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Abstract
Background Metastatic or recurrent bone sarcomas are often associated with an unfavorable prognosis, posing a 
formidable challenge in extending patients’ survival. Currently, regorafenib has shown promise in treating metastatic 
and recurrent bone sarcomas. However, there is a lack of consensus on its efficacy and safety. This systematic review 
and meta-analysis aims to consolidate existing data to assess the efficacy and safety of regorafenib in bone sarcomas.

Methods A comprehensive search strategy utilizing MeSH terms and free-text keywords was employed to 
systematically search the Embase, PubMed, Web of Science, and Cochrane databases up to May 26, 2024. Randomized 
controlled trials investigating regorafenib monotherapy for metastatic or recurrent bone sarcomas were included. The 
primary outcomes of interest were progression-free survival (PFS), overall survival(OS) and adverse events (AEs).

Results We retrieved 335 articles and included 5 of them. Regorafenib significantly extended PFS-3 months and 
PFS-6 months in patients with metastatic or recurrent bone sarcomas compared to the control group, exhibiting 
a favorable odds ratio (OR) of 2.04 (95% CI: 1.21–2.86, P < 0.01) and 1.03 (95% CI: 0.08–1.99, P < 0.05), respectively. 
However, regorafenib did not improve OS at any observation point compared with the control group(P > 0.05), and 
the frequency of AEs was higher, with an odds ratio of 1.35 (95% CI: 0.63–2.07, P < 0.01).

Conclusion Regorafenib emerges as a promising therapeutic option for metastatic or recurrent bone sarcomas, 
demonstrating certain clinical benefits alongside manageable adverse reactions. Nevertheless, further research is 
warranted to refine the efficacy and safety profile of regorafenib, particularly in exploring safe dosage ranges or 
alternative treatment modalities.
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Keywords Bone sarcomas, Regorafenib, Progression-free survival, Overall survival, Adverse events

Efficacy and safety of regorafenib in the 
treatment of bone sarcomas: systematic 
review and meta-analysis
Yuanhang Han1†, Jiangtao Xie1†, Yuyang Wang1, Xiaoxiao Liang2* and Yuanlong Xie1*

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-025-13722-y&domain=pdf&date_stamp=2025-2-19


Page 2 of 13Han et al. BMC Cancer          (2025) 25:302 

Introduction
Bone sarcomas comprise various types, including osteo-
sarcoma, Ewing’s sarcoma, chondrosarcoma, and chor-
doma, these rare tumors account for less than 1% of 
annual cancer diagnoses [1]. Chondrosarcoma and 
chordoma are prevalent among adults around 40, while 
osteosarcoma and Ewing’s sarcoma are more common in 
children and adolescents, often affecting limb bones and 
exhibiting high malignancy and metastatic potential [2].

Advancements in treatment modalities have trans-
formed the management of bone sarcomas beyond sole 
surgical treatment. For osteosarcoma and Ewing’s sar-
coma, surgery and chemotherapy remain the primary 
treatment approaches, utilizing drugs like doxorubicin, 
cisplatin, high-dose methotrexate, vincristine, ifosfamide, 
doxorubicin and etoposide [3–4]. Radiotherapy is con-
sidered for unresectable or non-surgical cases [5]. Con-
versely, chondrosarcoma and chordoma treatments focus 
on surgery and radiotherapy, with chemotherapy not 
being recommended [6]. These multimodality treatments 
have significantly enhanced the 5-year survival rate of 
bone sarcomas to over 70% [7]. However, recurrence, 
metastasis, chemotherapy resistance, or unresectability 
drastically reduce the prognosis, such as in patients with 
osteosarcoma metastases, whose 5-year survival rate is 
even less than 30% [8–9].

The presence of multiple tyrosine kinase receptors 
(e.g.,VEGFR, RET, PDGFR, FGFR, KIT, MET, IGF-1R, 
AXL) in bone sarcomas plays a pivotal role in their devel-
opment, proliferation, and invasion [10]. These recep-
tors offer potential targets for systemic therapy, aiming 
to improve survival rates in recurrent and metastatic 
bone sarcomas. Various studies have demonstrated the 
promising efficacy of tyrosine kinase inhibitors (TKIs) in 
extending the progression-free survival of bone sarcoma 
patients [11].

