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Abstract 

Objectives: Bone sarcomas are rare, aggressive tumors with poor outcomes and limited systemic 
options in advanced stages. This systematic review and meta -analysis evaluated its efficacy and safety 
in bone sarcomas using randomized controlled trials (RCTs).  

Methods: We searched PubMed, Scopus, and Web of Science for RCTs published from September 27, 2012, to 
October 14, 2024. After removing duplicates, 350 records were screened, and five RCTs met the inclusion criteria. 
Primary outcomes were progression-free survival (PFS), overall survival (OS), and adverse events (AEs). Study 
quality was assessed using the Cochrane Risk of Bias 2 (RoB2) tool. Meta-analyses were performed with a random-
effects model, and heterogeneity was evaluated using I² statistics. All analyses were conducted using R version 
4.3.1. 

Results: A total of 350 records were screened after duplicate removal, of which 339 were excluded based on title 
and abstract. Eleven full-text articles were assessed for eligibility, and six were excluded for not meeting RCT criteria, 
resulting in five RCTs being included. Most had metastatic disease at baseline. Regorafenib significantly improved 
PFS (MD = 9.69 weeks; 95% CI: 4.54–14.84; I² = 0%), with no statistically significant overall survival (OS) benefit 
(MD = 0.85 weeks; 95% CI: –36.33 to 38.02; I² = 0%). These findings were consistent across studies and histological 
subtypes. All pooled analyses demonstrated zero or near-zero heterogeneity (I² = 0%), indicating highly consistent 
treatment effects among trials. No significant between-group heterogeneity was observed in subgroup analyses, 
confirming that regorafenib’s benefit on progression-free survival was stable across different bone sarcoma types. 
Common regorafenib-related AEs included hand–foot skin reaction, hypertension, fatigue, and diarrhea. Grade 3–
5 events were mostly hypertension and pain, generally manageable with dose modifications. Safety results were 
also consistent across studies, showing zero or near-zero heterogeneity (I² = 0%) and no significant subgroup 
differences, indicating a homogeneous safety profile across sarcoma subtypes. 

Conclusion: Regorafenib significantly improves progression-free survival in bone sarcomas across multiple 
subtypes, with a manageable toxicity profile. These results support its use as a novel therapy and highlight the need 
for future trials focused on optimizing dosing and patient selection.  

        Level of evidence: I 

        Keywords: Bone sarcoma, Meta-analysis, Oncology, PFS, RCT, Regorafenib, Tyrosine kinase inhibitor 

 
 

Introduction

arcomas are malignancies originating from 
mesenchymal cells and constitute roughly 1% of all 
adult cancers, with bone sarcomas accounting for 

approximately 0.2% of these cases.1 Major subtypes of one 
sarcoma include chondrosarcoma, osteosarcoma, and 
Ewing sarcoma; uncommon subtypes include chordoma 
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and adamantinoma.2 Various clinical and pathological 
aspects determine the overall therapeutic method.3  
Survival, preservation of limbs, functional outcomes, 
equality of limb length, and cosmesis are essential goals in 
the management of bone sarcomas. When it comes to some 
types of cancer, surgical resection is excellent for local 
control, but chemotherapy is great for systemic control. To 
preserve function without sacrificing survival, limb salvage 
surgery is progressively being chosen over amputation.4 
Functional outcomes following these procedures are 
commonly assessed using validated tools such as the 
Toronto Extremity Salvage Score (TESS).5 Nevertheless, 
amputation remains a lifesaving and definitive option 
when all attempts at limb salvage have been exhausted, 
despite being considered a last resort.6  

Chemotherapy for adult bone sarcoma is still tricky 
because patients react differently to different treatments. 
While some subtypes of chondrosarcoma, such as 
mesenchymal and dedifferentiated, may respond better to 
specific chemotherapy regimens, conventional 
chondrosarcoma shows very little chemosensitivity.7 
Chemotherapy has a limited success rate when used to treat 
metastatic bone sarcoma.8 Treatment outcomes are worse 
for older patients as well.6 Cancer patients already face 
several difficulties, and the side effects of chemotherapy, 
such as nausea, vomiting, alopecia, exhaustion, and an 
increased risk of infection, can make matters worse.9  

