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Abstract: Primary pulmonary artery sarcoma (PAS) is a malignant neoplasm of the pulmonary vascular system origi-
nating from the intima, with clinical and imaging manifestations similar to those of pulmonary thromboembolism
(PTE), and is often misdiagnosed. Spectral CT and PET/CT can clearly show the extent and metastasis of PAS and
are valuable in visualizing adjacent structures such as lungs, bronchi, and mediastinum, providing a strong imaging
basis for the diagnosis and differentiation of PAS, allowing treatment monitoring and follow-up.
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Introduction

Primary pulmonary artery sarcoma (PAS) is a
malignant tumor of the pulmonary vascular
system originating from the intima and is clini-
cally rare with an incidence of only 0.001% to
0.030% [1, 2]. PAS mostly presents with atypi-
cal symptoms such as dyspnea, chest tight-
ness, and chest pain, and it is difficult to be
distinguished from pulmonary thromboembo-
lism (PTE). It is more difficult to identify PTE in
the early stage, and the diagnosis is mostly
confirmed after receiving thrombolytic therapy
which is proven to be ineffective followed by
further examinations, thus missing the best
treatment time and leading to a poor prognosis
[3-6].

Here, we report multiple imaging presentation
and treatment modalities of a patient with PAS.
Although the patient underwent two surgical
resections, 2%l seeds implantation, and multi-
ple chemotherapies, the patient developed
recurrence and metastasis. We discuss the
spectral CT and PET/CT imaging features about
patients with PAS to improve the level of under-
standing of this type of disease.

Case presentation

A 55-year-old man who was admitted to the
hospital 21 months ago with cough and sputum

underwent pulmonary angiography showing
a low-density filling defect in the right pulmo-
nary artery trunk and was initially diagno-
sed with pulmonary embolism. After adminis-
tration of heparin anticoagulation and fibrino-
lytic enzyme thrombolytic therapy, the symp-
toms did not improve. The patient underwent
interventional biopsy of the pulmonary artery,
and postoperative pathology confirmed a pul-
monary artery sarcoma (PAS). After 7 days, the
patient underwent pulmonary artery dissection
and PAS resection, followed by 6 cycles of che-
motherapy with Al regimen (liposomal adriamy-
cin 80 mg plus isocyclophosphamide 2.5 g/
3 d) and targeted therapy with “anrotinib”. A
CT examination was performed 15 months
after surgery, which suggested the recurrence
of PAS, so that treatment was changed to pab-
lizumab (200 mg) for 9 times. Meanwhile the
patient developed hemoptysis and was trea-
ted with bronchial interventional embolization.
Physical examination showed a tricuspid regur-
gitant murmur in the pulmonary artery auscul-
tation area and a hyperactive second heart
sound (P2 > A2). Laboratory tests showed in-
creased D-dimer at 5.97 mg/mL (normal range
0-0.55 mg/L), fibrinogen at 14.7 g/L (normal
range 2-4 g/L), and B-type natriuretic peptide
at 6870 ng/mL (normal range 0-100 ng/mL).
The patient underwent a chest CT-enhanced
examination and showed a hypodense filling
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Figure 1. Computed tomography (CT) images of recurrence of pulmonary
artery sarcoma after surgery. A. Plain axial image; B. Arterial phase axial im-
age; C. Venous phase axial image; D. Venous phase coronal image.

Figure 2. SPECT/CT tomography images after 1*°l-seeds implantation treat-
ment. A bead-like seeds with metallic density was seen in the right pulmo-
nary artery, with obvious radioactive distribution, indicating well-positioned
covering the tumor area.

