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Summary Primary pulmonary sarcomas (PPS) are
rare mesenchymal lung cancers, which do not present
clinically or radiological different to lung carcinomas.
Definite PPS diagnosis can only be made by histo-
logical analysis and detailed staging examinations in
order to exclude a secondary pulmonary malignancy
such as metastatic soft tissue sarcoma or another
solid tumour. Here we present the case of a 66-
year-old woman with a pulmonary mass infiltrating
the diaphragm and the mediastinal adipose tissue,
which was identified as leiomyosarcoma. The pa-
tient received curative surgery with complete tumour
R0 resection. The prognosis of PPS is defined by
tumour size, lymph node status and histological grad-
ing. Surgery is the mainstay of therapy and there is
no definitive indication for adjuvant therapy for R0-
resected and lymph-node-negative patients like in
our case. However, multimodal therapy approaches
such as (neo)adjuvant chemo- and radiotherapy can
contribute to improving locoregional tumour con-
trol, which is the most important prognostic factor.
With our case report we want to raise awareness for
pulmonary sarcomas as a relevant proportion of rare
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lung cancers which have to be kept in mind dur-
ing the differential diagnosis. Moreover, we aim to
discuss the complex and individual interdisciplinary
management.
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Case presentation

Following a full medical examination after a syncope
a 66-year-old woman was diagnosed with a mass in
the right lung after the basal portion of the tumour
was visible in the standardly performed abdomi-
nal imaging. A computed tomography (CT) scan of
the chest identified a tumour with a dimension of
55× 44mm in the peripheral medial middle lobe of
the lung, directly associated to the pericardial adipose
tissue and diaphragm. The tumour mass showed ho-
mogenous CT contrast agent enhancement (Fig. 1).

The patient underwent CT-guided biopsy of the
pulmonary mass and fine needle biopsy of the peri-
cardial adipose tissue. Histological evaluation of the
biopsy cores, which were also examined at a patho-
logic reference centre, showed epithelioid tumour
tissue with expression of myogenic markers such as
FMA, desmin and CDK4 (Cyclin dependent kinase
4, only in some tumour cells) and lacking expres-
sion of Mdm2 (mouse double minute 2 homolog)
in immunohistochemical analysis. Thus, diagnosis
of epithelioid leiomyosarcoma was made. The full
medical examination did not reveal a reason for the
syncope episode and a connection to the pulmonary
sarcoma could not be made.

Subsequently, the case of the patient was presented
to the transregional tumour board at our institution,
in which an additional combined 18F-fluoro-deoxyglu-
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Fig. 1 Radiological fea-
tures of primary pulmonary
sarcoma (PPS): Contrast-
enhanced computed to-
mography (a soft tissue win-
dow, b lung window) shows
a subpleural lesion in the
medial segment of the mid-
dle lobe with a dimension of
5.5× 4.4cm (arrow) directly
associated to the pericar-
dial adipose tissue

Fig. 2 Histologic spec-
imen of the pulmonary
leiomyosarcoma, 100×.
Haematoxylin–eosin:
a,b Lung parenchyma (ar-
row) with sarcoma infiltra-
tion. Immunohistochem-
istry: c Smooth muscle
actin, d Desmin

cose ([18F]FDG) positron emission tomography and
computed tomography ([18F]FDG-PET/CT) for ruling
out metastatic disease and primary synovial sarcoma
of the lung was recommended. Upon admission to
our department (18F)FDG-PET/CT showed absence
of metastatic disease and the primary lesion showed
physiologic tracer uptake. Therefore, surgery with cu-
rative intent including middle lobe lobectomy, partial
diaphragm resection and resection of infiltrated peri-
cardial adipose tissue as well as mediastinal lymph
node sampling/dissection was indicated. The pro-
cedure was performed without complications under
general anaesthesia and macroscopically R0 resection
was achieved. The postoperative course remained
without complications and the patient could be trans-
ferred to a peripheral hospital.