In response to the shortcomings of traditional cancer 
treatments, a plethora of novel therapeutic approaches 
have emerged in the field. Bone sarcoma is one of several 
cancers for which tyrosine kinase inhibitors are currently 
under active investigation in clinical trials.10,11 Multiple 
kinase inhibitor regorafenib inhibits the signaling of 
angiogenic, stromal, and oncogenic receptor tyrosine 
kinases.12-15 Regorafenib is a promising new drug for the 
treatment of bone sarcoma, and this study aims to 
determine its effectiveness in this challenging condition. 

Materials and Methods 
Search Strategy 

The protocol for this review has been entered into the 
PROSPERO database with the reference number 
CRD42024526345. We searched PubMed, Web of Science, 
and Scopus extensively to find relevant randomized clinical 
trials (RCTs) published between September 27, 2012, and 
October 14, 2024. The primary search keywords were: 
((bone sarcoma) OR (chondrosarcoma) OR 
(chondroblastoma) OR (chordoma) OR (ewing sarcoma) OR 
(osteosarcoma) OR (bone fibrosarcoma) OR (bone 
leiomyosarcoma) OR (adamantinoma) OR 
(hemangioendothelioma) OR (hemangiopericytoma) OR 
(low-grade fibrosarcoma) OR (malignant fibrous 
histiocytoma)) AND (Stivarga OR regorafenib). 

This study followed the PMSHA (Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses) standards 
for 2020. The decision to include citations was made after an 
initial screening of abstracts and titles; full-text articles were 
then evaluated in depth. Figure 1 shows the PRISMA 
flowchart depicting the study selection process [Figure 1]. 
  Several supplementary methods were used to enhance the 
sensitivity of the search strategy. To recover variations of 

relevant terms and widen search combinations, truncation 
symbols and Boolean operators were used. Synonyms, 
alternate spellings, and plural forms were incorporated to 
capture a broader range of potentially eligible literature. We 
made sure everyone could participate, regardless of language 
or location. Also, to ensure no essential entries were missed 
due to variations in database-specific indexing, the databases 
were searched separately. 

Eligibility Criteria 
  This review only included RCTs that assessed regorafenib's 
efficacy in treating bone sarcoma. We only included research 
with publicly available full-text publications. In addition, to 
evaluate regorafenib's safety and effectiveness in treating 
bone sarcoma, all relevant trials had to compare it to a 
placebo. 
  One author (M.R.) reviewed the abstracts and titles of all 
records identified in the literature search during the 
screening phase. Two separate reviewers, M.R. and S.K., 
checked the articles for eligibility for full-text evaluation. The 
authors resolved any differences through frank discussions. 
A third reviewer (A.T.) served as an arbitrator to resolve 
disagreements and maintain the validity of the review 
process when agreement could not be reached. 
  From the date of regorafenib's FDA clearance on September 
27, 2012, to the date of the final literature search, the 
inclusion date criteria were in effect. To provide a thorough 
review of the field's progress and evidence since 
regorafenib's entry into clinical practice, this timeline was 
chosen. 
  The following types of research were not considered: case 
reports, abstracts, guidelines, ongoing or unpublished 
clinical trials, trial protocols, systematic reviews, literature 
reviews, gray literature sources, animal studies, and letters 
to the editor. Inadequate data for evaluating primary and 
secondary outcomes or studies with partial full-text 
availability were other grounds for exclusion. 

