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Abstract
Background We report a rare case of small cell carcinoma
originating from the right cavernous sinus in a 55-year-old
male. The patient had sudden onset of right abducens palsy
following right oculomotor palsy.
Methods Post-contrast T1-weighted MRI revealed a mass
lesion of 3-cm maximum size occupying the right cavernous
sinus and extending to the right middle cranial fossa. After
biopsy via the frontozygomatic approach, one radiosurgery
treatment was followed by four cycles of chemotherapy
(cisplatin together with VP-16 therapy), after which the
lesion diminished dramatically in size.
Results Complete remission has currently been achieved. The
patient recovered from the extraocular muscle paresis and
returned to his previous work. Although it is considered
possible that small cell carcinoma can occur wherever
neuroendocrine cells exist, a lesion originating in the cranium
is extremely rare. To the best of our knowledge, this is the first
report of small cell carcinoma of intracranial origin.

Introduction

Small cell carcinomas account for 15 to 20% of lung
carcinomas, and approximately 10% of patients with small

cell carcinoma have brain metastases [1, 34, 35]. Almost
30% of patients with small cell carcinoma enter complete
remission, but only 0 to 5% of patients with extensive-stage
disease are cured [5, 6, 15, 16, 29, 33]. Small cell
carcinoma is reported to most commonly originate from
the lung, and rarely from the intestine [4, 9, 12, 17, 21],
liver, breast [28], larynx, parotid gland, genitourinary
system [3, 11, 17, 23], upper respiratory system [18],
thymus, peritoneum [22], and bone [7, 8, 13, 19, 26, 30];
however, a MEDLINE search revealed no reports of small
cell carcinoma of intracranial origin other than in the nasal
sinus [10, 14, 38].

We observed a case of small cell carcinoma that
originated from the right cavernous sinus and extended
into the right middle cranial fossa to involve the internal
carotid artery, with right abducens palsy as an initial
symptom. In this report, we present the detailed clinical
course, various neuroimaging findings, and the result of
pathological examination of this rare disease.

Case presentation

A 55-year-old man had a sudden onset of right abducens
palsy following right oculomotor palsy. Magnetic reso-
nance imaging (MRI) revealed a lesion occupying the right
cavernous sinus and right middle temporal fossa, and he
was referred for neurosurgical consultation. The patient was
fully conscious and had no paresis of the extremities,
sensory disturbance, or gait disturbance. He had right
incomplete abducens palsy and right complete oculomotor
palsy. There was no other cranial nerve palsy.

Computed tomography (CT) revealed an iso-dense mass
occupying the right cavernous sinus, extending to the right
middle cranial fossa, with a maximum size of 3 cm (Fig. 1).
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On MRI, T1-weighted (T1WI) and T2-weighted images
(T2WI) depicted the lesion as a heterogeneous mass
containing a centrally located flow void because of the
right internal carotid artery, indicating that the right internal
carotid artery was completely involved (Fig. 2c). Post-
contrast T1WI demonstrated homogeneous enhancement of
the lesion by gadolinium phosphate (Fig. 2a,b). A right
internal carotid arteriogram showed several fine arterioles
from the right meningohypophyseal artery that were
considered to be feeder vessels and retention of contrast
medium in the tumor from the late arterial to the late
venous phases (Fig. 3). Thallium scintigrams showed
prominent uptake of radioisotopes by the lesion; the
retention index was calculated as 0.95, which indicates a
lesion with malignant features.

Surgery

We performed biopsy of the lesion. The lesion was revealed
extradurally by the fronto-zygomatic approach, the dura
between the second and third division of the trigeminal
nerve was cut, and a small amount of tumor was carefully
and safely removed using fine tumor forceps.

