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Introduction

Angiosarcoma is a rare and highly aggressive sarcoma 
subtype and occurs throughout the body at any age [1]. The 
prognosis of angiosarcoma is generally poor even in local-
ized disease with 5-year overall survival (OS) up to only 60% 
with a median survival of around 3-10 months for metastatic 
disease [1-4].

In case of localized disease, standard treatment is surgi-
cal resection, sometimes combined with preoperative and 
postoperative radiation. However, negative surgical margins 
could be often difficult to achieve especially in the head and 
neck or in the presence of multifocal disease. These inoper-
able or metastatic diseases are treated with systemic chemo-
therapy [5]. Doxorubicin and weekly paclitaxel (wPac) are 
currently regarded as a preferred option for first- or second-
line therapy with a median OS of approximately 8 to 10 
months [6,7]. However due to the rarity of the disease, there 

are only limited efficacy data for such therapies. 
Meanwhile, several components involved in angiogenesis 

have been investigated as potential targets to treat angiosar-
coma [8]. These include vascular endothelial growth factor 
(VEGF) and multiple VEGF receptors, which are the key 
regulators of angiogenesis that are overexpressed in angio-
sarcoma [9,10]. Bevacizumab is a recombinant human anti-
body against VEGF and has been tested in clinical trials both 
as a monotherapy and in combination with other drugs [11]. 
Multi-target tyrosine kinase inhibitors (sunitinib, sorafenib, 
and pazopanib) have also been applied, but the efficacy of 
such treatment was inconclusive as the numbers of angiosar-
coma patients involved were low [1,12].

As consensus treatment strategy for angiosarcoma is not 
well established, it is necessary to better understand the 
clinicopathological features of angiosarcoma and correlate 
them with the treatment response and clinical outcomes. 
In this retrospective study, we reviewed the patients with  
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advanced angiosarcoma who undergone systemic chemo-
therapy and evaluated clinical outcomes and their prognos-
tic significance. In addition, we tried to delineate the efficacy 
of systemic therapies currently available for advanced angio-
sarcoma.

Materials and Methods
 
1. Patients

We retrospectively reviewed data of 96 adult patients 
(age > 18 years) with metastatic or advanced angiosarcoma 
from 2005 to 2018 at Seoul National University Hospital and 
Seoul National University Bundang Hospital. The diagnosis 
of metastatic or advanced angiosarcoma was based on the 
histopathological analysis according to 2013 World Health 
Organization Classification of Tumors of Soft Tissue and 
Bone [13]. Exclusion criteria were: patients who had mixed 
histology with other soft tissue sarcoma (STS) subtypes (five 
patients); those who did not receive systemic chemotherapy 
in locally advanced or metastatic setting (six patients); and 
those who had no available treatment administration record 
(10 patients). Patient records were accessed for age, sex, date 
of last follow-up or deaths, disease site (primary or meta-
static), Eastern Cooperative Oncology Group performance 
status scale (ECOG PS), prior therapy (surgery, radiation, or 
chemotherapy), and treatment outcome. Tumor grade was 
evaluated using Federation Nationale des Centres de Lutte 
le Cancer (FNCLCC) grade.

2. Data collection
We assessed tumor responses according to Response 

Evaluation Criteria in Solid Tumors guideline, ver. 1.1 [14]. 
Objective response rate (ORR) was defined as percentage of 
patients who experienced partial response (PR) or complete 
response (CR). The grade of adverse events was assigned  
according to the National Cancer Institute Common Termi-
nology Criteria for Adverse Events ver. 5.0 [15]. 

