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Abstract
Background: Angiosarcoma is an aggressive tumor. Recent case series describe exceptional responses to
checkpoint blockade in this disease.
Methods: Herein, we explored the genomic correlates of 48 angiosarcomas from the Angiosarcoma Project (12,499
variants analyzed in 6603 genes; whole-exome sequencing) versus 10,106 pan-cancer tumors in The Cancer
Genome Atlas including 235 sarcomas but no angiosarcoma.
Results: At the molecular level, angiosarcomas were heterogeneous. Those located in the face and scalp presented
high tumor mutation burden, missense amino acid variations biased towards more hydrophobic (and therefore
more immunogenic) peptides, and ultra-violet mutational signature.
Conclusions: Angiosarcoma molecular features are similar to those observed in melanoma and other skin tumors
and may explain comparable immunotherapy sensitivity of these tumor types.
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Background
Angiosarcoma is a highly aggressive cancer of endothelial cells. Patients diagnosed with angiosarcoma lesions
have poor survival, with a 5-year survival estimated
around 20–35%. This rate is possibly explained by an advanced stage at presentation, lack of complete excision,
and high prevalence of recurrence and distant metastases [1]. Primary sites for angiosarcoma demonstrate distinct survival rates: soft-tissue angiosarcomas and breast
angiosarcomas present the best 5-year overall survival
rates of 74% and 51%, respectively, while visceral angiosarcomas of the liver and heart are almost universally
* Correspondence: aboichard@ucsd.edu
1
Center for Personalized Cancer Therapy, University of California, Moores
Cancer Center, La Jolla, CA 92093, USA
Full list of author information is available at the end of the article

fatal within 5 years from diagnosis [2]. Cutaneous angiosarcomas (representing up to 60% of all angiosarcomas)
have a relatively good prognosis compared with primary
tumors of other sites, with a 5-year overall survival of
43% [2]. Interestingly, angiosarcomas of the scalp seem
to be more aggressive than tumors of the face, with a 5year overall survival of 9% compared to 23% for other facial lesions [3].
Effective therapeutic options available for patients diagnosed with angiosarcoma can carry high morbidity
and often do not lead to durable response. Primary
treatment for localized disease includes surgery and radiation, with negative surgical margins difficult to obtain
due to the infiltrative growth pattern of the disease and
radiation therapy limited in cases of radiation-induced
tumors.
Systemic
chemotherapy,
predominantly
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using anthracyclines and taxanes, is the cornerstone of
treatment for metastatic and advanced disease [1, 4]. Recently, Florou et al. reported in a small case series exceptional response rates for checkpoint blockade immune
therapy. In 7 patients treated with checkpoint inhibitors,
5 (71%) responded positively [5]. This cohort included 5
head and neck (4 responders) and 2 breast angiosarcomas (1 responder). Before this report, anecdotal cases of
response to checkpoint blockade have been described
(Additional file 1: Table S1) [6–8]. Since many sarcomas
have low rates of response to immunotherapy, we explored the genomic correlates of angiosarcomas to determine if there are underlying features that might
predict checkpoint blockade sensitivity.
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Methods
We analyzed 10,106 pan-cancer tumor samples from
The Cancer Genome Atlas (TCGA https://www.cancer.
gov/about-nci/organization/ccg/research/structural-gen
omics/tcga) including 235 samples with sarcoma [9] and
441 samples with melanoma [10]. TCGA does not include angiosarcomas. We also evaluated molecular data
from 48 tumor samples corresponding to 36 unique patients that were downloaded from the Angiosarcoma
Project (https://ascproject.org/) [11]. Whole-exome sequencing extraction resulted in a total of 12,499 variants
analyzed (located in 6603 different genes) from the
angiosarcoma samples. Investigation of mutation signatures (30 different etiologies) was performed using the
Mutational Signature in Cancer (MuSiCa) [12] tool
available online at http://bioinfo.ciberehd.org:3838/
MuSiCa/.
For both TCGA and the Angiosarcoma Project cohorts, genomic variation descriptions were obtained by
whole-exome sequencing (WES) and inferred using the
MutSig2CV algorithm. TCGA data version from January
28, 2016, was used. To compare both cohorts, the total
number of mutations observed in a given sample was
considered. The tumor mutation burden for the Angiosarcoma Project samples was calculated by dividing the
total number of mutations in a given sample by the
length of genomic regions captured by WES. All data
generated for this study is available in Additional file 2:
Tables S2–3.

