
ment, pituitary biopsy, and clinical course as described
previously (27).

Hypopituitarism: 115 cases
DI: 17 cases
Hypopituitarism + DI: 38 cases

Patients with known causes were excluded
(i.e. pituitary tumors, Sheehan’s syndrome,
pituitary stalk interruption syndrome,

and others)

116 cases with
known causes

54 cases

I Isolated ACTH deficiency: 22 cases

32 cases

(1) Serum IgG4 concentration > 135 mg/d|
(2) Involvement of other organ observed in IgG4-RD
(3) Infiltrate of IgG4-positive plasma cells in the involved tissues

7 cases

Hypopituitarism: 1 case
DI: 2 cases
Hypopituitarism + DI: 4 cases

Figure 1
Study design of the screening for IgG4-related hypophysitis.
DI, diabetes insipidus.
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Methods

Measurement of serum IgG4 concentrations » Serum
1gG4 concentrations were measured using 1gG4 (BS-NIA)
kits (The Binding Site, Birmingham, UK). The normal
value for IgG4 concentrations ranges from 5 to 105 mg/dl.
The criterion of 1gG4 levels in 1gG4-RD was defined as
more than 135 mg/dl (28).

Immunohistochemistry » IgG and IgG4 immunostaining
was performed using a BenchMark XT IHC/ISH staining
module (Ventana Medical Systems, Tucson, AZ, USA)
according to the manufacturer’s instructions (29). Poly-
clonal rabbit antibody against human IgG (Diag-
nostic BioSystems, Fremont, CA, USA) and mouse MAB
against human IgG4 (Zymed Laboratories, South San
Francisco, CA, USA) were used as primary antibodies.
Images were obtained with a BZ-8100 microscope (Keyence,
Osaka, Japan).

Before corticosteroid administration
Case 2

Case 1

Enlargement of anterior

pituitary * *
Swelling of pituitary stalk + +
Disappearance of high + +

signal of posterior pituitary

After corticosteroid
administration

Figure 2

Pituitary magnetic resonance images before and after cortico-
steroid administration (gadolinium-enhanced T1-weighted
images for cases 1-4 and T1-weighted images for cases 5 and 7).
Images for cases 1, 2, 4, and 5 revealed an enlargement of the
pituitary gland. Images for case 5 after corticosteroid
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Results

Among the 170 patients screened, 116 patients who had
already been diagnosed with obvious known causes
including pituitary tumors demonstrated by histology at
the time of surgery or biopsy, Sheehan’s syndrome,
pituitary stalk interruption syndrome, congenital abnorm-
alities, Langerhan’s cell histiocytosis, and Hand-Schuller—
Christian disease were excluded. Additionally, 22 patients
with isolated ACTH deficiency were analyzed and were
found to not meet the criteria of IgG4-related hypo-
physitis. Among the remaining 32 patients (12 men and
20 women; age 53.0+£17.0 years), we identified criteria
for suggesting IgG4-related hypophysitis. This group
included 13 patients presenting with hypopituitarism,
12 presenting with DI, and seven presenting with both
hypopituitarism and DI. Autoimmune pancreatitis, retro-
peritoneal fibrosis, Mikulicz’s disease, interstitial pneumo-
nia, orbital pseudotumor, intrapulmonary pseudotumor,

Case 3 Case 4 Case 5 Case 7
+ + Empty sella
+ + +
+ + +
Steroid

administration (=)

p L IS

administration and those for case 7 revealed an empty sella.
Images for cases 1, 3, 4, and 5 showed a thickened pituitary
stalk. Images for case 1 revealed thickened dura mater.
Disappearance of high signal of posterior pituitary was
evaluated in T1-weighted plain image.
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and hypertrophic pachymeningitis were observed in four
patients, indicating the involvement of other organs
(Table 1). Pituitary MRI was performed in 31 of the 32
cases; of these, four cases showed swelling of the pituitary
gland, six showed enlargement of the pituitary stalk, eight
showed both swelling of the pituitary gland and enlarge-
ment of the pituitary stalk, six showed pituitary atrophy
including an empty sella, and three exhibited normal
morphology. Among the 32 patients, nine who showed
normal or atrophic pituitary were excluded and 23 were
diagnosed with hypophysitis or with presumed hypophy-
sitis when biopsy was not performed. The disappearance of
high signal intensity of the posterior lobe on T1-weighted
MRI was observed in 18 cases. In all, seven cases (three
men and four women) met the criteria for the diagnosis
of IgG4-related hypophysitis. The clinical history of each
IgG4-related hypophysitis case is outlined below and in
Table 1, and MRI findings are shown in Fig. 2.

