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Introduction

Pulmonary artery sarcoma (PAS) is an extremely rare 
malignant tumor, that was first described by Mandelstamm 
in 1923 (1). Surgical intervention is the mainstay in the 
treatment for PAS, but the postoperative prognosis remains 
poor (2). The effect of adjuvant and/or neo-adjuvant 
chemotherapy and radiotherapy for PAS are controversial 

(3,4). However, PAS is very rare and there is currently 
no randomized controlled trial on adjuvant and/or neo-
adjuvant chemotherapy for PAS. In this study, to analyze 
the therapeutic effect of adjuvant therapy on postoperative 
survival time, we searched MEDLINE and EMBASE 
database, reviewed a total of 1397 articles published from 
1932 to 2018, and selected 162 articles (275 cases).
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Methods

Search strategy

We searched 2 databases, MEDLINE and EMBASE, using 
keyword “pulmonary artery sarcoma”. Search details were 
(“pulmonary artery” (MeSH Terms) OR (“pulmonary” (All 
Fields) AND “artery” (All Fields) OR “pulmonary artery” 
(All Fields) AND (“sarcoma” (MeSH Terms) OR “sarcoma” 
(All Fields). The two searched results were combined and 
duplicated citations were deleted. Two investigators reviewed 
the abstracts and titles, and excluded citations for irrelevance, 
lack of detailed title, animal and in vitro experiments. The 
relative citations were retrieved for further review, and survival 
time data were extracted. The disagreement was resolved 
through discussion or arbitration from the third investigator.

Inclusion criteria

(I) The pathological diagnosis was PAS according to the 
2015 World Health Organization classification of 
tumors.

(II) Surgery  methods  inc luded  endar terec tomy, 
p n e u m o n e c t o m y,  l o b e c t o m y,  h e a r t - l u n g 
transplantation, resection and reconstruction for 
artery, vessel and heart, except sample or biopsy.

(III) There was the clear description for therapy strategy 
based on the surgery, which included chemotherapy, 
radiotherapy, chemoradiotherapy, target therapy, 
immunotherapy therapy and so on.

(IV) There were clear clinical records for survival time 
after initial surgery and second surgery and so on.

(V) The neoplasm located pulmonary artery, with or 
without invasion into valve pulmonary artery, right 
ventricular outflow tract (RVOT), atrium, ventricle.

Exclusion criteria

(I) Metastatic or secondary malignant tumor.
(II) Patients refused surgery or accepted surgery just for 

diagnosis, such as sampling and biopsy.
(III) Patients died from complications related with surgery 

during first 30 days.
(IV) Data was incomplete about treatment or survival time 

after surgery.

Data extraction

Age, gender, postoperative overall survival time, therapeutic 

approach, tumor extension, tumor localization, status of 
resection margins and metastasis, surgical method are 
extracted from abstracts or full texts by our research team.

Statistic method

All statistical analyses were performed using Stata (version 
MP13.0 for windows Stata Corp LP, USA). Continuous 
data are expressed as mean ± standard deviation or median 
and range Median survival was analyzed by Kaplan-Meier 
method and log-rank test. Surviving patients were censored 
at the time of last contact. All tests were 2-tailed, and a P 
value less than 0 .05 was considered statistically significant.

Results

Search and extraction result

A total of 867 citations were searched from MEDLINE and 
1,303 citations were searched from EMBASE. The search 
results were 1,397 citations after removing duplicates. 
After reading abstracts or titles 400 articles were excluded, 
because of irrelevance, no detailed title, animal or in vitro 
experiments. Additional 835 articles were excluded, because 
patients had not undergone surgery, the survival time data 
was unavailable or the treatment was not described clearly. 
In total, 162 articles were extracted. According to inclusion 
and exclusion criteria, 275 cases were included in analysis 
(Figure 1).

