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Abstract 

Objectives: Primary pulmonary artery sarcoma (PPAS) is a rare disease with unclear 

clinical manifestations. Advances in imaging devices have improved diagnostic 

capabilities, potentially affecting clinical characteristics and overall survival (OS); 

however, details remain unclear. This study conducted a pooled analysis of case reports 

and series to analyse the clinical characteristics and OS of PPAS in the era of advanced 
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medical devices. 

Methods: Data were sourced from PubMed and CINAHL, focusing on studies published 

between 1 January 2014 and 31 December 2023. The study included patients diagnosed 

with PPAS, with extracted data covering demographics, diagnosis, treatments, and 

survival. 

Results: Overall, 643 patients were included (mean age: 52.6 ± 13.1 years; 50.4% were 

females). Initially, 70.6% were diagnosed with pulmonary thromboembolism (PTE), 

and 15.4% were suspected of having PPAS. Among these, 93.9% and 55.2% showed 

suggestive findings on computed tomography (CT)-integrated positron emission 

tomography with 2-deoxy-2-18F-fluoro-D-glucose (18F-FDG PET/CT) and CT, 

respectively, with 98.2% confirmed before death. The right main pulmonary artery was 

the most affected site on CT (72.3%). Surgery and chemotherapy were performed in 

81.4% and 66.4% of patients, respectively. The median OS was 31 months, with surgery 

extending OS across all stages and chemotherapy benefiting stages III–IV. Longer OS 

was achieved in patients who underwent complete surgical resection. 

Conclusions: 18F-FDG PET/CT and multi-detector-row CT can differentiate PTE from 

PPAS. These medical devices may contribute to improved OS. 

 

Keywords: primary pulmonary artery sarcoma; multi-detector-row computed 

tomography; 18F-FDG PET/CT; pulmonary thromboembolism; overall survival; 

review. 
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Introduction 

Primary pulmonary artery sarcoma (PPAS) is a mesenchymal tumour originating in the 

pulmonary artery.1,2 Although the incidence of PPAS is unknown, estimates suggest it 

ranges from 0.001%–0.03%.3 This rare disease often develops predominantly within the 

pulmonary artery lumen, thus complicating diagnosis and treatment owing to the 

absence of early symptoms and delays in detection. Moreover, the pulmonary artery’s 

critical role in blood circulation further complicates its management. Although periodic 

updates on PPAS have been published,4,5 its clinical features remain unclear, and 

contemporary treatments reflecting recent medical advancements have not been 

sufficiently addressed. Consequently, the pathogenesis of PPAS remains poorly 

understood, with many aspects unexplored, including its origin site, primary lesion 

characteristics, the distinction between pulmonary artery intimal sarcoma (PAIS) and 

pulmonary artery luminal sarcoma, optimal treatment strategies, and recurrence 

patterns. 

Advancements in medical technology have provided some insight into PPAS, albeit to a 

limited extent. Tools including multi-detector-row computed tomography (MDCT),6 

CT-integrated positron emission tomography with 2-deoxy-2-18F-fluoro-D-glucose 

(18F-FDG PET/CT),7 and high-resolution echocardiography,8 which gained global 

popularity in the 21st century, have significantly improved diagnostic capabilities. 

Additionally, emerging diagnostic techniques, such as endobronchial ultrasound-guided 

transbronchial needle aspiration (EBUS-TBNA)9 and endovascular catheter-guided 

forceps biopsy (ECGF)10 may further advance diagnosis. Recent progress in genetic 

testing,11-13 immune checkpoint inhibitors,14 and molecular-targeted therapies12 has also 

been reported. 
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Mandelstam first reported PPAS in 1923.15 Modern medical technology 

requires continuous updates to diagnosis and treatment strategies to improve prognosis. 

Acknowledging the role of current research in advancing medical technology, we 

conducted a pooled analysis of case reports and series to gather relevant information on 

PPAS. This study focused on data between 2014 and 2023, aligning with the broad 

adoption of MDCT and 18F-FDG PET/CT for diagnosis. 

