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Abstract: Primary pulmonary hemangiosarcoma (PPHS) is an extraordinarily rare disorder. The objective of this
study was to investigate the demographic characteristics and prognostic factors of patients with PPHS. Patients
diagnosed with PPHS between 2000 and 2020 based on data from the Surveillance, Epidemiology, and End Results
(SEER) database were retrospectively analyzed. Survival analysis was performed using the survival package of R
(4.2.0). Univariate and multivariate Cox proportional hazards models were used to analyze independent prognos-
tic factors. A nomogram was constructed by the R Regression Modeling Strategies (rms) package. A total of 123
patients with PPHS were included in this study; their mean survival time was 13.8 months. Further investigation
revealed that the disease-specific survival rates of patients with PPHS at 1, 2, 3, and 5 years were 20.17%, 14.29%,
10.08%, and 5.88% respectively. In the regression analysis, age, tumor status, and treatment were identified as
risk factors for patients with PPHS. In addition, chemotherapy was crucial for the treatment of patients with PPHS
(P < 0.05). Finally, the nomogram we constructed to predict 0.5-, 1-, 2-, and 3-year disease-specific survival in
patients with PPHS showed good accuracy (concordance index: 0.769). Age, tumor laterality, and tumor size were
independent factors affecting the prognosis of patients with PPHS, and chemotherapy may significantly improve the
long-term prognosis.
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dence rate of 0.001%-0.030%. Due to the diffi-
culty in diagnosis and inadequate treatment,
the mortality rate of patients with PPHS is very
high [6, 7]. PPHS originates from pulmonary
vascular endothelial cells, and is characterized
by a high degree of malignancy and strong inva-
sive ability even from the early stage of the dis-
ease; typical clinical symptoms include thora-
calgia, hemoptysis, and dyspnea [8, 9]. More-
over, the pathogenesis of this disease has not
been fully elucidated. It may be associated with
chronic pulmonary infections, exposure to radio
therapy, and exposure to certain chemical sub-

Introduction

Hemangiosarcoma/angiosarcoma is a rare va
scular malignant tumor originating from endo-
thelial cells. It is widely distributed in all organs,
and most commonly develops in the skin of
individuals [1, 2]. The highly aggressive and
metastatic biological profile of hemangiosarco-
ma results in short patient survival [3]. At pres-
ent, there are no effective treatment guidelines
due to the rarity and genetic heterogeneity of
the disease [4]. Research on hemangiomas
remains inadequate, and identified risk factors
include genetic mutations, radio therapy, and

exposure to certain chemicals [5].

Primary pulmonary hemangiosarcoma (PPHS)
is an extraordinarily rare disorder with an inci-

stances (such as vinyl chloride and radon). The
incidence of PPHS is higher in males than
females (average age of onset: 54.7 years) [10].
In terms of clinical examination, imaging meth-
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ods such as high-resolution chest computed
tomography (CT) and positron emission tomog-
raphy-computed tomography (PET-CT) are help-
ful for lesion detection, prompt diagnosis, and
staging, while bronchoscopy and puncture
biopsy can be used for histopathologic diagno-
sis [10, 11]. The typical PPHS cytological signa-
ture is pleomorphic; these cells can be round,
polygonal or spindle-shaped, with or without an
epithelioid appearance, and with an atypical or
irregular nucleus [1]. In addition, vascular endo-
thelial markers are helpful in the diagnosis of
PPHS; commonly used markers include CD31,
CD34, and Friend leukemia virus integration 1
(FLI-1) [12].

Although PPHS is characterized by a high
degree of malignancy, the number of cases is
markedly lower than that of lung cancer. At
present, most studies on PPHS diseases are
case reports, and there are no trait analyses of
the overall population. In addition, there is no
standard treatment protocol for PPHS, and the
currently recommended treatment includes
surgery, radiotherapy, and chemotherapy [13].
In recent years, it has been reported that immu-
notherapy can improve the prognosis of such
patients. Nevertheless, improvement in surviv-
al remains a challenge due to the high degree
of malignancy of these tumors [14].

Given the rarity and high malignancy of PPHS,
as well as the limitations of current research,
the aim of this study was to investigate the clini-
cal characteristics of this disease and identify
risk factors associated with prognosis, based
on data from the SEER database. The ultimate
objective of this effort was to fill the gaps in
existing research, and provide a reference for
future studies and clinical practice.

