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Abstract:

Schwannoma is a common mesenchymal neoplasm; however, adrenal schwannoma is rare, and it is fre-
quently misdiagnosed as adrenal cortical adenoma. We herein report a 91-year-old Japanese man with right
adrenal schwannoma that was pathologically diagnosed after adrenalectomy. To our knowledge, this is the
first case of adrenal schwannoma in the oldest patient and with the longest follow-up period reported, includ-
ing radiological images from 10 years earlier.
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Introduction

Schwannoma is a common benign peripheral nerve sheath
tumor derived from Schwann cells, including those of the
myelinic sheath of peripheral autonomic or cranial nerves.
The tumor can arise in any area of neural tissue, including
Schwann cells; however, the common tumor sites are the
skin and subcutaneous tissue of the head and neck or flexor
surfaces of the extremities. Adrenal schwannoma is rare and
frequently misdiagnosed as adrenal cortical adenoma (1).

We encountered a 91-year-old Japanese man with right
adrenal schwannoma. We believe that this is the oldest case
of adrenal schwannoma with the longest follow-up pe-
riod (1, 2). We performed radiological evaluations, including
"F-2-fluoro-2-deoxy-D-glucose (FDG) positron emission to-
mography (PET), which is rare in cases of adrenal schwan-
nomas. We herein report the clinicopathological aspects of
the tumor.

Case Report

Clinical summary

A 90-year-old asymptomatic man was admitted for clini-
cal management of a right adrenal gland tumor after the tu-

mor had been incidentally found on computed tomography
(CT) 1 year earlier. He had a clinical history of cerebral in-
farction and carotid endarterectomy. Neurofibromatosis type
2 was deemed unlikely due to the absence of acoustic
schwannoma and meningioma.

The results of laboratory tests, including those for meas-
uring plasma levels of adrenocorticotrophic hormone, corti-
sol, aldosterone, adrenaline, noradrenaline, dehydroepian-
drosterone sulfate, and dopamine as well as urine levels of
adrenaline, noradrenaline, dopamine, vanillylmandelic acid,
and homovanillic acid, were within normal limits. Plasma
renin activity was also normal. The levels of serum markers
for carcinoma were within normal limits as well, except for
squamous cell carcinoma antigen (1.7 ng/mL, normal range
<1.5 ng/mL). High serum levels of soluble interleukin 2 re-
ceptors were found (851 U/mL, normal range 122-496 U/
mL).

Non-enhanced CT performed 1 year earlier showed a
mass with a maximum diameter of 3.4 cm, good demarca-
tion, and a low density of 28.6 Hounsfield units (HU) com-
pared to that in the liver (Fig. 1A). Magnetic resonance im-
aging (MRI) showed a heterogeneous, low-intensity signal
on T1-weighted images (Fig. 1C) and high-intensity signal
on T2-weighted images (Fig. 1D), and fatty tissue did not
appear to be involved on chemical-shift MRI (CSMRI)
(Fig. 1E) or fat-suppressed T2-weighted images (Fig. 1F).
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Figure 1.

Computed tomography and magnetic resonance images of the adrenal schwannoma. One

year earlier, a right adrenal tumor (white arrow) with a maximum size of 3.4 cm could be seen on
computed tomography (CT) images (A). The tumor (white arrow) measured 2.2 cm 4 years earlier on
CT images (B). Magnetic resonance images taken one year earlier showed that the right adrenal tu-
mor had a low intensity on T1-weighted (in-phase) images (C), had a high intensity on T2-weighted
images (D), and was fat poor on opposed-phase T1-weighted images (E) and fat-suppressed T2-

weighted images (F). Scale bars represent 3 cm.

