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Abstract

Background: The differential diagnosis of IgG4-related hypophysitis and other inflammatory diseases or tumors
involving sellar region is challenging even after sellar biopsy. Sellar germinoma is usually infiltrated by lymphocytes
or plasma cells, and may be confused with hypophysitis.

Case presentation: A 36-year-old man with diabetes insipidus, elevated serum IgG4 level (336 mg/dl), and sellar
mass was suspected to have IgG4-related hypophysitis, and no other lesion of IgG4-related disease was detected.
After treated by prednisone and mycophenolate mofetil, the serum IgG4 decreased to 214 mg/dl. However, after
withdrawal of the drugs, the IgG4 level increased to 308 mg/dl. Endocrine assessments revealed
panhypopituitarism, and the sellar mass enlarged. Transsphenoidal sellar exploration and biopsy was conducted.
Pathological examination showed that the lesion was germinoma with lymphocytes and plasma cells infiltration,
and IgG4-staining was positive (70/HPF, IgG4/IgG ratio = 10%). The patient was then treated by cisplatin and
etoposide. After four cycles of chemotherapy, the serum IgG4 was 201 mg/dl, and the sellar mass was invisible.

Conclusion: Sellar germinoma can mimic the clinical characteristics of IgG4-related hypophysitis. Poor response to
glucocorticoids can be used as an exclusion criterion in the clinical diagnosis of IgG4-related hypophysitis.
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Background
IgG4-related disease is a spectrum of immune-mediated
conditions characterized by tumefactive lesions infil-
trated by IgG4-producing plasma cells or lymphocytes
[1, 2]. It could affect one or more organs such as the
pancreas, biliary ducts, salivary glands, and orbits, while
pituitary gland involvement is less common [3]. IgG4-
related hypophysitis was increasingly recognized after
the report of the first case in 2004 [4], and the first
pathologically confirmed case in 2007 [5]. While pooled

data showed that IgG4-related hypophysitis only
accounted for 1.3–4% of primary hypophysitis [6, 7], its
prevalence was up to 30–40% in some centers [8, 9].
Similar to other types of hypophysitis, IgG4-related
hypophysitis manifests as anterior pituitary hormone de-
ficiency and/or central diabetes insipidus, as well as
symptoms caused by mass effects of the lesion [10, 11].
Moreover, serum IgG4 level was increased in many pa-
tients, and the involvement of other organs was common
[6]. IgG4-related hypophysitis might be easily confused
with other diseases involving the pituitary, including be-
nign or malignant tumors, but the former one could be
treated by glucocorticoids while the latter ones might
need surgery, chemotherapy or radiotherapy [11]. Patho-
logical examination played a critical role in the current
diagnostic criteria of IgG4-related hypophysitis [10, 11],
but sometimes its differential diagnosis might remain
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challenging even after biopsy. For example, it was re-
ported that pituitary involvement of granulomatosis with
polyangiitis could not only mimic the symptoms of
IgG4-related hypophysitis but also share some patho-
logical features [12], and some other types of pituitary
inflammatory lesions could also be infiltrated by IgG4-
positive cells [13].
Intracranial germ-cell tumors (GCTs) mainly affect

children and adolescents, while adult patients are rela-
tively rare [14]. The lesion typically locates at the pineal
and suprasellar region, and sometimes inside the sella
turcica [15]. Similar to other diseases that involved the
hypothalamus and pituitary, suprasellar GCT can mani-
fest as deficiencies in pituitary hormones and symptoms
related to local compression [16, 17]. The most common
type of intracranial GCTs is germinoma, which accounts
for about 70% of the cases [12, 17]. Germinoma is so im-
munogenic that the tumor tissue could be infiltrated by
numerous lymphocytes or plasma cells, which makes it
difficult to be differentiated from hypophysitis on some
occasions [10, 18, 19].
We report here a patient presented with diabetes insi-

pidus and hypopituitarism who was initially misdiag-
nosed as IgG4-related hypophysitis. This patient fulfilled
the clinical diagnostic criteria of IgG4-related hypophysi-
tis, but consequent biopsy of the pituitary lesion revealed
that it was actually an intracranial germinoma.

