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Purpose: The options for the second-line treatment of metastatic osteosarcoma are still limited. Anlotinib is a multi-kinase inhibitor 
which has shown promising efficacy and good tolerability in various cancer types. This retrospective study was conducted to evaluate 
the efficacy and safety of anlotinib combined with gemcitabine/docetaxel (GD) in patients with metastatic osteosarcoma who have 
failed first-line chemotherapy.
Patients and Methods: The data of patients who received anlotinib combined with GD or GD were collected. The primary endpoint 
was progression-free survival. Secondary endpoints included objective response rate and safety.
Results: From July 2013 to November 2020, a total of 32 patients were enrolled, 13 received anlotinib combined with GD and 19 
received GD. Median PFS was 9.0 months (95% CI 6.7–39.1) in the combination group and 5.0 months (95% CI 1.2–6.7) in the 
chemotherapy group. ORR were 38.4% and 15.8%, DCR were 69.2% and 38.1% in the combination and chemotherapy group, 
respectively. The most common adverse events included fatigue (78.9% in the combination group vs 69.2% in the chemotherapy 
group), hypertension (46.2% vs 10.5%), diarrhea (38.5% vs 21.1%), hypothyroidism (38.5% vs 15.8%), neutropenia (23.1% vs 36.8%) 
and AST elevation (30.8% vs 21.1%). The most common grade 3 or worse adverse events included hand-foot reaction (7.7% vs 5.3%), 
hypothyroidism (15.4% vs 0), neutropenia (0 vs 10.5%).
Conclusion: The combination of anlotinib and GD showed favorable efficacy with manageable toxicities compared with GD in 
the second-line treatment for metastatic osteosarcoma. This combination therapy deserves further investigations in patients with 
osteosarcoma.
Keywords: anlotinib, refractory metastatic osteosarcoma, combination therapy

Introduction
Osteosarcoma is the most common malignant bone tumor for children and young adults.1 About 18% of the patients have 
developed metastatic disease at diagnosis,2 and about 30% of the patients with local disease will develop metastatic or 
recurrent disease after definite therapy.3 The prognosis of patients with metastatic or recurrent osteosarcoma is poor4 with 
limited progress in the past decades.5 The first-line treatment for metastatic osteosarcoma is still based on chemotherapy 
including doxorubicin, cisplatin, methotrexate, ifosfamide, while the efficacy is limited as the 5-year survival rates were 
lower than 30% in various attempts.6 In NCCN guidelines, the recommended second-line and subsequent regimens for 
patients with metastatic osteosarcoma include chemotherapy and multi-kinase inhibitors. The survival time was shorter 
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than 1 year with chemotherapy regimens including ifosfamide and etoposide, docetaxel and gemcitabine, cyclopho-
sphamide and topotecan.7 Sorafenib, regorafenib and cabozantinib are the recommended multi-kinase inhibitors, while in 
most of the studies, response rate (RR) was lower than 15%, median progression-free survival (PFS) and overall survival 
(OS) were only 4 months and 10 months, respectively.8–11 Osteosarcomas carry complex genetic alterations and have 
extensive intra-tumoral heterogeneity, while the essential driver mutations are still not revealed and no agent with precise 
target is available.12 The preliminary exploration of PD-1 inhibitors in metastatic osteosarcoma showed very limited 
activity.13 Effective strategies to improve the survival of patients with metastatic disease are still in urgent need.

As many other tumors, osteosarcoma depends on new blood vessels for development. A number of tyrosine kinase 
receptors involved in angiogenesis including vascular endothelial growth factor receptor (VEGFR), platelet-derived 
growth factor receptor (PDGFR), KIT, MET are overexpressed and activated in osteosarcomas14 and high levels of 
VEGF have been demonstrated to correlate with disease progression and poor survival in patients with osteosarcoma.15 

Therefore, antiangiogenic therapy is attractive for osteosarcoma. Multi-kinase inhibitors have been investigated in 
advanced osteosarcoma. While in most of the available studies, the efficacy of single-agent therapy is still not satisfied, 
and the combination of chemotherapy, immunotherapy and VEGFR TKIs is under investigation.5