Data Extraction 
  Two writers (M.R. and S.K.) created standardized data 
extraction forms to obtain information and findings from the 
chosen research. When two writers could not agree, a third 
author (S.H.) stepped in as an arbitrator. Study population, 
type of clinical trial, baseline participant characteristics, 
authors' names, year of publication, country of origin, 
detailed histopathological sarcoma subtype, recruitment 
period, progression-free survival (PFS), progression-free 
rate (PFR), response rate (RR), and overall survival (OS) 
were among the data extracted. Age, sex distribution, and 
other pertinent baseline data were also gathered from the 
participants. Along with the outcome data, treatment-related 
adverse events (AEs) were also retrieved. We contacted the 
corresponding authors to request clarification when specific 
data points for important outcomes (PFS, OS, AEs) were not 
fully disclosed. The trial was excluded from the analysis for 
that particular outcome if no answer was obtained. 
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Figure 1. PRISMA 2020 flow diagram for new systematic reviews, which included searches of databases and registers only 

 

Risk of Bias Assessment 
  All included randomized controlled trials were evaluated 
for methodological quality and bias using the revised 
Cochrane Risk of Bias 2 (RoB 2) approach, in accordance with 
the recommendations made by Higgins et al. (2019).  
sixteen16  It assesses five types of bias at the level of the study: 
(1) bias in randomization, (2) bias in intervention variation, 
(3) bias in missing outcome data, (4) bias in measurement, 

and (5) bias in reported result selection.  Reviewers used a 
predetermined series of signaling questions to assign a 
hazard rating of "low," "some concerns," or "high" to each 
subject.  Two reviewers (M.R. and S.H.) independently 
assessed each paper, and a third reviewer (A.T.) either 
resolved disagreements or discussed them further.  With a 
"low" rating for all domains considered low risk, a "high" 
rating for at least one domain regarded as high risk, or when 
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several domains showed some concerns, and a "some 
concerns" rating for all other situations, the total risk of bias 
in the RoB 2 decision algorithm was calculated.  The risk of 
bias assessment results for each included study are 
presented in summary tables and color-coded visual plots, 
providing a clear picture of judgments across all five areas 
[Table 1]. There is little danger in the green circles, but some 
in the yellow ones. 

Synthesis methods and Statistical analysis 
  Only studies with adequate data for PFS, OS, and AEs were 
included in this pooled analysis.  The inverse-variance 
weighting method was employed, with the week's mean 
difference (MD) for PFS and OS, and odds ratios (ORs) for 
adverse events (AEs).  All trials used the same outcome 

measures before pooling.  Heterogeneity was scored as high 
(>75%), moderate (50-75%), or low (25-50%) according to 
predefined methods and assessed using the I² statistic.17 We 
used the DerSimonian-Laird method to account for between-
study variation in a random-effects meta-analysis, as 
anticipated clinical heterogeneity across studies necessitated 
this approach.  We did not conduct sensitivity analyses 
because our sample size was too small to yield reliable 
findings with subgroup or leave-one-out methods. 
  Bone sarcoma subtypes were used to conduct subgroup 
analyses, and we also examined differences between 
subgroups. The definition of statistical significance was a P 
value less than 0.05. R version 4.3.1 was used for all statistical 
analyses. 

 
Table 1. Risk of bias assessment for included studies. 

Study D1: 
Randomization 

D2:  

Intervention Deviation 

D3:  

Missing Data 

D4:  

Outcome Measurement 

D5: 

 Reported Result 
Overall 

Risk 

Davis et al. 
2019 

Some concerns Low Low Low Low Some 
concerns 

Duffaud et al. 
2019 

Low Low Low Low Low Low 

Duffaud et al. 
2021 

Low Low Low Low Low Low 

Le Cesne et 
al. 2023 

Some concerns Low Low Low Low Some 
concerns 

Duffaud et al. 
2024 

Low Low Low Low Low Low 

Domain Definitions 
D1: Bias arising from the randomization process. 
D2: Bias due to deviations from intended interventions. 
D3: Bias due to missing outcome data. 
D4: Bias in measurement of the outcome. 
D5: Bias in selection of the reported result.