samples with sarcoma (none of which were angiosarcomas)
and 441 samples with melanoma.
Angiosarcoma tumors presented an average of 260
mutations per sample (from 8 to 2868 mutations per
sample). Higher mutation burden was observed in angiosarcomas of the face and scalp, presenting an average of
925 mutations per sample (N = 11 samples) (Fig. 1a). In
comparison to the face and scalp angiosarcomas, the
typical mutation burden in the non-face/non-scalp
angiosarcoma subgroup was 63 mutations per sample
(N = 37 samples; p value = 0.007); 212 mutations per
sample in the TCGA pan-cancer cohort (N = 10,106
samples; p value = 0.019); 74 mutations per sample in
the TCGA sarcoma cohort (N = 235 non-angiosarcoma
samples; p value = 0.008); and 742 mutations per sample
in the TCGA melanoma cohort (N = 441 samples; p
value = 0.496) (Fig. 1a).
The main nucleotide changes were G>A and C>T
transitions for 85% of the variants in the 48 angiosarcomas (N = 5392/12,499 and 5250/12,499 variants, respectively) (Fig. 1b). These variants resulted in missense (N =
7597/12,499 variants; 61%) or silent (N = 3931/12,499
variants; 31%) protein mutations (Fig. 1c). Missense
amino acid changes were biased towards more hydrophobic residues in 57% of the mutations (N = 4326/7597
variants); such changes represented 6 out of the 10 top
modifications (Fig. 1d). The mean hydrophobicity was
significantly higher after missense mutation in comparison to the human reference protein sequences (paired T
test p value < 0.0001; mean hydrophobicity change [95%
confidence interval] = + 0.9240 [(+ 0.8555) − (+ 0.9924)]
(as calculated by using the Kyte-Doolittle hydrophobicity
index where hydrophobic residues present an index
greater than zero).
The analysis of putative etiology of genomic point mutations observed in angiosarcoma (study of mutational
signatures) revealed that most angiosarcoma samples
present a high probability of variations caused by the
spontaneous demethylation of CpG islands. Face and
scalp angiosarcomas were more specifically impacted by
mutations previously attributed to ultra-violet (UV)
radiation exposure, and rare visceral angiosarcomas
presented high probability of mismatch repair deficiency
(Fig. 2).

Results
We analyzed a total of 12,499 point mutations identified
from a collection of 48 angiosarcoma tumor samples originating from 36 unique patients (collection publicly available from the Angiosarcoma Project https://ascproject.org/
), as well as the tumor mutation burden estimates of 10,106
pan-cancer tumor samples from TCGA (The Cancer Genome Atlas https://www.cancer.gov/about-nci/organization/
ccg/research/structural-genomics/tcga)
including
235

Discussion
Angiosarcoma samples are not specifically prone to
hypermutativity processes. However, some samples
showed a high number of variants (Fig. 1a). Interestingly,
high tumor mutation burden has already been described
as an independent immunotherapy predictive biomarker
in other tumor types such as melanoma, basal cell carcinoma, and squamous cell carcinoma [13, 14, 16–18].
Although no checkpoint blockade outcome data was
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Fig. 1 Distribution of mutations identified in the cohort of 48 angiosarcoma samples (The Angiosarcoma Project—https://ascproject.org/). a
Number of mutations per sample in the Angiosarcoma Project collection of 48 tumors (mean = 260 mutations/sample); the mean in the
subgroup of face and scalp angiosarcoma is 925 mutations/sample (N = 11 samples). In comparison, the mean number of mutations per sample
in The Cancer Genome Atlas (TCGA) pan-cancer cohort is 212 mutations/sample (N = 10,106 samples; p value = 0.019), in the sarcoma cohort is 74
mutations/sample (N = 235 samples; p value = 0.008), in the melanoma cohort is 742 mutations/sample (N = 441 samples; p value = 0.496), and in
the Angiosarcoma Project non-face/non-scalp subgroup is 63 mutations/sample (N = 37 samples; p value = 0.007). b–d Classification of mutations
observed in 48 angiosarcoma samples by physicochemical properties (nucleotide, mutation types, and amino acid changes). A total of 12,499
variants were analyzed. Hydrophobicity increase reflects greater immunogenicity, as described by [13–15]

available at the time of the analysis for the angiosarcoma
cohort, we can hypothesize that the high number of mutations observed in face and scalp angiosarcoma may be
a driver of favorable outcomes to checkpoint inhibitor
therapy in this disease. This hypothesis is consistent with
published anecdotal data (Additional file 1: Table S1)
demonstrating that response to anti-PD1 agents is seen
mostly in face and scalp angiosarcomas. Further clinical
investigation is warranted.
Genomic variants observed in angiosarcoma are biased
towards G>A and C>T transitions, and missense variants, when expressed, are more likely to results in more
hydrophobic amino acid residues (Fig. 1b–d). Peptide
hydrophobicity is known to correlate with increased antigenicity and immunogenicity [19, 20], and therefore,
the characteristics of the missense mutations observed
in angiosarcoma samples may confer a specific immune