defect at the bifurcation of the main pulmonary
artery trunk and a strip of the right pulmonary
artery trunk with a plain CT attenuation value
of approximately 38 HU and a mildly enhan-
ced margin after enhancement (Figure 1). The
patient agreed to receive the treatment of
125|.seeds implantation. SPECT/CT tomography
showed a bead-like metallic-dessity seeds in
the right pulmonary artery lesion with increased
radioactive accumulation, indicating well-posi-
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tioned seeds covering the
tumor area (Figure 2). PET/CT
examination of the patient 2
months later showed a nodu-
lar lesion in the right pulmo-
nary artery wall, with an inc-
reased FDG uptake (SUVmax
= 7.6), suggesting the recur-
rence of PAS. Besides, a ra-
diological defect in the right
pulmonary artery was shown
with a CT attenuation value
of approximately 32 HU, sug-
gesting thrombosis (Figure 3).
10 days later, the patient
developed hemoptysis and a
spectral CT-enhanced exami-
nation showed the lesion en-
largered further (Figure 4A).
The plain scan electron densi-
ty (ED) images were obtained
after reconstruction by Philips
Nebula post-processing work-
station and selected the low-
density regions of the ascend-
ing aorta and right pulmon-
ary artery trunk as regions of
interest (ROl > 50 mm?) with
measured values of 104.4%
EDW (percentage of electron
density relative to water) and
102.8% EDW, respectively (Fi-
gure 4B, 4C). The mixed ener-
gy and ED fusion map (Figure
4D) showed a region of inho-
mogeneous low electron den-
sity in the PAS of the right
pulmonary artery trunk, with
uniform electron density in
the ascending aorta and the
rest of the pulmonary artery.
According to the high/low ra-
dioactive accumulated zone
of the right pulmonary artery
trunk of PET/CT, compared
with the homogeneous mixed energy images,
the iodine density (ID) values were measured
by selected ROl at 1.76 mg/ml in the PAS zone
and 0.03 mg/ml in the thrombus zone, sug-
gesting that the iodine uptake in the PAS zone
was significantly higher than in the thrombus
zone (Figure 4E, 4F). The slope of the spectral
curve was calculated by the formula of [(HU,, . -
HU, .,/ 601. The slope of the PAS region was
2.08 whereas the slope of the thrombus region
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Figure 3. F-FDG PET/CT images 2 months after treatment with 1?°|-seeds implantation. A. The anteroposterior 3-di-
mensional maximum intensity projection image (MIP) demonstrated a hypermetabolic lesion in the right pulmonary
artery trunk while no abnormal FDG metabolism was found in other parts of the body; B, C. Nodular lesion in the
right pulmonary artery wall, with an increased FDG uptake (SUVmax = 7.6); D. A radiological defect in the right pul-
monary artery trunk is seen in the form of a striped hypodense lesion with a CT attenuation value of approximately

32 HU.

was -1.88, which were not consistent (Figure
4G). The patient underwent pulmonary artery
endarterectomy after one week and the post-
operative pathology showed round and spindle-
shaped undifferentiated sarcoma cells and
mucinous-like interstitium with obvious tumor
cell anisotropy and localized necrosis (Figure
5A). Immunohistochemical staining showed
CK (partial +), EMA (-), CD34 (-), ERG (-), CD31
(), F8 (+/-), S-100 (-), NF (-), SMA (+), Desmin (+),
SO0X-10 (-), CD68 (partial +), Caldesmon (-),
HMBA45 (-) Melan-A (-), P53 (+), CD117 (-), DOG-1
(-), SYN (-), CD56 (+), H3K27me3 (+), Ki-67 (40%
+) (Figure 5B-l). These findings were consistent
with the diagnosis of PAS with smooth muscle
sarcoma differentiation. After 2 cycles of post-
operative treatment with “dacarbazine + carbo-
platin”, the patient underwent PET/CT again,
which showed a diffusely increased radioactive
accumulation of soft tissue lesions around the
ascending aorta walls, aortic arch and right
pulmonary artery trunk (SUVmax = 8.2), consid-
ering postoperative inflammatory changes. A
soft tissue nodule with increased FDG uptake
in the left upper lobe lung near the hilum
(SUVmax = 6.1) was found with the size at
about 1.1 cm x 1.3 cm, suggesting metastasis.
Besides, a radiological defect in the main trunk
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of the right pulmonary artery presenting with
a hypodense lesion showed no change from
previous examination (Figure 6). The patient is
currently being treated with “etoposide + isocy-
clophosphamide + methotrexate” and is still
being followed up.