Corresponding to pre-operative imaging and his-
tology from biopsy as well as the intraoperative situs,
histologic analysis showed a poorly differentiated ma-

lignant mesenchymal tumour, infiltrating the parietal
pleura of the diaphragm and the mediastinum. All
resection margins were tumour-free and all dissected
lymph nodes showed no infiltration of tumour cells.
Therefore, postoperative tumour stage was pT3N0M0
and a R0 resection was achieved. Additional im-
munohistochemical staining revealed positivity for
SMA (smooth muscle actin), desmin, caldesmon and
negativity for Myo-D1 (Myoblast determination pro-
tein 1), Mdm2, Sox10 (SRY-related HMG-box protein
10), STAT6 (Signal transducer and activator of tran-
scription 6), pancytokeratin AE1/3 and NTRK (Neu-
rotrophic tyrosine kinase), consequently confirming
the diagnosis of primary pulmonary leiomyosarcoma
(Fig. 2). According to the Fédération Nationale des
Centres de Lutte Contre Le Cancer (FNCLCC) grad-
ing system the sarcoma was classified as grade 3. As
expected in leiomyosarcomas the RNA-based next
generation sequencing (NGS) did not detect any gene
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Table 1 Clinical staging system for primary pulmonary
sarcoma (PPS) according to the TNM classification of soft
tissue sarcoma (STS) of the abdomen and thoracic visceral
organs. (Adapted from [14] and accessed via [15])
T1 Tumour limited to a single organ

T2a Tumour infiltrating but not exceeding the serosa of the visceral pleura

T2b Tumour infiltrating and microscopically exceeding the serosa of the
visceral pleura

T3 Tumour macroscopically infiltrating the serosa of the visceral pleura or
continuously infiltrating another organ

T4a Multifocal tumour with involvement of more than two lesions in a single
organ

T4b Multifocal tumour with involvement of more than two but less than five
areas of a single organ

T4c Multifocal tumour with involvement of more than five areas of a single
organ

N0 No locoregional lymph node metastasis

N1 Locoregional lymph node metastasis

M0 No distant metastasis

M1 Distant metastasis

fusions. With respect to the postoperative tumour
stage the interdisciplinary tumour board did not in-
dicate further adjuvant radio- or chemotherapy.

Discussion

PPS are a rare type of primary lung tumours which
usually represent less than 1% of all lung tumours
and <10% of all soft tissue sarcomas [1–3]. More-
over, the abundance of sarcomatous tumours in the
lung is characterised as secondary malignancies from
metastatic sarcomas of different location [4], which
has to be excluded before the diagnosis of PPS be-
cause the lung is a common metastatic site of many
sarcomas and would dramatically change the treat-
ment strategy [3, 5, 6]. Most published data are based
on smaller retrospective case series and cancer reg-
istry data [7, 8]. Therefore, the level of evidence for pa-
tient management and therapeutic decisions in clin-
ical routine is rather low and standardization is war-
ranted [3, 8].

From a clinical perspective, the patients’ presenta-
tion with malignant mesenchymal lung tumours and
reported symptoms are not clearly different from pul-
monary epithelial tumours. Correspondingly, cough,
haemoptysis, dyspnoea and chest pain as well as
general symptoms such as weight loss, weakness and
fever are the most common conditions [1, 3, 5]. Inter-
estingly, smoking seems to be less common in patients
with PPS than in malignant epithelial lung tumours.
In the published case series consistently less than
50% of the patients had a history of (heavy) smok-
ing [1, 2, 6, 9], which is clearly less than compared
to historical data on lung tumours [10]. Concerning
further risk factors, like for other sarcomas, cases of
involved field sarcomas after prior radiotherapy are
reported [1]. Like in our case, where the diagnosis of
PPS was made incidentally in a pulmonary asymp-

Table 2 FNCLCC (Fédération Nationale des Centres de
Lutte Contre Le CancerFédération Nationale des Centres
de Lutte Contre Le Cancer) grading system [16]
Tumor differentiation

