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Background: Primary pulmonary artery sarcoma (PPAS) is a rare tumor that mimics pulmonary
thromboembolism (PE). Similarities to PE can delay the diagnosis and misguide the treatment of PPAS. This
study aimed to evaluate tumor characteristics and outcome predictors among those diagnosed with PPAS and
misdiagnosed as PE.

Methods: From 1991-2010, 10 PPAS cases were available from the Cleveland Clinic (CC) institutional
database and another 381 cases were reported in the literature. Patient characteristics, tumor subtypes,
diagnostic testing & timing, interventions and clinical outcomes were analyzed. We also noted effects of
misdiagnosis as PE and clinical outcome as a result of inappropriate intervention.

Results: Among 391 confirmed cases of PPAS, the mean age at diagnosis was 52x14 years; 55% were male.
The median duration of symptoms prior to diagnosis was 100 [interquartile range (IQR), 30-210] days.
Nearly half (47%) of PPAS were originally misdiagnosed as PE including 39% that received thrombolytic
and/or anticoagulation therapy. For every doubling of time from symptom onset to diagnosis, the odds of
death increased by 46% (OR: 1.46, 95% CI: 1.21-1.82; P<0.001). The odds of death (OR: 2.66, 95% CI:
1.58-4.54; P=0.0003) and occurrence of distant metastasis (OR: 2.30, 95% CI: 1.30-4.15; P=0.049) were
increased among those who did not receive chemotherapy but chemotherapy did not impact local recurrence.
Those with complete resection had a better survival.

Conclusions: PPAS has a radiological appearance similar to PE, which makes accurate and timely
diagnosis challenging. More rapid diagnosis may lead to earlier, appropriate surgical treatment and improved

outcomes, when combined with adjuvant treatment.
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Introduction radiographic characteristics frequently simulate pulmonary

. ' thromboembolism (PE)—a relatively common condition
Primary pulmonary artery sarcoma (PPAS) is an uncommon  ,fecting 112 in 100,000 US adults (1). PPAS causes an

malignancy arising from the mesenchymal cells of the intraluminal filling defect of the PA that resembles PE

pulmonary artery (PA). Although PPAS is rare, the on computed tomography angiography (CTA), magnetic
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Figure 1 Diagnostic features of primary pulmonary artery sarcoma (PPAS). (A) An axial section of computed tomography angiography (CTA)

demonstrates subtotal obstruction of the main pulmonary artery. Despite the nearly occlusive nature of tumor, this young patient presented

with a progressive history of dyspnea over 2-3 weeks; (B) extension of mass is observed within a secondary branch of the pulmonary artery;

(C) magnetic resonance angiography (MRA) from the same patient demonstrates local tissue invasion; (D) continuous wave Doppler from

transthoracic echocardiography confirming pulmonary hypertension provides an estimated right ventricular systolic pressure >100 mmHg

prior to surgical resection.

resonance angiography (MRA), or transesophageal
echocardiography (TEE) (Figure 1) (2). Aggressive,
occlusive tumor growth within the PA predisposes to a poor
prognosis, including right ventricular failure and sudden
death. Without treatment, the survival of PPAS has been
estimated to be as brief as six weeks (3).

While PPAS occurs less commonly than PE, misdiagnosis
and underreporting is potentially important. In one series,
3-4% of patients discharged with chronic thromboembolic
PE were later diagnosed with PPAS (4). Early surgical
diagnosis and treatment may improve survival by avoiding
treatment delays as well as unnecessary and potentially
hazardous antithrombotic medications. Advances in
imaging technology may improve diagnostic capability (5).
Regardless, preemptive diagnosis remains challenging as the
clinical presentation of PPAS is often overshadowed by the
heightened awareness and much higher prevalence of PE.

The purpose of this analysis was to characterize the
presenting features and natural history of PPAS as well
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as management strategies from our institution and the
available literature. Secondly, we sought to determine those
factors associated with outcome in this condition, including
misdiagnosis as PE and inappropriate interventions as a
result. We hypothesized that early accurate diagnosis may
be associated with better outcomes, including survival.

