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Abstract
Background  To evaluate the efficacy and safety of anlotinib combined with chemotherapy in the treatment of advanced 
soft tissue sarcoma (STS).
Methods  A total of 14 patients with advanced STS consisting of 4 liposarcoma, 3 undifferentiated polymorphous sarcoma, 
2 synovial sarcoma, 1 Extraosseous ewing sarcoma, 1 spindle cell sarcoma, 1 Sarcomatoid malignant mesothelioma, 1 
hemangiosarcoma, and 1 fibrosarcoma, were treated with anlotinib plus chemotherapy. The anlotinib was combined 
with chemotherapy as the first-line treatment in 13 patients, and as second-line treatment in 1 patient. Chemotherapy 
regimens were based on anthracyclines and ifosfamide, and other drugs included paclitaxel, and so on. Efficacy and 
safety were evaluated every 2 treatment cycles.
Results  According to the stage of AJCC, 9 patients were stage III and 5 patients were stage IV. The average cycle of treat-
ment is 3.86. Among the 14 patients, 2 cases had received surgical treatment after neoadjuvant chemothrapy, 5 cases 
had partial response (PR), 7 cases had stable disease (SD), and 2 cases had progressive disease (PD). The overall response 
rate (ORR) was 35.7% (5/14). Patients who had not underwent surgical treatment were with a disease control rate (DCR) 
of 83.3% (10/12). The median progression free survival (PFS) was 8.25 months. The common treatment-related adverse 
effects included bone marrow suppression, nausea, vomiting and hypertension. Three patients had severe adverse effect, 
which was febrile neutropenia. No treatment-related death was found.
Conclusions  Anlotinib combined with chemotherapy in the treatment of STS is effective and tolerable, which is a promis-
ing strategy. It is worthy of further clinical research.
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PFS	� Progression free survival
VEGFR	� Vascular endothelial growth factor receptor
FGFR	� Fibroblast growth factor receptor
PDGFR	� Platelet-derived growth factor receptors
CTCAE	� Common terminology criteria for adverse events
MAID	� Mesna, doxorubicin, ifosfamide, dacarbazine
AIM	� Anthracyclines, ifosfamide, mesna
SUR	� Surgery
CHE	� Chemotherapy

1  Introduction

Soft  tissue  sarcoma (STS)  is  a  malignant  tumor  originated  from  mesenchymal  tissues. Although  the  inci-
dence  of  STS  is  rare,  accounting  for  less  than  1%  of  adult  malignant  tumors  and  15%  of  pediatric  malig-
nant  tumors. The  subtypes  of  STS  are  extremely  abundant. According  to  the  standard  of WHO,  STS  is  divide
d into more than 50 types [1–3]. Due to the heterogeneity of STS, the treatment is difficult, and the prognosis 
is poor. The main treatments of STS are surgery, radiotherapy and chemotherapy. Surgery is the standard regi-
men of resectable patients, while patients with improper surgery are at a high risk of recurrence and metastasis. For 
patients with advanced and metastatic STS, systematic chemotherapy is the primary treatment and it could effectively 
prolong the overall survival [4]. Standard first line chemotherapy includes doxorubicin with or without ifosfamide, 
the objective response rate is 25–30% and the median overall survival is approximately 12–17 months [5].

Neovascularization is an important process to promote tumor growth, proliferation and metastasis [6]. VEGF, PDGF 
and FGF is the main pathways to promote angiogenesis. Drugs like pazopanib, regorafenib and anlotinib, are relating to 
the pathways mentioned above, and also exhibiting excellent anti-tumor effects [7–9]. Anlotinib is a new, orally adminis-
tered tyrosine kinase inhibitor that targets vascular endothelial growth factor receptor (VEGFR), fibroblast growth factor 
receptor (FGFR), platelet-derived growth factor receptors (PDGFR), and c-kit [10]. It has been approved for the treatment 
of STS in China. Its application has attracted more and more attention due to the significant efficacy and safety [11].

Because of the limited effects of doxorubicin-based chemotherapy regimen in the treatment of STS [12], we attempt to 
investigate the anlotinib combined with chemotherapy to improve outcomes. In this article, we retrospectively analyzed 
14 cases to explore the effectiveness and safety of the combined regimen in first and second line treatment of STS and 
provide new treatment options for advanced STS.