Anlotinib is an oral multi-targeted receptor tyrosine kinase inhibitor which suppresses tumor cell proliferation via the 
inhibition of VEGFR, fibroblast growth factor receptor (FGFR), PDGFRα/β and c-Kit.16 Anlotinib has shown promising 
efficacy and favorable safety in advanced soft tissue sarcoma with an RR of 13% and OS of 1 year.17 In a preclinical 
study, anlotinib inhibits the growth, metastasis, angiogenesis of osteosarcoma by blocking VEGFR2 and MET 
pathways.18 These support the exploration of anlotinib in osteosarcoma. Due to the limited efficacy of single-agent 
VEGFR TKI in osteosarcoma, we did a retrospective study to investigate the combination of anlotinib and GD, and here 
report the efficacy and safety of this combination regimen in patients with metastatic osteosarcoma who have failed 
standard treatment.

Materials and Methods
Patients
This is a retrospective study including patients with metastatic osteosarcoma who have failed standard chemotherapy. 
Eligible patients were diagnosed with measurable, metastatic and histologically confirmed osteosarcoma. All patients 
experienced disease progression on standard chemotherapy (completed >4 weeks before study entry), including cisplatin 
and doxorubicin, high-dose methotrexate and ifosfamide, and received GD as second-line or subsequent treatment, with 
or without anlotinib. Patients were required to have an Eastern Cooperative Oncology Group performance status (ECOG 
PS) 0–1 and adequate organ function, based on laboratory tests including hematology, serum chemistry, lipids, coagula-
tion, thyroid function, urinalysis and electrocardiograph, and had a life expectancy of ≥3 months.

The main exclusion criteria included uncontrolled blood pressure, active myocardial ischemia, previous history of 
arterial infarction, QT interval ≥440 ms or cardiac insufficiency, 24-hour urine protein >1.0 g; major surgery within 4 
weeks; venous thrombosis within 6 months; clinically significant hepatic or gastrointestinal dysfunction, wound healing 
and infectious comorbidities. The study was approved by the Ethics Committees of Shanghai Sixth People’s Hospital, 
following the principles of Declaration of Helsinki. All subjects provided written informed consent to participate in the 
study.

Treatment
GD has been investigated in several studies and shown synergistic antitumor activity, with disease control rate (DCR) 
ranged from 20% to 50%, OS about 9–11 months.7 We enrolled patients received GD as second-line or subsequent 
treatment as the GD group. For the limited efficacy of VEGFR TKI as monotherapy, we chose patients who received both 
GD and anlotinib as the combination group. Patients received oral anlotinib once daily at an initial dose of 12 mg, day 1– 
14 in a 3-week cycle. Chemotherapy was delivered with gemcitabine at a dose of 675 mg/m2 on day 1 and 8, docetaxel at 
a dose of 100 mg/m2 on day 1 in a 3-week cycle. Treatment was continued until disease progression or intolerable 
toxicity were observed. The dose of anlotinib was reduced to 10 mg per day when grade 3 or 4 adverse events occurred 
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and could be further reduced to 8 mg when the adverse events occurred again. The dose adjustment of GD was conducted 
as the clinical practice.

Endpoints
The primary endpoint was PFS. Secondary endpoints included objective response rate (ORR), DCR, and safety. PFS 
was defined as the time from the start of study treatment to the time of disease progression or death due to any cause, 
whichever occurred first. OS was measured from the start of study treatment to the date of death for any cause. ORR 
was the proportion of patients who achieved complete response (CR) and partial response (PR). DCR was the 
proportion of patients with CR, partial response PR, and stable disease (SD) lasting for 12 weeks or more. Tumor 
responses were assessed by the investigators according to Response Evaluation Criteria in Solid Tumors (RECIST) 
version 1.1.

