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Opinion statement

Despite their rarity, angiosarcomas are one of the most aggressive soft tissue sarcomas.
Management can often be challenging due to their location and infiltrative nature. A
multidisciplinary treatment approach is always warranted, but the recurrence remains high
even for localized tumors despite multimodality treatment. In the metastatic setting,
cytotoxic chemotherapies, targeted therapies, and, more recently, immunotherapy are
used. The sequence of systemic therapies remains currently a topic of active investigation.
Over the last couple of years, there have been significant advances in understanding
angiosarcoma biology, most notably via patient-driven initiatives like the Angiosarcoma
Project. The knowledge derived from such translational work has led to identifying
potential biomarkers of response to treatments and exploring new therapeutic avenues.
More clinical trials are underway to expand treatment options and improve patient
outcomes.
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Introduction

Angiosarcomas are highly aggressive, exceedingly rare
sarcomas representing less than 1% of all sarcomas [1].
The neoplastic cells exhibit endothelial differentiation
and are of vascular or lymphatic origin. Angiosarcoma
can develop throughout the body and occur at any age
but is most commonly diagnosed in adults aged 60-70
years old [2]. More than half of angiosarcomas are cuta-
neous, with the most common involved area being the
head and neck region, particularly the scalp [3]. The
remaining angiosarcomas can arise from the breast, soft
tissues, bones, and visceral organs such as the liver and
spleen [3].

Most angiosarcomas arise spontaneously, but there
are certain well-described risk factors. Radiation therapy
is an established risk factor for developing
angiosarcomas, namely radiation-associated
angiosarcomas, in any radiation-exposed body area [4].
Chronic lymphedema is also associated with
angiosarcomas and is called Steward-Treves syndrome
[4, 5]. Various carcinogens and chemicals such as vinyl
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chloride and thorium dioxide have been associated with
the development of hepatic angiosarcomas [4]. Several
genetic syndromes have also been recognized as risk
factors for angiosarcomas, including neurofibromatosis,
Maffucci syndrome, germline BRCA1 or BRCA2 muta-
tions, and Klippel-Trenaunay syndrome [4].

The treatment of angiosarcomas depends on the
stage and location. Surgical resection remains the main-
stay of therapy in localized disease, although it can often
be challenging to achieve negative margins due to the
infiltrative nature of the disease. Even with resection, the
local and distant recurrence rates are high. In metastatic
disease, systemic cytotoxic chemotherapy can induce
responses, although the duration is typically short, and
eventually, most patients succumb to the disease [6].

Herein we highlight the most clinically relevant up-
dates on angiosarcomas published in the last 2 years. We
also provide a brief overview of updated treatment ap-
proaches in localized and metastatic settings.

Knowledge of disease biology and clinical features

Despite the rarity of angiosarcomas, there have been fundamental advances in
unveiling angiosarcoma biology in the last couple of years. The progress in
understanding the disease has had treatment implications and was translated
into early clinical trials. The Angiosarcoma Project (ASC project), a patient-
driven research initiative, is the most notable example [7ee]. The ASC project
generated and published tumor genomic and germline data and clinical data
collected directly from patients throughout the United States. More than 300
patients were registered in 18 months, and 47 tumor samples from 36 patients
were subjected to whole-exome sequencing. The angiosarcomas were classified
into eight subclassifications: primary breast, cardiac, bladder, lung, HNFS
(head, neck, face, scalp), abdominal area, cutaneous RAAS (radiation-associat-
ed angiosarcoma), and angiosarcoma of the spleen [7ee].

From the genomic data, the most frequently mutated genes were TP53
(25%), KDR (22%), and PIK3CA (21%). The KDR and TP53 mutations were
mutually exclusive, with 89% of the KDR gene mutations observed in primary
breast angiosarcomas, and 82% of the TP53 mutations noted in the non-
primary breast angiosarcomas [7ee]. The PIK3CA alterations were also more
commonly found in the primary breast angiosarcomas (9/18 samples) vs. 1/29
non-primary breast angiosarcomas. Notably, preclinical data on some of the
PIK3CA mutations noted in this cohort (Arg88Gln, Prol124Leu, and
Gly914Arg) showed cell dependency on PIK3CA, suggesting potential activity

of PIK3a inhibition.
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Next, the tumor mutation burden (TMB) was reported for all the sequenced
samples. The HNFS angiosarcomas had a significantly higher median TMB than
the other angiosarcoma subtypes (20.7 mutations per megabase vs. 2.8). All the
HNES samples with high TMB (= 10) had the UV light-dominant mutational
signature suggesting that high TMB is caused by UV damage from sun exposure,
similarly to melanoma. This signature was only found in HNFS samples [7ee].
When subjected to mutational signature analysis, angiosarcomas had a high
probability of genomic variations secondary to CpG island demethylation
except for HNFS samples, which were impacted by the UV light, similarly to
melanoma and other skin malignancies [8].