Materials and methods
Patient selection

The inclusion criteria for patients with PPHS
were as follows: 1) diagnosis between 2000
and 2020; 2) age > 18 years; 3) initial diagnosis
of hemangiosarcoma/angiosarcoma confirmed
by pathology (primary site of the tumor: lung
and bronchus), with an International Classifi-
cation of Diseases for Oncology-3 code of
9120/3; and 4) absence of other tumors. The
exclusion criteria were: 1) insufficient demo-
graphic information (e.g., sex, age, race, and
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marital status); 2) insufficient follow-up data;
and 3) unclear cause of death.

Data collection

The data collected for patients with PPHS in-
cluded age at diagnosis, sex, marital status,
race, laterality, histologic grade, tumor size, T,
N, distant metastases, surgery, radiotherapy,
chemotherapy, summary stage, year of diagno-
sis, sequence number, survival time, and sur-
vival status.

Outcome measures

Disease-specific survival (DSS) was defined
as the time from diagnosis to cancer-specific
death or last follow-up, and was used as the pri-
mary endpoint of this study.

Statistical analysis

Categorical data (e.g., sex, laterality, and histo-
logic grade) were summarized using frequen-
cies and percentages. The comparisons among
these categories were performed using chi-
square test or Fisher’s exact test to assess the
statistical significance of observed differences.
In addition, the survival curve, constructed by
R version 4.2.0 (R Foundation for Statistical
Computing, Vienna, Austria), was used to ana-
lyze the DSS of patients. Univariate and multi-
variate Cox proportional hazards models were
used to analyze independent prognostic fac-
tors. Statistical analysis was performed using
SPSS version 23.0 (IBM Corp., Armonk, NY,
USA). The prognostic assessment of patients
with PPHS using clinical prediction models was
based on nomograms and performed with the
R Regression Modeling Strategies (rms) pack-
age. The discriminative ability of the model was
evaluated using the concordance index (C-in-
dex); a C-index > 0.7 indicates excellent dis-
criminative performance. p-values < 0.05 indi-
cated a significant difference.

Results

Demographic and clinicopathological charac-
teristics of PPHS

The incidence of PPHS in 2000-2020 was 1.3
per 100,000 individuals. A total of 123 patients
with PPHS patients, 74 males (60.2%) and 49
females (39.8%), were included in this study.
The main patient characteristics are shown in
Table 1. The age of onset for 64 patients (52%)
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Table 1. Comparison of baseline characteristics between patients who survived and those who died

Characteristic Total Alive Dead X p-value
Sex 1.000 0.317
Female 49 (39.8%) 2 (20%) 47 (41.6%)
Male 74 (60.2%) 8 (80%) 66 (58.4%)
Age at diagnosis 0.000 1.000
< 65 years 64 (52%) 5 (50%) 59 (52.2%)
> 65 years 59 (48%) 5 (50%) 54 (47.8%)
Marital status 0.315
Married 67 (54.5%) 7 (70%) 60 (53.1%)
Single 21 (17.1%) 2 (20.0%) 19 (16.8%)
Other 26 (21.1%) 0 (0.0%) 26 (23.0%)
Unknown 9 (7.3%) 1 (10.0%) 8 (7.1%)
Race 0.139
White 95 (77.2%) 7 (70.0%) 88 (77.9%)
Black 15 (12.2%) 3 (30.0%) 12 (10.6%)
Other 13 (10.6%) 0 (0.0%) 13 (11.5%)
Laterality 0.349
Bilateral 11 (8.9%) 0 (0.0%) 11 (9.7%)
Left 41 (33.3%) 6 (60.0%) 35 (31.0%)
Right 65 (52.8%) 4 (40.0%) 61 (54.0%)
Other 6 (4.9%) 0 (0.0%) 6 (5.3%)
Histological grade 0.728
I 1 (0.8%) 0 (0.0%) 1 (0.9%)
Il 5 (4.1%) 0 (0.0%) 5 (4.4%)
v 24 (19.5%) 2 (20.0%) 22 (19.5%)
VI 17 (13.8%) 0 (0.0%) 17 (15.0%)
Unknown 76 (61.8%) 8 (80.0%) 68 (60.2%)
Tumor size 0.070
<3 7 (13.8%) 1 (10.0%) 6 (14.2%)
3-5 23 (18.7%) 4 (40.0%) 19 (16.8%)
>5 1 (17.1%) 3 (30.0%) 18 (15.9%)
Unknown 2 (50.4%) 2 (20.0%) 0 (53.1%)
T stage 0.016*
T1 8 (6.5%) 3 (30.0%) 5 (4.4%)
T2 5 (4.1%) 0 (0.0%) 5 (4.4%)
T3 4 (3.3%) 1 (10.0%) 3(2.7%)
T4 6 (4.9%) 1 (10.0%) 5 (4.4%)
Unknown 100 (81.3%) 5 (50.0%) 95 (84.1%)
N stage 0.211
NO 17 (13.8%) 3 (30.0%) 14 (12.4%)
N1 6 (4.9%) 1 (10.0%) 5 (4.4%)
N2 1 (0.8%) 0 (0.0%) 1 (0.9%)
Unknown 99 (80.5%) 6 (60.0%) 93 (82.3%)
Distant metastases 0.234
Yes 40 (32.5%) 2 (20.0%) 38 (33.6%)
No 32 (26.0%) 5 (50.0%) 27 (23.9%)
Unknown 51 (41.5%) 3 (30.0%) 48 (42.5%)
6193 Am J Transl Res 2025;17(8):6191-6202
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Surgery 0.000 1.000
Yes 48 (39%) 4 (40%) 44 (38.9%)
No/Unknown 75 (61.0%) 6 (60%) 69 (61.1%)