Statistical Analysis
Statistical analyses were performed with SPSS 26.0. The baseline data and AE data were calculated by the direct 
counting method, in terms of median (range) or frequency (percentage). Survival analysis was estimated by the Kaplan– 
Meier method with a 95% confidence interval (CI) and compared by Log rank test. Statistical significance was defined as 
an alpha level of 0.05 (p < 0.05).

Results
Study Population
The patients diagnosed as metastatic osteosarcoma in our hospital were reviewed. Between July 2013 and Nov 2021, 
a total of 32 eligible patients from our hospital were enrolled, among which 13 received GD and anlotinib, 19 received 
GD alone as second-line or subsequent treatment. Twelve (92.3%) and 13 (68.4%) patients had grade 3 tumors in the 
combination group and in the GD group, respectively. Two (15.4%) and 4 (21%) patients had unilateral lung 
metastasis, 5 (38.5%) and 11 (58%) had bilateral lung metastasis, while 6 (46.1%) and 4 (21%) had synchronous 

Table 1 Baseline Characteristics

Anlotinib and GD (n=13) GD (n=19)
n(%) n(%)

Age (years)
Median 23 24.4

Range 13–65 8–64

Sex
Male 8(61.5) 14(73.7)

Female 5(38.5) 5(26.3)

ECOG performance status
0 0 0

1 13(100) 19(100)

Surgery for metastatic lesions
Yes 4(30.8) 6(31.6)

No 9(69.2) 13(68.4)

Radiotherapy history
Yes 1(7.7) 3(15.8)

No 12(92.3) 16(84.2)

Previous lines of chemotherapy
1 7(53.9) 18(94.7)

2 6(46.1) 1(5.3)

3 0 0

(Continued)
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metastasis outside lungs in the combination and GD groups, respectively. Baseline characteristics of the patients are 
listed in Table 1.

Treatment
In the combination group, five patients received anlotinib simultaneously with GD, two received anlotinib since the start 
of the third cycle of GD, four received anlotinib immediately after the completion of GD, while two began to receive GD 
since the start of the second cycle of anlotinib. By the data cutoff date, 6 (46.1%) and 5 (26.3%) patients remained on 
treatment in the combination and GD groups, respectively. Disease progression was confirmed in 6 (31.6%) and 6 
(46.1%) patients, death occurred in 1 (7.7%) and 6 (31.6%) patients in the combination and GD groups, respectively. In 
the combination group, four patients received the anlotinib for more than 1 year.

Table 1 (Continued). 

Anlotinib and GD (n=13) GD (n=19)
n(%) n(%)

Grade of tumor
2 0 4(21.1)

3 12(92.3) 13(68.4)

Unknown 1(7.7) 2(10.5)
Stage of disease   

IV 13(100) 19(100)

Site of metastases
Lung 12(92.3) 18(94.7)

Bone 4(30.8) 1(5.3)

Lymph node 1(7.7) 0
Pleura 2(10.5)

Heart 1(7.7) 0

Liver 1(7.7) 0
Brain 0 1(5.3)

Number of involved organs

1 8(61.5) 16(84.2)
2 4(30.8) 1(5.3)

3 1(7.7) 2(10.5)

Abbreviation: GD, gemcitabine/docetaxel.
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20

40
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Figure 1 Kaplan–Meier plot of progression-free survival (PFS). Blue line: PFS for patients in the GD group (gemcitabine/docetaxel). Red line: PFS for patients in the 
combination group (anlotinib and gemcitabine/docetaxel).
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Efficacy
The preliminary analysis was conducted in May 2021. Median PFS was 9.0 months (95% CI 6.7–39.1) in the 
combination group and 5.0 months (95% CI 1.2–6.7) in the GD group (hazard ratio, 0.45; 95% CI, 0.19–1.07; 
p=0.048; Figure 1A and B).

In the combination group, one patient achieved CR, four patients achieved PR and four had SD. PD occurred in four 
patients in the initial evaluation. The confirmed ORR and DCR were 38.4% and 69.2%. In the GD group, 3 patients 
achieved PR, 5 had SD and 11 had PD. The confirmed ORR and DCR were 15.8% and 38.1%, resppectively (Table 2). 
The best response of patients in the two groups is shown in Figure 2.