 

Methods 

This pooled analysis was conducted and reported following the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.16 The study 

was registered with the University Hospital Medical Information Network Clinical 

Trials Registration (registration ID number XXX).17 

Search and Extraction 

We conducted a search of PubMed and CINAHL for studies published between 1 

January 2014, and 31 December 2023. The search terms used were: ‘pulmonary artery’ 

and ‘sarcoma’ or ‘intimal sarcoma’. The quality assessment of all included studies was 

conducted by two reviewers (XX and XX). Studies requiring additional evaluation were 

reviewed by a third reviewer (XX) and resolved through discussions among the three 

reviewers. 

Inclusion and Exclusion Criteria 

The inclusion criteria were: 1) confirmed diagnosis of PPAS; 2) availability of baseline 

clinical characteristics (e.g., age, sex, and symptoms), diagnosis, or treatment data); 3) 

clinical studies, observational studies, case series, and case reports; and 4) studies in any 
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language. The exclusion criteria were: 1) in vitro or animal experiments, reviews, meta-

analyses, and duplicates; and 2) conference abstracts. 

Definition 

PPAS is defined as a neoplasm originating from mesenchymal cells between the right 

ventricular outflow tract (RVOT) and pulmonary artery. Patients were classified using 

the staging system for PPAS proposed by Blackmon et al.18 : Stage I, tumour limited to 

the main pulmonary artery; Stage II, tumour involving one lung plus a main pulmonary 

artery; Stage III, bilateral lung involvement; and Stage IV, extrathoracic spread. 

Outcomes 

Given the exploratory nature of the pulmonary artery sarcoma data, primary outcomes 

focused on clinical features, while secondary outcomes involved comparative analyses 

of overall survival (OS) by treatment in patients with PPAS. Survival was analysed with 

or without surgery and chemotherapy, categorised into stages I–II and III–IV. Statistical 

methods are detailed in subsequent sections. 

Risk of Bias 

The Newcastle–Ottawa Quality Assessment Scale (NOS) and a tool for evaluating the 

methodological quality of case reports and case series were used to identify the risk of 

bias.19,20 Owing to the nature of single-arm studies, case series studies (>5) received a 

maximum of four stars, case–control studies five stars, and cohort studies six stars. Case 

series (≤5) and case reports were evaluated using the methodological quality tool, with a 

maximum of five stars. Studies were included if all evaluable items in the NOS and tool 

received over two stars. 

Statistical Analysis 
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All data were analysed using JMP Pro version 17.1.0 (SAS Institute Inc., Tokyo, Japan) 

and the Review Manager v. 5.4.1 software (RevMan) (Cochrane Collaboration, Oxford, 

UK). Continuous variables are expressed as means and standard deviations following a 

normal distribution; otherwise, the median and interquartile range (IQR) are used. 

RevMan was used to conduct meta-analysis. For the secondary endpoint of OS, the 

Kaplan–Meier method was used to estimate the median OS. The stratified log-rank 

method was used to compare the median OS after surgical and chemotherapeutic 

interventions. Furthermore, subgroup analyses were performed according to stage and 

follow-up completion status. Proportional hazards were determined for these OS 

analyses, and hazard ratios (HRs) with 95% confidence intervals (CIs) were estimated 

using stratified Cox proportional hazards models, with subgroup analyses presented in 

forest plots. Statistical significance was set at p < 0.05 and was determined using the 

log-rank test. 

 

Results 

Selection of Eligible Studies 

A preliminary search identified 458 relevant studies from two databases (PubMed = 

387, CINAHL = 71). After removing 56 duplicate records, 402 studies were screened 

based on the titles and abstracts. Among these, 44 were excluded for not meeting the 

inclusion criteria, resulting in 358 studies for eligibility assessment. Subsequently, 18 

studies were excluded for lacking information, 23 for metastatic pulmonary artery 

sarcoma, 52 for other diseases, and 1 study was withdrawn, as shown in the PRISMA 

flowchart (Figure S1). 