environment and immunotherapy responsiveness to this
tumor type.
The observation of specific nucleotide changes could
be explained by specific causative events in angiosarcoma. For this reason, we performed an analysis of
mutational signatures of tumor samples, as described by
Alexandrov et al. [21]. Angiosarcoma samples present a
high probability of genomic variations caused by the
spontaneous demethylation of CpG island (a
phenomenon related to the aging process) except for
face and scalp angiosarcomas that seem to be specifically
impacted by ultra-violet (UV) light (Fig. 2). The UV light
signature is found in melanoma and other skin tumors
and may, therefore, be another similarity with tumor
types known to respond to PD-1/PD-L1 blockade. The
high prevalence of UV-induced genomic variants
appears to be a specific hallmark of face and neck
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Fig. 2 Mutational signature analysis of primary angiosarcoma (N = 48 samples, 12,499 single nucleotide variants analyzed). The figure shows that
face and scalp angiosarcomas often have high or intermediate mutation burden and UV light signature whereas other angiosarcomas have
mostly lower mutation burden and aging signatures. Each etiology was studied individually. The signature probability was calculated using the
entire set of variants in each sample. The probability (see green spectrum) is given as a number between 0 and 1: 0 corresponds to the lowest
probability that the causative event occurred in the tumor and 1 corresponds to the highest probability that the causative event occurred in the
tumor. Aging (as demonstrated by spontaneous demethylation of CpG islands), ultra-violet (UV) light exposure, and defective mismatch repair
(MMR) are the top-3 etiologies proposed. Abbreviations: APOBEC, apolipoprotein B mRNA editing enzyme, catalytic polypeptide-like; Mb,
megabase; MMR, mismatch repair; MSI, microsatellite instability; POLE, polymerase epsilon; POLH, polymerase eta; UV, ultra-violet

angiosarcoma, as recently described by the patientpartnered Angiosarcoma Project initiators [11].
To note, some non-face/non-scalp angiosarcomas also
present a mismatch repair (MMR) defect signature, another predictive marker for immunotherapy highly
correlated with elevated tumor mutation burden [22]
(Fig. 2). However, in published reports, angiosarcomas
and other tumors presenting with low tumor mutation
burden also responded to immunotherapies (Additional
file 1: Table S1). Therefore, a high prevalence of mutations in tumors does not always predict for response to
checkpoint blockade; other predictive biomarkers may
be important.
No PD-L1 protein evaluation was available from the
Angiosarcoma Project, and we could not assess for PDL1 expression in these samples. Previously published
reports show variable levels of PD-L1 expression in
angiosarcomas. A study of 24 primary angiosarcomas revealed PD-L1 expression in about 66% of samples; PDL1-positive samples were mainly observed in bone (4/
4—100%), soft tissue (4/5—80%), skin (3/4—75%), breast
(4/7—57%), and visceral (1/4—25%) localizations [23].
Other reports described lower rates of PD-L1 tumor expression, estimated between 14% and 19% [24, 25]. It is
also known that 60% of canine hemangiosarcomas, a
tumor entity sharing high molecular resemblance with
human angiosarcoma [15], express PD-L1 [26]. Both

human and veterinary studies may highlight an important specificity of angiosarcoma tumors and explain, at
least in part, their exquisite sensitivity to checkpoint
inhibitors.