Score 1 Sarcoma closely resembling normal adult mesenchymal tissue
(e.g., well-differentiated liposarcoma)

Score 2 Sarcomas for which histologic typing is certain (e.g., myxoid li-
posarcoma)

Score 3 Embryonal and undifferentiated sarcomas, sarcomas of doubtful
type, and synovial sarcomas

Mitotic count

Score 1 0–9 mitoses per 10 HPF

Score 2 10–19 mitoses per 10 HPF

Score 3 ≥20 mitoses per 10 HPF

Tumor necrosis

Score 0 No necrosis

Score 1 <50% tumor necrosis

Score 2 ≥50% tumor necrosis

Histological grade

Grade 1 Total score 2, 3

Grade 2 Total score 4, 5

Grade 3 Total score 6, 7, 8

FNCLCC Fédération Nationale des Centres de Lutte Contre Le Cancer,
HPF high-power field

tomatic patient, a significant percentage of patients
present without complaints and the pulmonary mass
is diagnosed in chest imaging [1, 3, 5]. Concerning
chest-imaging techniques there are no clear typical
radiologic features to differentiate PPS from other
lung tumours. Therefore, PPS are still a diagnosis
of exclusion and require a multimodal approach as
well as tissue sampling [11]. Consequently, definite
diagnosis relies on histopathological analysis.

Clinical staging in PPS is challenging due to lack
of a specific staging system and there are currently
three possible classifications [8]. The TNM (+G) stag-
ing for lung cancers and soft tissue sarcomas of the
extremities or the recently published classification of
soft tissue sarcomas of the abdomen and thoracic vis-
ceral organs (Table 1) were shown to be applicable in
the case series of Collaud et al. [8]. It has been doc-
umented that the features of the staging system such
as tumour size, lymph node involvement and grading
correlate with survival, yet the classification for sarco-
mas of the abdominal and thoracic organs still needs
to be evaluated [5, 7, 8].

Various subtypes of sarcomas can be found in PPS,
leiomyosarcoma, like in our case, is together with syn-
ovial sarcoma (most common primary intrathoracic
sarcoma), fibrohistocytic sarcoma, fibrosarcoma and
fibroleiomyosarcoma one of the more common [2, 5,
7]. Sarcomas are traditionally classified in histologic
subtypes according to the WHO classification based
on morphology, immunohistochemistry and molecu-
lar findings. Histologically, they are graded according
to the FNCLCC grading system (Table 2). Compared
to soft tissue sarcomas of the extremities PPS show
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a greater proportion of high-grade tumours and fi-
brous tumours and liposarcomas [7]. Furthermore,
PPS have to be differentiated from pulmonary carci-
nosarcomas, which are defined as a rare bidirectional
tumour containing carcinomatous and sarcomatous
tumour tissue features, whose prognosis is partly de-
termined by its sarcoma component [6, 12]. Another
differential diagnosis is the solitary fibrous tumour of
the pleura (SFTP), an in most cases benign mesenchy-
mal tumour of the pleural fibroblasts, which can occur
in various locations in the thoracic cavity and mimic
primary pulmonary malignancies like PPS [13].

Concerning the prognosis, a 5-year overall sur-
vival (OS) of 40–50% and a median OS of about
45–50 months was reported in historic case series
of PPS [3, 5, 6]. A more recent study showed a 5-
year survival of around 60% and a median OS of
69 months as well as a median disease-free survival of
17 months [8]. In most retrospective studies risk fac-
tors for decreased OS were age, tumour size (mostly
>5cm), presence of lymph node metastasis, tumour
stage according to TNM classification and higher his-
tological grading [2, 7, 8]. Compared to soft tissue
sarcomas of the extremities PPS have clearly worse
overall prognosis and present with a greater of pro-
portion of lymph node metastasis [7]. The increased
prevalence of lymph node metastasis may be due to
distinct lung tissue characteristics compared to soft
tissue sarcoma [7, 8].