3. Data analysis
The endpoint for the prognostic factor analysis was OS, 

which was defined as the time from date of treatment ini-
tiation to date of death or last contact. The impact of covari-
ates on OS was estimated using Cox models (hazard ratio 
[HR], 95% confidence interval [CI]). The factors analyzed 
for univariate analysis were age, sex, ECOG PS, primary 
sites, presence of liver involvement, lung involvement, bone 
involvement, lymph node involvement, FNCLCC grade, 
previous operation intent, pre-chemotherapy laboratory 
results of albumin and bilirubin. For multivariate analysis, 
the factors that were significant in univariate analyses 

were used. Progression-free survival (PFS) was defined as 
time to progression or death from the initiation of chemo-
therapy. Kaplan-Meier estimates were used for both OS and 
PFS analysis. Fisher’s exact test was used to compare ORR.  
Logistic regression analysis was performed to evaluate the 
association of factors with response. Continues variables are 
shown as medians and ranges and categorical variables as 
percentages. Wilcoxon rank-sum test was used to compare 
continuous variables. All p-values were two-sided, with p < 
0.05 indicating statistical significance. R ver. 3.6.1 software (R 
Development Core Team, https://www.r-project.org/) was 
used for statistical analyses.

 

Table 1.  Demographic features of patients

 No. (%) (n=75)

Age at first chemotherapy,  63 (30-81)
  median (range, yr) 
Sex
   Male 51 (68.0)
   Female 24 (32.0)
ECOG PS at first chemotherapy 
    0-1 62 (82.7)
    2-3 11 (14.7)
    NA 2 (2.7)
Primary site 
    Scalp 19 (25.3)
    Liver 17 (22.7)
    Bone 7 (9.3)
    Heart 6 (8.0)
    Lung 6 (8.0)
    Skin of extremities 5 (6.7)
    Spleen 4 (5.3)
    Othersa) 11 (14.7)
FNCLCC grade 
    1 5 (6.7)
    2 33 (44.0)
    3 15 (20.0)
    NA 22 (29.3)
Previous operation intent 
    None 38 (50.1)
    Curative 21 (28.0)
    Palliative 16 (21.3)

ECOG PS, Eastern Cooperative Oncology Group performance 
status; FNCLCC, Federation Nationale des Centres de Lutte  
Contre Le Cancer; NA, not available. a)Locations of others  
include the breast (2 cases), large artery, kidney, spinal nerve 
root, deep soft tissue of thigh, soft tissue of mediastinum, soft 
tissue of retroperitoneum, pleura, uterine cervix, and nasophar-
ynx.
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Results

1. Patient demographics
A total of 75 patients who received palliative chemo-

therapy for advanced angiosarcoma were enrolled. Among 
these, 24 had primary cutaneous angiosarcoma. The most 
common primary sites were the scalp (n=19, 25.3%), liver 
(n=17, 22.7%), and bone (n=7, 9.3%). Two patients had radi-
ation-induced angiosarcoma of the cervix and nasopharynx, 
respectively, both of whom were involved in previous radio-
therapy more than 10 years ago. Other demographic features 
are summarized in Table 1. 

At the time of the first-line palliative chemotherapy, liv-
er involvement either by primary mass or metastatic mass 
was present in 28 patients (37.3%). Lung, lymph node, and 
bone involvement were present in 24 (32%), 24 (32%), and 26 
(34.7%) of patients, respectively.

2. Clinical outcomes and prognostic factors
The median OS of the 75 patients from the first-line pallia-

tive chemotherapy initiation was 10.2 months (95% CI, 8.6 
to 13.8) (Fig. 1A). OS did not differ between patients with 
primary cutaneous and non-cutaneous angiosarcoma (8.7 
months; 95% CI, 6.6 to 21.6 vs. 10.3 months; 95% CI, 7.2 to 

Fig. 1.  Overall survival of advanced angiosarcoma patients treated with systemic chemotherapy and the associated prognostic factors. 
Kaplan-Meier survival curves represent overall survival of advanced angiosarcoma patients. (A) Overall survival of patients included in 
the study. (B) Blue line represents patients without any liver involvement; red line represents patients with primary hepatic angiosarcoma; 
green line represents patients with liver metastasis. (C) Blue line represents patients without any liver involvement; red line represents 
patients with liver involvement. Censored data are marked with vertical segments and numbers at risk are demonstrated on the table at 
the bottom of each plot.
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Table 2.  Cox proportional hazard analysis of the prognostic factors of overall survival in patients with advanced angiosarcoma at the time 
of the first chemotherapy

