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Abstract
Gemcitabine has shown clinical activity against angiosarcoma in small series, 
alone, or combined with taxanes. We aimed to evaluate its activity as a single- 
agent in a larger series of patients with advanced angiosarcoma. We retrospec-
tively reviewed the electronic medical records of consecutive adult patients with 
advanced angiosarcoma treated with single- agent gemcitabine at our institu-
tions from January 2010 to January 2021. Response was evaluated according to 
RECIST 1.1, and toxicity was graded according to NCI- CTC v5.0. 42 patients were 
identified. 38 patients (90%) had received prior anthracyclines and weekly pacli-
taxel, and 9 (21%) had received pazopanib. The best tumor response was partial 
response (PR) in 16 patients (38%), or stable disease (10 patients, 24%). All 8 pa-
tients with cardiac angiosarcoma experienced a PR. Median PFS was 5.4 months 
(95%CI: 3.1– 6.5), and median OS was 9.9 months (95%CI: 6.6– 13.4). Single- agent 
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1  |  BACKGROUND

Angiosarcoma are a genetically heterogeneous and ag-
gressive group of mesenchymal tumors that represent 1%– 
4% of soft- tissue sarcoma.1 Approximately 50% of cases 
arise in cutaneous sites (in an irradiated field or not), the 
remaining arising in limbs, trunk, and viscera (includ-
ing heart and large vessels). Current frontline treatments 
active against advanced, unresectable angiosarcoma are 
doxorubicin- based chemotherapy and weekly paclitaxel,2 
but systemic treatment options beyond these two key 
drugs are limited.1

Gemcitabine, a cytidine analog with demonstrated ef-
ficacy in a broad spectrum of tumors,3 has limited clinical 
activity (as a single- agent) in unselected soft- tissue sarco-
ma.4– 6 Of note, a partial response was observed in one of 
the three patients with angiosarcoma in a seminal phase 
2 trial in soft- tissue sarcoma.7 Thereafter, gemcitabine has 
shown clinically meaningful activity against advanced 
angiosarcoma in single cases or small series, as a single 
agent, or in combination with taxanes.8– 12 In the largest 
series reported to date (n = 25), a response rate of 68% was 
reported,13 leading to suggest its use as salvage therapy 
for pre- treated, advanced angiosarcoma in recent interna-
tional recommendations.14

Moreover, gemcitabine seems to be active in tu-
mors overexpressing ABCB1 (MDR1, formerly “P- 
glycoprotein”), a transporter frequently expressed in 
pre- treated sarcoma.15,16 ABCB1 is also involved in re-
sistance mechanisms to anthracyclines and taxanes and 
represents a hallmark of the pharmacological concept of 
multi- drug resistance.17

The aim of this retrospective, multicenter study was 
to evaluate the clinical activity and safety of single- agent 
gemcitabine in adult patients with progressive, advanced 
angiosarcoma.

2  |  PATIENTS AND METHODS

We retrospectively reviewed the medical records of con-
secutive patients with advanced angiosarcoma treated 
with single- agent gemcitabine in our institutions from 
January 2010 to January 2021, after ethical approval by 

the local Institutional Review Boards. Informed consent 
was obtained from all patients or relatives.

Eligible patients were adults with progressive, meta-
static angiosarcoma neither eligible for surgical resection 
nor for a clinical trial, or having exhausted other conven-
tional chemotherapy regimens. All cases were confirmed 
by a pathologist from the French network of expert sar-
coma pathologists (RRePS). Imaging data were centrally 
reviewed, and only patients with confirmed tumor pro-
gression according to RECIST 1.118 before treatment with 
gemcitabine were included. Patients with exclusive skin 
involvement were excluded. Patients and tumor charac-
teristics, previous treatment lines, tumor response, and 
safety were recorded.

Exclusion criteria included bone angiosarcoma and 
treatment with gemcitabine in combination with other 
drugs.

2.1 | Treatment

Patients received intravenous gemcitabine at a dose 
of 1000 mg/m2 on days 1, 8, and 15 of a 28- day cycle. 
Treatment was pursued until tumor progression or 
major toxicity. Standard laboratory tests were performed 
weekly. G- CSF was administered in case of clinically 
meaningful neutropenia. Tumor evaluation using CT or 
MRI was performed every 2 cycles or earlier if clinically 
required.

2.2 | Evaluation criteria

The primary endpoint was the best tumor response ac-
cording to RECIST 1.1. Secondary endpoints were: 
progression- free survival (PFS), overall survival (OS), and 
toxicity. PFS was defined as the time from gemcitabine 
initiation to disease progression, death, or last follow- up. 
OS was defined as the time from gemcitabine initiation 
to death or last follow- up. Gemcitabine- related clinical 
and biological toxicities were retrospectively collected 
and graded according to the National Cancer Institute 
Common Terminology Criteria for Adverse Events (NCI- 
CTCAE) version 5.0.19

gemcitabine has clinically meaningful activity in advanced, heavily pre- treated 
angiosarcoma.

