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Introduction: We compared clinical outcomes in patients with cutaneous angiosarcoma receiving concur-
rent paclitaxel-based chemoradiotherapy (CRT) vs. other modalities (Non-CRT).
Materials and methods: Patients with non-metastatic cutaneous angiosarcoma diagnosed from 1998 to
2018 at two institutions were identified. In the CRT cohort, paclitaxel 80 mg/m2 weekly was given for
up to 12 weeks and patients received radiotherapy (RT) during the final 6 weeks of chemotherapy. The
RT dose was 50–50.4 Gy delivered in 1.8–2 Gy per fraction with an optional post-operative boost of
10–16 Gy. Kaplan-Meier and log-rank statistics were used to compare the outcomes between the two
groups. P < 0.05 was considered statistically significant.
Results: Fifty-seven patients were included: 22 CRT and 35 Non-CRT. The CRT cohort had more
patients > 60 years (100% vs. 60%, p < 0.001) and tumors >5 cm (68.2% vs 54.3%, p = 0.023). The median
follow-up was 25.8 (1.5–155.2) months. There was no significant difference in 2-year local control (LC),
distant control (DC), or progression-free survival (PFS) between the two groups. The 2-year overall sur-
vival (OS) was significantly higher for the CRT cohort (94.1% vs. 71.6%, p = 0.033). Amongst the subset of
patients in the CRT cohort who received trimodality therapy, the 2-year LC, DC, PFS, and OS was 68.6%,
100%, 68.6%, and 100%, respectively.
Conclusion: The use of concurrent paclitaxel CRT demonstrates promising outcomes. Given these results,
we are currently evaluating the safety and efficacy of this regimen in prospective, phase 2 trial (NCT
03921008).

� 2021 The Authors. Published by Elsevier B.V. on behalf of European Society for Radiotherapy and
Oncology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction as elsewhere in association with lymphedema or prior radiation.
Cutaneous angiosarcoma is a rare and highly aggressive form of
sarcoma, comprising 1–4% of all sarcomas [1–3] It most commonly
arises on the scalp, head and neck, extremities, or breast [4]. Non-
cutaneous forms can also arise in viscera, such as the liver, as well
Treatment for angiosarcoma typically includes surgerywithorwith-
out radiation therapy (RT) and/or chemotherapy. Multimodality
therapy has been associated with improved outcomes compared
with surgeryalone.However, evenwithmultimodality therapy, pre-
vious studies have demonstrated very poor outcomes, with most
patients developing metastatic disease within the first 2 years after
diagnosis and <50% surviving >5 years [5,6]. Given these poor out-
comes, patients with angiosarcoma need novel treatment.

One potential strategy to improve outcomes in these patients
could be concurrent chemotherapy and RT either as a standalone
therapy or prior to surgical resection. A phase II study of weekly
paclitaxel in patients with unresectable cutaneous angiosarcoma
demonstrated a disease control rate of 74% [7]. A small Japanese

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ctro.2021.01.009&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ctro.2021.01.009
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:mspraker@wustl.edu
https://doi.org/10.1016/j.ctro.2021.01.009
http://www.sciencedirect.com/science/journal/24056308
http://www.elsevier.com/locate/ctro


A. Roy, P. Gabani, E.J. Davis et al. Clinical and Translational Radiation Oncology 27 (2021) 114–120
series described use of concurrent chemoradiotherapy (CRT) (ei-
ther paclitaxel or docetaxel) in 13/19 patients with node negative
scalp angiosarcoma [8]. They found concurrent chemoRT followed
by maintenance chemotherapy was associated with improved pro-
gression free survival suggesting a role for this treatment para-
digm. At our institutions, many patients have been treated with
concurrent paclitaxel-based CRT as definitive therapy or as neoad-
juvant therapy. The aim of this study was to review the outcomes
of patients with cutaneous angiosarcoma treated with concurrent
paclitaxel CRT and compare them with patients that received other
non-CRT therapies, such as surgery with chemotherapy or radia-
tion alone.
2. Materials and methods

This study was approved by the local institutional review board.
All consecutive patients with pathologic diagnosis of cutaneous
angiosarcoma treated at Washington University School of Medi-
cine and Vanderbilt University School of Medicine between the
years 1998–2018 were assessed. Pathology was reviewed by
pathologists with special expertise in soft tissue sarcoma at each
respective institution. Patients with metastatic disease at the time
of initial diagnosis, non-cutaneous angiosarcoma, received RT
alone, or received chemotherapy alone, were excluded. The elec-
tronic medical records were reviewed for age, race, sex, tumor size,
anatomic site, nodal stage, surgical margins, and treatment modal-
ity. Tumors were categorized as superficial or deep.