These results were concordant with another recently published study on
angiosarcomas, where 18 samples were subjected to multiomic analysis [9]. The
majority of those patients had HNFS angiosarcoma (N = 13/18), and a distinct
UV signature was seen in six out of the 13 patients. These tumors also harbored
the highest TMB compared to the remaining tumors [9]. Gene expression
profiles of those tumors identified three distinct clusters; cluster 3 was the most
active in immune-related pathways with the highest tumor inflammation sig-
nature (TIS) scores. As expected, HNES angiosarcomas were dominant in clus-
ters 1 and 3, frequently with UV-related DNA damage with strongly enriched
immune cell types in cluster 3 [9].

Another recent study shed more light on the biology of angiosarcomas by
studying the genome-wide DNA methylation patterns of 36 samples across four
different clinical subtypes of angiosarcoma-radiation-associated, UV-associat-
ed, soft tissue, and visceral angiosarcoma [ 10]. DNA methylation reflects the cell
of origin and the changes in gene expression. The clinical subtypes correlated
with four distinct clusters. The UV and radiation associated fell into two distinct
groups, suggesting two different subtypes within each histology [10]. Overall,
the cluster in which both the UV and radiation-associated angiosarcoma fell
had, as expected, a higher number of chromosomal abnormalities. Interesting-
ly, the patients with angiosarcoma in the cluster with higher chromosomal
instability had more favorable survival [10]. MGMT methylation, which may
predict sensitivity to alkylating agents, was found in 19% of angiosarcomas,
none of which was either radiation or UV associated [10].

Other noteworthy developments include a meta-analysis which character-
ized the incidence and course of secondary angiosarcomas in the context of
chronic lymphedema or radiation. One hundred forty-eight studies were in-
cluded, with a total of 229 patients [11]. The majority of angiosarcomas were in
the breast (83 patients) and extremities (72 patients), and 72.5% of patients
were female. These secondary angiosarcomas have distinct features, including
the latency of presentation, which ranges from 2 to 50 years after the treatment
of the primary carcinoma, and their incidence mainly in older patients with an
average age of diagnosis of 65 years [11]. Another important aspect of secondary
angiosarcomas is their presentation, often appearing as nonspecific skin chang-
es such as erythematous rash or bluish skin discoloration, making diagnosis
particularly challenging [11]. Traditional imaging modalities such as PET/CT or
MRI can also be nonspecific or negative particularly in cutaneous presentations.
In all instances, clinical examination while maintaining a high index of suspi-
cion is vital in diagnosis. Prevention of postoperative lymphedema and early
diagnosis of secondary angiosarcomas constitute the best management and
offer the best chances for favorable outcomes.
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Clinical studies

Localized disease

The European Musculoskeletal Oncology Society (EMSOS) reported a large
retrospective study on bone angiosarcomas, an exceedingly rare type of
angiosarcoma, representing less than 1% of all bone tumors [12]. As with other
non-osteogenic bone sarcomas, the management is controversial and largely
not standardized due to their rarity. The EMSOS included 80 patients with
primary bone angiosarcomas treated across nine institutions in Europe. Meta-
static disease was present in 44% of patients at the time of diagnosis, higher
than other bone sarcomas [12]. As expected, there was variability in the types of
chemotherapy received, with 33% of patients receiving osteosarcoma-based
regimen and the remaining receiving soft tissue sarcoma regimens:
adriamycin/ifosfamide (22%), Paclitaxel (17%), and gemcitabine (11%). The
response rates in patients with metastatic disease who received adriamycin/
ifosfamide doublet vs. osteosarcoma-based regimen were similar [12]. The 5-
year overall survival was 41% for localized and 8% for metastatic disease [12].
For patients with localized disease, the 5-year progression-free survival was
better in those who received adjuvant chemotherapy than those who did not
(49% vs. 33%, respectively).