                               Univariate analysis                                Multivariate analysis

 HR (95% CI) p-value HR (95% CI) p-value

Age 1.01 (0.99-1.03) 0.438 -
Sex   - 
    Male Reference   
    Female 1.01 (0.57-1.78) 0.981  
ECOG PS    
    0, 1 Reference  Reference 
    2, 3 2.54 (1.26-5.10) 0.009 1.50 (0.60-3.78) 0.386
Primary cutaneous angiosarcoma   - 
    Yes Reference   
    No 0.90 (0.51-1.59) 0.726  
Primary scalp angiosarcoma   - 
    Yes Reference   
    No 0.96 (0.53-1.74) 0.883  
Primary site: liver   - 
    No Reference   
    Yes 1.87 (0.94-3.72) 0.073  
Primary site: lung   - 
    No Reference   
    Yes 0.88 (0.35-2.22) 0.787  
Primary site: heart   - 
    No Reference   
    Yes 1.16 (0.46-2.93) 0.761  
Presence of liver involvement    
    No Reference  Reference 
    Yes 1.96 (1.12-3.43) 0.018 2.27 (1.13-4.57) 0.022
Presence of lung involvement   - 
    No Reference   
    Yes 1.41 (0.80-2.46) 0.233  
Presence of bone involvement   - 
    No Reference   
    Yes 1.01 (0.59-1.75) 0.966  
Presence of lymph node involvement   - 
    No Reference   
    Yes 0.74 (0.41-1.34) 0.314  
FNCLCC grade   - 
    1 Reference   
    2 1.53 (0.53-4.45) 0.432  
    3 1.03 (0.31-3.44) 0.956  
Previous operation intent   - 
    None Reference   
    Curative 0.60 (0.32-1.14) 0.121  
    Palliative 0.62 (0.31-1.23) 0.173  
Pre-chemotherapy bilirubin 1.37 (1.14-1.63) < 0.001 1.26 (1.04-1.53) 0.017
Pre-chemotherapy albumin 0.58 (0.40-0.87) 0.007 0.82 (0.50-1.34) 0.421
CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; FNCLCC, Federation Nationale des Centres 
de Lutte Contre Le Cancer; HR, hazard ratio; -, not done.
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14.5; p=0.73) (S1A Fig.). None of primary scalp, primary pul-
monary, primary cardiac angiosarcoma, and FNCLCC grade 
were significantly associated with OS in our analysis (Table 
2, S1B Fig.).

Patients with primary hepatic angiosarcoma tended to 
have poorer OS than those without liver involvement (4.0 
months; 95% CI, 2.7 to not available [NA] vs. 12.5 months; 
95% CI, 9.6 to 16.7; p=0.05). Patients with liver metastasis 
that originated from other organs tended to have poorer 
OS than those without liver involvement (8.7 months; 95% 
CI, 6.4 to NA for patients with liver metastasis; p=0.06) (Fig. 

1B). When patients with primary and metastatic sites of liver 
were combined as having liver involvement, presence of 
liver involvement was significantly associated with poor OS 
(7.0 months; 95% CI, 4.0 to 10.3 vs. 12.5 months; 95% CI, 9.6 
to 16.7; p=0.02) (Fig. 1C). 

In the univariate Cox proportional hazard regression 
analysis, ECOG PS and presence of liver involvement were 
significantly associated with poor OS (HR, 2.54; 95% CI, 
1.26 to 5.10; p=0.009 for ECOG PS; HR, 1.96; 95% CI, 1.12 to 
3.43; p=0.018 for presence of liver involvement) (Table 2). In  
addition, higher pre-chemotherapy bilirubin and lower pre-

