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A B S T R A C T

Subsolid pulmonary nodules (SSNs) may be the manifestation of benign and malignant conditions. Malignant
SSNs usually correspond to the preinvasive or invasive lepidic growth of pulmonary adenocarcinomas. More
rarely, malignant SSNs may be the manifestation of primitive pulmonary lymphomas or metastases from ex-
trapulmonary malignancies. In the case of metastases from extrapulmonary malignancies, the SSNs exhibit more
aggressive behavior with rapid growth in a short period of time. The present article describes the first case of
pulmonary metastases presenting as fast-growing SSNs in a patient with malignant epithelioid schwannoma of
the arm.

1. Introduction

Subsolid pulmonary nodules (SSNs) manifest on thin-section mul-
tidetector computed tomography (MDCT) as part solid or pure ground-
glass nodules, depending on the presence or absence of a solid com-
ponent within the lesion [1–3]. SSNs may be the manifestation of be-
nign and malignant conditions. Malignant SSNs usually correspond to
the preinvasive or invasive lepidic growth of pulmonary adenocarci-
nomas [1–3]. This type of lesion may remain stable for years or show
heterogeneous growth patterns with a trend toward a progressive in-
crease in size over time [1–3]. More rarely, malignant SSNs may be the
manifestation of primitive pulmonary lymphomas [4] or metastases
from extrapulmonary malignancies, most often from malignant mela-
noma [5–9].

Pulmonary metastases presenting as SSNs exhibited more aggressive
behavior with rapid growth in a short period of time [5–8].

Malignant epithelioid schwannoma is a rare neoplasm derived from

the neural crest with features of Schwann cell differentiation [10]. This
tumor may occur at any age but is most common between the third and
the fourth decades of life and occurs more frequently in women than in
men. The extremities are the most common sites, and the growths are
typically located in deep soft tissue. Immunohistochemically, the tumor
cells show strong and diffuse staining for the S-100 protein with no
expression of melanocytic markers and cytokeratin [10,11]. INI1 im-
munostaining may also be useful in the diagnosis of malignant epi-
thelioid schwannoma; however, the literature reports that the loss of
INI1 expression in this tumor ranges from 27 to 67% [12–14]. There-
fore, the diagnostic contribution of INI1 is mainly observed when there
are problems in differentiating malignant epithelioid schwannoma from
melanoma [12,14]

The prognosis of these tumors is poor due to their aggressive be-
havior and their high metastatic potential [10].

The present article describes the first case of pulmonary metastases
presenting as fast-growing SSNs in a patient with malignant epithelioid
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Fig. 1. Axial T1-weighted sequences of the left
arm before (a) and after (b) gadolinium con-
trast medium administration that show the
intense and heterogeneous enhancement of the
mass. Note the absence of the split fat sign. (c)
Image of histological hematoxylin and eosin
staining of the lesion at 40x, showing the epi-
thelioid cells with abundant eosinophilic cy-
toplasm and prominent nucleoli. (d) The tumor
cells display diffuse and strong S100 protein
positivity.

Fig. 2. Cropped axial CT images with lung window setting showing the SSNs in the right lung (arrows).
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schwannoma of the left arm.

2. Case report

A 43-year-old white European female was referred to our radiology
department to undergo an MRI for the evaluation of a growing mass in
the left arm. The patient’s medical history was unremarkable, and there
was no evidence of systemic disease or hereditary syndromes.

Magnetic resonance imaging (MRI) showed a 5 x 4 cm mass arising
from the subfascial soft tissue of the posterior compartment of the left
arm (Fig. 1a, and b). On contrast-enhanced T1-weighted sequence, the
mass exhibited intense and heterogeneous enhancement (Fig. 1b). No
rim of fat around the mass (split-fat sign) was detectable (Fig. 1a).

In view of the characteristics of the lesion, which were suggestive of
a malignant neoplasm of the soft tissue, a fine needle aspiration biopsy
was performed.