K E Y W O R D S

angiosarcoma, cardiac sarcoma, gemcitabine, sarcoma, soft tissue neoplasms
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2.3 | Statistical analysis

Median, ranges, and 95% confidence intervals (95% 
CI) were used to describe patients' characteristics. The 
NCSS 2020™ software (https://www.ncss.com/) was 
used for data analysis. The Kaplan– Meier method19 
and logrank tests were used for survival data analyses.

3  |  RESULTS

3.1 | Patients' characteristics

Between January 1, 2010, and January 31, 2021, a total 
of 126 patients with metastatic angiosarcoma were 
treated at our institutions. Among them, 73 did not 
receive gemcitabine due to altered PS, progression, 
or death after weekly paclitaxel and/or doxorubicin 
(n  =  41), or patient's preference for oral treatments 
(n  =  12). Out of the remaining 53 patients, 11 were 
excluded (eight received gemcitabine in combination 
with other cytotoxic agents, and another three were 
not progressive over 3 ± 0.5 months at the time of gem-
citabine initiation).

Overall, 42 patients were eligible for the present 
analysis. Median age was 52 years (range: 25– 90), 
median PS: 1 (range: 0– 2), 36 were women. Patients' 
baseline characteristics are summarized in Table  1. 
Ten patients (24%) had locally advanced disease; the 
median number of metastatic sites was two (range: 
1– 4) in the remaining 32 patients. All patients but four 
(n  =  38, 90%) had received prior anthracyclines (ei-
ther peri- operatively or in the metastatic setting) and 
weekly paclitaxel, and nine (21%) had received pazo-
panib. Hence, gemcitabine was given as second, third, 
and fourth line in seven (17%), 20 (47%), and 15 (36%) 
patients, respectively.

3.2 | Treatment disposition

The median duration of treatment was 5.2 months (range: 
0.4– 18.7). All patients but 9 (who rapidly progressed) 
received at least two cycles of treatment. One patient with 
metastatic cardiac angiosarcoma died of a non- tumor- 
related cause (head trauma) while she had an ongoing 
partial response.

Dose reductions (down to 800 mg/m2) were needed in 
three patients (7%) due to cumulative hematological grade 
2– 3 toxicities after four cycles. Twenty patients (48%) were 
able to receive one or more subsequent treatment lines 
after progression under gemcitabine.

3.3 | Efficacy

The median follow- up was 8.5 months (95% CI: 4.7– 12.3). 
The best tumor response was partial response (PR) in 16 
patients (38%), or stable disease (10 patients, 24%). All pa-
tients with cardiac angiosarcoma experienced a PR, as well 
as four of 10 patients with angiosarcoma arising in irradi-
ated field, as well as three of the four patients with brain 
metastases. Median PFS was 5.4 months (95% CI: 3.1– 6.5, 
Figure 1, panel A), and median OS was 9.9 months (95% 
CI: 6.6– 13.4, Figure 1, panel B). No baseline variable (in-
cluding previous treatment lines) significantly influenced 
PFS and OS (Figure 1, panel C and panel D).

3.4 | Toxicity

Toxicity data are summarized in Table S1. Eleven patients 
(26%) experienced grade 3 toxicity. Grade 3 anemia and 
thrombocytopenia occurred in three (8%) patients each. 
Two patients (5%) experienced febrile neutropenia. Two 

T A B L E  1  Patients baseline characteristics (n = 42)

Characteristic

Age (years): median (range) 52 (25– 90)

Performance status: median (range) 1 (0– 2)

Gender: n (%)

Male 6 (14%)

Female 36 (86%)

Primary site: n (%)

Breast/chest wall 12 (29%)

Face/scalp 9 (21%)

Heart 8 (19%)

Other viscera 7 (17%)

Limbs 7 (17%)

Disease extent: n (%)

Locally advanced 10 (24%)

Metastatic 32 (76%)

Number of metastatic sites: median (range) 2 (1– 4)

Previous systemic treatments in neoadjuvant and 
metastatic settings: n (%)

Anthracyclines 38 (90%)

Weekly Paclitaxel 38 (90%)

Ifosfamide 13 (31%)

Pazopanib 9 (21%)

Oral cyclophosphamide 6 (14%)

Dacarbazine 4 (10%)

Vinorelbine 4 (10%)
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cases (5%) of grade 3 hemolytic and uremic syndrome 
were observed, both after eight cycles of treatment. No 
other grade 3 or higher non- hematological toxicity was 
observed. No grade 4– 5 toxicity was observed.

4  |  DISCUSSION

In this retrospective, multicenter study of 42 patients with 
advanced, pre- treated angiosarcoma receiving single- 
agent gemcitabine (the largest series reported to date), we 
observed evidence of significant anti- tumor activity, along 
with an acceptable toxicity profile.

The primary aim of this study was to evaluate the 
anti- tumor efficacy of single- agent gemcitabine in 
second, third, or fourth metastatic line. We were not 
able to replicate the response rate of 68% reported in a 

previous series (n = 25) from the Italian Rare Cancer 
Network.13 Of note, 7/25 (28%) in the Italian series 
had previously received doxorubicin and 17/25 (68%) 
weekly paclitaxel, whereas these rates were 90% and 
90% in our series.

