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Abstract. Intimal sarcoma of the pulmonary artery (PAIS) is a 
rare disease with a poor prognosis. Pazopanib, which has been 
indicated in metastatic non‑adipocytic soft‑tissue sarcomas 
and is expected to be active in PAIS, is a multi‑kinase inhibitor 
that targets the tyrosine kinase activity of vascular endothelial 
growth factor receptor (VEGFR), platelet‑derived growth 
factor receptor (PDGFR) and stem cell factor receptor. The 
present study reports findings related to two cases of PAIS 
with PDGF and VEGF expression following treatment with 
pazopanib. A case with a moderate to strong expression of 
PDGFR‑α and ‑β presented a long‑term stable disease when 
treated with pazopanib (progression‑free survival, 5.8 months). 
In a second case with a weak expression of PDGFR‑α and ‑β, 
the disease progressed rapidly on pazopanib (progression‑free 
survival, 1.1 months). VEGFR‑2 was not expressed in the 
tumors of both cases. The level of PDGFR expression in the 
tumor tissue may therefore be predictive of pazopanib efficacy.

Introduction

Intimal sarcoma of pulmonary artery (PAIS) is a rare disease 
which has a poor prognosis (1). PAIS is often diagnosed as 
advanced disease and has a high rate of postoperative recur‑
rence. Although therapeutic options for PAIS are limited, 
several recent studies have reported that pazopanib, a 
multi‑kinase inhibitor that targets vascular endothelial growth 

factor receptor (VEGFR)‑1, ‑2, ‑3, platelet‑derived growth 
factor (PDGF) receptor (PDGFR)‑α, ‑β and stem cell factor 
receptor  (c‑Kit), shows activity in treatment for advanced 
vascular sarcomas, including PAIS  (2‑5). However, these 
previous reports did not investigate the relationship between 
the levels of PDGFR and VEGFR in tumor tissues and the 
response to pazopanib. Our present report provides new 
information in this regard, as we studied this relationship in 
two cases of PAIS.

Case report

Case 1. A 33‑year‑old man visited a local hospital with a 
chronic cough. A CT scan showed an intravascular lesion 
of the left pulmonary artery and multiple masses in the left 
lung. He underwent pneumonectomy of the left lung for 
tumor embolism and angioplasty of the left pulmonary artery. 
In addition to the clinical course, immunohistochemical 
analysis showed spinal tumor cells were positive for murine 
double minute 2 (MDM2) and CD34, which led to the final 
diagnosis of PAIS. Because the margin of the left pulmonary 
artery base was positive for tumor cells, adjuvant irradiation 
(60 Gy/30 fr) and adjuvant chemotherapy with doxorubicin 
and ifosfamide (60/7,500 mg/m2/every 3 weeks, 1 cycle, AI 
therapy) were performed. However, recurrence was observed 
2 months later. Pazopanib treatment was initiated and this 
stabilized the disease for 5.8 months, which is superior to the 
2 months achieved with AI therapy. Subsequently, eribulin was 
administered, but a CT scan on day 14 of the 1st cycle showed 
rapid tumor growth, which was considered as flare‑up upon 
the discontinuation of pazopanib. The patient died 2 months 
after the discontinuation of pazopanib, a total of 18 months 
after the diagnosis (Table I).

Immunohistochemistry revealed that tumor cells were 
moderately and strongly positive for PDGFR‑α (Cell Signaling 
Technology, Inc.; cat.  no.  3174; Fig.  1A) and PFGFR‑β 
(Abcam; cat. no. ab32570; Fig. 1B), respectively, but negative 
for VEGFR‑2 (Cell Signaling Technology, Inc.; cat. no. 2479; 
Fig. 1C).
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Case 2. A 44‑year‑old woman visited a local hospital with 
dyspnea on exertion, and a CT scan revealed an intravascular 
lesion of the left pulmonary artery and a mass in the right 
lung. She underwent right upper lobectomy and angioplasty of 
the left pulmonary artery. During postoperative recovery and 
preparation of therapy for the positive tumor cells at the resec‑
tion margins, lung metastases developed 3 months after the 
surgery. Subsequently, palliative chemotherapy with doxoru‑
bicin (60 mg/m2/every 3 weeks, 6 cycles) followed by eribulin 
(1.4 mg/m2/every 3 weeks, 2 cycles) were administered sequen‑
tially, but neither treatments induced a response. Nine months 
after the diagnosis, pazopanib was initiated as a 3rd‑line palli‑
ative pharmacotherapy. However, CT scans one month after 
the start of pazopanib revealed an increased tumor size. The 
patient died 14.3 months after the original diagnosis (Table I).

Immunohistochemistry revealed that the tumor cells 
were weakly positive for PDGFR‑α (Fig. 1A) and PDGFR‑β 
(Fig. 1B), and negative for VEGFR‑2 (Fig. 1C). Immunostaining 
was performed according to the following protocol. Paraffin 
sections of tumor tissues of pulmonary artery were subjected 
to immunohistochemical staining for the PDGFR‑α,‑β, 
VEGFR‑2. At first, blocked specimen in blocking buffer for 
1 h at room temperature. Blocking solution was removed 
and diluted primary antibodies were added (PDGFR‑α: 
Cell Signaling Technology cat. no. 3174; PDGFR‑β: Abcam 
cat. no. ab32570; VEGFR‑2: Cell Signaling Technology cat. 
no. 3174) and incubated overnight at 4˚C. Antibody solution 
was removed and the incubated specimen was mixed with 
fluorochrome‑conjugated secondary antibody for 1‑10 min at 
room temperature.