Changhee Park, Systemic Treatment for Advanced Angiosarcoma

Fig. 2.  Progression-free survival and overall survival of advanced angiosarcoma patients treated with first-line weekly paclitaxel (wT) 
or other regimens. Kaplan-Meier survival curves represent progression-free survival and overall survival of advanced angiosarcoma  
patients. (A, B) Survival curves show progression-free survival and overall survival of patients according to response to first-line wT. Blue 
line represents the progression-free survival of all patients who received first-line wT. Red dashed line represents non-responder and green 
dashed line represents responder. (C, D) Survival curves show progression-free survival and overall survival of patients without liver 
involvements according to the chemotherapy regimens. Blue line represents patients who received first-line wT and red line represents 
patients who received other regimens. Censored data are marked with cross segments and numbers at risk are demonstrated on the table 
at the bottom of each plot. 
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chemotherapy albumin were associated with poor OS (HR, 
1.37; 95% CI, 1.14 to 1.63; p < 0.001 for bilirubin; and HR, 
0.58; 95% CI, 0.40 to 0.87; p=0.007 for albumin, respective-
ly) (Table 2). In the multivariate Cox proportional hazard 
regression analysis, presence of liver involvement and pre-
chemotherapy bilirubin level were associated with poor OS 
(HR, 2.27; 95% CI, 1.13 to 4.57; p=0.022 for presence of liver 
involvement; and HR, 1.27; 95% CI, 1.04 to 1.53; p=0.017 for 
bilirubin, respectively) (Table 2). 

3. First-line weekly paclitaxel
A total of 59 patients received first-line wPac. ORR was 

23.7% (n=14) including one CR and 13 PR patients (S2 Table 
1). ORR in patients with liver involvement was 12.5% (3 of 
24 patients) and ORR in patients without liver involvement 
was 31.4% (11 of 24 patients, p=0.12 compared to patients 
with liver involvements). Median PFS was 4.0 months (95% 
CI, 3.0 to 6.1) and OS was 10.2 months (95% CI, 7.0 to 14.6). 
Response to wPac was associated with prolonged PFS and 
OS (PFS: 7.0 months; 95% CI, 6.1 to NA for responders vs. 3.0 
months; 95% CI, 2.5 to 4.0 for non-responders; p=0.018, Fig. 
2A; OS: 21.6 months; 95% CI, 13.8 to NA for responders vs. 
7.0 months; 95% CI, 4.0 to 12.1 for non-responders; p=0.012) 
(Fig. 2B). An example case of a patient who showed favora-
ble response to wPac is shown in S3 Fig. The patient had 
recurred scalp angiosarcoma with lymph nodes and right 
parotid gland metastasis which showed complete remission 
with wPac and PFS of 33.4 months. 

ECOG PS, liver involvement, high pre-chemotherapy bili-
rubin and low pre-chemotherapy albumin level were associ-
ated with poor PFS in univariate Cox proportional hazard 
regression analysis (S4 Table). In multivariate analysis, only 
pre-chemotherapy albumin level was significantly associat-
ed with PFS (HR, 0.56; 95% CI, 0.32 to 0.96; p=0.036). None of 
the factors were associated with response to first-line wPac in 
logistic regression analysis (S4 Table). For the adverse events 
of interest, neuropathy of any grade was observed in 39.0% 
(n=23) of patients, and most of them (n=19) were tolerable as 
grade 1. Febrile neutropenia of any grade was observed in 
10.2% (n=6) of patients and one patient died of septic shock. 

Remaining 16 patients received either one of doxorubicin-
based chemotherapy (n=7) or non-doxorubicin-based chem-
otherapy (n=9) other than wPac as first-line treatment (S5 
Table). ORR in these patients was 25% (n=4) including one 
CR and three PR patients (S2 Table). Compared with these 16 
patients, patients who received first-line wPac did not show 
significant PFS and OS differences (S6 Fig.). However, when 
patients with liver involvement were excluded, those who 
received wPac (n=35) showed significantly prolonged PFS 
(5.8 months; 95% CI, 3.2 to 7.9 vs. 3.15 months; 95% CI, 2.0 
to NA, respectively; p=0.014) (Fig. 2C) and tendency to pro-
longed OS (13.8 months; 95% CI, 10.0 to NA vs. 11.6 months; 
95% CI, 9.4 to NA, respectively; p=0.13) (Fig. 2D) compared 
with patients who received other regimens (n=12). 