Regorafenib (BAY 73-4506, Stivarga), a small-molecule 
multi-kinase inhibitor, aims to inhibit angiogenesis and 
apoptosis, demonstrating its efficacy in the treatment of 
various malignancies [12]. In past research, it has been 
primarily employed in managing metastatic colorec-
tal cancer, metastatic gastrointestinal stromal tumors, 
advanced hepatocellular carcinoma, and soft tissue sar-
comas [13–16]. According to Blay et al. [17], regorafenib 
exhibits significant clinical benefits in diverse sarcoma 
types beyond non-adipocytic soft tissue sarcomas, offer-
ing a promising therapeutic alternative for patients with 
limited treatment options, such as recurrent and meta-
static disease.

In the REGOBONE multi-center trial and the SARC024 
trial, regorafenib emerged as a promising treatment 
option for patients with metastatic, recurrent, and locally 
advanced bone sarcomas [18–22]. These studies showed 
that more patients in the regorafenib group achieved 

progression-free survival (PFS) at 3 and 6 months com-
pared to placebo, while maintaining an acceptable safety 
profile. However, there were differences in baseline num-
bers between experimental and control groups, and con-
clusions on overall survival(OS) varied across studies. 
Therefore, it is impossible to accurately determine the 
efficacy of regorafenib in the treatment of recurrent, met-
astatic and locally advanced bone sarcomas.

The current evidence base for the use of regorafenib 
in bone sarcoma treatment remains limited. To address 
this gap, we conducted a comprehensive meta-analysis of 
randomized clinical controlled trials evaluating the effi-
cacy and safety of regorafenib monotherapy in patients 
with metastatic, recurrent, and locally advanced bone 
sarcomas. This review aims to provide a more robust 
assessment of regorafenib’s therapeutic potential in this 
challenging patient population.

Methods and materials
This systematic review and meta-analysis was conducted 
following a rigorous experimental plan that was formu-
lated and registered on the PROSPERO platform ( h t t p  s 
: /  / w w w  . c  r d .  y o r  k . a c  . u  k / P R O S P E R O / ) ( R e g i s t r a t i o n  n u m b 
e r : CRD42024551705,09/07/2024). But we expanded the 
population in the registration information to bone sar-
comas.The work had been reported in line with PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) and AMSTAR (Assessing the meth-
odological quality of systematic reviews) Guidelines 
[23–24]. As this was a meta-analysis of published data, 
there was no need to obtain informed consent or ethical 
approval.

Inclusion and exclusion criteria
Inclusion criteria for the meta-analysis were established 
using the PICOS framework, which stands for Popula-
tion, Intervention, Comparator, Outcomes, and Study 
design [25]. The following criterias were used to select 
eligible studies: (a) Population: Patients with recurrent, 
metastatic, locally advanced bone sarcomas, includ-
ing osteosarcoma, chondrosarcoma, Ewing’s sarcoma, 
chordoma.(b) Intervention: Treatment with regorafenib 
monotherapy.(c) Comparator: The control group should 
receive placebo as the comparator.(d) Outcomes: The 
primary outcome is efficacy(PFS and OS), while safety 
outcomes such as AEs will also be considered.(e) Study 
design: Randomized controlled trials (RCTs).Exclusion 
criteria: (a) Studies that do not conform to the PICOS 
criteria mentioned above.(b) Study protocols or ongoing 
studies without complete results.(c) Inability to obtain 
the full text of the study for data extraction.

https://www.crd.york.ac.uk/PROSPERO/)(Registration
https://www.crd.york.ac.uk/PROSPERO/)(Registration
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Literature search strategy
A comprehensive literature search was conducted in 
four major databases: Embase, PubMed, Web of Sci-
ence, and Cochrane Library. The search covered the 
period from the inception of the respective databases 
up to May 26, 2024. A combination of subject headings 
and free-text terms were used, with MeSH terms such as 
“Bone sarcomas”,“Osteosarcoma,” “Chordoma”, “Sarcoma, 
Ewing”, “Chondrosarcoma” and “Regorafenib” being 
included in the search strategy. The detailed search strat-
egy is provided in the supplementary file.