Discussion

PAS is a malignant tumor arising from the pul-
monary artery or pulmonary valve and in rare
cases, which may spread retrogradely through
the pulmonary valve to the right ventricular
outflow tract. Clinical manifestations include
dyspnea, chest pain, blood in sputum and
hemoptysis due to hemodynamic abnormali-
ties caused by tumor obstruction of the pul-
monary artery, cyanosis, jugular venous irrita-
tion and pestle finger when combined with
right heart insufficiency [7, 8]. The patient had
different levels of elevated D-dimer, fibrinogen,
and B-type natriuretic peptide, which were
considered to be related to PAS secondary to
thrombotic and inflammatory changes. PAS has
multiple pathological types, including undiffer-
entiated sarcoma, smooth muscle sarcoma,
malignant fibrous tissue sarcoma, fibrosarco-
ma, etc [9]. This case belongs to undifferenti-
ated sarcoma.
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Figure 4. Spectral CT enhanced scan images. A. Arterial phase MIP images; B. The CT value of the ascending aorta
was 40.4 HU and the CT attenuation value of the hypointense area in right pulmonary artery trunk was 28.1 HU on
the plain scan mixed energy image; C. Electron density (ED) images showed an ED value of 104.4% EDW in the as-
cending aorta and an ED value of 102.8% EDW in the low electron density region of the right pulmonary artery trunk,
with a non-uniform distribution in the low density region; D. The fused image of the hybrid energy image and ED im-
age showed that the electron density region in the right pulmonary trunk had inhomogeneous low electron density,
whereas the electron density of the ascending aorta and the rest of the pulmonary artery was uniform and the low
electron density region is clearly differed from other regions; E. The mixed energy image showed a CT value of 41.4
HU in the S1 region and 34.6 HU in the S2 region; F. The contrast iodine density (ID) image displayed an ID value of
1.76 mg/ml in the nodal radioactive dense foci in Figure 3B and 0.03 mg/ml for the striped hypointense lesion in
Figure 3C; G. The slope of spectral curve in the PAS region was 2.08 whereas that in the thrombus region was -1.88.

On CT images, the shape of PAS is mostly pol-
ypoid or nodular. Sometimes the outer wall of
dilated vessels can be found to be heteroge-
neously altered, suggesting infiltration and
dissemination by tumor lesions, while some
lesions can directly invade adjacent tissues
along the extravasation. The “wall-eclipsing
sign” is considered to be the typical presenta-
tion of PAS, which refers to the invasion of one
or both walls of the main pulmonary artery
trunk [1, 10]. The mechanism of the “wall
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eclipsing sign” may be related to the origin of
PAS in the intima or middle lamina of the pul-
monary artery when the tumor gradually occu-
pies the lumen of the pulmonary artery by inter-
nal subtle growth [11]. This case showed
infiltrative growth of the attached wall on CT
images, which is consistent with previous
reports [11]. The CT manifestation of PAS is
similar to that of PTE when both of them show
filling defects and pulmonary artery dilatation
in the pulmonary artery. However, PTE typically

Am J Nucl Med Mol Imaging 2022;12(4):122-128



Primary pulmonary artery sarcoma

"‘5"":‘(0, o
B M A ]
P 2ot

?&“(z‘ R :!Kk’ .

R U

3

. St
- gl
.

* ’ -
- o
S P A E
o mnomame s n L

Figure 5. Histopathological images. (A) Hematoxylin-eosin (HE) staining (magnification x 200). Immunohistochem-
istry showed that the tumor cells were positive for CK (B), SMA (C), Desmin (D), CD68 (E), CD56 (F), P53 (G),

H3K27me3 (H), and Ki-67 (I) [Envision (B-H) x 200].

has a history of deep vein thrombosis in lower
extremities and the density of filling defects is
more uniform. Furthermore, PTE lesions con-
fined to the lumen of the vessel only without
extra-luminal invasion so that the contact sur-
face with blood flow is flatter than PAS, and the
symptoms usually improve after anticoagula-
tion.