2 � Patients and methods

2.1 � Patient characteristics

Fourteen patients with advanced STS were enrolled from Fudan University Shanghai Cancer Center Minhang Branch 
between July 2019 and March 2020. All patients had available imaging and pathological examination data. All patients 
received written informed consents before the combination therapy.

2.2 � Procedures

Advanced STS patients received chemotherapy combined anlotinib. Chemotherapy regimens were based on anthracy-
clines and ifosfamide, and other drugs included paclitaxel, and so on. Anlotinib were taken orally 12 mg once a day for 
14 days and 7 days off, 21 days for a treatment cycle. Efficacy and safety were evaluated every 2 treatment cycles until 
PD or unacceptable toxicity.
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2.3 � Safety and outcome assessment

Efficacy assessment were conducted by RECIST 1.1. Disease control rate (DCR) is defined as the total percentage of 
patients with stable disease (SD), partial response (PR), and complete response (CR). Objective response rate is defined 
as the sum of patients with PR and CR. From the initiation of combination therapy to any cause of tumor progression 
or death is defined as progression free survival (PFS). In addition, treatment-related adverse events were evaluated in 
accordance with Common Terminology Criteria for Adverse Events (CTCAE) (vision 4.3).

2.4 � Statistic and analysis

SPSS software (version 14.0) was used to analyze the data, describe variables related to treatment-related toxicity and 
patient characteristics. Median progression free survival was calculated by Kaplan–Meier method.

2.5 � Ethics

The study was approved by the Ethics Committee of the Shanghai Cancer Hospital Affiliated to Fudan University. All 
procedures performed in studies involving human participants are in compliance with the ethical standards of the 
institution and/or the National Research Council and the Declaration of Helsinki. Since this is a retrospective study, no 
informed consent is required. Patient data used in the study is confidential.

3 � Results

3.1 � Patient characteristics

Table 1 summarized the baseline characteristics of advanced STS patients, including sex, age, pathological type, AJCC 
stage, metastatic site, and history of treatments. 9 patients were male and 5 patients were female. Pathological types 
included LPS (n = 4), UPS (n = 3), SS (n = 2), EES (n = 1), SCS (n = 1), SMM (n = 1), HS (n = 1) and FS (n = 1). Nine patients were 
with stage III, and five were with stage IV. Four patients suffered from pulmonary metastasis, and one patient suffered 
from peritoneum metastasis. Twelve patients had previously received surgery and four patients received chemotherapy.

Table 1   Patient demographics and clinical characteristics

AIM anthracyclines + ifosfamide + mesna, SUR surgery, CHE chemotherapy, PD progressive disease, SD stable disease, PR partial response

Case Sex Age Histology AJCC staging Metastatic site Previous treatment Therapeutic regimen Response

1 M 48 LPS IIIB – SUR + CHE AIM + Anlotinib PD
2 M 72 LPS IIIA – SUR + CHE AIM + Anlotinib SD
3 F 33 LPS IV Lung SUR AIM + Anlotinib SD
4 F 43 LPS IIIA – SUR AIM + Anlotinib PR
5 M 38 UPS IV Lung SUR AIM + Anlotinib SD
6 M 81 UPS IIIA – – A + Anlotinib PR
7 M 69 UPS IV Lung SUR AIM + Anlotinib PD
8 M 40 SS IIIB – SUR AIM + Endostar + Anlotinib PR
9 F 39 SS IIIA – – AIM + Anlotinib SD
10 F 52 EES IV Peritoneum SUR + CHE A + Anlotinib SD
11 M 65 SCS IIIB – SUR AIM + Anlotinib PR
12 F 72 SMM IIIB – SUR AIM + Anlotinib PR
13 M 47 HS IV Lung SUR + CHE Paclitaxel + Anlotinib SD
14 M 41 FS IIIB – SUR AIM + Anlotinib SD
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3.2 � Efficacy

The average cycles of treatment were 3.86. Among the 14 patients, 5 had partial response (PR), 7 had stable disease (SD), and 2 
had progressive disease (PD) (Fig. 1). The overall response rate (ORR) was 35.7% (5/14). 2 cases of stage III patients received surgi-
cal treatment after neoadjuvant chemotherapy. Patients who had not underwent surgical treatment were with a disease con-
trol rate (DCR) of 83.3% (10/12). The median progression free survival (PFS) was 8.25 months (Fig. 2; 95% CI 4.88–11.62). All 14 
patients were alive, and no deaths had occurred.