Treatment including surgery, chemotherapy, and/or RT were
reviewed. Patients were divided into two groups: concurrent pacli-
taxel chemoradiotherapy (CRT), and those receiving other treat-
ment modalities (Non-CRT). For all patients in the CRT cohort,
concurrent paclitaxel and RT was administered as a definitive
treatment or neoadjuvant treatment prior to surgical resection.
Paclitaxel 80 mg/m2 weekly was administered for up to 12 cycles.
For patients receiving concurrent paclitaxel and RT, was delivered
after 6 weeks of induction paclitaxel. In patients who received RT,
the intended RT dose was at least 50–50.4 Gy delivered in 1.8–2 Gy
per fraction for both cohorts. An additional boost of 10–16 Gy was
also commonly used. Further details regarding RT delivered were
unavailable. Negative surgical margin was defined as no tumor
cells on the inked edge. If planned surgical resection would result
in gross residual disease (R2 margin status), patients were treated
with nonoperative management.

Time intervals for the analysis were calculated from the date of
diagnosis. Local control (LC), distant control (DC), progression-free
survival (PFS), and overall survival (OS) were estimated using
Kaplan Meier Methods. Progression-free survival was defined as
time to any recurrence or death. Patients were censored at the time
of last known live follow-up if no date of death was recorded in the
medical record system. Log-rank statistics was then used to com-
pare disease outcomes between patients receiving CRT vs. patients
receiving non-CRT. In addition, comparisons between disease out-
comes were performed for additional subsets of patients. A t-test
or Wilcoxon rank-sum test were used to compare the baseline
and treatment characteristics of the CRT and the non-CRT groups.
We were unable to compute univariable or multivariable cox
regression analysis due to limited number of events as well as
small patient cohort. Statistical analysis was performed using SPSS
Statistics (Version 26; IBM; Armonk, NY). P < 0.05 was considered
statistically significant.
3. Results

A total of 57 patients were included in the final analysis: 22
patients in the CRT cohort and 35 patients in the Non-CRT cohort.
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Characteristics of the patient population are shown in Table 1. The
median age at diagnosis was 69.2 years (range: 27–88). Ten (28.6%)
patients in the non-CRT cohort had radiation-associated angiosar-
comas compared to 1 (4.5%) in the CRT cohort (p < 0.001). Of these
patients, 1 patient in the non-CRT cohort and 1 patient in the CRT
cohort received re-irradiation. The anatomic sites of disease were
scalp (n = 25, 43.9%), head and neck (n = 9, 15.8%), extremity
(n = 8, 14.0%), trunk (n = 7, 12.3%), breast (n = 4, 7.0%), and other
site (n = 4, 7.0%). FDG PET/CT was used for staging purposes in 6
(27.3%) patients in the CRT cohort and 5 (14.3%) patients in the
non-CRT cohort. In the CRT cohort, concurrent paclitaxel and RT
was administered as a definitive treatment in 13 (59.1%) patients
and as neoadjuvant treatment prior to surgery in 9 (40.9%)
patients. In the Non-CRT cohort, surgery + chemotherapy was used
in 11 (31.4%) patients, surgery + RT was used in 10 (28.6%) patients,
surgery alone was used in 6 (17.1%) patients, surgery + sequential
RT + chemotherapy was used in 6 patients (17.1%), and definitive
sequential RT + chemotherapy was used in 2 (5.7%) patients.

There were significant differences in patient characteristics
between the CRT cohort and Non-CRT cohort (Table 1). All patients
in the CRT cohort were � 60 years compared to 21 (60%) in the
non-CRT cohort (p < 0.001). Fifteen (68.2%) patients in the CRT
cohort had tumors > 5 cm compared to 19 (54.3%) patients in the
Non-CRT cohort (p = 0.023). Only 9 (40.9%) patients in the CRT
cohort underwent surgery while 33 (94.3%) patients in the Non-
CRT cohort underwent surgery (p < 0.001). Paclitaxel was delivered
in all patients in the CRT cohort, however only 14 (40.0%) patients
in the Non-CRT received paclitaxel, 5 (14.3%) patients received
other systemic therapy agents, and 16 (45.7%) received no systemic
therapy.