Literature screening
Two authors independently use NoteExpress4.0 software 
to eliminate duplicate literature and screen the titles and 
abstracts based on the established inclusion and exclu-
sion criteria. The PRISMA flowchart was utilized to 
report the screening results. All selection processes was 
conducted independently by the authors, and the full 
text of the selected studies were retrieved. Data extrac-
tion was performed separately by two authors, and any 
discrepancies were resolved through consultation with a 
third author to ensure consistency in the results.

Data extraction
Data extraction from the included studies was conducted 
by two authors independently. To ensure the reliability of 
the extracted data, a third author was consulted to con-
firm the extracted information. The fields of data extrac-
tion include: author, publication year, country, study type, 
demographic data of the included analysis population 
(e.g., total number, number of females, median age of the 
trial and control groups), information about bone sarco-
mas (e.g., sites of metastases and previous therapy), inter-
vention details (e.g., name of intervention drug, dose, and 
duration), and outcomes. For missing data in the litera-
ture, we obtained it by contacting the authors and analyz-
ing the charts. In the included literature, several articles 
only reported the number of specific AEs, so the total 
number of AEs was replaced by the value of the most fre-
quent AEs.

Risk of bias assessment of studies
The risk of bias in the selected RCTs was assessed using 
the criteria recommended by The Cochrane Handbook 
for Systematic Reviews of Interventions(ROB2 tool). 
Specifically, the following seven domains were evalu-
ated: randomization, allocation concealment, blinding 
of participants, blinding of outcome assessors, incom-
plete data, selective reporting, and other biases.For each 
domain, the risk of bias was categorized as “high,” “low,” 
or “unclear.”

Statistical analysis
The endpoints of interest in this analysis were PFS, OS 
and AEs. The odds ratios (OR) for the efficacy and safety 
of regorafenib in treating bone sarcomas were calculated 
using a random effects model(The OR value was obtained 
after logarithmic transformation by Stata17.0). At the 
same time, due to the small sample size, we also used a 
one-by-one culling method to verify the robustness of the 
meta-analysis results. Heterogeneity among studies was 
assessed using the I² statistic. As per convention, I² values 
of < 25% indicated low heterogeneity, 25-49% indicated 
moderate heterogeneity, 50-74% indicated substantial 
heterogeneity, and > 75% indicated considerable hetero-
geneity. Forest plots were used to visually represent the 
endpoints of the included studies. When the summary 
plot was centered on the zero axis or the 95% confidence 
interval (95% CI) included zero, it suggested no signifi-
cant difference between the experimental and control 
groups. A p-value of < 0.05 was considered statistically 
significant. To assess publication bias, a funnel plot was 
visually inspected, and the Egger test was used to deter-
mine any potential asymmetry in the plot. The Egger test 
used regression analysis to detect funnel plot asymmetry, 
which could indicate publication bias.All data analysis 
procedures will be performed in stata17.0.

Results
Study screening
The initial search strategy yielded 335 studies. After 
removing duplicates using NoteExpress4.0 software, 259 
studies underwent title and abstract screening based on 
PICOS criteria. Of these, 239 studies were excluded for 
not meeting the inclusion criteria: they were not ran-
domized controlled trials (e.g., reviews, case reports, and 
retrospective studies) (n = 198), did not involve bone sar-
coma patients (n = 29), or did not include regorafenib as 
an intervention (n = 12). Among the remaining studies, 
20 met the initial inclusion criteria. However, upon full-
text review, 15 were further excluded for reasons such as 
not being RCTs (n = 1), lack of relevance to the outcomes 
(n = 1), inaccessibility to full texts (n = 5), and being ongo-
ing studies or study protocols (n = 8). Ultimately, five 
RCTs evaluating the treatment of bone sarcomas with 
regorafenib were included in this study [17–21]. The lit-
erature sources and screening process are visually repre-
sented in the PRISMA flowchart (Fig. 1).