Patient characteristics

A total of 275 cases were selected including 114 male,  
130 female and 31 patients whose gender was unknown. 
The mean age at diagnosis was 50.9±13.9 years (range: 17 to 
86 years old, Table 1). A total of 94 patients underwent only 
surgical treatment, and 181 patients accepted surgery plus 
additional treatment (induction chemotherapy, adjuvant 
chemotherapy, radiation, etc.). There were 141 patients 
with chemotherapy and 79 patients with radiotherapy. 
Reconstruction operation was necessary in 118 patients. 
Ninety patients underwent pulmonary endarterectomy 
(PEA) and 83 patients received pneumonectomy or 
lobectomy. Only 10 patients were elected to perform heart-
lung transplantation. Twelve patients underwent a second 
surgical intervention. Usually the combination of operation 
based on PEA was the preferred procedure according to 
collected data. A total of 141 patients underwent complete 
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Figure 1 Literature flow diagram.

2170 citations from databases (867 from MEDLINE searched
01/01/2019 & 1303 from EMBASE searched 01/01/2019)

773 duplicate citations excluded

1397 citations yielded form electronic database

1397 citations compiled for review of titles or abstract

400 citations exclude for irrelevance, lack of
detailed title, animal or in vitro experiments

997 relative citations retrieved for further review

Survival time data was unavailable or the treatment
was not described clearly in 835 articles

162 articles and were extracted

According to inclusion and exclusion criteria, 275 cases 
were included in analysis

resection (R0), 104 for incomplete resection (R1/2), and 
the status of the remaining was unknown. There were 100 
patients without metastases and 133 with metastases at first 
surgical treatment. The metastases status was not available 
for the remaining 42 patients.

Survival analyses

The median postoperative survival time of the entire cohort 
was 31 months. Patients who received adjuvant and/or neo-
adjuvant therapy were associated with improved median 
survival [hazard ratio (HR) =0.64, P=0.017, 95% confidence 
interval (CI): 0.45–0.92] (Figure 2).

Due to resection margin status the prognosis was 
different. R0 resection meant longer overall survival time 
after surgery compared with R1/2 resection (HR =0.55, 
P=0.002, 95% CI: 0.37–0.79) (Figure S1). For patients 
with R0 resection, adjuvant and/or neo-adjuvant therapy 
was seem to have no effect on overall survival time after 
surgery (HR =0.66, P=0.14, 95% CI: 0.38–1.15). On the 
other hand, adjuvant and/or neo-adjuvant therapy leaded to 

a better overall survival time after surgery for patients who 
underwent a R1/R2 resection (HR =0.53, P=0.025, 95% CI: 
0.31–0.92) (Figure 3).

The overall time after surgery was longer for patients 
without metastasis before or after surgery than with 
metastasis (HR =6.01, P=0.000, 95% CI: 3.33–10.67) 
(Figure S2). Moreover, the adjuvant and/or neo-adjuvant 
therapy lead to a better overall survival time after surgery 
for patients who had metastasis before or after surgery (HR 
=0.35, P=0.000, 95% CI: 0.22–0.54) (Figure 4). But those 
seem to have no effect for patients without metastasis (HR 
=1.14, P=0.817, 95% CI: 0.37–3.50).

Subgroup analysis suggested that chemotherapy was 
related with longer overall survival time after surgery (HR 
=0.63, P=0.015, 95% CI: 0.43–0.91) (Figure 5). Especially, 
for patients with R1/2 resection (HR =0.53, P=0.026, 95% 
CI: 0.31–0.93) (Figure S3). But the advantage was not 
observed in patients with R0 resection (HR =0.79, P=0.43, 
95% CI: 0.43–1.44). If the metastasis state was taken into 
consideration, we found that patients with metastasis, could 
benefit from chemotherapy (HR =0.44, P=0.000, 95% CI: 
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Table 1 Summary of patient characteristics

Characteristics No. or mean ± SD

Gender

Male 114

Female 130

NA 31

Age (years) 50.9±13.9

Therapy

(Neo)adjuvant therapy 181

Surgery only 94

(Neo)adjuvant therapy

Systemic therapy only 89

Radiotherapy only 27

Systemic therapy + radiotherapy 52

NA 13

Surgical techniques

PEA 90

Pneumonectomy or lobectomy 83

Reconstruction 118

Transplantation 10

Second surgery 12

Location

Pulmonary artery (PA) 184

Pulmonary trunk (PT) 151

Pulmonary valve (PV) 47

Right ventricular outflow tract (RVOT) 25

Right ventricle (RV) 5

Right atrium (RA) 3

Resection status

Incomplete resection (R1/2) 104

Complete resection (R0) 141

NA 30

Metastasis

No 100

Yes 133

NA 42

NA, not available.