Conclusions
In this study, we aimed to describe potential molecular
biomarkers explaining the initial reports of angiosarcoma sensitivity to checkpoint inhibitors. Our analysis,
based on a public dataset derived from 48 tumor samples available from the Angiosarcoma Project (https://
ascproject.org/), indicates that, at the genomic level,
angiosarcomas are heterogeneous. Of interest, facial and
scalp angiosarcomas harbor high tumor mutation burden and ultraviolet (UV) light mutational signature [21],
both features that have been implicated in checkpoint
blockade responsiveness [16]; the mutations in these tumors also create an amino acid shift towards hydrophobicity, which is associated with immunogenic neopeptides.
Our study has several limitations including the lack of
clinical correlative data, lack of PD-L1 expression data,
and the restricted number of samples. Future investigations will be needed to address these issues. Even so, the
description of the mutational landscape of angiosarcomas may help to elaborate on specific therapeutic approaches. Interestingly, there are now clinical trials
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assessing the efficacy of immunotherapeutic agents in
patients with angiosarcoma. These include a phase II
clinical trial of dual PD-1 and CTLA-4 inhibition with
nivolumab and ipilimumab (DART trial, NCT02834013),
a similar phase II trial of dual PD-L1 and CTLA-4
inhibition with durvalumab and tremelimumab
(NCT028115995), and a combination of the PD-L1 inhibitor avelumab with the standard chemotherapeutic
agent paclitaxel (NCT03512834). These trials should further elucidate the activity and molecular correlates of
checkpoint blockade in this disease and whether mutational burden/UV signature determines response, as well
as predominant sites (such as scalp and face angiosarcomas) that are most likely to be successfully treated with
immunotherapy.
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immunotherapy by checkpoint PD-1/PD-L1 blockade previously
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Abbreviations
CTLA-4: Cytotoxic T-lymphocyte-associated protein 4; MMR: Mismatch repair;
MuSiCa: Mutational Signature in Cancer; MutSig2CV: Mutation Significance
version 2CV; N: Number; PD1: Programmed cell death 1; PD-L1: Programmed
death-ligand 1; TCGA: The Cancer Genome Atlas; UV: Ultra-violet;
WES: Whole-exome sequencing
Acknowledgements
Not applicable.
Authors’ contributions
A.B. and R.K. designed the project; A.B. performed the formal data analyses;
A.B., R.K., and M.W. wrote, reviewed, and edited the manuscript. All authors
read and approved the final manuscript.
Funding
This study was funded in part by the Joan and Irwin Jacobs Fund and by
the National Cancer Institute grant P30 CA023100 (R.K.).
Availability of data and materials
All data used in this study originating from the Angiosarcoma Project [11]
and The Cancer Genome Atlas sarcoma [9] and melanoma [10] cohorts
(TCGA https://www.cancer.gov/about-nci/organization/ccg/research/
structural-genomics/tcga) is publicly available through the cBioPortal website
(https://www.cbioportal.org/). All results generated for this study
are available in Additional file 2: Tables S2–3
Ethics approval and consent to participate
Not applicable.
Data used in this study originate from the Angiosarcoma Project and The
Cancer Genome Atlas program.
The Angiosarcoma Project is a patient-driven initiative including genomic
data, patient-reported data, medical record data, and pathology report data
from 48 consented angiosarcoma patients. All annotations have been deidentified. More information is available at www.ascproject.org.

Page 5 of 6

The Cancer Genome Atlas project is a cancer genomics program led by the
National Cancer Institute and the National Human Genome Research
Institute, allowing the molecular characterization (genomic, epigenomic,
transcriptomic, and proteomic data) of more than 20,000 primary cancer and
matched normal samples spanning 33 cancer types. The corresponding data
was collected respectively to the TCGA Human Subjects Protection and Data
Access Policies available at https://www.cancer.gov/about-nci/organization/
ccg/research/structural-genomics/tcga/history/policies/tcga-human-subjectsdata-policies.pdf.

Consent for publication
Not applicable (study using de-identified data).

Competing interests
R.K. has the following disclosure information: Stock and Other Equity
Interests (IDbyDNA, CureMatch, Inc., and Soluventis); Consulting or Advisory
Role (Gaido, LOXO, X-Biotech, Actuate Therapeutics, Roche, NeoMed, Soluventis, Pfizer, and Merck); Speaker’s fee (Roche); Research Funding (Incyte,
Genentech, Merck Serono, Pfizer, Sequenom, Foundation Medicine, Guardant
Health, Grifols, Konica Minolta, DeBiopharm, Boerhringer Ingelheim, and
OmniSeq [All institutional]); Board Member (CureMatch, Inc., and CureMetrix,
Inc.). M.W. has clinical research funding from Athenex and Adaptimmune
and consultant fees from Adaptimmune, Tempus, and Deciphera.
A.B. declares no competing interests.
Author details
1
Center for Personalized Cancer Therapy, University of California, Moores
Cancer Center, La Jolla, CA 92093, USA. 2Divison of Medical Oncology,
University of Washington and Clinical Research Division, Fred Hutchinson
Cancer Research Center, Seattle, WA, USA.
Received: 12 February 2020 Accepted: 10 June 2020