The histologic examination of the biopsy revealed neoplastic pro-
liferation with epithelioid morphology (Fig. 1c), 10 mitosis/10 HPF and
a MIB1/Ki67 proliferative index of 20%. The epithelioid cells exhibited
an abundant eosinophilic cytoplasm with prominent nucleoli (Fig. 1c).
On immunohistochemical analysis, the epithelioid cells showed strong
and diffuse positivity for the S-100 protein (Fig. 1d). Staining for
HMB45, MART1, MITF, tyrosinase, cytokeratins, VIII factor, and CD31
were negative.

Based on the morphological features, the immunophenotype, the
mitosis and the proliferative index, a diagnosis of malignant epithelioid
schwannoma was made.

Thus, a total-body computed tomography (CT) scan with and

without contrast was performed. The CT scan revealed multiple pul-
monary lesions with the appearance of SSNs (Figs. 2, and 3). The total
number of pulmonary nodules detected by CT scan was 15 (8 in the
right lung and 7 in the left lung) and their diameters ranged from 4 to
11mm (Figs. 2, and 3). No other lesions were found in the rest of the
body; in particular, non-pathological hilar or mediastinal lymph nodes
were observed.

Our provisional diagnosis was atypical presentation of pulmonary
metastases from malignant epithelioid schwannoma. However, the
hypothesis of multifocal preinvasive/minimally invasive pulmonary
adenocarcinoma was also considered.

The soft tissue mass was surgically removed with radial nerve
sparing. The surgical margin was marginal; therefore, the patient un-
derwent local radiotherapy and adjuvant chemotherapy.

With regard for the pulmonary lesions, the number (15), the size
(4–11mm) and the CT attenuation (subsolid) of the nodules would have
made pulmonary resections very complex and risky. In addition, the
aggressiveness of the epithelioid malignant schwannoma, its high me-
tastatic potential and the surgical margin of the soft tissue mass were
also considered. For these reasons, lung surgery was not considered a
viable therapeutic option.

The first follow-up chest CT scan, performed 4 months from base-
line, showed a significant reduction in the size and density of the SSNs
(Fig. 4). The reduction in size and density of the nodules during che-
motherapy treatment further strengthened the diagnosis of pulmonary
metastases.

A positron emission tomography (PET)/CT scan, obtained 9 months
from baseline, revealed the 18-fluorodeoxyglucose (18FDG) uptake of

Fig. 3. Cropped axial CT images with lung window setting showing the SSNs in the left lung (arrows).
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the pulmonary nodules (Fig. 5). Pathological 18FDG uptake was also
observed in the left axillary lymph nodes, at the level of the vertebral
body of C3, the right pedicle of T10, the right femur and the left iliac
crest (Fig. 5).

The next CT follow-up scan, performed 12 months from baseline
(during chemotherapy treatment), showed disease progression, with a
significant increase in the size, density and number of SSNs (Fig. 4). In
subsequent imaging follow-ups, the disease progressed further, despite
chemotherapy treatment (Fig. 6). The patient died of respiratory failure
21 months after diagnosis.

3. Discussion

SSNs pose a complex diagnostic challenge, as they may be the

manifestation of different diseases, both benign and malignant, such as
inflammation, focal interstitial fibrosis, primary neoplasm and metas-
tases. In contrast to benign lesions, malignancies persist and tend to
have different growth patterns [1–3]. Primary pulmonary tumors pre-
senting as SSNs on thin-section MDCT are typically lepidic growth
adenocarcinoma [2–3]. These lesions often exhibit an indolent course
with very slow growth rates [2–3,15–18].

Pulmonary metastases presenting as SSNs are unusual [19] and ty-
pically exhibit a fast growth rate, with a doubling time ≤ 230 days
[5–7].