Figure 2 Kaplan-Meier (KM) plot of overall survival time after 
resection by therapeutic strategy: neither adjuvant nor neo-
adjuvant therapy (NAT) and adjuvant or/and neo-adjuvant therapy 
(AT). AT versus NAT (HR =0.64, P=0.017, 95% CI: 0.45–0.92). 
HR, hazard ratio; CI, confidence interval.

Figure 3 Kaplan-Meier (KM) plot of overall survival time after 
resection by therapeutic strategy in patients with incomplete 
resection: neither adjuvant nor neo-adjuvant therapy (NAT) and 
adjuvant or/and neo-adjuvant therapy (AT). AT versus NAT 
(HR =0.53, P=0.025, 95% CI: 0.31–0.92). HR, hazard ratio; CI, 
confidence interval.

0.28–0.68). Otherwise, patients without metastasis could 
not (HR =0.72, P=0.60, 95% CI: 0.22–2.38).

Subgroup analysis also showed that there was no statistical 
significance between patients with or without radiotherapy 
(HR =1.04, P=0.83, 95% CI: 0.71–1.53), regardless of 
resection margin (R0 resection HR =0.97, P=0.92, 95% CI: 
0.50–1.85; R1/2 HR =0.79, P=0.424, 95% CI: 0.45–1.40), or 
metastasis status (M0 HR =0.54, P=0.43, 95% CI: 0.12–2.51; 
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M1 HR =0.82, P=0.37, 95% CI: 0.52–1.31).

Discussion

PAS is often misdiagnosed as acute pulmonary embolism (5),  
chronic thromboembolic pulmonary hypertension (6), 
mitral stenosis (7). According to the 2015 World Health 
Organization classification of tumors, there are several 
different histologic types of PAS, such as undifferentiated 
pleomorphic sarcoma, low-grade spindle cell sarcoma with a 
myxoid background, rhabdomyosarcoma, leiomyosarcoma, 

undifferentiated sarcoma with epithelioid or round cell 
features, synovial sarcoma, epithelioid hemangioendothelioma, 
and angiosarcoma (8). Surgical resection is the primary 
treatment and greatly prolongs the overall survival time (9).  
A few patients have long-term survival after radical 
resection (10-13). Depending on tumor localization, local 
invasion, and distal metastases, surgical methods include 
extensive mass resection, endarterectomy, reconstruction 
of the great vessels or heart (14), lobectomy (15),  
pneumonectomy (10) ,  and combined lung-heart 
transplantation (16). The combination of different surgical 
methods is needed in some patients requiring complete 
resection or satisfied tumor cytoreduction (17). Our 
analysis has shown that complete resection can decrease the 
possibility of metastasis (Table 2). Moreover, studies have 
suggested that aggressive surgical resection may increase 
the postoperative survival time in patients with PAS (18).

Endarterectomy has been widely used in operations 
since 1990’s (19), despite as a palliative resection, because it 
may be suitable to the neoplasm located in the pulmonary 
trunk, pulmonary artery and proximal part of pulmonary 
lobar artery. Due to misdiagnosis as pulmonary embolism, 
PEA is frequently taken in emergency surgery (20), 
and the technical details of PEA are similar to chronic 
thromboembolism pulmonary hypertension (CTEPH) (21).  
Except that neoplasm is located in only distal parts of 
pulmonary artery, lobectomy or pneumonectomy is 
usually performed as additional surgery of endarterectomy 
(22,23). A few researchers report that the patients, who are 
underwent lobectomy or pneumonectomy (2), especially 
pneumonectomy (10,11), may have longer overall survival 
time, although the efficacy may be affected by tumor 
localization and lung parenchymal involvement.