Case presentation
In April 2019, a 36-year-old man was referred to our
hospital because of polyuria and polydipsia for about 9
months. His urine volume reduced from 10 L/day to 5 L/
day after oral administration of desmopressin (0.05 mg
b.i.d.) for two weeks, but the serum osmolarity was still
317 mOsm/kgH2O (normal range: 275–305 mOsm/
kgH2O) and serum Na+ was 145 mmol/L (normal range:
135-145 mmol/l). Blood glucose was normal and urine
glucose was negative. Endocrine assessment of anterior
pituitary was generally normal [TSH 2.258 μIU/mL (nor-
mal range: 0.380–4.340), FT4 1.23 ng/dl (normal range:
0.81–1.89 ng/dl), FT3 3.99 pg/ml (normal range: 1.80–
4.10 pg/ml); ACTH 59.0 pg/ml (normal range: 0–46 pg/
ml), cortisol 23.1 μg/dl (normal range: 4.0–22.3 μg/dl);
LH 2.61 IU/L (normal range: 1.24–8.62 IU/L), FSH 4.00
IU/L (normal range: 1.27–19.26 IU/L), T 2.97 ng/ml
(normal range: 1.75–7.81 ng/ml); IGF1 133 ng/ml (nor-
mal range: 109–284 ng/ml); prolactin 9.1 ng/ml (normal
range: 2.64–13.13 ng/ml)]. Although the cortisol was
slightly higher, the patient had no symptom or sign of
hypercortisolism. The serum IgG4 (336mg/dl) (normal
range: 8–140mg/dl) and IgE (399 IU/ml) (normal range:
0–60 IU/ml) concentration was elevated. Contrast en-
hanced MRI demonstrated a mass occupying posterior
pituitary and pituitary stalk, and the diameter of the

pituitary stalk was 3.4 × 3.4 mm (Fig. 1A, B). Chest and
abdominal CT did not detect other lesion except for
liver steatosis and cholelithiasis. Based on these findings,
a diagnosis of IgG4-related hypophysitis was suspected.
Prednisone treatment was initiated at a dose of 60 mg

q.d. in April 2019. The dose of prednisone was tapered
to 40 mg q.d. in June 2019, and mycophenolate mofetil
of 0.75 mg b.i.d. was added. The serum IgG4 level grad-
ually decreased and reached its nadir (214 mg/dl) in Sep-
tember 2019 (Fig. 2), but desmopressin (0.05 mg t.i.d.)
was still needed to control the symptoms of diabetes
insipidus. In December 2019, the dose of mycophenolate
mofetil was decrease to 0.75 mg q.d., and prednisone
was also tapered gradually. In February 2020, prednisone
was finally tapered to 5 mg q.d.. The patient stopped tak-
ing the drugs by himself, and developed fatigue after
that. In June 2020, the serum IgG4 increased to 308mg/
dl. Endocrine assessments revealed panhypopituitarism
(TSH 0.071μIU/mL, FT4 0.50 ng/dl, FT3 3.50 pg/ml;
ACTH 7.4 pg/ml, cortisol < 0.50 μg/dl; LH < 0.2 IU/L,
FSH 1.70 IU/L, T < 0.1 ng/ml; IGF1 89 ng/ml), and pro-
lactin level elevated to 32.6 ng/ml. Pituitary MRI showed
that the lesion enlarged and involved the hypothalamus,
and the diameter of the pituitary stalk was 5.1 × 4.7 mm
(Fig. 1C, D). Replacement therapy with levothyroxine
was given and prednisone treatment was restarted at a
dose of 40 mg q.d.. Here the dose of prednisone was
lower than the initial dose of the first course, since the
patient had adverse effects including weight gain and
hypertriglyceridemia. However, the IgG4 level did not
drop, and the diameter of the pituitary stalk further en-
larged to 6.0 × 8.6 mm (figure not shown).
The patient was admitted to our hospital for further

evaluation. Physical examination found no sign of lacri-
mal gland or salivary gland swelling. Daily urine volume
was 1500-2000ml under desmopressin of 0.1 mg t.i.d.,
and increased to 2800 ml when desmopressin was sus-
pended for one day. In the cerebrospinal fluid, the βhCG
and AFP were not elevated [βhCG 2.96 IU/L (normal
range: < 5 IU/L), AFP undetectable], and no tumor cell
was found. The thyroid ultrasonography and abdominal
CT results were generally normal, and 18F-FDG-PET
showed modest FDG uptake at the pituitary stalk (SUV-
max = 1.0). Neurosurgeons conducted transsphenoidal
sellar exploration and biopsy for the patient in August
2020, and found that the grayish-white lesion com-
pressed the pituitary and invaded the suprasellar region
through the pituitary stalk. Pathological examination
(Fig. 3) confirmed that the lesion was germinoma with
positive CD117 and OCT4 immunohistochemical stain-
ing. The tumor was infiltrated by mononuclear cells in-
cluding T cells (CD3+), B cells (CD20+), and plasma
cells (CD38+/CD138+). IgG4 staining was positive (70/
HPF), and the IgG4/IgG ratio was 10%.
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Four cycles of chemotherapy consisting of cisplatin
and etoposide were given from Oct 2020 to Dec 2020.
The sellar and suprasellar mass was invisible on the pi-
tuitary MRI evaluated after two and four cycles of
chemotherapy, and the diameter of the pituitary stalk
was 2.2 × 2.1 mm (Fig. 1E, F). The serum IgG4 level
dropped to 201 mg/dl one month after the last cycle of
chemotherapy.