Interdisciplinary therapy decisions by a tumour
board are highly recommended for all sarcomas and
have been shown to improve outcomes of patients.
For PPS the positive influence of the management
by a multidisciplinary team was documented for pri-
mary intrathoracic synovial sarcoma [9]. The main
pillar of therapy for PPS is without doubt surgery.
Lobectomy is regarded as the gold standard; however
for smaller peripheral tumours wedge resections can
also be performed, but show higher rates of locally
recurrent disease [5]. Pneumectomy has high mor-
bidity, nevertheless has to be kept in mind, when it is
inevitable to achieve local disease control [8].

Regarding therapy-associated prognostic factors
the achievement of complete resection of the PPS
including microscopically tumour-free resection mar-
gins is a main favourable prognostic factor [2, 3, 7].
Another important factor is the lymph node status
as around 25% of PPS patients show node-positive
disease [3, 6, 8]. Therefore, lymph node sampling/
dissection is not only recommended for staging pur-
pose, but also as possible therapeutic modality to
reach optimal local tumour control and may pose
a possible indication for adjuvant chemotherapy [3,
6–8]. Consequently, apart from that there is no defini-
tive indication for adjuvant chemotherapy in our
opinion, especially not in patients with an N0 status
or those reaching an R0 resection, which was also
demonstrated in the reported case.

Adjuvant postoperative radiotherapy is feasible
for R1-resected patients and patients, in whom R1-
resections is technically unachievable, in order to
improve locoregional tumour control [1, 5]. How-
ever, patients, who were treated with radiotherapy
showed worse overall prognosis, as larger tumours
with a pronounced N-stage and a greater proportion
of high-grade tumours were present in this group [7].
Likewise, patients with a locally advanced, especially
N-positive disease, may profit from a postopera-
tive radiotherapy [1, 7]. Furthermore, neoadjuvant
chemotherapy is feasible in primary unresectable tu-
mours and in N-positive patients to achieve operabil-
ity and better local control [7, 8]. To our knowledge,
there is no data or ongoing trials evaluating the use of
targeted therapies, immunotherapy or antiangiogenic
therapies specifically in PPS.

To summarize, we want to discuss the described
multimodal therapy options regarding the presented
case of our patient. After curative surgery, which re-
sulted in a histologically confirmed tumour-free situ-
ation, the reported patient was discussed in the inter-
disciplinary tumour board. With respect to the possi-
ble complications and toxicities, the committee could
not identify a definitive indication for an adjuvant ra-
dio- or chemotherapy as the surgery was an R0 re-
section and there were no tumour-infiltrated lymph
nodes. According to the literature, apart from N-pos-
itive, locally advanced or R1-resected patients, the
benefit of an adjuvant chemo- or radiotherapy could
not be proven [2, 7]. Additionally, the tumour board
discussed a neoadjuvant therapy concept prior to the
surgery. Whereas Collaud et al. [8] suggest the ad-
ministration of a neoadjuvant induction therapy, the
board decided against this option, as it was conceiv-
able by the surgeons that via a middle lobe lobec-
tomy including mediastinal lymph node dissection
combined with a partial diaphragm and pericardial
tumour resection full local tumour control could be
achieved. Consequently, surgery remains the most
important pillar of therapy and regarding the lack of
prospective data the neoadjuvant and adjuvant ther-
apy strategies have to be discussed for each patient in
our opinion.

With our work we added another case description
of the very rare cancer entity PPS to the literature.
We were able to discuss the interdisciplinary manage-
ment of the patient and the possible therapy modali-
ties as well as the individuality of the therapy concepts
without being able to rely on clear-cut therapy recom-
mendations.

Take home message

The diagnosis of primary pulmonary sarcomas (PPS),
which are rare mesenchymal lung tumours, is primar-
ily based on histology and it is mandatory to exclude
a secondary pulmonary sarcomatous neoplasm to con-
firm the diagnosis. Nonetheless, PPSs need to be con-
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sidered as differential diagnosis in the field of rare lung
cancers, as they have to be surgically treated whenever
possible and there is no standardly applied (neo) adju-
vant therapy.
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