The reconstruction of the great vessel or heart is 
a complex procedure for the radical resection. The 

Figure 4 Kaplan-Meier (KM) plot of overall survival time after 
resection by therapeutic strategy in patients with metastasis during 
the therapy: neither adjuvant nor neo-adjuvant therapy (NAT) 
and adjuvant or/and neo-adjuvant therapy (AT). AT versus NAT 
(HR =0.35, P=0.000, 95% CI: 0.22–0.54). HR, hazard ratio; CI, 
confidence interval.

Figure 5 Kaplan-Meier (KM) plot of overall survival time 
after resection by chemotherapy: no chemotherapy (NCT) and 
chemotherapy (CT). CT versus NCT (HR =0.63, P=0.015, 95% 
CI: 0.43–0.91). HR, hazard ratio; CI, confidence interval.

Table 2 The characteristics of patients in subgroups

Therapy R0 R1/2 M1 M0

(Neo)adjuvant therapy 87 72 98 59

No (neo)adjuvant therapy 54 30 33 41

Chemotherapy 73 50 79 47

No chemotherapy 53 43 46 48

Radiotherapy 36 34 46 24

No radiotherapy 89 59 79 70
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reconstruction strategy includes pulmonary artery 
reconstruction (24), reconstruction of pulmonary trunk (25),  
pulmonary valve replacement (26), ventriculotomy and 
reconstruction (13,18), which is determined on preoperative 
and intraoperative assessment by surgeons. The combined 
lung-heart transplantation is an aggressive surgical 
method. Talbot et al. reported 2 cases, who underwent 
combined heart-lung transplantation for unresectable 
primary pulmonary artery sarcoma. Both patients were 
given chemotherapy before transplantation (16). The 
overall survival time (49 and 48 months, respectively) after 
transplantation is remarkable. Nevertheless, the cases are 
too rare to evaluate the prognosis.

Metastases are most commonly found in the lungs, 
although cases in the pancreas, kidney, brain, lymph nodes, 
thyroid, adrenal glands and skin have been reported (27,28). 
Appropriately half of cases have developed metastases before 
death, and the prognosis of these patients appears to be 
quite poor. The median of overall survival time after surgery 
is 19.5 months in patients without metastasis and 13 months 
in patients with metastasis. The main treatment of choice 
is chemotherapy, but multiple repeated metastasectomy or 
radiotherapy had been performed in some patients (28,29). 
For patients with unstable hemodynamics, palliative 
interventional (pulmonary artery) PA stenting performed 
under local anesthesia can improve the quality of life by 
reducing excessive pulmonary hypertension in a short time 
(30-32). The knowledge on the benefit of adjuvant and/or 
neo-adjuvant adjuvant therapy is limited. Some researchers 
believe that chemotherapy or radiotherapy has no effect on 
long-term survival (33), whereas others suggest that it can 
prolong survival. Mussot et al. reported 31 patients who 
were surgically treated for pulmonary artery sarcoma. Six 
patients had neoadjuvant chemotherapy and 18 patients 
received adjuvant therapy including 15 for chemotherapy, 2 
for radiotherapy and only 1 for chemoradiotherapy. There 
was no significant difference in the survival between the two 
groups with or without (neo) adjuvant therapy (34).

Lee and colleagues (35) collected 20 patients. The 
median overall survival for all patients was 24 months. They 
used Cox proportional hazard model analysis to identify 
factors influencing mortality and found that chemotherapy 
was negatively associated with mortality (HR =0.102, 
P=0.032, 95% CI: 0.013–0.826) Similar findings were 
reported by Blackmon (36) and Wong (3). In our analysis, 
patients are divided into adjuvant and/or neo-adjuvant 
therapy group if they have the history of adjuvant and/or 
neo-adjuvant therapy including chemotherapy, radiotherapy, 