Radiotherapy 0.375 0.540
Yes 22 (17.9%) 3 (30%) 19 (16.8%)
No/Unknown 101 (82.1%) 7 (70%) 94 (83.2%)

Chemotherapy 0.544 0.461
Yes 54 (43.9%) 6 (60.0%) 48 (42.5%)
No/Unknown 69 (56.1%) 4 (40.0%) 65 (57.5%)

Summary stage 0.291
Distant 83 (67.5%) 5 (50.0%) 78 (69.0%)
Localized 15 (12.2%) 3 (30.0%) 12 (10.6%)
Regional 22 (17.9%) 2 (20.0%) 20 (17.7%)
Unstaged 3 (2.4%) 0 (0.0%) 3(2.7%)

Year of diagnosis 0.055
2000-2006 35 (28.5%) 1 (10.0%) 34 (30.1%)
2007-2013 36 (29.3%) 1 (10.0%) 35 (31.0%)
2013-2020 52 (42.3%) 8 (80.0%) 44 (38.9%)

Sequence number 0.030 0.861
1st 83 (67.5%) 6 (60.0%) 77 (68.1%)
2nd 40 (32.5%) 4 (40.0%) 36 (31.9%)

*P < 0.05.

was < 65 years, and more than half (54.5%)
were married. In terms of racial distribution, the
majority were White (77.2%), and the remaining
were Black (12.2%) and other races (10.6%).
Regarding tumor laterality in the lungs, the
tumors were located in the right, left, and bilat-
eral lungsin 65, 41, and 11 cases, respectively.
Among the 61 patients with histologic grades,
1 (0.8%), 5 (4.1%), 24 (19.5%), and 17 (13.8%)
cases had grade |, II, lll, and IV disease, respec-
tively. Data on the size of the hemangiosarco-
ma were available for only half of the patients
(i.,e.,, <3cm:n=17;3-5cm: n=23;and > 5
cm: n = 21). Unfortunately, T and N staging
data were missing for most patients. Notably,
40 patients developed distant metastases
(32.5%), including bone, brain, and liver. 32
patients did not develop metastases (26.0%).
The treatment of PPHS included surgery (n =
48; 39%), radiotherapy (n = 22; 17.9%), and
chemotherapy (n = 54; 43.9%). Summary stage
is the definition of tumor invasion in the SEER
database, including localized, regional, and dis-
tant. After statistical analysis, 83 (67.5%), 15
(12.2%), and 22 (17.9%) cases were classifi-
ed as distant, localized, and regional, respec-
tively; the remaining three cases had no stag-
ing. Importantly, the incidence of PPHS contin-
ued to increase over time. Unfortunately, 113
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patients (91.9%) died from PPHS, and only 10
patients (8.1%) were still alive or died from
other causes. Of note, T staging was significant-
ly different between these two groups (P <
0.05).