Methods
Study design

The primary objective of this observational analysis was
to perform a comprehensive characterization of patients
with PPAS, including those from the literature and a
cohort from the Cleveland Clinic (CC). Clinical features at
diagnosis, histology types, treatment strategies, and long-
term outcomes were recorded. The characteristics, which
can help this condition to differentiate it from PE were
also sought, as well as outcomes as a result of incorrect
diagnosis.
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Patient population

After Cleveland Clinic Institutional Review Board approval
(IRB #11-642), we identified ten patients with biopsy-
confirmed PPAS from 1991-2010 from our institutional
pathology database. Data were retrospectively retrieved from
the medical records of our institution. A literature search
for case reports or case series of pulmonary artery sarcoma
(PAS) was performed in OVID and MEDLINE using the
keywords “Sarcoma”, “Pulmonary artery” and “Primary”.
The search was limited to English language articles from
1991 to 2010. In some instances, more than one case reports
and case series were published by the same author, from the
same health center. We carefully adjudicated the duplicate
reports so as to include individual cases only once. The
resulting literature search provided 381 individual cases of
PPAS among both case reports/series and clinical studies (see
Supplementary for full list of references). In total, 391 cases
of PPAS were included for this analysis.

Definitions and study variables

PPAS was represented by a diverse spectrum of histology
within our population and among published reports.
Thirteen unique histology types were reported. Among the
literature cohort, 20 cases had no histology type reported.

Clinical features at the time of diagnosis included age,
gender, and symptoms. Ten cases available in the literature
had no reported presenting symptoms. The time from
symptom onset to the diagnosis of PPAS was available
among 207 patients (53%). Diagnostic modalities included
bronchoscopic fine needle aspiration biopsy, surgical
biopsy based upon diagnostic imaging or exploratory
surgery. The exploratory surgery was often performed
for presumed pulmonary embolism with anticipated
thromboembolectomy.

The duration of follow-up after diagnosis was reported
with 333 cases (85%). Vital status was available among
357 patients (91%). Other details of clinical outcomes
included the presence of distant metastases (n=89) and local
tumor recurrence (n=34). Distant metastasis was defined
as tumor exhibiting non-contiguous spread outside of the
PA to another non-adjacent organ. Local recurrence of
tumor meant cancer recurred at or near the same site as
the primary tumor after a period of time during which the
cancer could not be detected.

The reported treatments included thrombolytic therapy,
anticoagulation, definitive or exploratory surgery, palliative
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surgery, radiotherapy and chemotherapy. Details of surgical
procedures were available in 353 patients, excluding those
diagnosed at autopsy (20 patients). Surgical treatment
compromised of partial resection or palliative debulking
surgery, and definitive surgeries such as complete resection
including concurrent pneumonectomy or lobectomy,
thromboembolectomy and pulmonary endarterectomy.
Information regarding adjunct oncologic treatment was
available in 296 (80%) patients.

Statistical analysis

Continuous variables were summarized as mean with
corresponding standard deviation or median with
corresponding IQR. Comparisons of continuous data were
performed with Welch two-sample 7-test or Pearson’s
product-moment correlation test. Categorical variables were
summarized as percentages. Comparisons of categorical data
were performed with chi-squared test or analysis of variance
(ANOVA). Two binary covariates had missing data: receipt of
anticoagulation prior to PPAS diagnosis (6.9% missing) and
reported presumption of pulmonary embolism prior to PPAS
diagnosis (7.2% missing). Missing data for these covariates
were imputed to the null for multivariable analysis. The
log-rank test was used for comparison between groups.
Among the 357 cases with reported outcome, only 333 had
duration of follow-up information available. Therefore, only
these 333 cases were studied in survival and other time to
event analysis.

Logistic regression was used to model associations between
clinical factors and mortality. Baseline clinical characteristics,
tumor histology, symptom type, symptom duration preceding
diagnosis, diagnostic modality, and treatment status were
considered in a comprehensive logistic regression model to
estimate the odds of mortality. To avoid over-fitting of data, a
stepwise model path with an analysis of deviance function (step
AIC function) was used to select variables in a stepwise fashion
(MASS package), whereby an initial model of 50 variables was
simplified to a final model of 10 variables. A two-sided alpha
level of 0.05 was used for all superiority testing. All data were
analyzed and figures generated using R software (Version
2.13.1, The R Foundation for Statistical Computing, 2011) (6).