Study characteristics
A total of 179 subjects were enrolled across the five 
selected RCTs, with 66 being female (37.5%). Four stud-
ies were conducted in France, and one in the United 
States. The bone sarcoma patients included those with 
osteosarcoma, Ewing’s sarcoma, chondrosarcoma, and 
chordoma. In all trials, the intervention group received 
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regorafenib at a dose of 160 mg/day for three weeks. The 
control group received placebo interventions, typically 
comprising first-line treatment drugs for bone sarcomas. 
The primary outcomes reported in all studies were pro-
gression-free survival (PFS), overall response rate (ORR), 
overall survival (OS), duration of response (DoR), and 
adverse events (AEs). Detailed characteristics of these 
studies are outlined in Table 1.

Risk of bias in studies
The quality of the five RCTs was assessed using the 
Cochrane Risk of Bias Assessment Tool. Most studies 
demonstrated a low risk of bias, except for the study by 
Davis et al., which had a potential risk of bias due to lack 
of mention regarding allocation concealment (Table  2). 
Additionally, there may be a slight risk of bias due to dose 
adjustments of regorafenib based on varying adverse 
events experienced by patients.

Efficacy
PFS data from the five studies showed a significantly 
higher proportion of patients achieving PFS at 3 months 
(Fig. 2a) and 6 months (Fig. 2b) in the regorafenib group 
compared to the control group. This difference was sta-
tistically significant, with an odds ratio (OR) of 2.04 

(95% CI: 1.21–2.86, P < 0.01) for PFS at 3 months and 
an OR of 1.03 (95% CI: 0.08–1.99, P = 0.03) for PFS at 6 
months. These results indicate that regorafenib signifi-
cantly improves PFS in bone sarcoma patients, with no 
heterogeneity observed between the studies (I²=0.00%). 
Furthermore, the Egger test and visual inspection of the 
funnel plot revealed no significant publication bias (Sup-
plementary Material, Fig. S2). For PFS at 3 months, the 
combined analysis remained statistically significant after 
removing any one study (Supplementary Material, Table 
S1). However, for PFS at 6 months, the combined analysis 
was only statistically significant after removing the study 
by Li et al., with an OR of 1.24 (95% CI: 0.14–2.33) (Sup-
plementary Material, Table S1).

From the perspective of OS, a meta-analysis was con-
ducted on the number of patients achieving 6-month, 
12-month, 18-month, and 24-month OS across the five 
studies (Fig. 3a-d). Despite variations in reported efficacy 
across studies, the meta-analysis showed no significant 
difference in OS between the regorafenib and placebo 
groups, with no heterogeneity among the studies (I²= 
0.00%). Statistical analysis indicated that these meta-
analysis results were not statistically significant (P > 0.05). 
Sensitivity analyses for the 12-month and 24-month 

Fig. 1 Flowchart. After literature screening according to PRISMA principles, 5 RCTs are finally included
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meta-analyses showed stable results upon removal of any 
one study (Supplementary Material, Table S1).

Safety
Data from the five studies indicated a higher incidence of 
adverse events in the regorafenib group compared to the 
control group, with a statistically significant difference 
(OR = 1.35, 95% CI: 0.63–2.07, P < 0.01) and stable results 
(Fig.  4 and Supplementary Material, Table S1). No het-
erogeneity was observed among the studies (I²=0.00%). 
Leave-one-out sensitivity analysis confirmed the stabil-
ity and statistical significance of the combined analysis 
results.

Detailed analysis of specific adverse events revealed 
that the most commonly reported were hand-foot skin 
reaction (OR = 2.30, 95% CI: 1.34–3.25, P < 0.01) (Fig. 5a), 
diarrhea (OR = 1.22, 95% CI: 0.54–1.91, P < 0.01) (Fig. 5b), 
weight decrease (OR = 2.35, 95% CI: 1.10–3.59, P < 0.01) 
(Fig.  5c), fatigue or asthenia (OR = 1.68, 95% CI: 0.88–
2.48, P < 0.01) (Fig.  5d), and hypertension (OR = 1.07, 
95% CI: 0.29–1.85, P < 0.05) (Fig. 6a). These findings sug-
gest that regorafenib is more likely to induce adverse 
events affecting the skin, digestive system, cardiovascu-
lar system, and general physical condition of bone sar-
coma patients. Notably, the I² values for these common 