Cancer Res Treat. 2021;53(4):1195-1203

Fig. 3.  Progression-free survival and overall survival of advanced angiosarcoma patients treated with second- or later-line pazopanib. 
Kaplan-Meier survival curves represent progression-free survival and overall survival of advanced angiosarcoma patients. (A, B) Survival 
curves show progression-free survival and overall survival of patients according to response to second- or later-line pazopanib. Blue lines 
represent the progression-free survival and overall survival of all patients who received first-line weekly paclitaxel. Red lines represent 
non-responder and green lines represent responder. Censored data are marked with cross segments and numbers at risk are demonstrated 
on the table at the bottom of each plot.
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4. Later-line pazopanib
A total of 24 patients received pazopanib monotherapy for 

advanced angiosarcoma. Most of these patients received paz-
opanib as second-line treatment (n=18, 75%), and none of the 
patients received pazopanib as first-line treatment. ORR was 
16.7% (n=4) including four PR patients. The median PFS was 
2.4 months (95% CI, 1.8 to 4.3 months) (Fig. 3A) and OS was 
5.4 months (95% CI, 3.5 to NA months) (Fig. 3B). Respond-
ers showed significantly prolonged PFS compared to non- 
responders (6.4 months; 95% CI, 3.5 to NA vs. 1.9 months; 
95% CI, 1.6 to 3.2, respectively; p=0.02) (Fig. 3A) while OS 
did not significantly differ between responders and non- 
responders (9.5 months; 95% CI, 3.5 to NA vs. 5.0 months; 
95% CI, 3.5 to NA; p=0.58) (Fig. 3B). The most common side 
effect was hypertension (n=4, 16.7%), followed by diarrhea 
(n=3, 12.5%) and hand-foot syndrome (n=2, 8.3%).

 
Discussion

Here we described the clinical outcomes and prognos-
tic factors of advanced angiosarcoma patients treated with 
systemic chemotherapy. ECOG PS was a significant prog-
nostic factor in our study, which is consistent with previ-
ous literature [4]. Primary hepatic angiosarcoma had been 
associated with poor prognosis [4], and we found that liver 
involvement by primary or metastatic mass was associated 
with poor prognosis. Although previous study involving  
angiosarcoma patients some of whom received radical sur-
gery described that histologic grade is associated with prog-
nosis [16], we did not find any association of histologic grade 
with prognosis in patients with advanced stages.

We observed that some of the patients responded to first-
line wPac or later-line pazopanib who showed significantly 
prolonged survival. Although there had been no clinical 
trials comparing the outcome of palliative systemic chemo-
therapy versus best supportive care, these results indicate 
that there are subsets of patients who may benefit from the 
palliative first-line wPac and second-line pazopanib in terms 
of survival gain. The same has also been suggested in pre-
vious retrospective analysis [17]. We also demonstrated that 
patients without liver involvement might benefit from wPac 
compared with other regimens.

Our results on first-line wPac showed seemingly infe-
rior efficacy compared with previous studies. A prospective 
phase II clinical trial on wPac produced ORR of 45.8%, PFS of 
6.6 months, and OS of 19.5 months [18]. Retrospective studies 
on first-line wPac demonstrated ORR of 45.5%-52%, PFS of 
5.6-5.7 months, and OS of 13.1-18.6 months [17,19]. However, 
these results could be partly due to relatively lower num-
ber of patients with poor ECOG PS and liver involvement  

enrolled in other studies. Indeed, we showed in our study 
that both of these clinical features were poor prognostic fac-
tors. Another previous phase II clinical trial on wPac for  
angiosarcoma patients showed ORR of 18%, PFS of 4 months 
and OS of 8 months, which were comparable with our results 
[7].

Efficacy of second- or later-line of pazopanib in our study 
showed inferior results compared with the previous study of 
phase II clinical trial of pazopanib for metastatic STS, which 
showed PFS of 4.6 months and OS of 12.5 months [12]. How-
ever, this result may be attributed to the higher portion of 
other STSs in the enrolled patients such as leiomyosarcoma 
and synovial sarcoma, which have generally better prognosis 
than angiosarcoma [1]. Anti-angiogenesis agents for angio-
sarcoma generally produced ORR up to 14% and PFS around 
3.8-4.7 months, which are similar to our study results [1]. 
A retrospective study on pazopanib for advanced vascular 
sarcomas also exhibited comparable ORR of 20%, and PFS 
and OS of 3 and 9.9 months, respectively, in angiosarcoma 
[20]. A multicenter phase II prospective trial of pazopanib is 
ongoing to confirm these results (Clinical trial information: 
NCT01462630). 