Univariate and multivariable survival analyses

Univariate and multivariable survival analyses
should be based on patients with PPHS with
complete follow-up data. In this study, a total of
119 patients with PPHS had valid follow-up
data, and their mean survival time was 13.8
months. Further investigation revealed that the
DSS rates of patients with PPHS at 1, 2, 3, and
5 years were 20.17%, 14.29%, 10.08%, and
5.88% respectively. As shown in Table 2, uni-
variate survival analysis showed that age, later-
ality, tumor size, surgery, and chemotherapy
were associated with DSS (P < 0.05). However,
other factors including histologic grade, T stage,
N stage, radiotherapy, and distant metastasis
did not affect survival. A multivariate survival
analysis was performed, yielding partially simi-
lar results to those of the univariate regression
analysis. Laterality, summary stage, tumor si-
ze, and distant metastasis were significantly
associated with DSS (P < 0.05) (Table 2).
Chemotherapy was identified as crucial for
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Table 2. Univariate and multivariate analyses of DSS in patients with PPHS

Factor

Category

Univariate analysis

Multivariable analysis

HR 95% ClI p-value HR 95% Cl p-value

Age < 65/> 65 years 1.477 1.005-2.170 0.047* 1.389 0.853-2.261 0.187
Sex Female/Male 0.912 0.619-1.344 0.643 1.077 0.680-1.706 0.751
Race White 0.569 0.372
Black 1.123 0.611-2.064 0.708 1.107 0.534-2.295 0.785

Other 1.365 0.757-2.462 0.301 1.675 0.816-3.436 0.159

Laterality Right 0.050 0.192
Bilateral 2.323 1.172-4.603 0.016* 2.285 1.071-4.761 0.032*

Left 0.843 0.551-1.291 0.432 1.136 0.682-1.893 0.624

Other 1.224  0.490-3.062 0.665 0.982 0.348-2.766 0.972

Histological grade  Unknown 0.717 0.343
Grade 2 0.586 0.234-1.463 0.252 1.812 0.571-5.754 0.313

Grade 3 0.928 0.570-1.512 0.766 1.366 0.747-2.498 0.311

Grade 4 0.920 0.538-1.574 0.762 1.682 0.894-3.164 0.107

Summary stage Unstaged 0.071 0.035%
Distant 0.458 0.111-1.885 0.280 0.284 0.064-1.270 0.100

Localized 0.250 0.054-1.150 0.075 0.109 0.019-0.620 0.012*

Regional 0.293 0.067-1.281 0.103 0.338 0.065-1.753 0.196

T stage Unknown 0.785 0.338
T1 0.876 0.355-2.163 0.774 1.246 0.306-5.063 0.759

T2 0.905 0.367-2.231 0.828 3.681 0.969-13.981 0.056

T3 1.026 0.324-3.252 0.966 1.103 0.295-4.126 0.884

T4 0.518 0.190-1.415 0.199 0.633 0.132-3.024 0.566

N stage Unknown 0.413 0.127
NO 1.045 0.582-1.877 0.882 0.775 0.281-2.134 0.622

N1 0.476 0.174-1.299 0.147 0.595 0.120-2.953 0.525

N2 0.418 0.058-3.021 0.387 0.048 0.004-0.591  0.018*

Surgery Yes/No, Unknown  1.559 1.045-2.325 0.029* 1.653 0.920-2.969 0.093
Radiotherapy Yes/No, Unknown 1.537 0.925-2.556 0.097 1.137 0.576-2.242 0.712
Chemotherapy Yes/No, Unknown 1.679 1.137-2.479 0.009* 3.320 2.030-5.429 0.000*
Tumor size Unknown 0.174 0.136
>5cm 0.717 0.421-1.222 0.222 0.752 0.391-1.445 0.392

<3cm 0.862 0.487-1.527 0.611 0.740 0.371-1.476 0.393

3-5¢cm 0.569 0.337-0.961 0.035* 0.467 0.247-0.882 0.019*

Distant metastases Yes 0.122 0.035%
No 0.650 0.391-1.082 0.098 0.523 0.273-1.001 0.050

Unknown 0.651 0.415-1.021 0.062 0.470 0.259-0.852  0.013%*

*P < 0.05. Cl, confidence interval; DSS, disease-specific survival; HR, hazard ratio; PPHS, primary pulmonary hemangiosar-

coma.

patients with PPHS. Both univariate and multi-
variate regression analyses showed that pa-
tients who received chemotherapy had a better
prognosis than those who did not receive che-
motherapy (P < 0.01).