Case 1

A 67-year-old woman developed sudden-onset headache
and polyuria. Endocrinological examination revealed

Case 1 Case 2 Case 3

Pituitary

Pituitary

P

Figure 3

Histopathology of the biopsy specimens obtained from the
pituitary gland (cases 1-3), lung (cases 4 and 6), stomach
(case 5), and pancreas (case 7). The results of hematoxylin and

The prevalence of IgG4-related 170:2 165
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hypopituitarism and DI. There was no co-existing organ
involvement.

Case 2

A 52-year-old woman was diagnosed with Mikulicz’s
disease. She developed hypopituitarism and DI the
following year. Enlargement of the pituitary gland
resolved after corticosteroid administration (Fig. 2).

Case 3

A 68-year-old woman presented with general malaise
and vomiting and was diagnosed with hypophysitis
(Fig. 2 and Table 1). No co-existing organ involvement
was diagnosed.

Case 4

A 58-year-old woman with Mikulicz’s disease, interstitial
pneumonia, and autoimmune pancreatitis developed
polyuria and thirst and was diagnosed with DI after
7 years of initial IgG4-RD.

Case 4

Lung

eosin staining and immunohistochemical analysis of IgG4 and
IgG are shown (X400 magnification).
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HE staining !

Figure 4

Histopathological features of the pituitary specimens.
The results of hematoxylin and eosin staining and Elastica
van Gieson (EVG) staining are shown (X200 magnification).

Case 5

A 76-year-old man developed loss of consciousness due
to hyponatremia, hypoglycemia, and polyuria. Endo-
crinological examination revealed the presence of hypo-
pituitarism and DI (Table 1). After 4 years of replacement
therapy, the anterior pituitary atrophied and the swelling
of the stalk improved (Fig. 2).

Case 6

The details of this case have been reported previously (30);
however, IgG4-related hypophysitis was not diagnosed
at that time. In brief, a 53-year-old man with orbital
pseudotumor and pulmonary pseudotumor developed
polyuria and polydipsia and was subsequently diagnosed
with hypopituitarism and DI. Pituitary MRI revealed a
swelling of the pituitary stalk and disappearance of the
high signal intensity of the posterior lobe (30). IgG4-
related hypophysitis was diagnosed by the immuno-
histochemical analysis of lung biopsy specimen (Fig. 3)
this time.

170:2 166
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Arrowheads indicate the typical ‘storiform pattern’ observed in
the pituitary tissue. Any features of obliterative phlebitis by
EVG staining could not be found.

Case 7

A 40-year-old man was diagnosed with mass-forming
pancreatitis. At the age of 56 years, the patient developed
polyuria and was diagnosed with DI. At the age of 67 years,
abdominal computed tomography (CT) revealed retro-
peritoneal fibrosis.

Three cases were diagnosed by the analysis of pituitary
biopsy specimens (cases 1-3; Fig. 4). Three patients
exhibited elevated serum IgG4 concentrations (cases 4,
5, and 7). One patient was diagnosed with a presence of
morphological abnormalities of the pituitary with
impaired function and co-presence of IgG4-RD (case 6).
Pituitary dysfunction did not improve after corticosteroid
administration in any case. The ages (mean=+s.p.) at the
time of the development of IgG4-RD and hypophysitis
were 57.3+11.3 and 61.8+8.8 years respectively. The
serum IgG4 concentration (mean+s.p.) was 191.1+
78.3 mg/dl. Pituitary MRI revealed an enlargement of
the pituitary gland and thickened pituitary stalk in six
of the seven cases, and one case (case 7) demonstrated
an empty sella. Thickened dura mater was detected in
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cases 1 and 6 (Fig. 2). Accordingly, IgG4-related hypo-
physitis was detected in 30% (seven of 23 cases) of
hypophysitis cases, 22% (seven of 32 cases) of hypo-
pituitarism/DI cases with unknown causes, and 4% (seven
of 170 cases) of all cases of hypopituitarism/DI (Fig. 5).
Furthermore, IgG4-related hypophysitis was diagnosed in
8% of hypopituitarism cases (one of 13 patients), 17% of
DI cases (two of 12 patients), and 57% of hypopituitarism
and DI cases (four of seven patients) that involved
impaired anterior or posterior pituitary function with an
unknown cause.