Discussion and conclusion
In this case report we described a patient with sellar ger-
minoma who was misdiagnosed as IgG4-related hypo-
physitis, which is the first case of sellar germinoma with
elevated IgG4 level. This case reminds us that

germinoma may be a mimicker of IgG4-related hypo-
physitis, and the diagnosis of IgG4-related hypophysitis
should be made after thorough assessments to exclude
other diseases.
The classification criteria of IgG4-RD have been pub-

lished by the American College of Rheumatology/Euro-
pean League Against Rheumatism (ACR/EULAR) in
2019 [2], but patients with isolated pituitary involvement
were excluded in the development of these criteria due
to its relatively low prevalence. Thus, the criteria for
IgG4-related hypophysitis need to be specially devel-
oped. The first set of diagnostic criteria for IgG4-related
hypophysitis (Table 1) was proposed by Leporati et al. in
2011 based on the features of 12 patients, in which the

Fig. 1 Contrast enhanced MRI of the pituitary. (A, B) Sellar mass and pituitary stalk thickening before treatment. (C, D) The sellar and stalk lesion
progressed after treatment by prednisone and mycophenolate mofetil. (E, F) The sellar and stalk lesion shrank after four cycles of chemotherapy
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pathological finding alone was enough to establish the
diagnosis of IgG4-related hypophysitis. When the pituit-
ary biopsy was not available, the diagnosis could also be
made according to the image finding, serum IgG4 level,
pathology of other involved organs, or the response to
glucocorticoids [10]. Another set of criteria (Table 1)
was proposed by the Japan Endocrine Society in 2020, in
which the diagnosis was classified as definitive, probable,
or possible one. Pathology of biopsy was essential to es-
tablish the definitive diagnosis, while the clinical

diagnosis with different certainty could also be made ac-
cording to the symptoms, laboratory examinations, and
image studies [11].
No matter which set of criteria was adopted, the symp-

toms of CDI, laboratory examinations of hypopituitar-
ism, pituitary mass and stalk thickening on MRI, and
elevated serum IgG4 were all in accordance with the
clinical diagnosis of IgG4-related hypophysitis in the
current case. However, some features of this patient
were distinct from typical IgG4-related hypophysitis. In

Fig. 2 Timeline of treatment and changes of serum IgG4 level. Pred: prednisone, MMF: mycophenolate mofetil, LT4: levothyroxine

Fig. 3 Histopathology of the pituitary lesion. A HE staining shows scattered large tumor cells with round nuclei and prominent nucleoli, and
dense lymphoplasmacytic infiltration. B Immunohistochemistry staining for CD117 (a marker of germinoma) is positive in tumor cells. C
Immunohistochemistry staining for IgG4. D Immunohistochemistry staining for CD38 (a marker of plasma cells)
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previous reports, male patients with IgG4-related hypo-
physitis were usually elderly [6, 20], while this patient is
relatively young. Moreover, the symptoms did not sig-
nificantly relieve and the serum IgG4 did not drop to
normal range after prednisone and MMF treatment.
Meanwhile, panhypopituitarism emerged and MRI re-
vealed the progression of the sellar lesion. In fact, if the
image follow-up had been done during the initial stage
of the treatment, such progression might have been de-
tected earlier. These made the clinical diagnosis of IgG4-
related hypophysitis in this case questionable, and indi-
cated that the diagnostic criteria of IgG4-related hypo-
physitis might need some modifications.
The 2019 ACR/EULAR classification criteria for IgG4-