Results
Study population
Clinical characteristics by literature (n=381) and CC (n=10)
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Table 1 Presenting characteristics of patients diagnosed with pulmonary artery sarcoma

Patient characteristic CCF (n=10) Literature (n=381) P value
Age (mean, SD) 47.0 (11.3) 51.7 (14.3) 0.23
Male gender 8 (80%) 206 (54%) 0.12
Histology type
Leiomyosarcoma 1 (10%) 79 (21%) 0.69
Spindle cell sarcoma 2 (20%) 59 (15%) 0.66
Fibrous histiocytoma 0 44 (12%) -
Undifferentiated 0 45 (12%) -
Angiosarcoma 3 (80%) 25 (7%) 0.03
Myxosarcoma 0 23 (6%) -
Myofibroblastic sarcoma 1 (10%) 20 (5%) 0.43
Osteosarcoma 2 (20%) 16 (4%) 0.07
Chondrosarcoma 0 18 (5%) -
Pleomorphic sarcoma 0 11 3%) -
Fibrosarcoma 0 10 3%) -
Rhabdomyosarcoma 1(10%) 9 (2%) 0.23
Liposarcoma 0 2 (1%) -
Not reported 0 20 (5%) -
Symptom duration preceding diagnosis (n=207) (median days, IQR) 33 [15-60] 120 [35-240] 0.009
Duration of reported follow-up (n=333) (median days, IQR) 650 [274-2,353] 510 [240-1,050] 0.25
Vital status available (n=357) 10 (100%) 347 (91%) 0.96
Death reported during follow-up (n=199) 5 (50%) 194 (56%) 0.96
Time to death among cases with mortality (n=176) (median days, IQR) 360 [180-645] 528 [267-771] 0.04

IQR, interquartile range.

data sources are summarized in 7able 1. Characteristics of
patients from both data sources were largely similar. Overall,
55% of the cohort was male. The median age at diagnosis
was 52 (IQR, 41-62; range, 14-94) years. Comparing the
two major data sources, there was no significant difference
in median survival between those treated at CC [650 days
(IQR, 274-2,353)] and cases obtained from the literature
[510 days (IQR, 240-1,050)] (log-rank, P=0.42). Survival
was not significantly influenced by gender (P=0.88).

Presenting symptoms

Presenting symptoms of PPAS are listed in Table S1.
Shortness of breath was the most common presenting

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

symptom (74%). Other symptoms included chest pain,
cough, hemoptysis, weight loss, fatigue, dizziness, and fever.
Clinical signs of digital clubbing, right heart failure or
murmur were reported only in a minority of cases. Overall,
the median duration of symptoms prior to diagnosis of
tumor was 100 IQR, 31-210) days among 207 patients with
available data. A delay in diagnosis was associated with an
increased risk of death. For every doubling in duration with
undiagnosed symptoms, the odds of death increased by 46%
(OR: 1.46,95% CI: 1.21-1.82; P<0.001).

Diagnosis

A wide variety of diagnostic imaging modalities, including
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Table 2 Odds of mortality as estimated by multivariable logistic regression using clinical characteristics of diagnosis, clinical presentation, and

treatment
Clinical characteristic Odds of mortality 95% Cl P value
Diagnostic modality
Surgical biopsy 0.44 0.19-0.95 0.041
Exploratory surgery 6.26 1.67-27.9 0.010
Thromboembolectomy (for presumed pulmonary embolism) 1.48 0.85-2.60 0.17
Symptoms
Chest pain 1.56 0.96-2.57 0.073
Signs
Right heart failure 0.55 0.21-1.40 0.21
Murmur 0.33 0.08-1.14 0.09
Digital clubbing 7.69 1.26-149.5 0.06
Treatment status
No chemotherapy 2.66 1.58-4.54 0.0003
Distant metastases reported 2.30 1.30-4.15 0.005
Recurrent tumor 2.37 1.04-5.93 0.049

CTA, MRA, transthoracic echocardiogram (TTE), TEE,
positron emission tomography (FDG-PET), and pulmonary
angiography were used to evaluate patients (Table S1).
FDG-PET scanning was utilized for diagnosis in 6% of cases;
interestingly, two of these 21 patients had false-negative
scans for tumor. Overall, PPAS was diagnosed at autopsy
among 20 (5%) patients.