Discussion

Herein, we report seven new cases of IgG4-related
hypophysitis. Based on the criteria defined by Leporati
etal. (7), adiagnosis of IgG4-related hypophysitis was made
in cases 1-6. IgG4/IgG-positive cells were not detected
upon immunostaining of the pancreatic specimens in case
7 (data not shown). This case was classified as a ‘probable’
case of IgG4-RD based on the diagnostic criteria because
of the negative staining results for IgG4 in the pancreatic
specimens, although serum IgG4 concentration was
elevated (28). Three of the seven patients were men. All
the cases involved middle-aged and elderly patients
presenting with hypopituitarism and/or DI. Six of the
seven cases showed a thickened pituitary stalk and/or
pituitary mass observed using MRI. Except in case 3, these
abnormal structures shrank significantly in response to
glucocorticoid therapy even in patients treated with a low
dose. However, none of the patients showed a restored
pituitary function after steroid therapy. Five patients
presented with 1gG4-RD attributable to the involvement
of other organs, and three patients showed an elevated
IgG4 concentration. Four patients who exhibited normal
serum IgG4 concentrations were histologically confirmed.

A summary of the reported cases of IgG4-related
hypophysitis, including the present cases, is given in
Table 2 (3, 4, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 30, 31, 32, 33, 34). To our knowledge, there have
been only 22 reports with 29 cases (22 men and seven
women) including the present cases that met the criteria
for diagnosis, suggesting that IgG4-related hypophysitis
may be extremely rare. The ages (mean +s.0.) at the time of
the onset of IgG4-RD and hypophysitis were 60.6+11.2
and 63.3 £10.4 years respectively. The age distribution at
the time of the onset of hypophysitis was as follows: three
patients were in their 40s, seven in their 50s, nine in their
60s, and ten in their 70s. Previous studies have reported
that the median ages at the time of the onset of AIP and

The prevalence of IgG4-related 170:2 167
hypophysitis
A n=170

Hypophysitis
or unknown
causes

»" Isolated '

ACTH

Pituitary
tumor
(88) 52%

B
1gG4-related
hypophysitis
(7) 22%
Hypophysitis
(16) 50%
\_ Idiopathic
pituitary
Empty sella insufficiency
(5) 16% (4) 12%
C n=23
1gG4-related
hypophysitis
(7) 30%
Hypophysitis
(16) 70%
Figure 5

(A) Causes of hypopituitarism and/or DI in all patients. PSIS,
pituitary stalk interruption syndrome; SS, Sheehan’s syndrome.
(B) Prevalence of IgG4-related hypophysitis in patients with
general hypophysitis or unknown causes. (C) Prevalence of
IgG4-related hypophysitis in patients with hypophysitis.
Number of patients is given within parentheses.
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IgG4-related hypophysitis are 58 and 64 years respectively
(2, 5) and the male-to-female ratios are 2.9:1 and 21:1
respectively (5, 35). Hypopituitarism was observed in
24 cases (83%) and DI was observed in 21 cases (72%).
Seventeen cases presented with both hypopituitarism and
DI (59%). An elevation of serum IgG4 concentration was
observed in 18 of the 24 cases (75%). Serum IgG4
concentration (mean+s.p.) measured prior to corticoster-
oid administration was 950.5+872.3 mg/dl in 11 cases,
which was much higher than that for all cases (595.0+
729.1 mg/dl), suggesting that glucocorticoid therapy
decreases serum IgG4 concentrations. Caputo et al. (21)
reported a case in which serum IgG4 concentration was
reduced after prednisolone administration, which again
indicates the importance of measuring IgG4 concen-
trations before steroid replacement therapy. The involve-
ment of various organs was noted throughout the clinical
course, with retroperitoneal fibrosis being the most
common form (38%), followed by interstitial pneumonia
(eight cases, 28%), Mikulicz’s disease and AIP (seven cases,
24%), and lymph node swelling (five cases, 18%). Only
four patients (14%) solely exhibited hypophysitis. In most
cases, organ involvement occurred prior to the onset of
hypophysitis; however, retroperitoneal fibrosis developed
after the onset of hypophysitis in two cases. Thus far, most
of the patients have been reported in Japan. Although
the precise reason is unknown, this may be associated
with the racial difference, the spread of awareness of
1gG4-RD, and easy accessibility to MRI in Japan.