Table 1 Summary of included studies
Author/year Duffaud,2023 Duffaud,2021 Le,2023 Davis,2019 Duffaud,2018
Country France France France US France
Study design RCT RCT RCT RCT RCT
Sample size 36 40 23 42 38
Female 8 15 7 22 14
Age(median) 32(28) 64(53) 67(54) 33(47) 32(40)
Type of disease Ewing sarcoma Chondrosarcoma Chordoma Osteosarcoma Osteosarcoma
Sites of metastases Lung, bone,

lymph nodes
Lung, bone,
lymph nodes

Lung, pleura,
bone,
lymph nodes

NA Lung, bone,
lymph nodes, pleural

Previous therapy Doxorubicine,
ifosfamide,
cisplatin,
CTX,
vinvristin,
dactinomycin,
temozolomide, irinotecan

Doxorubicine,
ifosfamide,
cisplatin,
oral CTX

Surgery,
radiation,
imatinib

Systemic therapy 
in the neoadjuvant, 
adjuvant, or meta-
static setting

Doxorubicine, 
ifosfamide,
cisplatin,
high-dose methotrexate,
etoposide,
gemcitabine, docetaxel,
oral CTX

Experimental group Regorafenib 160 mg/day;
3 weeks

Regorafenib
160 mg/day;
3 weeks

Regorafenib 
160 mg/day 3 
weeks

Regorafenib 
160 mg/day;
3 weeks

Regorafenib 160 mg/
day;
3 weeks

Control group placebo placebo placebo placebo placebo
Outcome PFR; PFS; ORR; OS; DoR;

safety/
tolerability

PFR; PFS; ORR;
OS; DoR;
safety/tolerability

PFR; PFS;
ORR; OS;
DoR;
safety/
tolerability

PFS; AEs;
ORR; TTP; OS; DoR

PFS; ORR; OS; DoR; 
safety/
tolerability

Note: cyclophosphamide(CTX); progression-free rate(PFR); progression-free survival(PFS); objective response rate(ORR); overall survival(OS); duration of overall 
response(DoR); time to tumor progression(TTP); adverse events(AEs)

Table  1.Summary of included studies.Summary of the included countries, study type, Sample size, Female, Age(median), Type of disease, Experimental group, 
Control group and Outcome

Table 2 Quality assessment of the included studies
Studies Davis,2019 Le,2023* Duffaud,2023* Duffaud,2021* Duffaud,2018*

Random sequence generation L L L L L
Allocation concealment U L L L L
Blinding of participants and personnel L L L L L
Blinding of outcome assessment L L L L L
Incomplete outcome data L L L L L
Selective reporting L L L L L
Other bias L L L L L
Note: L = Low risk of bias, H = High risk of bias and U = Unclear risk of bias

Table 2.The quality evaluation of the included studies shows a high level of literature quality. Each “*” represents that there is no risk of bias in this study
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adverse events were all 0.00%, indicating no heterogene-
ity between the studies.

However, the pooled analysis showed no signifi-
cant difference in the incidence of thrombocytopenia 
(OR = 1.28, 95% CI: -0.01 to 2.58, P ≥ 0.05) (Fig. 6b), ane-
mia (OR = 0.68, 95% CI: -0.49 to 1.85, P ≥ 0.05) (Fig. 6c), 
or hypophosphatemia (OR = 1.15, 95% CI: -0.02 to 2.32, 
P ≥ 0.05) (Fig.  6d) between the regorafenib and control 
groups. This suggests that regorafenib does not signifi-
cantly impact the hematological system of bone sarcoma 
patients compared to the control group.