This study also analyzed risk factors within age
and summary stage subgroups (Table 3). For
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patients aged < 65 years, summary stage, N
stage, and distant metastasis were significant-
ly associated with DSS. For those aged > 65
years, sex, summary stage, and tumor size
were significantly associated with DSS (P <
0.05). In addition, chemotherapy was the most
important factor in both subgroups (P < 0.01).
For patients aged > 65 years, radiotherapy also

Am J Transl Res 2025;17(8):6191-6202



Pulmonary hemangiosarcoma: SEER analysis

Table 3. Multivariate analyses of DSS in patients stratified by age

Multivariable analysis

Factor Category Patients aged < 65 years Patients aged > 65 years
HR 95% ClI p-value HR 95% Cl p-value
Sex Female/Male 0.660 0.321-1.356 0.258 3.102 1.232-7.811 0.016*
Race White 0.072 0.529
Black 1.972 0.520-7.477 0.318 1.264 0.319-5.014 0.739
Other 4216 1.225-14.507 0.022* 2,558 0.499-13.103 0.260
Laterality Right 0.827 0.172
Bilateral 1.490 0.362-6.130 0.581 3.252 0.872-12.126 0.079
Left 1.453 0.623-3.389 0.388 0.806 0.291-2.229 0.677
Other 1.344 0.141-12.810 0.797 0.716 0.136-3.762  0.693
Histologic grade Unknown 0.997 0.999
Grade 2 0.976  0.247-3.851 0.972
Grade 3 1.106 0.324-3.771 0.872 1.018 0.372-2.787 0.972
Grade 4 1.084 0.433-2.714 0.863 0.985 0.343-2.826 0.977
Summary stage Unstaged 0.069 0.102
Distant 0.066 0.006-0.704 0.024*  0.201 0.016-2.509 0.213
Localized 0.022 0.001-0.366 0.008* 0.040 0.002-0.831 0.038*
Regional 0.086 0.007-1.109 0.060 0.166 0.012-2.280 0.179
T stage Unknown 0.417 0.878
T1 0.676 0.058-7.822 0.754 0.363 0.017-7.861  0.519
T2 10.654 0.820-138.428 0.071 1.165 0.088-15.518 0.908
T3 0.368 0.026-5.120 0.456 1.648 0.270-10.062 0.589
T4 1.311 0.097-17.791  0.839 0.299 0.014-6.433 0.441
N stage Unknown 0.074 0.570
NO 0.411 0.099-1.714 0.222 3.037 0.360-25.651 0.308
N1 0.349 0.029-4.231 0.409 1.532 0.025-93.490 0.839
N2 0.016 0.001-0.513 0.019*
Surgery Yes/No, Unknown 1.362 0.483-3.835 0.559 1.456 0.548-3.867 0.451
Radiotherapy Yes/No, Unknown 1.673 0.652-4.293 0.284 0.146 0.032-0.674 0.014*
Chemotherapy Yes/No, Unknown 3.727 1.654-8.397 0.002* 9.476 2.866-31.328 0.000*
Tumor size Unknown 0.251 0.116
<3cm 1.415 0.468-4.282 0.539 0.758 0.257-2.239 0.617
>5cm 0.801 0.302-2.127 0.656 0.330 0.100-1.090 0.069
3-5¢cm 0.428 0.161-1.134 0.088 0.257 0.071-0.931  0.039*
Distant metastases Yes 0.001~* 0.691
No 0.181 0.041-0.813 0.026* 0.787 0.248-2.499 0.685
Unknown 0.171  0.068-0.426 0.000* 1.170 0.344-3.980 0.802

*P < 0.05. Cl, confidence interval; DSS, disease-specific survival; HR, hazard ratio.

improved outcomes (P < 0.05). For patients
with local and regional PPHS, low pathologic
grade and surgery similarly improved prognosis
(P < 0.05) (Table 4). Of note, chemotherapy sig-
nificantly improved patient prognosis regard-
less of the tumor status (i.e., in situ or meta-
static) (P < 0.01).

Furthermore, we constructed a Kaplan-Meier
survival curve based on the aforementioned
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prognostic factors. Figure 1 shows that the
prognosis of patients aged < 65 years and of
those with distant metastasis was poor (P <
0.05 for both). However, treatment with chemo-
therapy (P < 0.01) and surgery (P < 0.05) im-
proved patient prognosis.