References
1. Singla S, et al. Challenges in the treatment of angiosarcoma: a single
institution experience. Am J Surg. 2014;208:254–9.
2. Fayette J, et al. Angiosarcomas, a heterogeneous group of sarcomas with
specific behavior depending on primary site: a retrospective study of 161
cases. Ann Oncol Off J Eur Soc Med Oncol. 2007;18:2030–6.
3. Bernstein JM, et al. Survival outcomes for cutaneous angiosarcoma of the
scalp versus face. Head Neck. 2017;39:1205–11.
4. Shen CJ, et al. Combined modality therapy improves overall survival for
angiosarcoma. Acta Oncol Stockh Swed. 2017;56:1235–8.
5. Florou V, et al. Angiosarcoma patients treated with immune checkpoint
inhibitors: a case series of seven patients from a single institution. J
Immunother Cancer. 2019;7:213.
6. Sindhu S, Gimber LH, Cranmer L, McBride A, Kraft AS. Angiosarcoma treated
successfully with anti-PD-1 therapy - a case report. J. Immunother. Cancer.
2017;5:58.
7. Qiao Y, et al. Successful treatment with pazopanib plus PD-1 inhibitor and
RAK cells for advanced primary hepatic angiosarcoma: a case report. BMC
Cancer. 2018;18:212.
8. Hamacher, R. et al. Dramatic response of a PD-L1–positive advanced
angiosarcoma of the scalp to pembrolizumab. JCO Precis. Oncol. 1–7 (2018)
doi:https://doi.org/10.1200/PO.17.00107.
9. Abeshouse A, et al. Comprehensive and integrated genomic
characterization of adult soft tissue sarcomas. Cell. 2017;171:950–65.e28.
10. Akbani R. Genomic classification of cutaneous melanoma. Cell. 2015;161:
1681–96.
11. Painter CA, et al. The Angiosarcoma Project: enabling genomic and clinical
discoveries in a rare cancer through patient-partnered research. Nat Med.
2020;26:181–7.
12. Díaz-Gay M, et al. Mutational Signatures in Cancer (MuSiCa): a web
application to implement mutational signatures analysis in cancer samples.
BMC Bioinformatics. 2018;19:224.
13. Nikanjam M, Cohen PR, Kato S, Sicklick JK, Kurzrock R. Advanced basal cell
cancer: concise review of molecular characteristics and novel targeted and
immune therapeutics. Ann Oncol. 2018;29:2192–9.

Boichard et al. Genome Medicine

(2020) 12:61

14. Goodman AM, et al. Phenotypic and genomic determinants of
immunotherapy response associated with squamousness. Cancer Immunol.
Res. 2019. https://doi.org/10.1158/2326-6066.CIR-18-0716.
15. Megquier K, et al. Comparative genomics reveals shared mutational
landscape in canine hemangiosarcoma and human angiosarcoma. Mol
Cancer Res MCR. 2019;17:2410–21.
16. Goodman AM, et al. Tumor mutational burden as an independent predictor
of response to immunotherapy in diverse cancers. Mol Cancer Ther. 2017;
16:2598–608.
17. Goodman AM, Sokol ES, Frampton GM, Lippman SM, Kurzrock R.
Microsatellite-stable tumors with high mutational burden benefit from
immunotherapy. Cancer Immunol Res. 2019. https://doi.org/10.1158/23266066.CIR-19-0149.
18. Goodman AM, et al. Genomic landscape of advanced basal cell carcinoma:
implications for precision treatment with targeted and immune therapies.
Oncoimmunology. 2017;7(3):e1404217.
19. Germain RN. MHC-dependent antigen processing and peptide presentation:
providing ligands for T lymphocyte activation. Cell. 1994;76:287–99.
20. Huang L, Kuhls MC, Eisenlohr LC. Hydrophobicity as a driver of MHC class I
antigen processing. EMBO J. 2011;30:1634–44.
21. Alexandrov LB, et al. Signatures of mutational processes in human cancer.
Nature. 2013;500:415–21.
22. Le DT, et al. PD-1 blockade in tumors with mismatch-repair deficiency. N
Engl J Med. 2015;372:2509–20.
23. Botti G, et al. Programmed death ligand 1 (PD-L1) expression in primary
angiosarcoma. J Cancer. 2017;8:3166–72.
24. Bagaria SP, et al. Association between programmed death-ligand 1
expression and the vascular endothelial growth factor pathway in
angiosarcoma. Front Oncol. 2018;8:71.
25. Kösemehmetoğlu K, Özoğul E, Babaoğlu B, Tezel GG, Gedikoğlu G.
Programmed death ligand 1 (PD-L1) expression in malignant mesenchymal
tumors. Turk Patoloji Derg. 2017;1:192–7.
26. Maekawa N, et al. Immunohistochemical analysis of PD-L1 expression in
canine malignant cancers and PD-1 expression on lymphocytes in canine
Oral melanoma. PLoS One. 2016;11.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 6 of 6

