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Primary intracranial small cell carcinoma (SCC) is extremely rare with only 8
previously reported cases. We describe a case of primary intracranial SCC with
intracranial metastasis. A 46-year-old man presented with decreased vision and a
red and swollen left eye. Brain magnetic resonance imaging (MRI) revealed a
heterogeneously enhanced tumor on the left frontal lobe. Preoperative systemic
computed tomography (CT), MRI, and positron emission tomography (PET)-CT
revealed no extracranial tumors. The tumor on the left frontal lobe was excised.
Immunohistochemical staining on the excision showed positivity for CD56,
synaptophysin (Syn), cytokeratin (CK), and Ki-67 (30%), and negativity for
thyroid transcriptional factor-1 (TTF-1), glial fibrillary acidic protein (GFAP), B-
cell lymphoma 6 (Bcl-6), multiple myeloma oncogene 1 (MUM-1), C-Myc,
Vimentin, P40, P53, CK7, CD3, CD5, CD20, CD79a, CD10, and CD23. The
pathological examination strongly suggested that the tumor was a primary
intracranial SCC. One year after the surgery, the patient was readmitted with
slurred speech and slow movements. Three well-defined tumors were found in
the left upper frontal lobe by brain MRI. Tumor resection was then performed.
Further immunohistochemical examination of the excised tissue displayed the
same pattern as previously, indicating the recurrence of intracranial SCC in the
left frontal lobe. The patient received adjuvant chemotherapy and radiotherapy
after the tumor resection. At the 2-year follow-up, he remained asymptomatic.
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Introduction

Small cell carcinoma (SCC) is highly aggressive and most commonly arises in the lung.
However, extrapulmonary small cell carcinoma (EPSCC) accounts for 2.5% to 4% of all
SCC, and can originate from virtually any organ in either pure or mixed form (1). More
than 70% of patients with EPSCC are older than 50 years, and the most common primary
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sites are the gastrointestinal tract and genitourinary system. The
histologic criteria for a diagnosis of EPSCC are similar to that of
pulmonary neoplasms: round- to spindle-shaped small cells with
dense nuclei; sparse cytoplasm; and inconspicuous nucleoli.
Necrosis and high mitotic rate are typical (2). Due to the
histopathological similarity, it is essential to differentiate newly
diagnosed primary EPSCC from metastasized pulmonary tumors.

Brain metastasis is mostly found in small-cell lung cancer
(SCLC), accounting for 11% of all SCLC cases. Metastatic brain
tumors with the absence of any detectable primary sites are very
rare, and primary intracranial SCC is even less so—only 8 cases
have been documented in the literature (3-9) (Table 1).
Here, we describe a case of primary intracranial SCC with
intracranial metastasis.

Case presentation

A 46-year-old man was referred to our department
complaining of a red and swollen left eye, decreased vision,
increased tears, and sensitivity to the wind for 2 weeks,
accompanied by occasional headaches and mild dizziness. He
denied recent eye trauma. The past medical history was not
relevant. Ophthalmic examination revealed a swollen,
edematous left eyelid with conjunctival congestion.

The initial magnetic resonance imaging (MRI) of the brain
revealed a heterogeneously enhanced tumor on the left frontal lobe
with an associated mass effect, and the enhanced MRI scan showed
a dural tail sign (Figure 1). The boundary of the lesion was clear and
no surrounding edema was seen. Magnetic resonance spectroscopy
(MRS) of the complete lesion showed no obvious change in the
NAA (N-acetyl aspartate) peak, and the Cho (choline) peak was not
increased. The initial diagnosis was primary brain tumor but
metastatic brain tumor could not be excluded. Preoperative

TABLE 1 Review of literature describing primary intracranial SCC.

10.3389/fonc.2023.1222961

systemic examinations, including computed tomography (CT),
MRI, and positron emission tomography (PET)-CT also indicated
no extracranial tumor. The patient underwent a left frontal
craniotomy and complete tumor excision.