Finally, to enhance the applicability of the clini-
cal prediction model, we developed a nomo-
gram to predict 0.5-, 1-, 2-, and 3-year DSS in
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Table 4. Multivariate analyses of DSS in patients stratified by summary stage

Multivariable analysis

Factor Category Localized/Regional stage Distant stage
HR 95% Cl p-value HR 95% ClI p-value
Age <65/>65years 0.345 0.080-1.489 0.154 0.844 0.464-1.537 0.580
Sex Female/Male 0.877 0.133-5.805 0.892 1.197 0.683-2.099 0.530
Race White 0.379 0.379
Black 0.000 0.000 0.974 1.456 0.625-3.392 0.384
Other 9.771 0.395-241.946 0.164 1.666 0.764-3.635 0.199
Laterality Right/Left 0.461 0.062-3.423 0.449 Right 0.402
Bilateral 1.935 0.888-4.217 0.097
Left 1.046 0.550-1.989 0.891
Other 0.978 0.330-2.892 0.967
Histologic grade Unknown 0.069 0.301
Grade 2 0.004 0.000-0.595 0.030* 1.326 0.273-6.437 0.726
Grade 3 2.855 0.665-12.268 0.158 1.229 0.555-2.722 0.611
Grade 4 0.652 0.089-4.793 0.674 2120 0.980-4.584 0.056
T stage Unknown 0.193 0.898
T1 1.582 0.010-243.747 0.858 0.785 0.134-4.604 0.789
T2 16.128 0.447-581.381 0.128
T3 0.505 0.054-4.697 0.548 1.594 0.145-17.509 0.703
T4 584.618 1.152-296777.331 0.045* 0.585 0.114-3.006 0.521
N stage Unknown 0.038* 0.418
NO 0.014 0.000-2.301 0.101 1.004 0.346-2.911 0.994
N1 7.509 0.071-789.072 0.396 0.258 0.034-1.931 0.187
N2 0.003 0.000-0.824 0.043*
Surgery Yes/No, Unknown 18.535 2.534-135.602 0.004* 0.960 0.466-1.977 0.912
Radiotherapy Yes/No, Unknown 4.969 0.889-27.777 0.068 0.717 0.325-1.585 0.411
Chemotherapy Yes/No, Unknown 14.727 2.652-81.793 0.002* 3.074 1.620-5.834 0.001*
Tumor size Unknown 0.405 0.172
<3cm 2.135 0.149-30.495 0.576 0.788 0.326-1.908 0.598
>5cm 0.292 0.30-2.858 0.290 0.633 0.271-1.479 0.291
3-5cm 1.253 0.127-12.345 0.847 0.416 0.188-0.919 0.030
Distant metastases No/Unknown 0.484 0.130-1.802 0.279 Yes 0.195
No 0.609 0.285-1.302 0.201
Unknown 0.581 0.300-1.125 0.107

*P < 0.05. Cl, confidence interval; DSS, disease-specific survival; HR, hazard ratio.

patients with PPHS (Figure 2A). The C-index of
the nomogram was 0.769 (> 0.7 indicates a
better prediction model). Furthermore, Figure
2B shows that the calibration and reference
lines almost overlapped, confirming the good
performance of the predictive model.

Discussion

PPHS, a type of malignant tumor of the lungs,
has a low incidence rate and a high degree of
malignancy. The investigation of PPHS is cur-
rently limited. Few basic research studies have
focused on PPHS, and the existing relevant lit-
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erature mostly consists of case reports. Case
reports do not include clinicopathological fea-
ture analysis and follow-up. Hence, their useful-
ness for an in-depth study of PPHS is limited.
Therefore, to fully investigate PPHS, we retro-
spectively analyzed the clinical features, treat-
ment, and prognostic factors of patients with
PPHS based on data from the SEER database.

In this study, 123 patients with PPHS were ana-
lyzed. The majority of those patients were diag-
nosed with PPHS based on autopsy. The rela-
tive inadequacy of diagnosis and screening
results in a low detection rate. The incidence of
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Figure 1. Kaplan-Meier estimated DSS in patients with PPHS stratified by age (A), tumor laterality (B), summary
stage (C), tumor size (D), chemotherapy (E), and surgery (F). DSS disease-specific survival; PPHS, primary pulmo-

nary hemangiosarcoma.