3.3 � Adverse events

Common treatment-related adverse events were shown in Table 2. The Grade 3–4 adverse event is neutropenia (n = 5, 35.7%). 
Most of treatment-related adverse events are grade 1–2, including neutropenia, anemia, thrombocytopenia, hypertension, 
nausea, vomiting and ALT elevation. No patient discontinued treatment with combined regimens due to adverse events. 

Fig. 1   Time from treatment of 
patients (months)

Fig. 2   The progression free 
survival of patients who had 
not underwent surgical treat-
ment

Table 2   Toxicity profile 
(N = 14, n (%))

Toxicity Grade 1 Grade 2 Grade 3 Grade 4

Neutropenia 7 (50.0) 2 (14.3) 2 (14.3) 3 (21.4)
Anemia 5 (35.7) 4 (28.6) 0 0
Thrombocytopenia 3 (21.4) 2 (14.3) 0 0
Hypertension 1 (7.1) 1 (7.1) 0 0
Nausea/vomiting 6 (42.9) 2 (14.3) 0 0
ALT elevation 2 (14.3) 1 (7.1) 0 0
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There were no treatment-related death, as well as new treatment-related adverse events. The combined chemotherapy were 
well tolerated.

3.4 � Neoadjuvant chemotherapy

It was noted that 2 of 14 patients achieved PR after combined treatment, and sequentially received surgical resection 
with R0. Details were shown in Table 3.

One case was a synovial sarcoma, who had a history of surgery but no chemotherapy. The patient was treated with 
AIM + Endostar + Anlotinib. The tumor with a maximum diameter of 5.8 cm. After 2 cycles of chemotherapy, the tumor 
was significantly reduced with a maximum diameter of 3.5 cm, reaching PR. The patient had good chemotherapy effect, 
and no obvious adverse reactions. Chemotherapy was continued for 2 cycles. MRI examination was performed again. 
The maximum tumor diameter was 2.8 cm and achieved PR. In the 4 chemotherapy cycles, only the last chemotherapy 
showed grade 1 deficiency neutropenia. The patient received a R0 surgery resection sequentially.

Another case was a malignant mesothelioma, with a maximum diameter of 12.4 cm at the time of initial diagnosis, 
and with no history of surgery or chemotherapy. On september 17th, 2019, the AIM + Anlotinib was performed. After 2 
cycles of chemotherapy, the tumor was significantly reduced with a maximum diameter of 7.5 cm, reaching PR. In this 
period, grade 1 nausea and vomiting had occurred. After the third chemotherapy, the patient suffered from grade 4 
febrile neutropenia and the supportive treatment was given. Preoperative abdominal CT evaluation showed that the 
tumor was slightly larger than before, with a maximum diameter of 8.1 cm. The evaluation result was still PR. The patient 
received a R0 surgery resection eventually.

4 � Discussion

Over the past decade, main treatment of advanced STSs is palliative chemotherapy. Anthracyclines are standard first-line 
treatment options. Judson et al. reported that doxorubicin combined with ifosfamide significantly improves ORR (26.5 
vs 13.6%) and proglongs PFS (7.4 months vs 4.6 months, HR = 0.74, P = 0.003) compared to ifosfamide alone. However, 
adverse events are also increased apparently, and OS is similar (14.3 months vs 12.8 months, P = 0.076). When patients 

Table 3   Individual patient 
data of neoadjuvant 
chemotherapy

Name Case 1 Case 2

Sex Male Female
Age 40 72
Histologic category Synovial sarcoma Sarcomatoid malignant 

mesothelioma
Surgery history Yes No
Chemotherapy history No No
Maximum diameter of tumor 5.8 cm 12.4 cm
Chemotherapy AIM + Endostar + Anlotinib AIM + Anlotinib
First time September 17th, 2019 September 17th, 2019
Toxicity profile – Nausea/Vomiting (I)
Second time October 9th, 2019 October 9th, 2019
Toxicity profile – Nausea/Vomiting (I)
Maximum diameter of tumor 3.5 cm 7.5 cm
Response PR PR
Third time October 31th,2019 October 31th,2019
Toxicity profile – Febrile neutropenia (IV)
Fourth time 2019.11.22 –
Toxicity profile Neutropenia (I) –
Maximum diameter of tumor 2.8 cm 8.1 cm
Response PR PR
Surgery December 23th, 2019(R0) December 16th, 2019(R0)
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experience failure of first-line chemotherapy, there are few therapeutic drugs available. According to pathological types 
and individual conditions, we can choose Dacarbazine, gemcitabine, temozolomide, vincristine, cyclophosphamide and 
paclitaxel as second-line chemotherapy. But the prognosis of STS patients is still poor [13].