FDG-PET showed the accumulation of FDG in the adrenal
tumor [maximum standardized uptake value (SUVmax):
4.4], but no abnormal FDG uptake was observed in other or-
gans. A retrospective analysis of previous CT images re-
vealed a suspected right adrenal gland tumor 10 years ear-
lier, which had appeared as a lesion measuring 1.3 cm 7
years earlier before gradually increasing in size to 2.2 cm
(Fig. 1B) and 3.4 cm at 4 and 1 year earlier, respectively.
The mass consistently showed good demarcation and a ho-
mogenous appearance. Clinically, a non-functioning adrenal
tumor was found, and lipid-poor adrenal cortical adenoma
(ACA), adrenal cortical carcinoma (ACC), and lymphoma
were suspected.

After discussing the clinical management of the right ad-
renal tumor with the patient and his family, surgical treat-
ment was chosen. However, surgery was postponed for ap-
proximately one year for several reasons. Although preop-
erative CT showed that the size of the tumor was unchanged
compared to that 1 year earlier, right adrenalectomy was
performed after further discussion with the 91-year-old pa-
tient and his family. Nine days after surgery, the patient was
discharged without any problems.

Macroscopic and microscopic findings of the adre-
nal gland tumor

Grossly, a well-demarcated and solid mass measuring 3.2
%x2.8%2.8 cm was seen in the right adrenal gland (Fig. 2A).
The cut surface of the tumor was white and yellow, and the
thin brown line suggested that the adrenal cortex was lo-
cated near the periphery of the tumor (Fig. 2B). Histologi-
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cally, the demarcated mass mostly consisted of an interlac-
ing arrangement of spindle cells with plump elongated nu-
clei (Fig. 2C). Mitosis was rarely observed. Nuclear palisad-
ing of the tumor cells was noted (Fig. 2C), and Verocay
bodies were also observed. Necrosis was absent. Hypocellu-
lar edematous areas were focally intermingled (Fig. 2D).
The periphery of the tumor showed fibrosis and lymphoid
tissue (Fig. 2E). Ganglion cells were not present in the tu-
mor. Schwannoma was considered, and immunohistochemi-
cal studies supported the histological diagnosis; the tumor
cells were diffusely positive for S100 protein (Fig. 2F) and
SOX10 and negative for alpha-smooth muscle actin, desmin,
EMA, neurofilament protein, KIT, and CD34. The Ki-67 la-
beling index was 1-2%. The tumor was largely surrounded
by the adrenal cortex (Fig. 2B, indicated by arrows), which
was histologically present around approximately 80% of the
tumor periphery. The adrenal medulla was focally present
between the tumor and the adrenal cortex. The tumor cells
proliferating outside the adrenal gland were inconspicuous.
Thus, we concluded that the tumor was an adrenal schwan-
noma.

The adrenal cortex adjacent to the tumor was thin because
the cortical thickness was <1 mm. The atrophic changes in
the adrenal cortex might have been due to hormonal stimu-
lation by the tumor cells. However, the serum and urine lev-
els of hormones related to the adrenal gland were within
normal ranges, and the histological proportion of the three
layers of the adrenal cortex remained normal. Thus, the thin
adrenal cortex appeared to be stretched by the tumor rather
than by hormonal stimulation by tumor cells.
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Figure 2. Macroscopic and microscopic findings of the adrenal schwannoma. Macroscopic findings
of the adrenal schwannoma show a well-demarcated solid tumor with yellow-to-white cut surfaces
(A). As indicated by the arrows, the tumor is located inside the adrenal gland (B). Hematoxylin and

Eosin staining sections demonstrate nuclear palisading of plump spindle cells (C), cellular and hypo-

cellular lesions (D), and demarcation with peripheral fibrosis and lymphocytic infiltrates (E). Immu-
nohistochemically, the tumor cells (right side) are diffusely positive for S100 protein (F). Scale bars in
A and B represent 1 cm. Scale bars in C, D, and F represent 100 pm. The scale bar in E represents 1

mm.