In the four patients with synchronous metastases outside lungs of the GD group, PFS was dismal (2.7m, 5m, 1.3m and 
2.5m), while in the six patients with synchronous metastases outside lungs in the combination group, PFS ranged from 4 
to 18 months.

Safety
In the combination and GD groups, adverse events of any grade occurred in 100% and 84.2% of patients, respectively. In 
the combination group, the most common adverse events were fatigue (69.29%), hypertension (46.2%), diarrhea (38.5%), 
hypothyroidism (38.5%), aspartate transaminase (AST) elevation (30.8%), hand and foot reaction (23.1%), alanine 
transaminase (ALT) elevation (23.1%), hyponatremia (23.1%) and neutropenia (23.1%). While in the GD group, the 
most common adverse events (>20%) included fatigue (78.9%), neutropenia (36.8%), ALT elevation (26.3%), hyper-
triglyceridemia (21.1%) and diarrhea (21.1%). In the combination group, grade 3 AEs included hypothyroidism (15.4%), 
hand and foot reaction (7.7%), diarrhea (7.7%), fatigue (7.7%) and ALT elevation (7.7%). The most frequent grade 3 AEs 
in the GD group included neutropenia (10.5%), thrombocytopenia (5.3%) and hand-foot reaction (5.3%). No grade 4 or 

Table 2 Treatment Response of the Two Groups

Anlotinib and GD GD
n(%) n(%)

CR 1(7.7) 0

PR 4(30.7) 3(15.8)

SD 4(30.8) 5(26.3)
PD 4(30.8) 11(57.9)

ORR 38.4% 15.8%

DCR 69.2% 38.1%

Abbreviation: GD, gemcitabine/docetaxel.

Figure 2 Best percentage change in target lesion size of patients. (The dashed lines represent the criteria for progressive disease (20% increase in target lesion size) and 
partial response (30% decrease in target lesion size) according to RECIST v1.1).
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worse adverse event was observed in either group (Table 3). Three (23.1%) and 5 (26.3%) patients in the combination 
and GD group experience dose interruptions due to adverse events.

Discussion
In this retrospective study, the combination of anlotinib and GD as second-line or subsequent therapy in patients with 
osteosarcoma achieved an ORR of 38.4%, DCR of 69.2%, and median PFS of 9.0 months. In the GD group, ORR and DCR 
were 15.8% and 38.1%, respectively, PFS was 5.0 months, which were comparable with the previous reports of second-line 
chemotherapy.7 In the combination group of our study, the proportions of patients who experienced more than one line of 
chemotherapy, had grade 3 tumors and metastases outside of the lungs were higher than in the GD group. Although the 
results of the two groups could not be compared directly, the numerically longer PFS in the combination group indicating the 
promising efficacy. The ORR and DCR in the combination group were about two times of that in the GD group. In a Phase 1/ 
2 study, the combination of lenvatinib and etoposide/ifosfamide achieved a PFS of 8.7 months, ORR of 9% and DCR of 25% 
as the second-line and subsequent treatment,19 suggesting the potential synergistic effect of VEGFR TKI and chemotherapy 
in osteosarcoma. As GD and etoposide/ifosfamide are both recommended regimens of second-line chemotherapy, the best 
chemotherapy regimen for the combination with VEGFR TKI may be further explored.

The proportion of patients achieved long-lasting response in the combination group was encouraging, as 9 (69.2%) 
and 4 (30.8%) patients had PFS longer than 6 months and 18 months respectively. In the GD group, only 8 (42%) 
patients had PFS longer than 6 months, while none had PFS longer than 12 months. In the combination group, one 
case of CR was observed, and the patient was still on treatment with anlotinib at the last follow-up with a PFS 
exceeding 19 months. In the four patients who had a best response of PR, three were still on treatment and the PFS 
exceeded 7, 18 and 19 months, respectively. In the four patients who had SD, PFS reached 11.6 and 23 months in 2 
patients, and response was ongoing in the others. These indicate the durable response with the combination of 
anlotinib and GD. For various genetic alterations in osteosarcoma, the combination of different regimens may be 
more efficient and helpful to overcome drug resistance. In a preclinical study, the combination of pazopanib and low 
dose metronomic topotecan showed significant enhancement of antitumor activity compared with single agent in 
osteosarcoma models.20 The combination of anti-angiogenic agents and chemotherapy in osteosarcoma worth further 
investigation.