Included Studies 
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Finally, 264 studies involving 643 patients were analysed. These included 1 pilot study, 

1 preliminary study, 1 cohort study, 4 case–control studies, 35 case series, and 222 case 

reports. No phase II or III clinical trials were identified (Figure S1). Twenty-eight 

studies were evaluated using NOS. One study was evaluated on a six-star scale, five on 

a five-star scale, and 22 on a four-star scale (Supplementary List 1). All the analysed 

case reports were judged to be included in the overall appraisal of tools for evaluation of 

the methodological quality of case reports and case series (Supplementary List 2).20  

Primary Outcomes 

The clinical features of PPAS are summarised in Table 1. The mean age of patients with 

PPAS was 52.6 ± 13.1 years. Sex distribution was approximately equal, with 317 male 

(49.6%) and 322 female (50.4%) patients; 81.5% were non-smokers. Common initial 

symptoms included dyspnoea (65.2%), cough (34.6%), and chest pain (31.4%). The 

duration from symptom onset to diagnosis was 12.8 (IQR, 8–24) weeks. Physical 

examinations showed systolic murmurs (24.4%), hypoxemia (22.0%), tachypnoea 

(22.0%), and oedema (13.4%). Haematological tests revealed slightly elevated D-dimer 

levels in 41.0% of patients, elevated brain natriuretic peptide (BNP) or N-terminal pro-

BNP levels (13.8%), and anaemia (8.2%). Electrocardiograms were normal in 40.7% of 

cases, while 38.9% indicated right heart overload. Chest radiographs showed lung 

nodules or masses (26.2%), hilum enlargement (21.3%), consolidation or opacities 

(16.4%), pleural effusion (14.8%), pulmonary artery enlargement (14.8%), and an 

enlarged cardiac silhouette (13.1%); 16.4% showed no abnormalities. 

[Insert Table 1] 

CT revealed abnormalities in the pulmonary artery (dilation, contrast loss, or 

infiltration) in all the cases. The right main pulmonary artery was the most frequently 
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invaded lesion (72.3%, 95% CI 70.9–79.6), significantly more common than the left 

main pulmonary artery (58.9%, 95% CI 53.9–63.8; p = 0.04) (Figure 1A, S2).  

[Insert Figure 1] 

On magnetic resonance imaging (MRI), the most common finding was T2 high 

heterogeneous lesions (including fat-suppressed hyperintense lesions on T2-weighted 

imaging), observed in 68.5% of the cases (Table S1). Transthoracic echocardiography 

frequently showed increased systolic pulmonary artery pressure (46.8%) and, in some 

cases, mass lesions (18.3%) (Table S2). Using a maximum standardised uptake value 

(SUVmax) cut-off value of 3.3,21 the positivity rate of 18F-FDG PET/CT was 93.9%, 

with a median SUVmax of 7.2 (IQR, 5.8–10.3) (Table S3). Pulmonary hypertension, as 

assessed by right ventricular catheterisation, showed a median mean pulmonary artery 

pressure of 66.5 (IQR, 44.8–68.0) mmHg (Table S4). 

At the time of initial diagnosis, 70.6% of patients were suspected of having 

pulmonary artery thromboembolism (PTE), whereas 15.4% were suspected of PPAS 

(Table S5). In instances where PPAS was initially suspected, CT findings contributed to 

55.2% of these suspicions. Evaluations using MDCT or enhanced CT were useful in 

many cases (Table S6). 

The distribution of patients according to stage was as follows: Stage I, 34.4%; 

Stage II, 46.8%; Stage III, 16.0%; and Stage IV, 2.8% (Figure 2). 

[Insert Figure 2] 

Surgery was the most frequently performed procedure for a definitive 

diagnosis, accounting for 72.2% of cases. The most common non-surgical procedure 

was ECGF, performed in 12.3% of cases (Figure S3). The confirmed autopsy diagnosis 

rate was 1.8% in all patients (Figure S3). The complication rate for diagnostic 
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procedures was 12.5%, with grade 5 complications occurring in 7.9% of the cases 

(Table S7). Although the number of cases was small, definitive diagnoses were obtained 

using EBUS-TBNA in 57.1% of cases and transbronchial biopsy in 35.7% of cases 

(Table S8). 

Histopathological analyses included immunohistochemistry (Table S9), genetic 

testing (Table S10), and subtype classifications obtained from surgery and autopsy 

(Figure S4). Additional analyses were performed on the specimens obtained from all 

procedures (Figure S5) and biopsy samples (Figure S6). Common histopathological 

subtypes identified during surgery and autopsy were undifferentiated sarcomas (23.9%), 

pleomorphic sarcomas (12.1%), and myxofibrosarcomas (11.8%). The frequencies of 

these subtypes vary according to the diagnostic techniques used. The primary lesion was 

histopathologically identified in some surgical and autopsy cases. The right main 

pulmonary artery was the most frequently identified primary lesion (35.8%), with no 

significant differences (Figure 1B, S7). PAIS was diagnosed in 80.5% of patients with 

PPAS. 