Exploratory thoracotomy leading to diagnosis of PPAS
was performed among 50 (13%) patients; 13 of these
patients died during follow-up. This observation was
confirmed in multivariable regression analysis (Table 2).
Patients diagnosed incidentally during exploratory surgery
had a higher odds of death reported during follow-up
(OR: 6.26, 95% CI: 1.67-27.9, P=0.010). Alternatively,
15% of patients were suspected to have a PA tumor by
noninvasive imaging and were subsequently confirmed
by surgical biopsy. Such patients suspected to have tumor
preoperatively had a reduced odds of death (OR: 0.44, 95%
CIL: 0.19-0.95, P=0.041) (Tible 2).

Histology types of PPAS

Of the 13 reported histopathology types, leiomyosarcoma
(n=80) was the most common, accounting for 20% of
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all tumors (Table 1). The median age at presentation was
lowest for myofibroblastic sarcoma and undifferentiated
sarcoma at 43 and 48 years, respectively (Figure S1).
Rhabdomyosarcoma and liposarcoma were associated with
the oldest ages at presentation at 66 and 67 years (median),
respectively.

The median time from symptom onset to diagnosis was
100 days (IQR, 31-210), although varied significantly across
tumor types. Myofibroblastic sarcoma and leiomyosarcoma
tended to present early after symptom onset at a median
time of 40 and 43 days, respectively. Myxosarcoma had a
much more latent presentation, with diagnosis occurring
at a median 517 days. Following diagnosis, angiosarcoma,
myxosarcoma, and leiomyosarcoma tended to have the
shortest duration of follow-up (Figure S2). Gender was
not associated with histology type (P=0.10). Among the
literature cohort, 20 cases did not have histology type
reported.

PPAS vis-a-vis PE

Diagnosis of PE commonly preceded a later confirmation of
PPAS. Based on imaging or clinical criteria, 47% of patients
were initially considered to have PE, including 39% that
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Figure 2 Estimated survival following surgical interventions in patients diagnosed with PA sarcoma. (A) Comparison of three groups of

patients—who did not undergo any surgery against those who had a partial resection or debulking surgery and those who underwent a

definitive surgery i.e., complete resection, pulmonary endarterectomy (P=0.008); (B) estimated survival in PA sarcoma patients following

partial resection vis-a-vis complete resection (P=0.001).

received thrombolytic and/or anticoagulation therapy. In
fact, 22% underwent thromboembolectomy for presumed
PE and 5% were diagnosed at autopsy who received
treatment for PE. However, preoperative use of thrombolytic
or anticoagulant medication, as with treatment for presumed
PE, did not predict mortality in multivariate analysis (1able 2).
Additionally, 45 (11%) subjects were diagnosed with chronic
thromboembolic pulmonary hypertension (CTPEH) then
later confirmed as having PPAS.

Treatment strategies of PPAS

The details of surgical procedure were available of 353 PPAS
subjects, including those underwent thromboembolectomy
(86 patients). Thirty-one (9%) patients did not undergo any
surgery, mostly because of evidence of distant metastasis.
Total 46 (13%) underwent partial resection or palliative
debulking and 155 (44%) complete resection; in addition
to pulmonary endarterectomy in 32 (9%) patients. Among
those who underwent complete resection, 87 (56%) and
34 (22%) underwent concomitant pneumonectomy and
lobectomy respectively. Three patients underwent Heart-
Lung transplantation in order to achieve complete removal
of PPAS. However two of them later died due to occurrence
of distant metastasis (7,8).