Compared with conventional CT, dual-layer
spectral computed tomography (DLCT) scan, as
a new dual-energy examination modality, has
more advantages in in lesion characterization
and quantitative analysis, providing both ana-
tomical information of lesions and quantitative
data [12]. DLCT measures the X-ray attenuation
at two different energies and evaluates the
effective atomic number and electron density
(ED) of each voxel, producing a more accurate
electron density value and expressing as a per-
centage of electron density relative to water
(%EDW) [13]. The spectral data can be recon-
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structed on Philips Workstation using the spec-
tral-based imaging (SBI) data package to obtain
conventional mixed energy images, effective
atomic number images, contrast iodine density
images, and electron density images. The elec-
tron density usually corresponds to the physi-
cal density of the tissue [14]. In this study, the
patient’s lesion measured 102.8% EDW on the
ED, which was lower than that in the ascending
aortic region (104.4% EDW), suggesting that
the ED can be used to identify PAS with differ-
ent physical densities from blood. Moreover,
the fused image of hybrid energy image and ED
can be formed on Philips Workstation, which
improves the visualization of PAS diagnosis.
Contrast iodine uptake by the tissue can be
shown on iodine density (ID) images, providing
the ID value of the selected region of interest
[15]. The ID value of the arterial phase of PAS in
this case (1.89 mg/ml) was significantly higher
than that of the thrombus site (0.03 mg/ml)
with different slope of the energy spectrum
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Figure 6. *®F-FDG PET/CT images after the 2nd surgery. A. The MIP image demonstrated diffused hypermetabolic
lesions around the ascending aorta, aortic arch, the main trunk of the right pulmonary artery, and the upper lobe
of the left lung near the hilum; B. The transverse images demonstrated increased FDG uptake in the soft tissue
(SUVmax = 8.2); C. The transverse images demonstrated a soft tissue nodule in the upper lobe of the left lung near
the hilum with a higher FDG uptake (SUVmax = 6.1) at about 1.1 cm x 1.3 cm in size.

curve, which could also helpful to differentiate
PAS from thrombus, reflecting the size of the
lesion. 8F-FDG PET/CT can comprehensively
show the extent of lesions and metastases,
effectively reduce mis-diagnoses, provide a
basis for clinical staging and treatment plans,
guide the clinical selection of biopsy sites, and
improve the success rate and accuracy of biop-
sy. When PAS occurs pulmonary or mediastinal
metastases, 8F-FDG PET/CT can show the
lesions with increased glucose metabolism
which could be smaller than that in CT images
[7, 10, 11]. The diagnosis of PAS could be con-
sidered when PET/CT imaging reveals nodular
or striated hypermetabolic lesions along the
pulmonary artery. Because thrombus uptake of
FDG is rarely increased [16], the hypometabo-
lism can easily exclude from the diagnosis of
PTE. *8F-FDG PET/CT was used by Tueller et al.
[17] to diagnose PAS and provide initial staging,
therefore, improving the outcome.

Surgical resection is the first-line treatment of
PAS so that early diagnosis and radical surgical
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excision are vital to prolong the patient survival
[1, 18]. Chemotherapy may provide some sur-
vival benefits, but still need to be proved.
Despite surgical resection, 1%°l-seeds implanta-
tion and multiple adjuvant chemotherapies can
also be used in the patients with recurrence
and metastasis. There are some limitations in
this case report, such as the ongoing follow up
and the lack of ultimate survival prediction.

Conclusion

In conclusion, PAS is clinically rare with atypical
symptoms and should be considered in the dif-
ferential diagnosis of pulmonary artery endar-
terectomy sarcoma when enhanced CT or pul-
monary angiography shows a filling defect.
Spectral CT and PET/CT show important roles
in the evaluation of the lesion and metastases,
providing a strong imaging basis for differenti-
ating the diagnosis of pulmonary artery sarco-
ma from pulmonary embolism. Furthermore,
PET/CT can also allow the treatment monitoring
and follow-up.
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