Discussion

We encountered an elderly man with schwannoma of the
right adrenal gland. Schwannomas rarely arise from the ad-
renal glands, and only 80 cases of adrenal schwannomas
have been reported thus far (1). Adrenal schwannomas com-
prise 0.7% of adrenal tumors, 1-3% of total schwannomas,
and 0.4% of retroperitoneal tumors (1). Mohiuddin et al. re-
viewed 33 cases of adrenal schwannomas and reported a
median patient age of 49 (range, 14-89) years old, a median
tumor size of 5.5 (range, 0.6-14.5) cm, and a slight pre-
dominance in women (female-to-male ratio=1.2:1) (2). An-
other recent study including 31 cases of adrenal schwan-
noma reported a median patient age of 47 (range, 26-71)
years old, with a median tumor size of 4.5 (range, 1.0-12.1)
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cm and a predominance in women (female-to-male ratio=
1.4:1) (1). There have been no reported cases of adrenal
schwannomas with malignant transformation (1). We believe
that the case presented here involves the oldest patient with
adrenal schwannoma, a condition with a good prognosis (1).
In addition, the tumor was retrospectively evaluated using
CT images obtained over the previous 10 years. The follow-
up period was longer than that in a previous case report on
adrenal schwannoma, which at the time had longest reported
follow-up period (115 months) (1).

The clinical differential diagnosis of adrenal schwannoma
includes solid adrenal gland tumors, such as ACA, ACC,
metastatic tumor, adrenal myelolipoma, and ganglioneuroma.
Pheochromocytoma is also included in the differential diag-
nosis of adrenal schwannoma, as pheochromocytoma can be
asymptomatic (3), and adrenal schwannoma with catechola-
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mine hypersecretion has been reported (4). The tumor in our
case could not be radiologically diagnosed as a schwan-
noma, possibly because of its rarity. A literature review re-
vealed no preoperatively diagnosed cases of adrenal schwan-
noma. Most adrenal schwannomas are misdiagnosed as adre-
nal cortical adenomas. In our case, CT images of the tumor
showed slow growth and good demarcation as well as a het-
erogeneous appearance, which is consistent with findings in
schwannomas (5).

The MRI findings in our case were also compatible with
those of retroperitoneal schwannomas, which typically show
hypointensity on T1-weighted images and hyperintensity on
T2-weighted images (6). Cystic degeneration can occur in
schwannomas; however, the finding is not specific to adrenal
schwannomas (7). Up to 70% of ACAs are lipid-rich and
show low CT attenuation values of <10 HU. Thus, non-
enhanced CT images in our case are not likely to have indi-
cated the presence of ACA; however, the possibility of ACA
could not be wholly denied, as 30% of ACAs are lipid-poor
tumors that may show CT attenuation values of >10 HU (8).
The MRI findings in the present patient resembled those of
ACAs, as ACAs generally appear hypo- or iso-intense com-
pared to the liver on Tl-weighted images and hyper- or
isointense compared to the liver on T2-weighted images (8).
Although the use of CSMRI, which is used for the detection
of lipid components with a decrease in signal intensity be-
tween in-phase and opposed-phase MRI scans, might have
increased the sensitivity for hyperattenuating ACA (89% and
75% sensitivity for ACAs with 10-30 and 20-30 HU, respec-
tively) (9), the tumor in our case did not show a signifi-
cantly decreased signal intensity on CSMRI. The SUVmax
on FDG-PET of the tumor was similar to that of non-
functioning ACA (mean SUVmax: 3.2; range, 1.5-4.9) (10)
and schwannoma (mean SUVmax: 3.7; range, 1.5-
17.3) (11). Thus, ACA could not be ruled out in our case.
ACA and some metastatic tumors, such as hepatocellular
carcinomas and renal cell carcinomas, generally have micro-
scopic lipid components, and CT and CSMRI findings of
these metastatic cancers mimic ACA (12). Thus, a malignant
tumor history and pathological diagnosis are necessary for
the exclusion of these metastatic tumors.