Discussion
Regorafenib, a potent oral multi-kinase targeted inhibi-
tor, has garnered significant attention for its emerg-
ing role in the treatment of sarcoma patients [26]. Bone 

sarcomas harbor numerous tyrosine kinase receptors 
(TKRs), which are vital therapeutic targets for rego-
rafenib. This medication works by binding to these recep-
tors, effectively blocking TKRs implicated in tumor 
growth (e.g.,RET, PDGFRs, KIT, etc.) and angiogenesis 
(e.g.,VEGFR, FGFR, etc.) [10, 27]. Specifically, in osteo-
sarcoma, VEGF overexpression is inversely correlated 
with PFS and OS, and regorafenib’s primary mecha-
nism of action involves binding to VEGFR-3 to achieve 
anti-tumor effects [28]. Similarly, in Ewing’s sarcomas, 
where IGF-1R, PDGER, and FGFR are highly expressed 
and associated with prognosis, these protein tyrosine 
kinases emerge as critical targets for regorafenib’s thera-
peutic potential [29–30]. For other bone sarcomas, while 
the precise mechanism of TKRs remains elusive, studies 
indicate that PDGER, IGFR1, EGFR, FGER, and MET 

Fig. 2 Forest plot. a shows the efficacy of regorafenib in improving 3-month PFS in bone sarcomas patients, and b shows the efficacy of regorafenib 
in improving 6-month PFS in bone sarcomas patients. The results show that regorafenib significantly prolongs PFS in bone sarcomas patients. Each “**” 
represents that “P < 0.01”
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Fig. 3 Forest plot. a shows the efficacy of regorafenib in improving 6-month OS in bone sarcomas patients, and b shows the efficacy of regorafenib in 
improving 12-month OS in bone sarcomas patients. c shows the efficacy of regorafenib in improving 18-month OS in bone sarcomas patients, and b 
shows the efficacy of regorafenib in improving 24-month OS in bone sarcomas patients

 



Page 8 of 13Han et al. BMC Cancer          (2025) 25:302 

TKRs are overexpressed and expected to be vital targets 
for TKI-based bone sarcoma treatments [31–34].

A review by Assi et al. [11] suggested regorafenib as a 
promising treatment option for advanced recurrent or 
refractory bone sarcomas, outperforming sorafenib in 
efficacy. However, this review lacked comprehensive evi-
dence to substantiate its conclusions, particularly regard-
ing regorafenib’s application in treating diverse bone 
sarcoma types in clinical settings. Therefore, to address 
this gap, we conducted a rigorous statistical analysis of 
RCTs examining regorafenib’s therapeutic efficacy in var-
ious bone sarcoma subtypes.

In our comprehensive review, the regorafenib group 
exhibited a noteworthy PFS benefit, indicating its poten-
tial as a novel treatment option for metastatic, recurrent, 
and locally advanced bone sarcomas. However, the OR 
value decreased with the duration of treatment, and the 
results of statistical analysis were unstable. This suggested 
that the difference between groups was inversely related 
to time, and that more evidence was needed to support 
the efficacy of regorafenib. We speculated that this group 
difference was due to the development of resistance to 
regorafenib in bone sarcomas. In addition, although all 
studies reported the median OS in the regorafenib group, 
there was no statistically significant difference in OS 
between the regorafenib group and the control group in 
our meta-analysis. In the studies included in our analysis, 
patients with bone sarcomas were mainly of advanced, 
metastatic, and recurrent types, which represent poorer 
prognoses and thus weaken the efficacy of regorafenib. 
Furthermore, research had found that differences in drug 
targets can also affect survival outcomes. High VEGFR2 
in bone sarcoma patients was associated with poorer 

survival rates, VEGF was related to poorer PFS, and high 
PDGFRA was linked to poorer prognosis [35]. Rego-
rafenib needed to target relevant targets to exert its anti-
tumor effects, but there were differences in the activation 
levels of drug targets among different types of bone sar-
comas and even within the same type of sarcoma, and 
these differences led to variations in the final efficacy 
[36]. Based on the above evidence, tyrosine kinase inhibi-
tors (TKIs) might play a certain role in the treatment of 
bone sarcomas, but there was currently insufficient evi-
dence to demonstrate the efficacy of regorafenib alone in 
treating recurrent, metastatic, and locally advanced bone 
sarcomas, and it might need to be used in combination 
with other treatment modalities in the future.

Regarding safety, the frequency of AEs in the rego-
rafenib group was considerably higher than in the con-
trol group. These AEs primarily encompassed hand-foot 
skin reactions, weight loss, diarrhea, fatigue, and hyper-
tension. However, the incidence of anemia, thrombocy-
topenia, and hypophosphatemia, though higher in the 
regorafenib group, did not exhibit a significant difference 
compared to the control group. It is worth noting that 
while the regorafenib group was more susceptible to AEs, 
these were manageable through dose reduction or drug 
discontinuation.