Angiosarcoma is an endothelial tumor in which all three 
subtypes of VEGF receptors can be overexpressed [9,10,21]. 
In addition, recurrent mutations in PTPRB and PLCG1 genes, 
which are intimately linked to angiogenesis, have also been 
identified in angiosarcoma [22]. Therefore, there has been 
great interest in targeting angiogenesis for angiosarcoma [1]. 
Both wPac and pazopanib have anti-angiogenesis effects. 
wPac exerts anti-angiogenesis effects by multiple mecha-
nisms including inhibition of the release of VEGF and angi-
opoietin-1 by tumor cells [23], while pazopanib directly tar-
gets VEGFR1/2/3, platelet-derived growth factor receptor 
and several other key proteins responsible for angiogenesis 
[24]. Despite some efficacy of using anti-angiogenesis drugs 
in angiosarcoma patients, there seems to be more factors  
involved in resistance to such treatments in angiosarcoma 
[25]. 

In this study, we showed that liver involvement, either 
by primary mass or metastatic mass, was potentially associ-
ated with poor treatment outcome. Poor survival of hepatic 
angiosarcoma has been reported in association with various 
clinical features such as intraabdominal hemorrhage due to 
tumor rupture and acute liver failure [26,27]. We showed that 
poor survival associated with liver involvement may be part-
ly due to poor liver function represented as pre-chemother-
apy bilirubin and albumin level, which would have affected 
drug tolerability and patient’s performance status. However, 
tendency to poor PFS and ORR in patients with liver involve-
ment implicate additional mechanisms on tumor biology. 
Such resistance mechanism of liver involvement by tumors 
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has been also implicated in other cancers and other antitu-
mor agents, such as lung cancer to epidermal growth factor 
receptor tyrosine kinase inhibitors and melanoma to immune 
checkpoint inhibitors, which exhibited reduced CD8+ T cell 
density at the invasive tumor margin at pretreatment biop-
sies [28,29]. In addition, previous study showed that vessel 
co-option, a process whereby cancer incorporates pre-exist-
ing vessels from surrounding tissue, is a clinically relevant 
mechanism of resistance to anti-angiogenic therapy in liver 
metastases of colorectal and breast cancers [30]. Whether 
these mechanisms are also involved in angiosarcoma resist-
ance would require further studies.

The limitations of this study include its retrospective  
nature; therefore, the results presented should be interpreted 
carefully. Also, as angiosarcoma can have diverse patterns of 
the clinical course according to involved sites, the ORR, the 
PFS, and the OS presented in this study would have been af-
fected by the heterogeneity. However, due to the rarity of this 
disease, designing a clinical trial for advanced angiosarcoma 
is difficult, as observed in the previous phase II clinical trial, 
which enrolled 30 patients with heterogeneous primary sites 
[7]. In addition, most of the clinical trials involving angio-
sarcoma include other sarcomas, which results in even more 
heterogeneous study population with angiosarcoma being 
a small portion of the entire population. In this study, we 
collected data from homogeneous and relatively large num-
ber of patients in advanced setting who received palliative 
systemic chemotherapy. Therefore, our results provide clini-
cians with fair information of real-world treatment outcomes 
in advanced angiosarcoma patients. Secondly, whether liver 
function represented as more relevant scoring systems such 
as Child-Pugh or Model for End-Stage Liver Disease scores 
is correlated with clinical outcome should be further evalu-
ated. Nevertheless, the baseline serum total bilirubin and  
albumin levels may provide clinical insights to physicians 
and researchers in deciding on treatments and designing 
stratifications for clinical trials. Lastly, our study implicates 
the liver involvement as a prognostic marker, not a predic-
tive marker. Therefore, the presence or absence of liver  

involvement should not be used as a factor that could influ-
ence the decision on the initiation of chemotherapy.

In conclusion, treatment with first-line chemotherapy with 
wPac regimen and later-line pazopanib showed comparable 
efficacy to that reported in previous studies and may provide 
survival benefit for subset of patients, especially those with-
out liver involvement. Clinicians would need to be aware 
that patients with presence of liver involvement may have 
poor prognosis. Further investigations with large number in 
multicenters or prospective design considering these results 
are warranted.
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