Discussion

Through two cases of PAIS, the relationship between the 
expression of PDGFR or VEGFR and the response to pazo‑
panib was investigated (Table I). In case 1, the tumor cells 
were strongly positive for PDGFR‑β (Fig. 1B) and moderately 

positive for PDGFR‑α (Fig. 1A). Time to progression before 
pazopanib was two months, but pazopanib treatment stabilized 
the tumor for 5.8 months. In the second case, the tumor cells 
were weakly positive for PDGFR‑α (Fig. 1A) and PDGFR‑β 
(Fig. 1B), which may explain the reduced response to treatment. 
Time to progression on pazopanib treatment was 1.1 months, 
while it took 3 months to progress after the surgery. Both cases 
were negative for expression of VEGFR‑2 (Fig. 1C). Focusing 
on these two cases, high levels of PDGFR in tumor tissues 
might have contributed to an improved response to pazopanib 
treatment.

Compared to placebo, pazopanib significantly improved 
PFS (median PFS, 4.6 months vs. 1.6 months) in patients with 
metastatic non‑adipocytic soft‑tissue sarcoma (6). According 
to a European Organization for Research and Treatment 
of Cancer (EORTC) retrospective analysis of pazopanib in 
patients with advanced vascular sarcoma, the median PFS 
and OS were 3.0 and 9.9 months, respectively. In this analysis, 
among the 40 patients with vascular sarcoma, 2 (3.8%) had 
intimal sarcomas and both of these patients demonstrated 
a partial response  (2). Unfortunately, the number of PAIS 
cases in this previous report was too low to investigate the 
relationship between PDGFR and VEGFR expression in 
tumor tissue and the response to pazopanib. To the best of 
our knowledge, this is the first study to demonstrate the rela‑
tionships between PDGFR and VEGFR expression and the 
response to pazopanib.

Although pazopanib is a multi‑kinase inhibitor (1), our 
results suggest that the activity against PDGF may account for 
its activity in PAIS. This is consistent with the role of PDGFs 
in other malignancies. PDGFs bind to PDGFR‑α and ‑β, and 
trigger cell proliferation, migration and differentiation. In 
humans, abnormal PDGF/PDGFR signaling has been associ‑
ated with numerous malignant tumors, including activating 
mutations of PDGFR‑α in gastrointestinal stromal tumors 
and the overexpression of PDGFR‑β in dermatofibrosarcoma 
protuberans  (7,8). In addition to hematological tumors, 

Figure 1. Immunohistochemistry staining (magnification, x200). (A) PDGFR‑α (Cell Signaling Technology, Inc.; cat. no. 3174), (B) PDGFR‑β (Abcam; 
cat. no. 32570), (C) VEGFR‑2 (Cell Signaling Technology, Inc.; cat. no. 2479). PDGFR, platelet‑derived growth factor receptor; VEGFR, vascular endothelial 
growth factor receptor.
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PDGFR‑β alterations are also involved in myofibromas, 
suggesting an oncogenic role in mesenchymal tumors  (9). 
Amplifications of PDGFR‑α, PDGFR‑β, c‑Kit, MDM2 and 
epidermal growth factor receptor (EGFR) have been seen in 
intimal sarcoma (7,9‑12). Alterations in the PDGF/PDGFR 
signaling pathway, particularly PDGFR‑α and PDGFR‑β, 
may play an important role in the pathogenesis of intimal 
sarcoma (9,10), with amplification and co‑activation of both 
PDGFR‑α and PDGFR‑β being observed frequently in intimal 
sarcoma, whereas KIT levels were similar to those in normal 
tissue. Consistent with the above, PDGFR, EGFR and MDM2 
have all been proposed as therapeutic targets in intimal 
sarcoma (9,10). Although early clinical trials have shown that 
the anti‑PDGFR antibody olaratumab has antitumor activity 
in advanced soft‑tissue sarcoma (13,14), a recent phase III 
study failed to demonstrate an additional effect of olaratumab 
when combined with doxorubicin in soft tissue sarcoma (15). 
However, PAIS was not included in the phase III study, and 
the role of PDGFR inhibitors in PAIS warrants further inves‑
tigation. We did not observe expression of VEGFR‑2 in our 
patients, and no previous reports have found raised levels of 
VEGFR in intimal sarcoma. We thus infer that VEGFR does 
not play an important role in PAIS pathogenesis.

Interpretation of our present study is limited, as the small 
case number precludes statistical analysis. Furthermore, 
in case 1, pazopanib was used as a first‑line treatment, whereas 
in case 2, it was used as a third‑line treatment; this does not allow 
a simple comparison of PFS in order to evaluate pazopanib 
efficacy. In addition, factors other than PDGFR and VEGFR 
expression are likely to determine the response to pazopanib. 
Allowing for these limitations, however, the strength of this 
study is that we evaluate the relationship between PDGFR 
expression and the therapeutic effect of pazopanib, in contrast 
to previous studies. In future studies, the relationship between 
the expression levels of PDGFR expression and the response to 
pazopanib needs to be verified with a larger sample population.

In conclusion, the present data suggest that PDGFR 
expression might be a potential predictor for the prediction of 
pazopanib efficacy.
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