PPAS was treated surgically in 81.4% of the cases. Among these, the most common 

procedure was endarterectomy, performed in 50.7% of cases. Other surgical procedures 

included pulmonary artery plasty with partial wall removal and reconstruction (21.7%) 

and pneumonectomy (20.4%). Mortality within the first postoperative month was 5.9%, 

and reoperation was necessary in 5.2% of cases. Chemotherapy was administered to 

66.4% of patients; 60.1% received it adjuvantly, 15.1% without surgery, and 6.3% as 

second-line treatment. The most common regimens were doxorubicin hydrochloride 

(adriamycin) and ifosfamide (Table S11). Radiation therapy was administered to 27.2% 

of patients, mostly as adjuvant chemoradiotherapy (61.4%) (Table 2).  
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[Insert Table 2] 

The primary lesion area was the most frequent recurrence site in patients with PPAS 

(42.5%). Other common recurrence sites included the bone (11.3%), brain (8.5%), and 

liver (6.6%) (Table S12). 

The pooled analysis conducted using RevMan yielded similar results, revealing 

comparable gender ratios and proportions of patients with dyspnea, cough, PH 

comorbidity, and those receiving adjuvant chemotherapy. However, differences were 

noted in the proportions of patients with chest pain and those diagnosed with PTE or 

PPAS at the initial diagnosis (Figure S8). 

Secondary Outcomes 

The secondary endpoint explored the effects of surgical and chemotherapeutic 

interventions on OS among patients with PPAS, which was 31 months overall (Figure 

3).  

[Insert Figure 3] 

Both interventions improved OS (Figure 4).  

[Insert Figure 4] 

Subgroup analysis revealed that surgery enhanced OS in stages I–II (Figure S9), 

whereas chemotherapy showed no significant difference (Figure S10). In stages III–IV, 

both interventions extended OS (Figures S11 and S12). However, surgery with adjuvant 

chemotherapy improved the prognosis of Stage I–II (Figures S13, S14, and S15). The 

forest plot showed a 95% CI below 1 for all treatments, except for chemotherapy in 

stages I and II (Figure S16). Furthermore, there was no difference in OS between 

patients with PPAS who underwent pneumonectomy and those who underwent other 

surgical procedures (Figure S17). However, regardless of the procedure, there was a 



Page 12 of 29

Jo
ur

na
l P

re
-p

ro
of

12 

 

significant difference in median OS when comparing patients with PPAS who 

underwent complete resection to those who did not (p < 0.001) (Figure S18). 

 

Discussion 

Our findings showed no significant sex differences, with most being non-smokers. The 

risk factors for PPAS remain unclear. However, a patient with PPAS having 

osteosarcoma implicated vinyl chloride exposure as a pathogenic factor.22 Additionally, 

dioxides, arsenic, anabolic steroids, and foreign bodies were considered risk factors for 

angiosarcoma.23 External environmental factors seem to impact the development of 

PPAS. The symptoms and physical findings were nonspecific, consistent with previous 

research. The diagnosis process lasted approximately 12.8 weeks from the onset of 

symptoms (IQR, 8–24 weeks). Electrocardiograms were normal in 40.7% of cases, and 

chest radiographs were unremarkable in 16.4% of instances. These delays were 

primarily due to difficulties in differentiating PPAS from PTE or chronic 

thromboembolic pulmonary hypertension.24 

With advancements in MDCT,6 lesions suggestive of PPAS were observed in 

55.2% of cases. Indicators such as the wall-eclipsing sign,6 polylobulated22 and bulging 

margins proximal to the defect,6,25 and spherical shapes of defects25,26 are distinctive 

from thrombus-only lesions, suggesting PPAS. Echocardiographic findings, such as the 

"sieve sign" have also improved the diagnosis of pulmonary artery sarcoma.8 Likewise, 

MRI improved the diagnosis.27 The most definitive imaging test was 18F-FDG PET-

CT.21 Additionally, although the deficient areas on contrast-enhanced CT were 

previously thought to be completely occluded by the tumour, 18F-FDG PET-CT 

confirmed that some areas showed a mixture of uptake and non-uptake regions.7 This 
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finding aids in understanding the pathophysiology. PPAS in the pulmonary artery causes 

blood flow stasis, vascular endothelial damage, and increased coagulability—known as 