Histological examination revealed that the tumor was
comprised of small round or oval cells with hyperchromatic
nuclei, scant cytoplasm, and inconspicuous nucleoli, although

Fig. 1 a CT (pre-contrast) dem-
onstrates a mass in the middle
cranial fossa with deformation
of the wall of the sphenoid bone.
b CT (post-contrast) shows ho-
mogeneous enhancement of the
mass

Fig. 2 a Axial T1WI MRI (post-contrast) shows a homogeneously
enhancing mass that extends from the right cavernous sinus to the
middle cranial fossa. b Coronal T1WI MRI (post-contrast) reveals that
the mass completely involves the right carotid artery. c Axial T2WI
MRI shows an iso-intense mass in the cavernous sinus

b
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crush artifacts predominated (Fig. 4a). The tumor showed a
trabecular growth pattern and invaded to the fibrous stroma
desmoplastically. Molding of tumor cells was focally observed.

Immunohistochemically, the tumor cells were positive
for epithelial markers, including cytokeratin AE1/AE3, and
Ber-EP4 and for neuroendocrine differentiation markers,
including synaptophysin, chromogranin A (Fig. 4b), CD56
(Fig. 4c), and NSE, and for bcl-2. They were negative for
TTF-2 and WT-1. The Ki-67 immunoreactivity labeling
index was more than 35%.

Electron micrographs of tumor cells showed that
cytoplasmic neurosecretory granules varied from 100–
200 nm in diameter (Fig. 4d). They were roundly structured
and consisted of a central dense core, a peripheral lucent
halo, and a single delimiting outer membrane.

The morphological and immunohistochemical findings
of the tumor cells were compatible with a neuroendocrine
neoplasm with epithelioid features, such as a carcinoid
tumor or a neuroendocrine carcinoma. Among them, the
findings of immunohistochemical examinations and neuro-
radiological examinations suggested small cell carcinoma
as the most appropriate diagnosis.

Postoperative course and treatment

One week after surgery, whole-body FDG-positron emission
tomography (FDG-PET) revealed no hot lesions other than
the right middle cranial fossa mass. Upper gastrointestinal
endoscopy and contrasted CT of the abdomen and chest
showed no abnormal lesions in the chest or abdomen. No
previous reports described small cell carcinoma of intracra-
nial origin, and we could not obtain information regarding its
treatment from any previous reports or texts. Because the
pathological findings of this tumor resembled those of lung
origin, we determined a treatment strategy including chemo-

radiotherapy based on that for small cell carcinoma
originating from the lung [31, 36, 37].

Stereotactic radiation therapy (gamma knife surgery) was
selected for this case because the tumor was located in the
cavernous sinus, and no extradural invasion was found
during biopsy. A chemotherapy protocol using cisplatin
together with VP-16, as used against small cell carcinomas
originating from the lung, was chosen for this case and was
administered intravenously four times with an interval of
28 days. As the dose per course of chemotherapy, cisplatin
calculated as 80 mg/m2 using body surface area (m2) and
VP-16 calculated as 100 mg/m2 were injected intravenously.
Leukocytopenia occurred 3 weeks after the first chemother-
apy (the concentration of neutrophilic leukocytes decreased
to 500/mm3), and granulocyte colony-stimulating factor
(GCSF) was administered intravenously for 2 consecutive
days, after which the concentration of WBCs increased to
the normal range in several days.

After four courses of chemotherapy had been completed,
post-contrast T1-weighted MRI revealed a prominent reduc-
tion of tumor size to almost one-third of the initial tumor
volume. We performed whole-body FDG-PET studies three
times: the first study was performed 1 week after surgery, the
second a few days after the last chemotherapy, and the third at
10 months after the first FDG-PET. FDG-PET depicted the
tumor in the cavernous sinus as a prominent hot area on the
first study; on the second and third studies, no hot lesion was
revealed in the middle cranial fossa, but a slightly hot area was
detected in the right pharynx. Otolaryngologists performed
intrapharyngeal endoscopy and post-contrast CT scans
through the pharynx, but no morphological abnormality was
observed on the surface or under the mucosal membrane of
the pharynx; it was concluded that no lesion existed in the
right pharynx and that the hot area on FDG-PET appeared to
represent inflammatory change in the pharyngeal submucous
membrane tissue following radiosurgery.