The standard treatment for localized angiosarcoma remains surgical resection
with adequate margins. However, the involved anatomic region may frequently
constitute the disease unresectable. This is particularly true in HNFS
angiosarcomas, where a large area of the scalp may be involved with no clear
margins. Angiosarcomas originating from large vessels or the heart also repre-
sent a challenge, and resection is often not feasible. Secondary angiosarcomas
are typically treated similarly to primary angiosarcomas.

There is no definitive data based on randomized studies supporting im-
provement in PFS and/or OS with systemic chemotherapy in this setting.
However, given the high recurrence and metastatic rates of localized
angiosarcomas [13], additional treatment modalities such as systemic chemo-
therapy and/or radiation are implemented to improve survival or to create
surgical options for initially unresectable disease. A few retrospective studies
were published last year regarding the use of systemic chemotherapy in the
localized setting.

Neoadjuvant chemotherapy may potentially facilitate surgical resection by
decreasing the tumor’s size and eradicate the micrometastatic disease. A recent
review reported the outcomes of six retrospective studies and 18 case reports
that included patients with localized angiosarcoma who received chemotherapy
before or after surgical resection [14]. The chemotherapy regimens used across
these studies included gemcitabine with docetaxel, doxorubicin with
ifosfamide, doxorubicin, ifosfamide, and Paclitaxel alone [14]. For the patients
with cutaneous angiosarcoma, the addition of neoadjuvant chemotherapy had
no survival benefit but also did not lead to a detrimental delay in surgical
resection [14]. For cardiac angiosarcomas, though, the addition of neoadjuvant
chemotherapy did improve surgical resection. For the remaining angiosarcoma
subtypes, no definitive conclusions were feasible due to data and histologic type
heterogeneity. It is essential to be noted that the overall response rate to
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neoadjuvant chemotherapy was reported to be as high as 88%, particularly for
the HENS angiosarcomas [14].

A recent retrospective analysis of patients with localized angiosarcoma
treated across EORTC (European Organization for Research and Treatment of
Cancer) sites reported the outcomes of 86 patients — 43 received treatment in
the neoadjuvant, 27 in the adjuvant setting, and 16 in both settings [15]. Almost
one-third of the patients had breast angiosarcomas, and 69.4% of them were
radiation-associated angiosarcomas. One-fourth of patients received neoadju-
vant chemotherapy followed by resection. The most commonly used regimen
was Paclitaxel (35.6%), followed by doxorubicin and ifosfamide (11.9%) and
gemcitabine/docetaxel (10.2%). Other regimens included docetaxel alone
(8.5%), gemcitabine alone (8.5%), doxorubicin, and Paclitaxel (3.4%), and
others [15]. The median PFS and OS for all patients from diagnosis were 1.4 and
4.9 years, respectively [15]. Given the variety of the treatments used and
heterogeneity of the included patient population, subgroup analyses were not
performed, and thus, conclusions on therapeutic approaches cannot be made.

The role of concurrent chemotherapy with Paclitaxel and radiation in pa-
tients with localized cutaneous angiosarcoma was also recently explored [16e].
The treatment course of 57 patients was reviewed; 22 patients received chemo-
radiation (CRT), and 35 received other treatment modalities (non-CRT) [16e].
In the CRT cohort, concurrent Paclitaxel with radiation was given as definitive
therapyin 13 (59.1%) patients and neoadjuvant prior to resection in 9 (40.9%)
patients. In the non-CRT cohort patients, the majority of patients received
chemotherapy and surgery (31.4%) and surgery with radiation (28.6%) [16e].
No significant difference was observed in the 2-year local control, distant
control, or PFS between the two cohorts. The 2-year OS was, however, signifi-
cantly higher for patients in the CRT group vs. in the non-CRT, 94.1% vs. 71.6%
(p=0.033), respectively. Patients in the CRT group who received surgery as well
had a 2-year OS of 100% [16¢]. A phase II study of concurrent Paclitaxel with
radiation is currently recruiting patients to validate these findings
(NCT03921008).

Metastatic disease

Systemic therapy is the cornerstone of treatment for metastatic angiosarcoma.
Although there is no established first-line standard of care regimen, several
chemotherapy and targeted agents are highly effective in this disease. However,
metastatic angiosarcoma is incurable, and long-term survival is uncommon for
most angiosarcoma subtypes.