Virchow's triad—which can result in secondary PTE.28 We highlighted the difficulty in 

distinguishing PPAS from PTE, with recent autopsy reports suggesting possible 

coexistence between PPAS and PTE.29 Not all PPAS lesions exhibit characteristic 

uptake patterns.30 Lesions lacking uptake often display low cell counts and abundant 

myxoid tissue, compounded by intratumoral haemorrhage, necrosis, mucous,30 or 

calcification.22 Additionally, 18F-FDG PET-CT uptake is occasionally observed in 

patients with PTE.31 This uptake may be attributed to the involvement of inflammatory 

cells, such as macrophages and neutrophils, in the thrombus and organising lesions.32 

Our study also addressed the challenges in staging PPAS. OS varied 

significantly by stage, especially in Stage II, and did not directly correlate with 

prognosis (data not shown). This variability could be due to comorbidities and 

inconsistent interventional therapies, underscoring the importance of identifying which 

patients with PPAS benefit most from chemotherapy. 

  Furthermore, there are numerous challenges in achieving a definitive diagnosis. 

While new diagnostic techniques such as ECGF and EBUS-TBNA have been 

introduced,9,10 there are significant individual differences in diagnostic rates,10 and 

grade 5 adverse events due to diagnostic procedures were observed in 7.9% of all cases. 

Additionally, small biopsy specimens were more likely to be diagnosed as 

undifferentiated sarcoma or spindle cell sarcoma. Furthermore, even when surgery 

provides sufficient lesions for diagnosis, several subtypes of PPAS may coexist, and the 

delineation of the tumour remains unclear.25 Conversely, genetic analysis of 

histopathological specimens has become more prevalent.11,12 Recent findings indicate a 



Page 14 of 29

Jo
ur

na
l P

re
-p

ro
of

14 

 

positive MDM2 gene in many PAIS cases,13 highlighting its role in tumour progression 

and genetic factors. Additionally, genes such as PDGFRA,12 EGFR, and CDKN2A13 

have also been studied.11,33 Notably, the percentage of cases reaching a definitive 

diagnosis via autopsy decreased significantly, from 59% in a report from the 1980s34 to 

5.0% in a report spanning 1990 to 2010.4 Our study revealed a further reduction to 

1.8%, underscoring advancements in testing and treatment. 

Previous studies reported that PPAS occurs most frequently in the posterior 

wall of the main pulmonary artery.2 Based on this, we also analysed the primary site of 

PPAS. While a higher number of patients originated from the right main pulmonary 

artery, no statistically significant difference was observed. However, analysis of lesion 

sites on chest CT revealed that the right main pulmonary artery was significantly more 

frequently affected. The reason for this remains unclear, but it may be influenced by the 

larger number of patients analysed using CT findings and the anatomical fact that the 

right main pulmonary artery is longer than the left.35  

Several challenges surround the treatment of PPAS: surgery has been the most 

promising approach for prolonging OS.36 Regardless of the procedure, our study found 

a significant difference in OS when comparing patients with complete resection or not 

(p < 0.001). One reason is that patients with Stage I of complete resection require only 

pulmonary artery resection and reconstruction, without the need for pneumonectomy. 

Thus, factors such as tumour location, size, and metastasis lesion significantly influence 

outcomes, preventing the establishment of standardised treatment protocols. In our 

study, we were unable to compare each surgical procedure due to the varied approaches 

employed. Many patients undergo a combination of surgical procedures or two-stage 

surgeries, and their lesions and stages widely vary. Based on the results of a 
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retrospective analysis from 1997 to 2010, the mortality rate within 30 days after surgery 

was reported to be 13%.37 In this study, the mortality rate within 30 days after surgery 

was 5.9%, suggesting technical improvements in surgery, including perioperative 

management, although no standard treatment exists. Furthermore, although 

chemotherapy has historically shown limited efficacy, our study indicates it may extend 

OS in advanced stages III–IV but not significantly in early stages I–II. This 

enhancement likely results from selecting effective regimens and integrating 

multidisciplinary treatments.12,14,38
 Limited reports suggest pembrolizumab and 

anlotinib are effective.33,39 Analysing tumour immunity and the microenvironment in 

PPAS may identify groups with better prognoses.40 Finally, differences between the two 

evaluation methods, JMP and RevMan, could be attributed to the greater proportion of 

studies in the RevMan analysis that focused on surgical patients initially suspected of 

having PPAS and excluded from PTE. 