The median follow-up was 25.8 months (range: 1.5–155.2) for
the whole cohort, with similar follow up for the CRT and Non-
CRT cohorts (median 25.7 vs. 25.8 months). At the time of analysis,
34 patients (59.6%) had experienced a progression and 25 patients
(43.9%) had died. 20 of 25 patients (80%) died from their cancer.
Disease outcomes for all patients are listed in Table 2 and shown
in Fig. 1. Disease outcomes for CRT cohort vs. Non-CRT cohort are
also listed in Table 2 and shown in Fig. 2. There was no statistical
difference in LC, DC, or PFS between the two cohorts, however OS
was significantly higher in the CRT cohort. The 2-year LC in the
CRT cohort was 52.7% compared to 63.8% in the Non-CRT cohort
(p = 0.867, Fig. 2A). The 2-year DC in the CRT cohort was 90.0%
vs. 72.0% in the Non-CRT cohort (p = 0.264, Fig. 2B). The 2-year
PFS in the CRT cohort was 54.2% vs. 48.0% (p = 0.447) The 2-year
OS in the CRT cohort was 94.1% vs. 71.6% in the Non-CRT cohort,
respectively (p = 0.033, Fig. 2C). Disease outcomes for the subset
of patients in CRT cohort who received neoadjuvant CRT followed
by surgery (n = 9) are listed in Table 2. The 2-year LC, DC, PFS,
and OS were 68.6%, 100%, 68.6%, and 100%, respectively. Finally,
disease outcomes for patients in the CRT cohort who received
definitive chemoradiation alone (n = 13) were compared to
patients in the Non-CRT cohort who received surgery with sequen-
tial chemotherapy and/or RT (n = 27). The 2-year LC, DC, PFS, and
OS were 48.0% vs. 64.3% (p = 0.605), 80.0% vs. 69.7% (p = 0.346),
50.0% vs. 41.5% (p = 0.414), and 87.5% vs. 73.3% (p = 0.196).
4. Discussion

Angiosarcoma is a rare disease for which there is no established
treatment paradigm. We report herein the largest clinical study of
non-metastatic cutaneous angiosarcoma treated with concurrent
weekly paclitaxel and RT with or without surgery. We found that
the use of concurrent paclitaxel and RT has similar 2-year LC,
PFS, and DC and significantly improved 2-year OS compared to
the use other treatment modalities including surgery alone,



Table 1
Baseline Patient and Treatment Characteristics.

Non-CRT n (%) CRT n (%) P-value*

Age <0.001
<60 14 (40) 0 (0)
�60 21 (60) 22 (100)

Sex
Male 18 (51.4) 15 (68.2) 0.029
Female 17 (48.6) 7 (31.8)

Radiation Associated
No 25 (71.4) 21 (95.5) <0.001
Yes 10 (28.6) 1 (4.5)

Tumor Location
Scalp 12 (34.3) 13 (59.1) <0.001
Head and Neck 3 (8.6) 6 (27.3)
Trunk 5 (14.3) 2 (9.1)
Extremity 8 (22.9) 0 (0)
Breast 4 (11.4) 0 (0)
Other 3 (8.6) 1 (4.5)

Tumor Size
�5 cm 15 (42.9) 6 (27.3) 0.023
>5 cm 19 (54.3) 15 (68.2)
Unknown 1 (2.9) 1 (4.5)

Deep Tumor
No 27 (77.1) 20 (90.1) 0.005
Yes 8 (22.9) 2 (9.1)

Nodal Disease
No 32 (91.4) 20 (90.1) 0.895
Yes 3 (8.6) 2 (9.1)

Surgical Margin
Negative 21 (63.6) 5 (55.6) 0.331
Positive 9 (27.3) 4 (44.4)
Unknown 3 (9.1) 0 (0)
No Primary Surgery 2 (5.7) 13 (59.1)

Surgery
No 2 (5.7) 13 (59.1) <0.001
Yes 33 (94.3) 9 (40.9)

Chemotherapy
Other Agent (s) 5 (14.3) 0 (0) <0.001
Paclitaxel 14 (40.0) 22 (100)
No chemotherapy 16 (45.7) 0 (0)

Chemotherapy Cycles Median (Range) 4 (2–12) 8 (3–12) 0.503

Radiation Therapy
No 17 (48.6) 0 (0) <0.001
Yes 18 (51.4) 22 (100)

Radiation Dose (cGy) Median (Range) 6600 (5000–7560) 6000 (2700–7400) 0.071

Treatments
Surgery Alone 6 (17.1) 0 (0) 0.001
Surgery + RT 10 (28.6) 0 (0)
Surgery + Chemotherapy 11 (31.4) 0 (0)
Surgery + RT + Chemotherapy 6 (17.1) 0 (0)
Surgery + Concurrent RT + Chemotherapy 0 (0) 9 (40.9)
Definitive Concurrent RT + Chemotherapy 0 (0) 13 (59.1)
Definitive Sequential RT + Chemotherapy 2 (5.7) 0 (0)