Chemotherapy

The most commonly used agents in the upfront treatment of metastatic
angiosarcoma are either anthracycline or taxane-based regimens. No sufficient
evidence and no head-to-head comparison to support either as the first-line
regimen exist, and thus, they are used sequentially in practice. Anthracycline-
based regimens are the most commonly used first-line treatment in most
advanced soft tissue sarcomas. Their efficacy in angiosarcoma is similar to other
sarcoma types. The response rate (RR) of 108 patients with angiosarcoma
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treated with anthracycline-based regimens was 25% in a pooled analysis of
patients treated in 11 EORTC trials [17]. The median PFS and OS were 4.9 and
9.9 months, respectively. The combination of doxorubicin with ifosfamide led
to longer PFS than doxorubicin alone (HR 0.53, 95% CI 0.33-0.86; p = 0.010)
for angiosarcoma patients [17].

The efficacy of pegylated doxorubicin (PLD) in sarcomas is generally limit-
ed, except for specific soft tissue sarcoma subtypes like desmoid tumors. Several
small retrospective studies have shown the potential activity of PLD in
angiosarcoma, and it may be an option in patients who cannot tolerate more
intensive chemotherapy. The most extensive study on this included a study of
21 patients with angiosarcoma who received PLD and had a RR of 33% [18].

Paclitaxel has a particular activity in angiosarcomas and is often used in the
first or second-line setting. Its efficacy was demonstrated in the phase II
ANGIOTAX study in which 30 patients with angiosarcoma were included and
showed RR of 19% with median PFS and OS 4 and 8 months, respectively [19].
Retrospective studies have also demonstrated the efficacy of Paclitaxel in treat-
ment-naive or pretreated patients [20, 21].

Gemcitabine, in combination with docetaxel, is a typical second-line regi-
men in the management of advanced soft tissue sarcomas. Whereas there is no
prospective study on this combination in metastatic angiosarcoma, in a retro-
spective study of 25 patients treated with gemcitabine alone, RR was 64% with a
median PFS and OS or 7 and 17 months, respectively [22]. The combination of
gemcitabine with nab-paclitaxel (albumin-bound Paclitaxel) was also recently
explored in a retrospective cohort of patients with soft tissue sarcomas [23].
Three out of the 17 patients had angiosarcoma, with one achieving complete
response with PFS of 12 months, one partial response with PFS of 7 months,
and one stable disease with PFS of 8 months [23]. Given the overall better
toxicity profile of nab-paclitaxel over Paclitaxel, it may offer an alternative with
similar efficacy. Further studies to investigate this combination in soft tissue
sarcomas and in angiosarcomas are warranted.

Similar to taxanes, eribulin interferes with microtubule polymerization and
is currently approved for patients with metastatic liposarcoma who have re-
ceived a prior anthracycline-based regimen. In light of angiosarcomas’ sensitiv-
ity to taxanes, a prospective observational study of eribulin was recently report-
ed and included 25 patients with cutaneous angiosarcoma who had progressed
to taxanes [24]. Five patients (20%) achieved a partial response with a median
PES and OS of 4 and 8.6 months, respectively [24]. Given the less neurotoxicity
of eribulin compared to taxanes, this agent may offer a treatment option after
progression to taxanes, especially for patients not eligible for an anthracycline-
based regimen.

The efficacy of oral Paclitaxel in combination with encequidar, a novel
adenosine triphosphate (ATP)-binding cassette (ABC) transporter P-gp inhibi-
tor, was recently investigated in a phase II trial of patients with unresectable
cutaneous angiosarcoma who had not received prior taxane therapy [25]. The
inhibition of the P-gp prevents cytotoxic agents’ efflux from the epithelial cells
to the gastrointestinal tract leading to higher oral bioavailability and efficacy of
the chemotherapy. Out of the 22 evaluable patients, 6 achieved complete
response (27.3%), 5 partial response (22.7%), and 11 stable disease (50%).
The median PFS was 36 months, and OS at 52 weeks was 92% [25]. The median
age of patients included in that study was 75 years old, making those results
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particularly notable, given the favorable side effect profile of the combination
[25].

Targeted agents

Vascular endothelial growth factor (VEGF) and VEGF receptors are
overexpressed in angiosarcomas [26-28], targeting that pathway has been
appealing. Bevacizumab, an antibody against VEGF, has been studied in the
treatment of angiosarcomas in a phase II study of 23 patients with modest
results — only 2/23 patients achieved PR, and 11 had stable disease [29]. When
combined with Paclitaxel in the ANGIOTAX PLUS trial, the RR was only 28%
compared to 45.8% in the combination and monotherapy with Paclitaxel,
respectively [30]. When bevacizumab was combined with gemcitabine/
docetaxel in a single-arm phase II study, of the five patients with angiosarcoma,
four had tumor reductions, and three had a partial response [31]. Whether the
chemotherapy backbone in combination strategies with bevacizumab affects its
activity needs further investigation in larger prospective studies.