Typical cases of ACCs result in an accurate radiological
diagnosis, as ACCs are usually large tumors (average size,
9.8 cm) with irregular tumor borders that may be necrotic,
hemorrhagic, or calcified; however, ACCs can mimic the ra-
diological findings of ACAs and adrenal myelolipomas (12).
Torresan et al. reported that the SUVmax of FDG-PET
could not differentiate non-functioning ACA from ACC (13).

A diagnosis of pheochromocytomas on imaging is fre-
quently impossible because these lesions often undergo ne-
crosis, fibrosis, and cystic and fatty degeneration. Pheochro-
mocytomas typically do not show a decrease in signal inten-
sity on CSMRI, but they can mimic ACAs, as pheochromo-
cytomas may demonstrate fatty degeneration (12). The pre-
operative diagnosis of adrenal ganglioneuroma is extremely
challenging, as it radiologically mimics pheochromocytoma,
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ACA, and ACC (14, 15). Primary adrenal lymphoma can be
confined to the adrenal gland and was considered a differen-
tial diagnosis in our case. Primary adrenal lymphomas have
been reported to have a median Hounsfield density of 35
HU on CT, hypointensity on T1-weighted images, and hy-
perintensity on T2-weighted images, similar to our observed
in case (16, 17). However, primary adrenal lymphoma was
deemed unlikely, as the median largest dimension of pri-
mary adrenal lymphomas was 80 mm (range, 40-180 mm),
the SUVmax of the tumor was high (median 17.24; range,
9.5-48), and extra-adrenal tumor localization was frequent
(range, 68-77%) (16, 17). Adrenal myelolipoma was un-
likely in our case because of the lack of macroscopic adi-
pose Radiological
schwannoma, ACA, ACC, pheochromocytoma, and gan-
glioneuroma appears to be impossible.

For incidentally discovered adrenal masses, surgical treat-
ment of masses measuring >4 cm is recommended (18, 19).
In our case, surgical management of the tumor was consid-
ered because the tumor was expected to have grown to a
size of >4 cm and radiologically showed an indeterminate
mass (20). Asymptomatic, non-functioning unilateral adrenal
masses measuring <4 cm in diameter and with obviously be-
nign imaging features do not require surgery (20). However,
the imaging features of the tumor in our case were not obvi-
ously benign, as the CT attenuation value of 28.6 HU fa-
vored ACC rather than typical cases of ACA (13). Thus,
adrenalectomy was considered a viable approach our case
according to the 2016 guidelines for adrenal incidentalo-
mas (20).

Histologically, the diagnosis of the tumor was not difficult
because typical features of schwannomas were observed.
Histological findings of adrenal schwannoma are similar to
those of schwannomas arising from other sites (2). Among
adrenal schwannomas, conventional schwannomas are the
most common (1), and our case was also a case of conven-
tional schwannoma. Benign neoplasms are also thought to
have a low Ki-67 labeling index. The histological differen-
tial diagnoses of adrenal schwannomas include pheochromo-
cytoma, ganglioneuroma, leiomyoma, solitary fibrous tumor,
gastrointestinal stromal tumor, neurofibroma, and sustentacu-
loma (2, 21). Histological and immunohistochemical studies
excluded these differential diagnoses.

tissue. distinction between adrenal

Conclusion

We encountered a 91-year-old Japanese man with right
adrenal schwannoma. To our knowledge, this report presents
the oldest case of adrenal schwannoma to date. It also in-
volves the longest follow-up of adrenal schwannoma thus
far, with radiological images from the previous 10 years. No
malignant changes were observed. A preoperative diagnosis
failed to diagnose adrenal schwannoma. Although adrenal
schwannomas are rare, they can be a differential diagnosis
of ACA, ACC, pheochromocytoma, and ganglioneuroma.
Despite the benign biological behavior and good prognosis,
given the rarity of the tumor, follow-up studies on adrenal
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schwannomas are necessary.

Informed consent was obtained from the patient for publica-
tion of this case report and the use of accompanying images.
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