Abbreviations: RT, radiation therapy; CRT, concurrent paclitaxel chemoradiotherapy cohort; non-CRT, other treatment modalities cohort.
* T-test or Wilcoxon test used for statistical analysis to compare two groups.
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surgery + RT, surgery + chemotherapy, and surgery + sequential
RT + chemotherapy, or definitive sequential RT + chemotherapy.
Furthermore, we found that the subset of CRT patients who
received tri-modality therapy with surgery had excellent 2-year
LC, DC, PFS, and OS 68.6%, 100%, 68.6%, and 100%, respectively.
These findings suggest that a treatment regimen incorporating
paclitaxel-based CRT should be further evaluated in a prospective
setting.

Patients in the CRT vs. non-CRT cohort were not well balanced
in terms of disease or treatment characteristics. Patients in the
CRT cohort were significantly older and more likely to have large
(>5 cm) tumors. These factors have consistently demonstrated to
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portend worse disease outcomes and survival [9]. Patients in the
CRT cohort also had significantly lower rates of surgical resection.
Surgical resection has been noted to be an important predictor of
disease outcomes and survival [10]. Despite these differences,
our analysis found similar oncologic outcomes and improved sur-
vival outcomes in our CRT cohort.

All patients in the CRT cohort received systemic therapy com-
pared to 54% in the non-CRT cohort. The CRT cohort had higher
numerical rates of 2-year DC (90.0% vs. 72.0%). Given the aggres-
sive nature of cutaneous angiosarcoma, perhaps higher rates of
systemic therapy and DC led to improved OS in the CRT cohort.
The CRT cohort had numerically lower rates of 2-year LC (52.7%



Table 2
Kaplan-Meier disease outcomes.

Local control Distant control Progression-free Survival Overall survival

All patients
1 year 73.5% 85.0% 64.8% 96.3%
2 year 59.3% 78.8% 50.5% 79.6%

CRT
1 year 75.8% 95.0% 75.8% *100%
2 year 52.7% 90.0% 54.2% *94.1%

Non-CRT
1 year 71.9% 78.6% 58.0% *94.0%
2 year 63.8% 72.0% 48.0% *71.6%

CRT subset who received surgery
1 year 85.7% 100% 85.7% 100%
2 year 68.6% 100% 68.6% 100%

Abbreviations; CRT, concurrent paclitaxel chemoradiotherapy cohort; Non-CRT, other treatment modalities cohort
* Disease outcomes for CRT and Non-CRT cohort compared using log rank statistical test. p = 0.033 for overall survival, all other outcomes not statistically significant.

Fig. 1. Local Control (A), Distant Control (B), Progression-Free Survival (C) and Overall Survival (D) in all patients with cutaneous angiosarcoma.
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vs. 63.8%) and significantly lower rates of surgical resection as part
of definitive therapy (59.1% vs. 94.3%). Another potential explana-
tion for the differences in survival may be that the local failures in
the CRT cohort were more readily managed with salvage surgery.
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Unfortunately, we did not record data on salvage therapy after
recurrence. Finally, potential confounders inherent to the retro-
spective nature of our analysis may have contributed to these
results. These are discussed in further detail below.



Fig. 2. Local Control (A), Distant Control (B), Progression-Free Survival (C) and Overall Survival (D) in patients with cutaneous angiosarcoma receiving concurrent paclitaxel-
based chemoradiotherapy compared to patients receiving other treatment modalities (Surgery + RT, Surgery + chemotherapy, Surgery alone, Definitive sequential
chemotherapy + RT, and Surgery + sequential chemotherapy + RT).
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Initial clinical trials of taxanes in patients with advanced soft
tissue sarcomas found limited activity, with response rates ranging
from 0 to 12.5% [11,12]. Importantly, a patient with angiosarcoma
was one of the few responders to paclitaxel. Subsequent retrospec-
tive studies suggested the efficacy of paclitaxel in angiosarcoma of
the head and neck with response rates ranging from 63 to 89%
[1,13]. The activity of paclitaxel was further demonstrated in the
prospective, phase II ANGIOTAX study. Patients with metastatic
angiosarcoma received paclitaxel 80 mg/m2 on days 1, 8, and 15
of a 28-day cycle. The response rate was 18%, and median PFS
and OS were 3.8 and 8 months, respectively. A subsequent phase
II study of patients with metastatic or advanced angiosarcoma with
weekly paclitaxel 90 mg/m2 demonstrated a response rate of 45%, a
median PFS of 6.6 months and a median OS of 19.5 months [14].
The discrepancies in outcomes between these two studies may rec-
onciled by the heterogeneity of the angiosarcoma subtypes
included or potentially the different paclitaxel dose administered.
Of note in the second paclitaxel study, radiation-associated
angiosarcoma was associated with improved outcomes.