Histopathological analysis of the excised tissue showed
medullary small cells with scant cytoplasm, hyperchromatic
nuclei, and numerous mitoses (Figure 2). Dilated congested
interstitial blood vessels with hemorrhage and meningeal invasion
were also observed. Immunohistochemistry showed the presence of
CD56, Syn, CK, and Ki-67 (30%), but TTF-1, GFAP, Bcl-6, MUM-
1, C-Myc, Vimentin, P40, P53, CK7, CD3, CD5, CD20, CD79a,
CD10, and CD23 were absent. Therefore, primary intracranial SCC
was diagnosed. The patient subsequently underwent brain
radiotherapy (30 grays in 30 fractions) and received 6 cycles of an
EP (etoposide + cisplatin) chemotherapy regimen.

One vyear later the patient was readmitted to our department
with neurological symptoms of slurred speech and slow
movements. Brain MRI revealed 3 well-defined, heterogeneously
enhanced tumors in the left upper frontal lobe with associated mass
effect, surrounding edema, thickened meningeal enhancement, and
the dural tail sign (Figure 1). MRS detected a significantly
heightened Cho peak and a normal NAA peak. Ultimately, the
tumor was excised through fluorescence-guided microsurgery.

Immunohistochemical examination of the excision displayed
the same pattern as the previous course, i.e., positive for CD56, Syn,
CK, CgA, Ki-67 (90%), and negative for CK7, TTF-1, NSE, Napsin
A, and S-100 (Figure 3). This indicated the recurrence of the
intracranial SCC in the left frontal lobe.

Chromosomal copy number variations and amplifications were
identified via next-generation sequencing. The following were
detected: deletions of regions within chromosomes 10, 3-3,
7p22.3-p14.3, 9p24.3-q13, 10-10, 11-11, 12-12, 13q11-q14.2, 16-
16, Xp22.33-Xq28, and Yq11.223-Yq12; and a major amplification
in chromosomes 9ql3, 1q12-q44, 5-5, 6-6, 7p14.3-p11.2, 18-18, 19-
19, 20-20, and 22q11.1-q13.33.

Case Age,y Sex Biomarkers, + Treatment Follow-
# up
Galanis (3) 8 ND M ND Surgery + RT + ND
CTX
Hueser (4) | 4 59 F Syn, TTF-1 Surgery + CTX 31 mo, died
Noonan 5 43 F Pancytokeratin, EMA, CK7, TTEF-1, villin, CEA, CA125 Surgery + RT + 5y, free
) CTX
Yang (6) 2 68 Syn, TTF-1, CD56, Ki-67, ND, died
Terada (7) 3 75 CK 7, CK 18, CD56, TTF-1, KIT, PDGFRA, NSE, Ki-67, Syn, p53, Surgery + RT + ND
chromogranin CTX
Zhang (8) 1 69 F Syn, TTF-1, CgA NSE, CD56, pCK Surgery + RT 12 mo, free
Chionh (9) | 6 56 M ND Surgery + RT + 31 mo, free
CTX
Chionh (9) | 7 71 F ND Surgery + RT + 24 mo, died
CTX

CgA, chromogranin A; CK, cytokeratin; CTX, chemotherapy; F, female; M, male; ND, not described; NSE, neuron-specific enolase; PDGFRA, platelet-derived growth factor receptor-o; RT,

radiotherapy; Syn, synaptophysin; TTF-1, thyroid transcription factor-1.
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FIGURE 1
Brain MRI. (A) Initial primary tumor. A heterogeneously enhancing tumor on the left frontal lobe (32 x 29 x 31 mm®) with an associated mass effect.

(B) Metastasis. Three well-defined, heterogeneously enhanced tumors in the left upper frontal lobe with found (39 x31 x42 mm?, 34 x34 x 31 mm?,
13 x8 x 14 mm?®) with associated mass effect, with surrounding edema

FIGURE 2
Hematoxylin and eosin (H&E) staining and immunostaining of specimens from the resected mass. (A) H&E revealed medullary small cells with scant

cytoplasm, hyperchromatic nuclei, and numerous mitoses. (B-E) Immunohistochemistry showed positivity for (B) CD56, (C) Syn, (D) CK, and (E) Ki-67.
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FIGURE 3
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e

H&E staining and immunostaining of specimens from the resected mass (metastasis). (A) HGE staining. (B-F) Immunohistochemistry showed

positivity for (B) CD56, (C) Syn, (D) CK, (E) CgA, and (F) Ki-67.