 
Results 
Study Selection 

After duplicates were removed, 350 records were 
screened. Title and abstract screening eliminated 339 
articles due to their nature as reviews, case reports, non-
RCTs, or studies involving populations or interventions 
unrelated to the main topic. After reviewing all eleven full-
text papers, six were deemed ineligible because they did 
not meet the criteria for randomized controlled trials. The 
final analysis ultimately included five randomized 
controlled trials. A PRISMA flow diagram depicting the 
study selection process is shown in [Figure 1].18-22  

Study Characteristics 
  Phase II trials conducted from 2019 to 2024 comprised all 
five studies considered for this meta-analysis. Table 2 
summarizes the key features of these trials [Table 2]. 

Study Quality 
  Across all five trials, the overall risk of bias was assessed to 
be low. Due to insufficient reporting of sequence generation 
and allocation concealment approaches, Davis et al. (2019) 

and Le Cesne et al. (2023) were classified as having "some 
concerns" in Domain 1, which addresses bias arising from the 
randomization process. Regardless, in every other category, 
the two trials were deemed to be of "low risk". The other 
three studies—Duffaud et al. (2019, 2021, and 2024)—were 
consistently evaluated as “low risk” across all analyzed 
domains. It was determined that no study had a "high risk" of 
bias in any domain. Both Table 1 and Figure 2 offer domain-
specific summaries of risk-of-bias judgments [Table 1, Figure 
2]. Figure 2 provides a visual overview. 

Pooled analysis of PFS comparing regorafenib with the 
control groups 
  Response Evaluation Criteria in Solid Tumors (RECIST) was 
applied to assess progression-free survival (PFS) in three 
separate trials. After that, the regorafenib and control groups' 
PFS results were compared using a pooled analysis. Cense et 
al.'s survey was excluded because there wasn't sufficient 
data. 
  To combine PFS results across all recognized histological 
subtypes, a random-effects meta-analysis was performed 

Judgement Key: 
“Low” → Low risk of bias 
“Some concerns” → Potential bias requiring caution 
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using the inverse-variance approach. There were also tests 
for subgroup differences and subgroup analyses. There was 
no indication of heterogeneity among sarcoma subtypes, and 

the results showed that regorafenib considerably increased 
PFS in bone sarcoma (MD = 9.69 weeks; 95% CI: 4.54-14.84; 
I² = 0%; P-heterogeneity = 0.87) [Figure 3]. 

 

 
1 This article was published online on November 23, 2018, and was subsequently included in the January 2019 issue of the journal 

 

 

Table 2. Characteristics of the included studies. 
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Figure 3. Forest plot of meta-analysis comparing progression-free survival (PFS) between regorafenib and control groups across different bone 

sarcoma subtypes. Subgroup analyses were conducted for osteosarcoma, chondrosarcoma, and Ewing sarcoma. Each study is represented by its mean 

difference (MD) in PFS with corresponding 95% confidence intervals (CIs). The pooled effect estimate (MD = 9.69, 95% CI [4.54, 14.84]) favors 

regorafenib, indicating a statistically significant improvement in PFS compared to control. Heterogeneity was low (I² = 0%), and no significant 

difference was found between subgroups (p = 0.82), suggesting consistent treatment effects across sarcoma types 

 

Pooled analysis of OS comparing regorafenib with the 
control group 
  All five randomized controlled trials reported overall 
survival (OS).  The research by Cense et al. and Dauffaud et al. 
(2023) were not included in the OS analysis due to a lack of 
data.  Cohorts of patients with metastatic or locally advanced 
chondrosarcoma, metastatic osteosarcoma, or both were 
analyzed to determine overall survival (OS) between the 

regorafenib and control groups. 
  We ran a test for differences across subgroups and analyzed 
the data using subgroups. The results showed no 
heterogeneity and no statistically significant difference 
between the placebo and regorafenib groups. Figure 4 shows 
that there was no statistically significant difference in 
variance across bone sarcoma subtypes [Figure 4-6]. The 
critical interval (CI) ranged from -36.33 to 38.02 weeks, and 
the likelihood ratio (I²) was 0%. P-heterogeneity was 0.38. 