Previous studies have shown that anlotinib can be effective in different kinds of STSs, especially in Synovial sarcoma, 
leiomyosarcoma and alveolar soft tissue sarcoma [9]. A Phase II trial proved that 166 advanced STS patients received 
alotinib had an twelve-week PFS rates of 68%, a median PFS time of 5.6 months, and a OS time of 12 months, which 
was similar to paients received paczopanil and Regominib. The trial also suggested that the most common grade 1 
and 2 adverse events were Triglyceride elevation (44%), Hand-foot skin reaction (43%) and Hypertension (42%).This 
study concluded that anlotinib showed better efficacy and tolerance in STSs patients experience failure of conventional 
chemotherapy [9].

Further research showed that anti-angiogenesis therapy combined with cytotoxic chemotherapy could effectively 
overcome chemotherapy resistance and be beneficial to tumor growth inhibition [13]. The efficacy of bevacizumab com-
bined with gemcitabine and docetaxel in the treatment of STS was relatively good [14, 15]. Verschraegen CF reported 
a Phase I trial showed that bevacizumab combined with docetaxel and gemcitabine in 38 patients with advanced STS 
had an ORR of 31%, including 5 CR, 6 PR, and 18 SD [14]. Reported by the Spanish sarcoma study group, a prospective 
randomized phase II study in 35 advanced STS patients received sorafenib combined with ifosfamide, which proved to 
be a promising therapy, with 3 month and 6 month PFS rates of 66% and 37%, a median PFS time of 4.8 months, and a 
OS time of 16.2 months [16].

In our study, 5 achieved PR, 7 achieved SD, 2 achieved PD among 14 STSs patients. The ORR was 35.7% (5/14) and 
DCR was 83.3% (10/12).The median PFS achieved 8.25 months. Common treatment-related adverse effects included 
bone marrow suppression, nausea, vomiting and hypertension. Three patients had severe adverse effect, which was 
febrile neutropenia. ALTER-S006 is a multicentre, open-label, single-arm, phase 2 trial to evaluate the efficacy and safety 
of anlotinib as a maintenance treatment after chemotherapy in STS. The study enrolled 49 patients and showed that 
median PFS was 9.1 months, and the 1-year OS rate was 98.0%. The best ORR and DCR were 16 and 94%, respectively. 
Most of the treatment-related adverse events were grade 1–2. The results of our retrospective study are similar to this 
clinical study [17].

There is no consensus on the efficacy of neoadjuvant chemotherapy in the treatment of STS. The result of clinical 
studies at present is different. Gortzak et al.argued that there was no difference in efficacy between surgery alone and 
neoadjuvant chemotherapy combined with surgery in high-risk STS, The 5-year survival rates of the surgery group and 
the surgery combined with neoadjuvant chemotherapy group were 64 and 65% respectively (P = 0.22) [18]. Another 
retrospective study reported that only high-risk soft tissue sarcoma patients with tumor diameter greater than 10 cm 
could benefit from neoadjuvant chemotherapy [19]. Delaney et al. reported that compared with the surgery alone group, 
neoadjuvant chemotherapy of MAID (mesna, doxorubicin, ifosfamide, dacarbazine) combined with surgery could sig-
nificantly improve the 5-year survival rate of high-risk patients with STS patients (58 vs 87%, P = 0.0003) [20]. In addition, 
neoadjuvant chemotherapy may induce significant short-term adverse events [21].

In the reasearch, 2 advanced STS patients who received surgical treatment after alotinib combined with chemotherapy 
achieved PR. As a result, we believe that the chemotherapy regimen is effective in the treatment of advanced STS patients. 
Although the results are delightful, there are still limitations in this study. For example, the total sample size is small. Our 
research was retrospective, thus going along with the inherent problems of retrospective research including selection 
bias, recall bias, confounding variables and incomplete data. Further studies are needed to verify the effectiveness and 
safety of combined regimens in STS.

5 � Conclusion

Overall, the therapeutic effect of chemotherapy plus anlotinib in STS significantly improved ORR and PFS, compared with 
previous results and the adverse events are controllable, which provided a new way for the treatment of STS.
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