PPHS is very low, and its etiology remains un-
known. Moreover, the early clinical manifesta-
tions are not specific, thereby complicating the
diagnosis. Screening by imaging and biomarker
analysis facilitates the detection and diagnosis
of PPHS. At present, CT and PET-CT have made
great contributions to the screening, staging,
and follow-up of PPHS [15]. CT, particularly
high-resolution CT, plays an important role in
the early screening of PPHS; the advantage of
PET-CT lies in the early detection of lesions and
the evaluation of curative effect [16, 17]. In
recent years, magnetic resonance imaging and
transesophageal echocardiography have also
been used in PPHS. Nonetheless, they have not
been widely used due to simple medical record
reports or the small numbers of samples in-
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cluded in clinical analyses. Since the imaging
findings of patients with PPHS are not specific,
it is often difficult to distinguish them from dis-
eases such as tuberculosis and other types
of metastatic tumors. Therefore, imaging data
can only provide a certain reference for the
diagnosis of this disease.

As vascular endothelial cells, PPHS can express
endothelial markers, such as CD31, CD34, FLI-
1, and cytokeratin (CK). Among them, CD31
is relatively specific but extremely sensitive
[18]. Histopathologic analysis remains the gold
standard for the diagnosis of malignancy. Use
of hematoxylin and eosin staining alone for the
diagnosis of primary pulmonary angiosarco-
ma is very difficult. Hence, the combination
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Figure 2. A. Nomogram predicting 0.5-, 1-, 2-, and 3-year DSS in patients with primary pulmonary hemangiosar-
coma. B. Calibration plots of the nomogram for DSS prediction. DSS disease-specific survival; OS, overall survival.

of these approaches with immunohistochemi- tions, all three conditions can present with
stry (CD34, CD31, factor Vlll-related antigen cough, dyspnea, and chest pain, while hemop-
[vir -Ag], S-100, HMB - 45, epithelial mem- tysis is more commonly associated with PPHS.
brane antigen [EMA], CK, thyroid termination In terms of imaging, PPHS is characterized by
factor [TTF]) is important for certainty. The multiple pulmonary nodules or consolidation,
prognosis of patients with hemangiosarcoma is pulmonary sarcoma typically manifests as sin-
extremely poor, with an average survival time of gle or multiple pulmonary nodules, and pulmo-
< 1 year for those with PPHS [19]. In this study, nary lymphoma is characterized by hilar or
the average survival time of patients with PPHS mediastinal lymphadenopathy and pulmonary
was only 13.8 months. This longer survival may parenchymal infiltration. In terms of prognosis,
be related to the availability of more treatment the average survival time of PPHS is less than 1
options. In the regression analysis, age, tumor year. Pulmonary sarcoma has a 5-year survival
status, and treatment were identified as risk rate mostly ranging between 10% and 30%.
factors for patients with PPHS. Clinically, PPHS Pulmonary lymphoma has a more diverse prog-
needs to be differentiated from lung cancer nosis, with 5-year survival rates for Hodgkin’s
(both small cell and non-small cell types), pul- lymphoma and non-Hodgkin’s lymphoma of
monary sarcoma, and pulmonary lymphoma [6, 60%-80% and 30%-50%, respectively.
2].

2t 22 Both survival and regression analyses showed
In terms of pathology, PPHS originates from that patients aged < 65 years had a worse
pulmonary vascular endothelial cells, pulmo- prognosis than those aged > 65 years. A possi-
nary sarcoma arises from interstitial tissues of ble reason for this observation is that older
the lung (e.g., smooth muscle and fibrous tis- patients tend to have insufficient functional
sue), and pulmonary lymphoma originates from reserves. The poor prognosis linked to bilateral-
lymphoid tissue. Regarding clinical manifesta- lung tumors may be associated with the large

6199 Am J Transl Res 2025;17(8):6191-6202



Pulmonary hemangiosarcoma: SEER analysis

tumor burden [20]. However, there were no sta-
tistically significant differences observed in
common tumor status indicators, such as stage
and grade, which may have ben caused by
missing follow-up data. Similar to other tumors,
treatment options for PPHS include surgery,
radiotherapy, and chemotherapy [21]. The re-
sults suggested that chemotherapy could sig-
nificantly improve the prognosis of patients
with PPHS. At present, the chemotherapy regi-
men for hemangiosarcoma includes doxorubi-
cin, ifosfamide, and paclitaxel [22]. Findings
from retrospective studies suggested that pa-
clitaxel improves survival in patients with cuta-
neous hemangiosarcoma [23-25].