Fig. 3 Digital subtraction
angiography (DSA) lateral
views; venous and arterial
phases reveal mild tumor stain-
ing in the cavernous sinus
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There was gradual recovery in the right extra-ocular
movement disturbance from approximately 1 week after
radiosurgery, and the patient now complains only of mild
diplopia in the upper right visual field. He has been
reinstated in his previous job as a construction worker.
Currently, 2 years and 5 months after the last chemotherapy,
he continues to visit the outpatient neurosurgical depart-
ment every 3 months and has received follow-up studies
including contrast-enhanced MRI every 3 to 6 months and a
systemic FDG-PET study every 6 months; these studies
suggest no signs of recurrence (Fig. 5).

Discussion

As pathological findings, small cell carcinoma is charac-
terized by a small and highly dyed nucleus (about two to

three times that of a normal lymphocyte nucleus) with a
small amount of cytoplasm [27]. The origin of small cell
carcinoma is considered to be a stem cell or differentiation-
committed stem cell derived from neuroendocrine cells of
the epithelium (endoderm); small cell carcinoma is consid-
ered to potentially occur wherever neuroendocrine cells
exist.

The WHO histological classification of primary lung
tumors (1982) classified small cell carcinoma into three
types: oat cell carcinoma, intermediate cell carcinoma, and
combined oat cell carcinoma. This classification is consid-
ered to be problematic because a strict differential diagnosis
among these three types is difficult pathologically and
because the same therapy strategy is chosen for each
subtype. One to two percent of all carcinomas are generally
considered to be initially diagnosed following symptoms
caused by local damage from metastatic lesions, and almost

Fig. 4 a Histological findings of surgically obtained sepecimen.
Tumor with crush artifact is presented. Hematoxylin and eosin (HE)
stain, original magnification ×100). b, c Immunohistochemistry for
neroendocrine differentiation indicators. Tumor cells show diffuse

cytoplasmic reactivity of CD 56 (4-B) and chromogranin A (4-D)
(original magnification ×400). d Electron micrograph of tumor cell
presents cytoplasmic neurosecretory granules
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10% of all small cell carcinomas are considered to show
brain metastasis [24]. Therefore, in this case we first
considered whether the intracranial lesion might be a
metastatic tumor [20] and searched for lesions in other
sites. No other lesions were found, and we therefore
supposed that in this case the small cell carcinoma must
have originated from neuroendocrine cells of the wall of the
cavernous sinus. However, we are carefully following the
post- chemoradiotherapeutic course of the patient because
the possibility of an undiscovered primary lesion still has
not been ruled out.

In a literature search using MEDLINE, no reports were
found regarding intracranial primary small cell carcinoma.
Lung small cell carcinoma often metastasizes to the brain
[32]; cases with brain metastasis are classified as belonging

to stage 4. Life expectancy is relatively short for stage 4,
and it has been reported that the 5-year survival rate was 0
to 5% for stage 4 patients. In contrast, patients with lung
small cell carcinoma who have no metastasis to other organs
and who receive appropriate treatment immediately, includ-
ing extended resection of the tumor and completion of
chemo-radiotherapy, are expected to have long, tumor-free
lives, with some patients achieving complete remission.

In the present case, the lesion originated from the cavernous
sinus without invasion to surrounding regions or metastasis to
other organs, and chemo-radiotherapy was completed. The
patient achieved complete remission at 2.4 years from the onset
[31, 36, 37]. It is considered that this single lesion of small cell
carcinoma responded well to chemo-radiotherapy even though
the lesion did not originate from the lung.

Fig. 5 a Axial T1WI MRI
(post-contrast) performed
6 months after the last chemo-
therapy demonstrates a
prominent decrease in tumor
volume. b Coronal T1WI MRI
(post-contrast) performed
2 years after the last chemother-
apy demonstrates a prominent
decrease in tumor volume
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