In this study, IgG4-related hypophysitis was detected
in 30% (seven of 23 cases) of hypophysitis cases, 22%
(seven of 32 cases) of hypopituitarism/DI cases with
unknown causes, and 4% (seven of 170 cases) of all cases
of hypopituitarism/DI cases respectively. Additionally,
these data suggest that the prevalence of IgG4-related
hypophysitis has been underestimated. One of the reasons
for the underestimation is that the elevated serum IgG4
concentration is easily normalized even by a physiological
dose of steroids. Indeed, we diagnosed four cases with
normal serum IgG4 concentrations by examining biopsy
specimens of the pituitary or other involved tissues
including the lung and stomach. In this regard, it is
important to check the involvement of other organs
carefully. Importantly, four patients presented other IgG4-
RDs prior to the onset of IgG4-related hypophysitis.
Considering the fact that the number of IgG-RD cases
reported, such as autoimmune pancreatitis, has increased
owing to the increased awareness of the condition (25), it
is important to follow up these cases by considering a
possibility of pituitary dysfunction caused by 1gG4-related
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hypophysitis. Although the distribution of the causes of
pituitary insufficiency in this study (Fig. 5A) may differ
from those in other series, in which tumors were more
predominant (23, 36), this may be reflected by the fact that
our division belongs to a department of internal medicine.
There may also be a selection bias for the screened patients
because of the specialty outpatient clinic in our university
hospital. Nevertheless, the substantial prevalence of IgG4-
related hypophysitis should be emphasized.

We screened patients with isolated ACTH deficiency
because autoimmunity has been suggested as its etiology
and a relationship with hypophysitis has been suggested
(24). In our series, none of the patients with isolated
ACTH deficiency were diagnosed with 1gG4-related hypo-
physitis. This may be explained by a possible decrease in
serum IgG4 concentrations by steroid replacement
therapy; however, we could not identify the involvement
of any other organ in these 22 cases of isolated ACTH
deficiency, suggesting that isolated ACTH deficiency may
belong to a clinical spectrum different from IgG4-related
hypophysitis.

The MRI findings in most patients with IgG4-related
hypophysitis were similar to those observed in cases of
general hypophysitis, such as an enlargement of the
anterior pituitary and/or stalk. Case 2 exhibited a cystic
formation in the enlarged anterior pituitary. Case 7
exhibited an empty sella and case 5 exhibited an empty
sella after steroid replacement therapy. Although the final
condition of IgG4-related hypophysitis has not been
reported, Gao et al. (37) reported that an empty sella is
detected after a long period of treatment with glucocorti-
coids in cases of autoimmune hypophysitis. Furthermore,
development of the pituitary from the expanded state to
an empty sella has been reported in a mouse model of
autoimmune hypophysitis (38). These data suggest that
at least in some cases, IgG4-related hypophysitis results
in an empty sella after a stage of swelling.

Immunohistochemical analysis of the pituitary tissue
and the detection of the presence of IgG4* lymphocytes
are essential for the definitive diagnosis of 1gG4-related
hypophysitis (4, 5, 7, 25). In three cases, we were able
to make a diagnosis by pituitary biopsy despite normal
serum IgG4 concentrations. This discrepancy between
the tissue findings and serum concentrations of 1gG4
may be explained by glucocorticoid therapy, even when
administered in physiological doses. In light of these
results, it is recommended that in patients with a pituitary
mass due to unknown causes, serum 1gG4 concentration
be measured at least once before glucocorticoid treat-
ment. In addition, even after glucocorticoid treatment,
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immunohistochemical analysis of tissue specimens for
IgG4 staining is a useful method for diagnosing IgG4-
related hypophysitis. In particular, we found that the
gastric polypoid lesion observed in case 4 was also positive
for IgG4 staining, suggesting that immunochemical
staining of various tissue lesions is worth performing in
patients with hypopituitarism and/or DI exhibiting a
pituitary mass (39).

Notably, histological analysis revealed a characteristic
storiform fibrosis (i.e. matted and irregularly whorled)
in all three pituitary tissue specimens, which is a key
morphological feature of IgG4-RD. Other morphological
features include obliterative phlebitis (2, 40, 41). Although
these characteristics are generally common in auto-
immune pancreatitis, they have not been reported in
IgG4-related hypophysitis. We could not detect any
features of obliterative phlebitis in the pituitary lesions;
the reason is unknown, but the unique portal system in
the pituitary may affect these characteristics. The presence
of a storiform pattern may be an important clue for
diagnosing IgG4-related hypophysitis as well as the
immunostaining for IgG4 plasma cells.

In conclusion, this study reveals a substantial pre-
valence of IgG4-related hypophysitis in patients with
hypopituitarism/DI. IgG4-RD may cause hypopituitarism/
DI associated with IgG4-related hypophysitis: hence,
patients with IgG4-RD should be carefully followed up.
Additionally, IgG4-RD should be considered in all cases
presenting with hypophysitis, especially as it responds
well to treatment and also as this is a systemic disease.
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