This study had some limitations. First, it was retrospective. Second, there was 

publication bias. Third, the analysed patients exhibited various data deficits due to the 

rarity, diagnostic challenges, and fatal nature of PPAS, leading to the selection of 

patients with positive results, characteristic of publication bias. Additionally, the study 

largely comprised case reports and series from databases without clinical trials, 

complicating systematic analysis. The secondary endpoint, OS by treatment 

intervention, was also skewed by publication bias, as only patients eligible for surgery, 

chemotherapy, or radiation therapy were selected. Finally, treatments were analysed as 

single categories, though specific techniques, regimens, or devices could have 

influenced OS. 
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Conclusion 

PPAS, an extremely rare tumour historically diagnosed posthumously in the 20th 

century, currently benefits from pre-mortem diagnoses using modern technologies. 

Advances in genetic testing and data collection are expected to significantly improve 

PPAS prognoses. 

 

Abbreviations:  

PPAS: primary pulmonary artery sarcoma; PAIS: pulmonary artery intimal sarcoma; 

MDCT: multi-detector row computed tomography; 18F-FDG PET/CT: positron 

emission tomography integrated with CT using 2-deoxy-2-18F-fluoro-D-glucose; 

EBUS-TBNA: endobronchial ultrasound-guided transbronchial needle aspiration; 

ECGF: endovascular catheter-guided forceps biopsy; PRISMA: Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses; ROB: Risk of Bias; NOS: 

Newcastle–Ottawa Quality Assessment Scale; RVOT: right ventricular outflow tract; 

IQR: interquartile range; OS: overall survival; HR: hazard ratio; BNP: brain natriuretic 

peptide; MRI: magnetic resonance imaging; SUVmax: maximum standardised uptake 

value; PTE: pulmonary artery thromboembolism; TBB: transbronchial biopsy; AI: 

Doxorubicin hydrochloride plus Ifosfamide; TNM: tumour-node-metastasis; MDM2: 

murine double minute 2; PDGFRA: platelet-derived growth factor receptor alpha; 

EGFR: epidermal growth factor receptor; CDKN2A: cyclin-dependent kinase inhibitor 

2A. 

 

Patient Consent: Not required due to the nature of the pooled analysis. 
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Figure Legends 

Figure 1. Distribution of Primary Lesion of Primary Pulmonary Artery Sarcoma 

A) CT Lesions at Initial Examination 

In the analysis of 384 cases, lesions were more commonly found in the right main 

pulmonary artery than in the left, with a significant difference (p = 0.04). 

B) Presumptive Primary Lesion of PPAS 

In the analysis of 170 cases with confirmed primary lesions, the right main pulmonary 

artery was the most common site. However, no significant difference was observed  

(p = 0.22). 

CI, confidence interval. 
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Figure 2. Clinical Stage of Primary Pulmonary Artery Sarcoma 

Based on the staging by Blackmon et al., 543 patients with PPAS were staged as 

follows: Stage I (34.4%), Stage II (46.8%), Stage III (16.0%), and Stage IV (2.8%). 

Stage I: Tumour in the main pulmonary artery; Stage II: Tumour in one lung plus the 

main artery; Stage III: Bilateral lung involvement; Stage IV: Extrathoracic spread. 

CI, confidence interval. 

 

 

Figure 3. Overall Survival in Patients with Primary Pulmonary Artery Sarcoma 

Median OS of all patients with PPAS was 31 months. 

PPAS, primary pulmonary artery sarcoma; OS, overall survival. 
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Figure 4. Overall Survival (OS) with or without Intervention in Patients with All-stage 

Primary Pulmonary Artery Sarcoma 

A) Surgical Intervention, B) Chemotherapeutic Intervention 

Surgery and chemotherapy improved OS in patients with all-stage PPAS. 