Despite multiple retrospective studies and prospective trials
demonstrating efficacy of weekly paclitaxel for angiosarcoma,
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few studies have reported its activity solely in the non-
metastatic setting. In a retrospective study of 19 patients with
node negative, cutaneous angiosarcoma of the scalp, 13/19
patients received concurrent CRT with either docetaxel or pacli-
taxel and 11/19 patients received maintenance paclitaxel [8]. Con-
current chemoRT with maintenance chemotherapy and surgery
were associated with improved PFS but not improved OS or local
control. This is a small study with relatively short follow-up which
may mitigate any potential OS benefit. A study by Fujisawa et al.
evaluated 28 patients with localized angiosarcoma comparing che-
moRT with surgery and RT. Their results showed improved out-
comes in patients treated with CRT compared to patients
receiving surgery + RT [9], with 5 year OS 56% vs 8% (p < 0.01),
respectively. They also found significantly improved OS in patients
who received maintenance chemotherapy.

Though paclitaxel and RT have been used concurrently in other
cancers with excellent safety profile [15,16], this treatment para-
digm is not routine practice in the treatment of angiosarcoma.
Our study herein is the largest to report its use in cutaneous
angiosarcoma. The rationale for using concurrent chemotherapy
and RT is to both combat early micro-metastatic disease and to
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provide RT sensitizing effect [17–19]. The optimal timing of con-
current paclitaxel and RT in relationship to the timing of surgery
is unclear. In our study, 20 patients received either neoadjuvant
CRT or definitive CRT, while only 2 patient received adjuvant
CRT. Additionally, the number of paclitaxel cycles and the RT dose
that is ideal for these patients needs further investigation. Interest-
ingly, Smith et al reported excellent long-term disease control and
survival in a small cohort of patients receiving hyper-fractionated
and accelerated re-irradiation (HART) for management of sec-
ondary angiosarcomas after breast-conserving therapy for primary
breast cancer [20]. However, patients at our institution have his-
torically been treated with conventionally fractionated RT. There-
fore, we excluded patients who received RT alone from our
analysis. Our analysis demonstrates that CRT patients who undergo
trimodality therapy have the most favorable oncologic and survival
outcomes. Therefore, we have recently opened a prospective phase
II single institutional clinical trial (NCT 03921008) to evaluate the
safety and efficacy of this regimen. At our two institutions, we are
fortunate to have pathologists with special expertise in soft tissue
sarcoma. However, primary cutaneous angiosarcomas are rare
vasoformative soft tissue sarcomas that may present a diagnostic
challenge for pathologists with limited sarcoma experience. There-
fore, further prospective studies aimed at improving outcomes for
this aggressive cancer subtype should incorporate central pathol-
ogy review to ensure appropriate diagnosis.

Given the retrospective nature of this analysis, there are sev-
eral limitations in this study. Firstly, the small cohort may limit
the power to detect differences in disease outcomes or other sig-
nificant predictors of prognosis. Nevertheless, this remains a rel-
atively large cohort given the rarity of this disease. Second, the
CRT and Non-CRT cohorts were not well balanced in terms of
baseline characteristics but attempting to correct for this through
methods such as propensity score matching would have signifi-
cantly reduced the number of patients in our analysis. Third, per-
formance status of patients was not available and clearly affects
the treatment selection. Fourth, we did not collect acute and late
toxicity of treatment regimens which are important treatment
outcomes. Finally, given that our analysis included patients trea-
ted at two institutions and the treatment of angiosarcoma is not
well-protocolized, there is heterogeneity in the treatment deliv-
ered. Furthermore, specific details regarding RT delivered for each
case was unavailable.

Despite these limitations, our study fills a void in the literature
regarding outcomes of patients with localized cutaneous angiosar-
coma who underwent concurrent chemoRT. We excluded all
patients who received RT alone or chemotherapy alone, as these
treatments alone are less likely to be curative for patients with
such an aggressive disease. Additionally, patients in the CRT cohort
receiving concurrent chemotherapy other than paclitaxel were also
excluded to minimize confounding variables.
5. Conclusion

In conclusion, our study seems to suggest that concurrent pacli-
taxel and radiotherapy is an effective treatment for patients with
cutaneous angiosarcoma and demonstrates promising outcomes.
A prospective trial to study the safety, efficacy and optimal dosing
is warranted and has started through a prospective phase II single
institutional clinical trial (NCT 03921008).
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