The patient underwent radiotherapy (30 grays in 10 fractions)
and a boost of 20 grays in 10 fractions to the tumor bed and received
EP (etoposide 120 mg/m” + cisplatin 100 mg/m?®) chemotherapy
after the second resection. Clinical examinations and imaging
studies administered every 6 months after therapy excluded local
and distant recurrence. The patient remained systemically well, and
no extracranial disease was found by serial imaging (CT, MRI) at
the 2-year follow-up.

Discussion

EPSCC is an uncommon, highly aggressive malignancy.
Primary intracranial SCC is extremely rare with only 8 reported
cases (3-10). The prognosis of EPSCC is similar to that of SCLC,
with a 5-year survival rate from 10% to 15% and a median overall
survival of 9 to 15 months (11, 12). A small proportion of patients
enjoy a prolonged disease-free interval or were even cured with
aggressive combined-modality therapy (13).

A diagnosis of EPSCC is often challenging. Although
immunohistochemistry may be helpful, EPSCC is mainly
diagnosed by morphological characteristics that include round to
spindle-shaped small cells with dense nuclei, granular nuclear
chromatin, absent or inconspicuous nucleoli, and scant cytoplasm
(14). The present case was also diagnosed based on the typical
morphological features of SCC, and the neuroendocrine tumor
marker Syn and CD56 were also found by immunohistochemistry.

The immunophenotype of EPSCC is highly heterogeneous.
TTE-1 is present in up to 90% of pulmonary small cell
carcinomas, and might be helpful in differentiating EPSCC from
pulmonary tumors (15). The rates of TTF-1 positivity in EPSCC
have been various (42% of 50 cases; 43.8% of 16 cases) (10, 16), with
one report of 80% in 15 patients (17). Furthermore, TTEF-1
positivity is a strong indicator of pulmonary-originated brain
metastatic tumor, with an estimated incidence of 95% (18).
Although in some cases TTF-1 negativity was not a determinate
factor to distinguish pulmonary from extrapulmonary SCCs, in the
present case TTF-1 negativity made a pulmonary origin less likely.
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The diagnosis of EPSCC was further confirmed by the lack of
extracranial tumors in the follow-up CT, MRI, and PET/CT series.

A similar case was recently reported of a 68-year-old man with a
primary intracranial SCC who developed no extracranial tumors in
the year after tumor resection, based on CT and MRI scans (6).
However, the immunohistochemical staining showed strong TTF-1
positivity, and it is possible that he had an occult lung primary
tumor that was below the detection limits of the CT and MRI, or the
tumor had originated from carcinogenesis in the tissues
surrounding the former glioma site.

Cytogenetic analysis is a promising method to distinguish
between pulmonary and extra-pulmonary disease, by detecting
the loss of chromosome 10q and deletions in chromosome 13.
These were recently emphasized as the origin of pulmonary disease
(19). The loss of chromosome 3p,10q and deletion in chromosome
13 are more common in pulmonary SCC than in EPSCC (20). Yet,
there is no united cytogenetic pattern that can definitively separate
primary from metastatic, or pulmonary from EPSCC. In the present
case, deletion of chromosomes 10, 3-3, q13, 10-10,13q11-q14.2 were
confirmed. None of the identified amplification of chromosomes
was associated with primary intracranial or extracranial SCC in
our patient.

Due to the rarity of primary intracranial SCC, there has been
limited investigation of optimal management strategies. The current
clinical management of primary intracranial SCC is generally
similar to that of pulmonary SCC or EPSCC, that is, combined
surgery, chemotherapy and radiotherapy. The combination of
cisplatin and etoposide (EP) is commonly used in chemotherapy
for primary intracranial SCC. It is noteworthy that results of phase
III clinical trials have suggested that immune checkpoint inhibitors
have great potential when combined with chemotherapy in SCLC.
In patients with extensive-stage SCLC, combining atezolizumab
with chemotherapy was associated with significantly longer overall
survival (21), and the CASPIAN trial also reported that adding
durvalumab to the standard chemotherapy (EP) improved overall
survival (22). Moreover, in the updated analysis of CASPIAN, 3
times more patients who underwent durvalumab plus EP were alive
at 3 years compared with patients who received EP alone (23).
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Conclusion

Primary intracranial SCC is highly aggressive and extremely
rare. Further studies are needed to explore optimal treatment
strategies for SCC. Immune checkpoint inhibitors are promising
strategies in this rare tumor type, and are currently under
evaluation in phase III human clinical trials.
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