PPAS, primary pulmonary artery sarcoma; OS, overall survival; CI, confidence interval. 
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Tables 

Table 1. Baseline Clinical Characteristics of PPAS 

Demographic and 

characteristics 

Number of cases 

(n = 643) 
Baseline 95% CI 

Age (years) 625 52.6 ± 13.1  

Females (%) 639 322 (50.4) (44.9, 58.9) 

Time from symptom onset 

to diagnosis (weeks) 
368 12.8 (IQR, 8–24)  

Smoking status 92 (%)  

never smoker 75 81.5 (72.7, 90.3) 

Symptoms 538 (%)  

dyspnoea 351 65.2 (60.2, 70.2) 

cough 186 34.6 (27.8, 41.4) 

chest pain 169 31.4 (24.4, 38.4) 

haemoptysis 105 19.5 (11.9, 27.1) 

chest tightness 60 11.2 (3.2, 19.2) 

fever 48 8.9 (0.8, 17.0) 

weight loss 40 7.4 (0, 15.5) 

fatigue 36 6.7 (0, 14.9) 

syncope 36 6.7 (0, 14.9) 

Physical examination 127 (%)  

systolic murmur 31 24.4 (9.3, 39.5) 

hypoxemia 28 22.0 (6.7, 37.3) 

tachypnoea 28 22.0 (6.7, 37.3) 

oedema 17 13.4 (0, 29.6) 

Laboratory values 195 (%)  

anaemia 16 8.2 (0, 21.6) 

elevated values    

D-dimer 80 41.0 (30.2, 51.8) 

BNP or NT-ProBNP 27 13.8 (0.8, 26.8) 

ESR 9 4.6 (0, 18.3) 

Tumour marker* 8 4.1 (0, 17.8) 
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Electrocardiogram 54 (%)  

no findings 16 40.7 (16.6, 64.8) 

right ventricular strain 

pattern 
12 22.2 (0, 45.4) 

right axis deviation 9 16.7 (0, 41.1) 

S1Q3T3 pattern 9 16.7 (0, 41.1) 

negative T wave 7 13.0 (0, 37.9) 

Chest radiograph 61 (%)  

lung nodule(s) or mass(es) 16 26.2 (4.7, 47.7) 

hilum enlargement 13 21.3 (0, 43.6) 

consolidation or opacities 10 16.4 (0, 39.3) 

no findings 10 16.4 (0, 39.3) 

pleural effusion 9 14.8 (0, 38.0) 

pulmonary artery 

enlargement 
9 14.8 (0, 38.0) 

enlarged cardiac silhouette 8 13.1 (0, 36.5) 

 

Abbreviations: CI, confidence interval; IQR, interquartile range; BNP, brain natriuretic 

peptide; NT-proBNP, N-terminal fragment brain natriuretic peptide; ESR, erythrocyte 

sedimentation rate. 

*CA125, NSE, AFP, SCC 
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Table 2. Treatment of PPAS 

Treatment Number of cases (n = 500) % 95% CI 

Surgery 411 81.4 (77.6, 85.2) 

Endarterectomy 207 50.7 (43.9, 57.5) 

PA plasty* 89 21.7 (13.1, 30.3) 

Pneumonectomy 84 20.4 (11.8, 29.0) 

PA resection 76 18.5 (9.8, 27.2) 

Valve replacement 41 10.0 (0.8, 19.2) 

Re-operation 21 5.2 (0, 14.7) 

Chemotherapy 271 66.4 (60.8, 72.0) 

Neoadjuvant chemotherapy 16 5.9 (0, 17.4) 

Neoadjuvant chemoradiotherapy 3 1.1 (0, 12.9) 

Adjuvant chemotherapy 163 60.1 (52.6, 67.6) 

Adjuvant chemoradiotherapy 51 18.1 (7.5, 28.7) 

Post-relapse induction 23 8.5 (0.5, 29.7) 

Without operation 41 15.1 (4.1, 26.1) 

Second-line chemotherapy 

administration 
17 6.3 (0, 17.8) 

Radiotherapy 83 27.2 (17.6, 36.8) 

Neoadjuvant chemoradiotherapy 3 3.6 (0, 24.7) 

Adjuvant chemoradiotherapy 51 61.4 (48.0, 74.8) 

adjuvant radiotherapy 4 4.8 (0, 25.7) 

Post-relapse induction 21 25.3 (6.7, 43.9) 

Palliative 13 15.7 (0, 35.5) 

 

Abbreviation: CI, confidence interval; PA, pulmonary artery. 

* Part of the wall was removed and reconstructed. 

 