Table 3 The Most Common Adverse Events in the Two Groups

All Grades Grade 3 or Worse

Anlotinib and GD GD Anlotinib and GD GD
(n=13) (n=19) (n=13) (n=19)

Hypertension, n(%) 6(46.2) 2(10.5) 0 0
Hand-foot reaction, n(%) 3(23.1) 3(15.8) 1(7.7) 1(5.3)

Diarrhea, n(%) 5(38.5) 4(21.1) 1(7.7) 0

Proteinuria, n(%) 1(7.7) 0 0 0
Hypertriglyceridemia, n(%) 2(15.4) 4(21.1) 0 0

ALT elevation, n(%) 3(23.1) 5(26.3) 1(7.7) 0

AST elevation, n(%) 4(30.8) 4(21.1) 0 0
Fatigue, n(%) 9(69.2) 15(78.9) 1(7.7) 0

Bleeding, n(%) 1(7.7) 1(5.3) 0 0

Hypothyroidism, n(%) 5(38.5) 3(15.8) 2(15.4) 0
Hyponatremia, n(%) 3(23.1) 1(5.3) 0 0

Thrombocytopenia 1(7.7) 3(15.8) 0 1(5.3)

Neutropenia 3(23.1) 7(36.8) 0 2(10.5)
QT interval elongation 1(7.7) 0 0 0

Abbreviations: GD, gemcitabine/docetaxel; ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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In previous studies of VEGFR TKIs in osteosarcoma, only moderate efficacy was observed, as the ORR and DCR 
were approximately 10% and 30%, the median PFS was only around 4 months.5 In the Phase 2 study of sorafenib in 
unresectable osteosarcoma after standard treatment, the median PFS and OS were 4 months and 7 months, ORR and 
DCR were 8% and 48% of the patients.8 In the phase 2 studies of regorafenib, PFS was approximately 4 months while 
OS was slightly longer than 11 months, ORR was 8–13.6%.9,10 In phase 2 study of cabozantinib, the median PFS and OS 
were 6.7 and 10.6 months, ORR was 17%.11 The efficacy of VEGFR TKIs seemed to be various, which may partly 
attribute to the different spectrum of targets.21 The targets of anlotinib in the angiogenic pathway are more completed 
including both anti-angiogenic and stromal receptors may contribute to the favorable efficacy we observed.

The safety in the combination group is favorable, as no grade 4 adverse events were observed. In the phase 2 studies 
of sorafenib, regorafenib and cabozantinib, the incidence of dose interruption was 39–59%.8–11 In our study, the 
incidence of grade 3 adverse events was 46.2%, while dose discontinuation and reduction occurred in only 3 patients 
(23.1%), indicating most of the AEs were manageable in the combination group. No grade 3 hematological toxicity was 
observed in the combination group. The population of osteosarcoma is relatively younger than other tumor types, which 
may explain the better tolerability, and the deterioration of performance status are usually caused by the localized 
symptoms of tumor lesion.

Our study has limitations due to the retrospective nature. The sample size was relatively small, and the baseline 
characteristics could not be well balanced between the two groups. The comparison between the combination therapy and 
single-agent anlotinib was also lacking. The time and manner of GD and anlotinib combination were different among 
patients in the combination group, which may affect the results. Randomized trials with larger sample size are needed to 
further verify the activity of anlotinib and GD in this population.

Conclusion
In general, as second-line therapy, the combination of anlotinib and gemcitabine/docetaxel showed promising efficacy 
compared with GD. The combination regimen was well tolerated as grade 3 and worse events were rare and manageable. 
This supports further investigations of anlotinib and GD in osteosarcoma.
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