Chemotherapy was reportedly used in 108 (28%) cases
and included a variety of regimens. Among 90 cases, an
anthracycline agent (i.e., doxorubicin, epirubicin, +/-
cisplatin) was used with or without an alkylating agent
(n=76) (i.e., dacarbazine, ifosfamide, cyclophosphamide).
Other agents reported also included vincristine, paclitaxel,
interleukin-2, mitomycin, methotrexate, gemcitabine,
etoposide, and sunitinib.
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Outcomes

Vital status was available among 357 cases (91%) at the
time of case publication or follow-up. However, only 333
also had a reported duration of follow-up after diagnosis
with a median survival of 528 (IQR, 240-1,050) days. As
expected, survivors (n=157, 47%) had a significantly longer
median follow-up duration [870 days (IQR, 360-1,560 days)]
compared to those who died (n=176, 53%) [360 days (IQR,
180-660)] (P<0.001). In fact, with every doubling of follow-up
duration the odds of death was reduced by 43% (OR: 0.57,
95% CI: 0.42-0.75).

Patients who underwent definitive surgeries had a
significantly improved survival compared to partial or no
resection (P=0.008; Figure 24). This survival difference
was principally driven by the significant difference between
patients with partial and complete resection (P=0.001;
Figure 2B) in our analysis. The heart-lung transplantations,
done to achieve complete cure, were unsuccessful because
of later occurrence of distant metastasis.

Patients lacking treatment involving chemotherapy were
over 2.5-times more likely to die during follow-up (OR:
2.66, 95% CI: 1.58-4.54) (Tiable 2). Furthermore, those that
received chemotherapy had a significantly improved median
survival of 2100 (95% CI: 870-3,300) days versus 660 (95%
CI: 540-840) days, respectively (P<0.001) (Figure S3).

Distant metastases were noted in 89 patients (23%);
their presence was associated with over two-time increase in
mortality during follow-up (OR: 2.30, 95% CI: 1.30-4.15).
Compared to those with metastases, those without metastatic
disease had an improved median survival of 900 (95%
CI: 720-1,410) days versus 570 (95% CI: 360-960) days,
respectively (P=0.024) (Figure 3A4). Local recurrence was
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Figure 3 Estimated survival after diagnosis of PA sarcoma, stratified by presence of distant metastases (A) and by local tumor recurrence (B).
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Figure 4 Probability of occurrence of distant metastasis (A) and local recurrence (B) in PA sarcoma patients stratified by chemotherapy.

Chemotherapy significantly reduced the probability of distant metastasis but not the probability of local recurrence. PA, pulmonary artery.

reported in 34 cases (9%) and was associated with an over
two-fold increase in mortality (OR: 2.37, 95% CI: 1.04-5.93).
Compared to those with recurrence, those without tumor
recurrence trended toward an improved median survival
of 840 (95% CI: 720-1,110) days versus 570 (95% CI:
270-1,050) days, respectively (P=0.051) (Figure 3B).
Those patients who did not receive chemotherapy had a
significantly higher chance of having distant metastasis
(P=0.008) (Figure 44) but chemotherapy did not
significantly impact local recurrence (P=0.24; Figure 4B).

Discussion

The first case of PPAS was described by Mandelstamm in
1923 (9). Since then, the narrative of PPAS remains limited
to case reports and small case series owing to the ostensibly
rare nature of this condition. Our analysis suggests that
many of cases of PPAS share features similar to that of
PE, including shortness of breath, chest pain, cough, and
hemoptysis. Perhaps the greatest distinction between the
two conditions is the duration of symptoms preceding
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diagnosis. The symptoms of PE are often dramatic and
acute, whereas the median duration of symptoms for those
diagnosed with PPAS was 100 days. This difference is
highlighted in the dramatic obstruction of right ventricular
outflow seen in Figure 1. A pronounced obstruction of the
PA would likely result in profound hypotension or shock,
particularly if developed acutely, as with saddle PE. As such
an obstruction was hemodynamically tolerated; suspicion
should be raised for an alternate diagnosis, including PPAS.
However, given the chronicity of obstruction and elevated
right ventricular outflow tract (RVOT) pressure, CTEPH is
often considered as a possible diagnosis. We have created a
flow-diagram illustrating these differentiating characteristics
in Figure 5.