In the study conducted by Sugiyama et al. [37], rego-
rafenib not only significantly prolonged median PFS but 
also exhibited comparable safety profiles to other multi-
target TKIs when treating metastatic or recurrent bone 
sarcomas. This underscores the need for further research 
to determine the optimal dosing of regorafenib that bal-
ances efficacy and tolerability.

Fig. 4 Forest plot. Safety of regorafenib treatment in bone sarcomas patients. The results show that the regorafenib group is more prone to AEs. Each 
“**” represents that “P < 0.01”
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Fig. 5 Forest plot. Risk of AEs in the regorafenib group. a represents hand-foot skin reactions, b represents diarrhea, c represents weight decrease, and d 
represents fatigue. Each “**” represents that “P < 0.01”
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Fig. 6 Forest plot. Risk of AEs in the regorafenib group. a represents hypertension, b represents thrombocytopenia, c represents anemia, and d represents 
hypophosphatemia. Each “*” represents that “0.01 ≤ P < 0.05”
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To my knowledge, this is the first systematic review and 
meta-analysis introducing the use of regorafenib in the 
treatment of bone sarcomas.Our statistical analysis indi-
cates that regorafenib holds promise as a novel treatment 
option for metastatic, recurrent, or locally advanced bone 
sarcomas. However, several crucial aspects remain to be 
addressed. Firstly, the relatively small number of bone 
sarcoma patients included in this review necessitates 
larger-scale trials for validation. Secondly, the patients 
in this review were primarily from France and the US, 
leaving us unaware of the outcomes in other regions. 
Therefore, clinical trials in diverse geographical areas are 
imperative for further validation.In addition, the current 
research primarily focuses on regorafenib monotherapy 
for bone sarcomas, but its significant adverse effects and 
the potential for drug resistance present an inevitable 
challenge that requires extensive further investigation. 
Lastly, due to the limited number of studies, the number 
of studies on each type of bone sarcoma is small, prevent-
ing us from conducting subgroup analyses. Although our 
results indicate that regorafenib can improve the PFS of 
bone sarcoma patients, the inclusion of multiple types of 
bone sarcomas to some extent reduces the accuracy of 
the study results. Based on its poor performance in OS 
and the inability to perform subgroup analyses, we must 
acknowledge that the current evidence cannot defini-
tively prove that regorafenib is sufficiently effective for 
bone sarcomas. Therefore, the application of regorafenib 
in bone sarcomas is still in its early stages, but its efficacy 
remains worthy of continued research in this field.

For regorafenib, future research should explore the 
potential of combining it with other treatment modali-
ties, such as radiotherapy, chemotherapy, and immu-
notherapy, to enhance efficacy while mitigating side 
effects and drug resistance. In Casanova et al.‘s study, 
regorafenib was combined with drugs like vincristine to 
treat pediatric solid tumors (such as rhabdomyosarcoma, 
osteosarcoma, Ewing’s sarcoma, etc.), and the feasibility 
was demonstrated through dose adjustments and com-
bination use [38]. Currently, the application of nanotech-
nology in addressing cancer drug resistance is becoming 
increasingly widespread. Among these, lipid-based nano-
materials are favored by researchers due to their biocom-
patibility and other properties. In the future, improving 
the formulation and delivery routes of regorafenib may 
help address issues of drug resistance, enhance drug 
targeting ability, and improve drug utilization [39–40]. 
Additionally, due to the differences in target pathways 
between various types of bone sarcomas and variations in 
pathway activity within the same type of sarcoma, using 
pathway activity as a novel biomarker for selecting spe-
cific targets holds significant importance [36].

In summary, while regorafenib shows promise in 
extending survival for patients with metastatic and 

recurrent bone sarcomas, who have limited treat-
ment options, the frequency of adverse events in the 
regorafenib group raises safety concerns. Therefore, 
more research is needed to determine the optimal dos-
age of regorafenib or to identify alternative therapeutic 
strategies.
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