The median PFS and OS in the present series (5.4 and 
9.9 months, respectively) were lower than those observed 
in less heavily pre- treated patients in the Italian series (7 
and 17 months, respectively). Hence, our results are not 
contradictory with those previously reported in a smaller 
series, and add evidence to the activity of gemcitabine in 
patients with angiosarcoma pre- treated with the current 
standard of care for advanced disease. Notably, the treat-
ment line did not seem to affect PFS, suggesting that gem-
citabine might be active even in some multi- drug resistant 
tumors, possibly due to its activity in ABCB1- expressing 
tumor cells.16

F I G U R E  1  (A) progression- free survival, n = 42; (B) overall survival, n = 42. Dotted lines indicate 95% confidence intervals. (C) Impact 
of previous treatment lines on progression- free survival. (D) Impact of previous treatment lines on overall survival.

(A) (B)

(C) (D)
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In this context, single- agent gemcitabine appears 
an attractive option in advanced angiosarcoma, among 
other options. Currently approved systemic treatment 
options beyond anthracyclines and weekly paclitaxel 
are limited to pazopanib20 and oral cyclophosphamide 
(with an activity restricted to angiosarcoma arising in 
irradiated field, and a potential anti- angiogenic effect of 
this schedule21).

Anti- VEGF agents seem a coherent approach given 
the vascular phenotype of angiosarcoma and the identi-
fication of KDR (a gene encoding for VEGFR2) activat-
ing mutations in up to 26% of cases.22 In a retrospective 
study from EORTC (n = 40,20), the use of pazopanib re-
sulted in a response rate of 20% and a median PFS of 3 
(95%CI: 2.1– 4.4) months. In dedicated phase 2 trials, the 
use of sorafenib and regorafenib was associated with re-
sponse rates of 23% and 17.4%, respectively, confirming 
that oral anti- VEGF agents exert clinical activity against 
advanced angiosarcoma.23,24 Conversely, the addition of 
bevacizumab or pazopanib to weekly paclitaxel failed to 
improve outcomes,25 suggesting that combinations involv-
ing anti- VEGF agents should probably be further explored 
in more selected angiosarcoma subtypes (e.g., angiosar-
coma with KDR mutations). We have also reported dra-
matic responses to pazopanib (including one pathological 
complete response) following treatment with the NOTCH 
inhibitor crenigacestat,26 suggesting that the sequence 
of treatments in the metastatic setting should be further 
explored.

Investigational approaches include PD- 1/PD- L1 in-
hibition, with several responses reported in small series 
of patients.27 Of note, angiosarcoma arising in the head 
and neck often exhibits a high tumor mutational bur-
den,22 and PD- 1/PD- L1 inhibition could represent a valu-
able treatment option in this setting. Other angiosarcoma 
subtypes vulnerable to PD- 1/PD- L1 inhibition could be 
identified using tertiary lymphoid structures (TLS) as a 
potential predictive biomarker28 in an ongoing clinical 
trial (NCT04095208). Several responses have also been re-
ported under eribulin,29 and another phase 2 trial is ongo-
ing (NCT03331250).

Another critical finding of the present series is the ac-
tivity of gemcitabine in patients with advanced cardiac 
angiosarcoma, with all eight patients having an objective 
response. Cardiac angiosarcoma represent a difficult- to- 
treat disease since the primary tumor is often unresect-
able, metastatic spread (to lungs and brain) is frequent 
at diagnosis, and the use of cardiotoxic drugs such as 
anthracyclines might be limited due to altered cardiac 
function.30 Of note, two of three patients with metastatic 
cardiac angiosarcoma also experienced partial responses 
in the Italian series.13 Given this unexpected response 
rate on one hand, and previous studies suggesting hENT1 

(an efflux transporter for gemcitabine) as a potential bio-
marker for gemcitabine efficacy31,32 on the other hand, we 
have initiated translational studies to determine whether 
hENT1 expression could be a targetable alteration in car-
diac angiosarcoma.

Overall, our study is limited by its retrospective nature 
and the lack of translational data on KDR mutational sta-
tus, TLS status, and expression of hENT1. However, we 
believe that our clinical data strengthen existing recom-
mendations on the role of gemcitabine in the treatment of 
advanced angiosarcoma.

4.1 | Implications for clinical care

Gemcitabine is an attractive option in advanced, pre- 
treated angiosarcoma due to its schedule of administration 
(30 min. Intravenous administration, feasible in the 
ambulatory setting) and a favorable toxicity profile. Single- 
agent gemcitabine represents an additional therapeutic 
option in advanced angiosarcoma adult patients pre- 
treated with doxorubicin and/or weekly paclitaxel.

5  |  CONCLUSION

In our experience, single- agent gemcitabine demonstrated 
effective palliation along with acceptable toxicity in 
patients with progressive, advanced angiosarcoma. 
Our findings confirm that it represents an additional 
therapeutic option in this population, and its use should be 
further investigated in specific subpopulations (including 
cardiac angiosarcoma).
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