chemoradiotherapy, target therapy, immunotherapy and 
anti-angiogenesis drug. Compared to patients with only 
surgery, adjuvant and/or neo-adjuvant therapy can improve 
the prognosis of patients who have surgical treatment, 
statistical analysis is made briefly based on chemotherapy 
and/or radiotherapy, because of the limited number of 
other therapies. Furthermore, the patients benefit from 
chemotherapy obviously, especially with metastasis or 
incomplete resection. On the other hand, if patients have 
complete resection and no metastasis, there is no statistical 
significance on the overall survival time after surgery 
whether patients receive chemotherapy, But the median 
of overall survival time after surgery in the chemotherapy 
group is longer, regardless of metastasis or resection status. 
Less than half of patients underwent complete resection 
because of surgical complexity, and more than half of 
patients developed metastasis before death. Nevertheless, 
patients with complete resection still have a high risk for 
metastasis, so most patients need chemotherapy after 
surgery except bad performance status or refusal. Although 
unanimous recommendation can’t be reached, common 
chemotherapy regimens are taken as follows (Table 3). Two-
drug regimen is preferred as first-line therapy in a majority 
of cases (23,40-44), one-drug or three-drug regimen is 
alternative second-line therapy or maintenance (3,38,49).

Survival analysis shows that radiotherapy can’t improve 
the survival time regardless of metastasis or incisal margin 
status. About one third patients received radiotherapy in 
our data. However, radiotherapy is still suggested in case 
of incomplete surgery (20,52,53), local recurrence (21)  
or distal metastasis (47). The purpose and timing of 
radiotherapy was not described in most articles, so its effect 
on local recurrence and distal metastasis is difficult to 
analyze. The radiological dose of (computed tomography 
venography) CTV is 4,500–6,600 cGy (13,20,28,54,55) 
in conventional fraction, and some metastasis patients 
received stereotactic body radiation therapy (12 Gy ×5 
fractions) (56). Yin et al. (22) showed that patients who 
received postoperative combined chemo- and radiotherapy 
is associated with improved outcomes (median survival 28 
vs. 8 months, P=0.042). But in our series, combination of 
chemotherapy and radiotherapy neither prolonged survival 
time nor decreased mortality.

Limitation

Our statistical analysis is made on the basis of few available 
data because PAS is so rare that there is no randomized 
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controlled trial or cohort study. PAS is mostly presented 
in case report or a series of case reports in the literature. 
Moreover, full text can’t be acquired for some of the 
citations. Some citations did not clearly describe the survival 
time after surgery and treatment strategy, and complete 
data can’t be extracted in these cases. On the other hand, it’s 
difficult to reduce the publication bias and selection bias. 
Some patients with long-term survival time stand out in 
case series, although it has no remarkable influence on the 
statistic results.

Conclusions

In summary, PAS is an extremely rare malignancy with 
a very poor prognosis. While radical surgery offers the 
only chance of cure, palliative and aggressive surgery can 
relieve the symptoms and extend the survival. Patients may 
benefit from adjuvant and/or neo-adjuvant chemotherapy, 
especially in case of metastasis or incomplete resection.
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Supplementary

Figure S1 Kaplan-Meier (KM) plot of overall survival time after resection by resection margin status: incomplete resection (R1/2) and 
complete resection (R0). R1/2 versus R0 (HR =0.55, P=0.002, 95% CI: 0.37–0.79). HR, hazard ratio; CI, confidence interval.

Figure S2 Kaplan-Meier (KM) plot of overall survival time after resection by metastasis status: no metastasis during the therapy (M0) and 
metastasis during the therapy (M1). M1 versus M0 (HR =6.01, P=0.000, 95% CI: 3.33–10.67). HR, hazard ratio; CI, confidence interval.

Figure S3 Kaplan-Meier (KM) plot of overall survival time after resection by chemotherapy in patients with incomplete resection: no 
chemotherapy (NCT) and chemotherapy (CT). CT versus NCT (HR =0.53, P=0.026, 95% CI: 0.31–0.93). HR, hazard ratio; CI, confidence 
interval.
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