RD consists of entry criteria, exclusion criteria, and a
scoring system. Similarly, we believed that adding exclu-
sion criteria to the diagnostic criteria of IgG4-related
hypophysitis would be helpful, though it may be too rare
to develop such a scoring system. IgG4-related hypophy-
sitis is a benign disease that can be treated by gluco-
corticoid [10], so other diseases that need more
aggressive therapies should be ruled out before the es-
tablishment of this diagnosis. In a review of previous
cases, all the IgG4-related hypophysitis patients
responded to glucocorticoids except for two patients
who received a low dose of hydrocortisone [6]. We sug-
gested that poor response to glucocorticoids should be
adopted as an exclusion criterion in the clinical diagno-
sis of IgG4-related hypophysitis, since it is indicative of
malignancies.
The pathological diagnosis of IgG4-RD relies on both

morphological findings and immunohistochemical stain-
ing for IgG4. The key morphological features include
dense lymphoplasmacytic infiltration, storiform fibrosis,
and obliterative phlebitis, but variable features may be
present in some organs [21]. In IgG4-related hypophysi-
tis, lymphoplasmacytic infiltration was seen in almost all

the cases, while storiform fibrosis was less common, and
obliterative phlebitis has not been reported yet [9, 20].
Thus, pathology criteria should be specifically modified
for IgG4-related hypophysitis. As for the IgG4-positive
cells, the criteria in the two sets of criteria were slightly
different. In the Japan Endocrine Society criteria, patho-
logical findings are in accordance with IgG4-related
hypophysitis if either the density of IgG4-positive cells is
> 10 per high-power field (HPF) or the ratio of IgG4/
IgG-positive cells is > 40% [11], while only the density is
considered in the Leporati criteria [10]. The current case
shared some pathological features with IgG4-related
hypophysitis, that is, dense lymphoplasmacytic infiltra-
tion and positive IgG4 staining. It should not be diag-
nosed as IgG4-related hypophysitis due to the presence
of germinoma, but this might explain the elevated serum
IgG4 in this case.
The relation between germinoma and the IgG4 reac-

tion is unknown in this case. However, it could be spec-
ulated that the IgG4 reaction was secondary to
germinoma, since no other organ was found to be in-
volved by IgG4-RD in this patient, and serum IgG4 level
dropped after the remission of germinoma. IgG4-RD
was generally considered to be initiated by autoimmun-
ity, followed by activation of type 2 helper T cells and
regulatory T (Treg) cells, which can prompt the produc-
tion of IgG4 [1]. Previous studies reported the presenta-
tion of anti-pituitary antibodies in the serum of patients
with IgG4-related hypophysitis, further supporting this
hypothesis [22, 23]. Tumors could also trigger a similar
process, and it was reported that tumor cells per se
could play the role of antigen-presenting cells or Treg,
which might explain the elevation of serum IgG4 and
peritumoral infiltration of IgG4-positive cells in cancers
such as pancreatic cancer or cholangiocarcinoma [24–
26]. In other types of secondary hypophysitis caused by
pituitary adenoma, Rathke cyst or craniopharyngioma,

Table 1 The diagnostic criteria of IgG4-related hypophysitis

2011 Laporati
[10]a

2020 Japan [11]

Definitive Probable Possible

Symptoms due to mass effects, hypopituitarism, or central diabetes insipidus √ √ √ √ √ √

Laboratory findings of hypopituitarism √ √ √

Decreased response in stimulation tests √ √ √

Laboratory findings of central diabetes insipidus √ √ √

Image findings: pituitary enlargement/mass, stalk thickening √ √ √ √ √ √ √ √

Elevated serum IgG4 √ √ √

Pathology of pituitary √ √ √

Pathology of other involved organs √ √ √

Response to glucocorticoids √

a. IgG4-related hypophysitis can be diagnosed when all items in any of the columns are fulfilled
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infiltration of IgG4-positive cells was also observed [13].
The exposure of autoantigens may also present in germi-
noma, which was hypothesized to be the reason for
florid lymphocyte infiltration in part of germinoma cases
[18, 27]. However, no previous case of IgG4 reaction in
germinoma was reported, and the current case may be
the first such case. On the other hand, IgG4 may be in-
volved in carcinogenesis through immune evasion, and
higher IgG4 level and more IgG4-positive lymphocytes
infiltration were associated with worse outcomes [28]. In
the current case, the sellar germinoma responded well to
routine therapy despite the IgG4 reaction. Further stud-
ies are needed to clarify whether IgG4 reaction can in-
fluence the clinical characteristics and treatment
outcome of sellar germinoma.
In summary, we present the first case of sellar germi-

noma mimicking the clinical and pathological features of
IgG4-related hypophysitis. The diagnostic criteria of
IgG4-related hypophysitis may need some modifications,
and the response to glucocorticoid should be taken into
consideration. Besides, it provided clues to understand
the role of IgG4 in the pathogenesis of primary or sec-
ondary hypophysitis.
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