Average age of presentation has remained consistent
in different series (10-12). While older patients tended
to have a significantly shorter duration of symptoms, age
was not a predictor of survival in PPAS. These results may
indicate that older patients, relative to a younger group,
tend to have their symptoms more aggressively evaluated,
thereby facilitating a more rapid diagnosis. Younger subjects
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Clinical presentation

Acute presentation: more likely PE but PPAS can also
manifest with acute symptoms

Sub-acute or chronic presentation: CTEPH or PPAS
Fever, weight loss, digital clubbing: PPAS likely

CT scan features suggest PPAS: a filling defect involving
entire main pulmonary artery & one of its main branches, a
heterogeneous & delayed enhancement of the lesion, globular
appearance of the lesion and metastatic lesion

If in doubt

Potential role of PET scan?

MRA: can demonstrate local tissue invasion in PPAS
TEE: may be useful to detect planar invasion of arterial wall

Figure 5 Proposed flow-chart highlighting characteristics in clinical presentation and imaging work-up which may help to differentiate

PPAS from PE. PPAS, primary pulmonary artery sarcoma; PE, pulmonary thromboembolism.

with greater duration of illness had higher mortality in
our cohort. Although information bias (i.e., lead-time and
length biases) may confound our analysis, these results may
also suggest young patients enjoy the greatest benefit with
timely diagnosis of PPAS.

The histological subtypes reported in current analysis
differ slightly from those reported elsewhere (13). The
histological sub-classification of sarcoma has evolved
over time, with modifications to PPAS nomenclature
modified by the World Health Organization (WHO) (14).
We documented the histological patterns as reported.
Nonetheless, in our study leiomyosarcoma was the most
common histological type (20%) followed by spindle cell
sarcoma; the two most frequent histopathology types
described in the literature (2,15).

We noted several interesting features based on
histological variants of PPAS. Liposarcoma had a tendency
of occurring at an older age, whereas myofibroblastic variant
presented at a younger age. Myxosarcoma and angiosarcoma
histology type tended to have shorter duration of illness.
Tavora and colleagues described improved survival in
patients with myofibroblastic sarcoma and early diagnosis
less than 40 years of age in a series of 43 patients, with only
one patient having a chondrosarcoma (16). Additionally,
in a small series by Huo and colleagues, leiomyosarcoma
had the best survival and rhabdomyosarcoma had the worst
prognosis (17). However, the association of histology type
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with mortality has not been consistently demonstrated
across the studies (12,18). Similarly, we found no significant
mortality association across histology types in our study.

PPAS was correctly suspected based on diagnostic
imaging in only 36% of patients prior to attempted biopsy
or surgical intervention. Accurate diagnosis by imaging led
to directed surgical tissue confirmation and treatment with
improved clinical outcomes. The majority misdiagnosed
had potentially inappropriate interventions and delayed
oncologic treatment. However, initial erroneous
interventions, such as thrombolytic therapy/anticoagulation
or planned thromboembolectomy for presumed PE, did not
impact mortality by multivariable analysis. Nevertheless,
our study showed that delayed diagnosis, even by days, may
affect survival. Therefore, misidentification of PA tumor as
PE may have significant clinical relevance.

Characteristic patterns of PPAS have been described
based upon the CT scan appearance, which helps to
distinguish it from PE or CTEPH. PPAS may be distinguished
from PE as a filling defect involving the entirety of the main
PA and one of its main branches, a heterogeneous and delayed
enhancement of the lesion and globular appearance of the
lesion, as seen in Figure 1 (10). PPAS may also be suspected
based on an atypical or sometimes dramatic radiographic
features inconsistent with PE, as with metastatic nodules
in the lung, leading to the correct diagnosis. In other
instances, the distinction between tumor and thrombus is
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less clear. Interestingly, 5% of patients were noted to have
a concurrent burden of large thrombus surrounding the
tumor on histopathology.

TTE aided in an initial correct diagnosis in 46 (12%)
cases. TEE was a particularly helpful tool, able to identify
planar invasion of tumor into the arterial wall. FDG-PET
scan is a valuable tool differentiating the two conditions. It
detected tumor in nearly all the subjects, yet two of the PPAS
case had false negative studies. In our review, FDG-PET
scan is infrequently used (5%). This is possibly due to the
fact many of the cases reported before FDG-PET scan
became widely available, more so due to higher propensity
to diagnose PE in these patients. The PET has a very low
sensitivity to detect PE, so may not be ideal screening tool,
especially given its cost and availability (19). But having a
high specificity, it helps to differentiate the two conditions,
particularly if there is a concurrent clot burden around the
tumor (20).