Although PPHS is a vascular endothelial dis-
ease, antivascular endothelial growth factor
(antiVEGF) therapy has not shown efficacy [2,
26]. In recent years, the advent of immunother-
apy has achieved great progress in antitumor
therapy, and studies showed that immune
checkpoint inhibitors can improve the progno-
sis of patients with hemangiosarcoma [27].
Nonetheless, surgery remains the first treat-
ment choice for hemangiosarcoma [26]. In
terms of subgroups, patients aged > 65 years
may benefit from radio therapy (P = 0.014),
while those with local and regional PPHS may
benefit from surgery (P = 0.004). Importantly,
the survival analysis suggested that patients
with bilateral-lung tumors (P = 0.019) and dis-
tant metastases (P = 0.036) have a very poor
prognosis, which may be associated with the
larger tumor burden in the body. Moreover,
both surgery (P = 0.018) and chemotherapy
(P = 0.0047) can improve the prognosis of pa-
tients with PPHS. Based on the above analysis,
patients with PPHS in specific subgroups may
benefit from more tailored treatment plans.

For patients aged < 65 years with bilateral- lung
tumors or distant metastases, the prognosis is
generally poor. Hence, more aggressive treat-
ment strategies, such as combination thera-
pies, may be warranted. In contrast, for patients
aged > 65 years, treatment tolerance and pri-
orities may differ, necessitating adjusted treat-
ment plans. Additionally, for patients who are
ineligible for surgery, the combination of radio-
therapy and chemotherapy may offer additional
therapeutic benefits [28-30]. The limitation of
this analysis is that the database does not
include information on the exact chemotherapy
regimen administered to the patients. Notably,
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there has been an increasing number of reports
on the treatment and prognosis of PPHS. Lin et
al. reported a male patient with recurrent and
metastatic PPHS after surgery who achieved a
sustained remission of 6 months with liposo-
mal doxorubicin treatment [6]. Basiri et al. re-
ported that pazopanib and paclitaxel were used
to treat a female patient with PPHS; however,
due to the critical condition of the patient, she
survived for approximately 1 month [31]. Luan
et al. retrospectively analyzed 11 patients with
PPHS. The longest survival (i.e., 44 months)
was observed in a patient who received surgery
followed by chemotherapy with cyclophospha-
mide, doxorubicin, and vincristine; the remain-
ing patients received chemotherapy with or
without vascular-targeted drugs [32]. Wei et al.
demonstrated that the combination of pacli-
taxel and gemcitabine could reduce tumor size
and improve clinical symptoms [33].

The nomogram developed in this study is capa-
ble of predicting 0.5-, 1-, 2-, and 3-year DSS
based on individual patient characteristics,
thus providing clinicians with a practical tool
for prognostic assessment. The model exhibit-
ed good predictive accuracy, with a C-index of
0.769. The calibration curves further demon-
strated that the nomogram performed well in
estimating survival probabilities. This tool may
assist clinicians in making more informed treat-
ment decisions and help patients gain a better
understanding of their prognosis.

This study had several limitations. First, the
follow-up data for some patients in the SEER
database are missing; hence, the regression
analysis may have failed to fully reflect the influ-
ence of certain prognostic factors. The absen-
ce of Tand N stage data were particularly com-
mon, and this may have affected the accuracy
of the prognostic analysis. Since T and N stag-
es are important indicators for tumor staging,
lack of these data may lead to inaccurate as-
sessment of patient conditions, thereby influ-
encing the identification of prognostic factors
and risk assessment. Second, although this
study demonstrated the importance of chemo-
therapy in the treatment of patients with PPHS,
the specific chemotherapy regimens received
by the patients were not provided in the data-
base. This limits further analysis and compari-
son of the efficacy of different chemotherapy
regimens. In addition, despite the large amount
of data analyzed in this study from the SEER
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database, the database itself has certain limi-
tations, such as the lack of some clinical char-
acteristics (e.g., functional status of patients,
comorbidities) and treatment details (e.g., ex-
tent of surgery, radiation dose). The lack of this
information may not allow a more comprehen-
sive assessment of patient prognosis. Finally,
due to the retrospective nature of this study, it
is subject to inherent selection and information
biases. Future prospective studies are required
to further validate the findings of this study and
to explore the optimal treatment strategies for
PPHS.

Conclusions

Through an analysis of the clinicopathologic
characteristics of patients of PPHS using data
from the SEER database, this study showed
that age, tumor laterality, and tumor size were
independent factors affecting the prognosis of
patients with PPHS, and chemotherapy may
significantly improve the long-term prognosis of
such patients.
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