Some multi-targeted tyrosine kinase inhibitors (TKIs) can have activity
against VEGF and have been explored in angiosarcoma. Pazopanib is a TKI
approved in soft tissue sarcomas that progressed on anthracycline-based regi-
mens. In angiosarcoma, a modest benefit was observed in retrospective studies
with median PFS in the range of 3 months and no significant responses [32].
This modest activity was also seen in phase II prospective study on pazopanib in
patients with angiosarcoma, which accrued 29 patients overall [33]. Among the
evaluable patients, the best response was stable disease in 12 patients. Stable
disease was seen more frequently in patients with cutaneous angiosarcoma
(25%) vs. visceral angiosarcoma (8.3%) [33]. Tumor amplifications of mem-
bers of the VEGFR family such as VEGFR2 (KDR) and VEGFR3 (FLT4) have been
reported to confer sensitivity particularly to pazopanib and may potentially
guide treatment selection for those patients [34].

Another TKI, regorafenib that has activity against VEGF and is approved in
the treatment of gastrointestinal stromal tumors, showed some preliminary
activity in the few patients with angiosarcoma who were included in the
REGOSARC phase 11 trial [35]. An angiosarcoma-specific phase I trial included
31 patients with metastatic and locally advanced disease [36]. This trial also
showed modest results, similar to pazopanib — median PFS and OS of 3.55
and 11.4 months, respectively [36]. RR was 14.29% with one confirmed com-
plete response, two partial responses, and 12 stable diseases [36].

Endoglin is a surface receptor postulated to mediate resistance to pazopanib.
An antibody to endoglin (TRC105) was tested in combination with pazopanib
vs. pazopanib alone in a phase III trial (TAPPAS) in 123 patients with advanced
angiosarcoma [37]. The addition of TRC105 did not demonstrate activity when
combined with pazopanib [37]. The median PFS was similar in both arms, 4.3 vs.
4.2 months in the pazopanib alone vs. pazopanib/TRC105, respectively [37].

Immunotherapy

The anti-PD1 (programmed death 1) checkpoint inhibitor, pembrolizumab,
was approved for tumors with high TMB (= 10 mutations/megabase) regardless
of histology based on the KEYNOTE-158 study [38]. Hence, immunotherapy
can be a treatment option for angiosarcomas with high TMB, particularly the
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HNFS subset. Before this approval, the activity of checkpoint inhibitors in
angiosarcomas had been reported in the literature with promising results.
Within the ASC project cohort, three out of ten patients with HNFS
angiosarcoma were treated with Pembrolizumab [7ee]|. Two had high TMB,
and both had a durable response to pembrolizumab after having refractory
disease to standard therapies [7e¢]. We and others have also reported cases of
patients with angiosarcoma treated with checkpoint inhibition either with anti-
PD-1/PD-L1 or anti-CI'LA-4 agents. Responses have been reported primarily in
cutaneous angiosarcomas and less frequently in radiation-associated breast
angiosarcoma [39, 40e, 41-43]. This activity was also shown in the phase 2
DART trial (NCT02834013), which studied the efficacy of nivolumab/
ipilimumab in rare tumors and included a cohort of patients with metastatic
or unresectable angiosarcoma. Sixteen patients with angiosarcoma were en-
rolled; 3 out of 9 patients with cutaneous angiosarcoma and 1 with radiation-
associated breast angiosarcoma had responses [44]. Additional studies explicitly
focused on angiosarcoma and immunotherapy alone or in combination with
chemotherapy, tyrosine kinase inhibitors, or oncolytic virus (T-VEC) are cur-
rently underway (NCT04607200, NCT04339738, NCT03921073,
NCT03512834).

Conclusion

The treatment landscape of angiosarcomas is slowly changing primarily due to
our better understanding of this heterogenous sarcoma. Patient advocacy and
participation in clinical trials are vital in expanding the treatment options and
ultimately improving outcomes. Clinical trials based on translational work
have the most potential to truly make an impact and advance the field in such
rare diseases.
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