In a literature search of the PubMed database for publications from
the past 15 years using the key words metastasis/metastatic and SSN/
ground-glass nodule, we identified eight English-language case reports
in which pulmonary metastases presenting as SSNs were described

Fig. 4. Series of axial CT images with lung window setting at the baseline (column on the left), at the first follow-up (column in the center) and at 12 months from the
baseline (column on the right) that show the changes in the size, density and number of SSNs during the follow-up (arrows).
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(Table 1) [5–9,20–22].
Based on these published data and previous articles, the SSN

appearance of pulmonary metastases is most frequently observed in
patients with malignant melanoma [5–9]. Infrequently, this pre-
sentation pattern may be observed in pulmonary metastases from
spindle cell carcinoma of the kidney [20], cholangiocarcinoma [21],
prostate cancer [22], choriocarcinoma and angiosarcoma [23].
While in choriocarcinoma and angiosarcoma SSN appearance is due
to the fragility of the metastatic neovascular tissue [23], the SSN
appearance of the pulmonary metastases from melanoma, spindle
cell carcinoma, cholangiocarcinoma and prostate cancer reflects the
partial effacement of the alveolar architecture by the neoplastic
tissue [5–9,20–22].

To the best of our knowledge, the present article describes the
first reported case of pulmonary metastases presenting as SSNs from
malignant epithelioid schwannoma. Although in our case there was
no histological examination, the diagnosis of pulmonary metastases

was confirmed by the behavior of the SSNs during follow-up (i.e.,
significant reduction in size and density after the first cycles of
chemotherapy and then rapid progression of the pulmonary disease
with development of metastases in other sites). In our case, the SSN
appearance of pulmonary metastases was probably similar to that
recently reported in the pulmonary metastases from melanoma [9].
This statement is supported by the progressive increase in the density
of the pulmonary metastases from pure nodules to part solid/solid
nodules (Fig. 7), which reflected the progressive effacement of the
alveolar architecture.

Similar to what has been reported in the literature [5–8], the
SSNs detected in the present case exhibited fast growth rates (Figs. 4,
6, and 7).

In the present case, pulmonary metastases also showed pathological
18FDG uptake on PET/CT imaging that indicated their hypermetabolic
activity. However, the role of 18FDG PET/CT in the differential diag-
nosis of primitive and metastatic SSNs is not well understood [8,24]. In

Fig. 5. Series of axial PET/CT images showing the pathological 18FDG uptake within the lungs, left axilla and bones (vertebral body of C3, right pedicle of T10, right
femur and left iliac crest).
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the future, a possible solution to this problem could be to use PET/CT-
specific tracers for the different cancer histotypes [22].

4. Conclusion

The present article describes the first reported case in the literature
involving the occurrence of pulmonary metastases with SSN appearance
in a patient with malignant epithelioid schwannoma. Because the

appearance of metastatic SSNs on baseline CT is similar to that of pri-
mitive lesions, the presence of SSNs with a rapid growth in a patient
with a previous cancer history should increase the suspicion of meta-
static disease, especially if there are multiple lesions and the lesions are
positive on 18FDG PET/CT imaging.

Fig. 6. Chest X-ray, performed 19 months after baseline, showing the significant progression of the pulmonary metastases. Bilateral pleural effusion is also shown.

Table 1
Pulmonary metastases presenting as SSNs reported in the literature (last 15 years).

Authors Year Number of SSNs Primary cancer

Okita R et al [5] 2005 Multiple Melanoma
Yanagawa et al [20] 2006 Single Spindle cell carcinoma (kidney)
Kang MJ et al [6] 2010 Single Melanoma
Mizuuchi H et al [7] 2015 Single Melanoma (bulbar conjunctiva)
Dal Piaz G et al [8] 2018 Single Melanoma
Sakamoto et al [21] 2018 Single Cholangiocarcinoma
Lubin DJ et al [22] 2019 Single Prostate
Borghesi A et al [9] 2019 Single* Melanoma
Present case 2019 Multiple Malignant epithelioid schwannoma (soft tissue of the arm)

* In this case report, the patient exhibited two pulmonary metastases (one subsolid and the other solid). SSNs, subsolid nodules.
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