Interestingly, our analysis showed that adjunctive therapy
did improve survival and occurrence of distant metastasis
but did not affect local recurrence. To our knowledge, no
previous study has looked into this association. We found,
there is a wide variability in different chemotherapy regimens
that the patients received. As a result, it was difficult to
derive any conclusion, in terms if efficacy of individual
chemotherapeutic drugs. Overall, we observed a significant
association of mortality with subjects of younger age having a
greater duration of illness. It is notable that the survival in our
analysis is higher than described in earlier epidemiological
analysis of this condition (3,5,10,11), presumably due to early
detection of the tumor by more widespread use of imaging.
More recently, Tavora and coworkers reported improved
median survival in their PPAS cohort (16). The survival in the
present review is comparable to their analysis but less than
described by Blackmon and colleagues (13). This is due to
many factors affecting survival including patient population
and use of adjunctive therapy.

Limitations

The present study has several important limitations. This is
a retrospective observational analysis obtained from several
data sources in the literature spanning nearly 20 years.
Reporting bias and differences in data collection certainly
influence this analysis, although given the rare nature
of PPAS these limitations are expected. Missing data on
anticoagulation use and presumed PE, prior to confirmed
PPAS diagnosis, required imputation for regression analysis.
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Data was also incomplete regarding surgical intervention
in 38 patients and in regards to adjunct oncologic treatment,
296 patients had this information available, which may
have confounded the outcome analysis. We could not
extract enough information regarding surgical resection
techniques such as transmural resection and endoluminal
desobliteration. The survival analysis in our study was based
on those patients with complete follow up information,
which raises a possibility of selection bias. Despite these
limitations, this analysis remains the largest systematic
analysis of the presentation and determinants of survival in
this rare condition.

Conclusions

Our analysis shows, PPAS is commonly mistaken for
pulmonary thromboembolic disease. Although misdiagnosis
in itself does not increase risk of mortality, significant delay
in diagnosis does appear to negatively impact outcome.
PPAS should be considered in patients with atypical
symptoms, inadequate response to thrombolytic therapy and
a characteristic pattern on initial imaging. Although PPAS
can be challenging to treat, tumors confirmed early and
treated with surgery (complete resection) and chemotherapy
was observed to have the best long-term outcomes in terms
of survival as well as occurrence of distant metastasis.
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Table S1 Presenting symptoms reported, clinical signs, and diagnostic
modalities used among patients diagnosed with pulmonary artery
sarcoma

No. Frequency

Presenting symptoms/signs reported (n) reported (%)

Symptom
Shortness of breath 288 74
Chest pain 123 31
Cough 89 23
Hemoptysis 57 15
Weight loss 41 10
Fatigue 38 10
Dizziness 33 8
Fever 13 3
None reported 10 3

Clinical sign
Right heart failure 22 6
Murmur 13 3
Digital clubbing 9 2

Diagnostic modality

Computed tomography 119 30
Magnetic resonance imaging 85 22
Echocardiography 46 12
Positron emission tomography 18 5
Pulmonary angiography 23 7
Thromboembolectomy, presumed PE 85 22
Surgical biopsy, PAS suspected 58 15
Exploratory surgery 50 13
Autopsy 20 5
Modality not reported 60 15

PE, pulmonary embolism; PAS, pulmonary artery sarcoma.
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Figure S1 Age at diagnosis of pulmonary artery sarcoma, stratified by histology type—the median age at PPAS diagnosis was 52 IQR, 41-62) years
and ranged from 14-94 years. Overall, there was a non-significant relationship of tumor type by age. PPAS, primary pulmonary artery sarcoma;
IQR, interquartile range.
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Figure S2 Duration of follow-up after diagnosis of pulmonary artery sarcoma-histology type and follow-up duration following diagnosis
were reported among 333 PPAS cases. The various histology types are ordered by median follow-up duration. Outliers outside of the 95%

confidence intervals are represented by open circles. PPAS, primary pulmonary artery sarcoma.
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Figure S3 Estimated survival after diagnosis of PA sarcoma, stratified by reported treatment with chemotherapy. PA, pulmonary artery.