 
 
 
 
 

Figure 2. Risk of bias assessment for included randomized controlled trials using the Cochrane Risk of Bias 2.0 tool. Each row represents a study, and 
each column corresponds to a bias domain: 
D1 – Bias arising from the randomization process; D2 – Bias due to deviations from intended interventions;D3 – Bias due to missing outcome data;D4 
– Bias in measurement of the outcome;D5 – Bias in the selection of the reported result. 
Judgements are categorized as low risk (green) or some concerns (yellow). The final column indicates the overall risk of bias per study. 
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Figure 4. Forest plot of pooled analysis comparing overall survival (OS) between regorafenib and control groups in patients with osteosarcoma and chondrosarcoma. The 

analysis includes data from three studies and is stratified by sarcoma subtype. The pooled mean difference (MD) in OS was 0.85 week (95% CI: –36.33 to 38.02), indicating 

no statistically significant improvement in survival with regorafenib compared to control. Heterogeneity was low (I² = 0%), and the test for subgroup differences was not 

significant (p = 0.24), suggesting a consistent treatment effect across the included sarcoma types

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Forest plot of pooled analysis comparing the incidence of hand-foot skin reaction (HFSR) between regorafenib and control groups across various bone and soft 

tissue sarcoma subtypes, including chordoma, osteosarcoma, chondrosarcoma, and Ewing sarcoma. The pooled odds ratio (OR = 9.30; 95% CI: 3.59 to 24.07) indicates that 

patients receiving regorafenib had a significantly higher risk of developing HFSR compared to those in the control group. Individual subgroup estimates also suggest elevated 

risk, particularly in osteosarcoma and Ewing sarcoma. Heterogeneity across studies was low (I² = 0%), and no significant difference was observed among subgroups (p = 

0.53), supporting consistency in the observed adverse event across sarcoma types 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Forest plot of pooled analysis comparing the incidence of diarrhea between regorafenib and control groups across different sarcoma subtypes, including chordoma, 

osteosarcoma, chondrosarcoma, and Ewing sarcoma. The pooled odds ratio (OR = 4.00; 95% CI: 1.61 to 9.94) indicates a statistically significant increase in the risk of diarrhea 

in patients receiving regorafenib compared to controls. Although individual study estimates vary in magnitude, most suggest a higher incidence in the regorafenib group. 

Heterogeneity across studies was low (I² = 3%), and the test for subgroup differences was not statistically significant (p = 0.25), suggesting a consistent effect across different 

sarcoma types 
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Pooled analysis of the safety profile comparing 
regorafenib with the control group 
For the safety evaluation, we incorporated all pertinent 
research.  The Common Terminology Criteria for Adverse 
Events (CTCAE), version 4.0, produced by the National 

Cancer Institute, was used to evaluate adverse events [Table 
3]. 
  Although it was not noted in the study by Davis et al., 
fatigue/asthenia was the most commonly reported adverse 
effect.  Figure 7 shows that among the trials that were 

considered, the most common side effects of the treatment 
were skin reactions in the hands and feet (OR = 9.30; 95% CI: 
3.59-24.07; I² = 0%; P-heterogeneity = 0.69), diarrhea (OR = 

4.00; 95% CI: 1.61-9.94; I² = 0%; P-heterogeneity = 0.39), and 
high blood pressure (OR = 2.77; 95% CI: 1.28-6.01; I² = 0%; 
P-heterogeneity = 0.82) [Figure 7].

 
Table 3.Predominant Adverse Effects. 

Study Adverse effects 

 

Davis et 
al. 2019 

 

Any grade 

 

Hand-foot skin 
reaction )8/22) 

Hypertension  

)7/22) 

Nausea  

)5/22) 

Diarrhea  

)4/22) 

Grade three–five Hypertension  

)3/22) 

Maculopapular rash 
)2/22) 

Thrombocytopenia  

)2/22) 

Hypophosphatemia/Extremity pain  

)2/22) 

 

Duffaud 
et al. 
2019 

 

Any grade Fatigue  

)26/29) 

Hand–foot skin 
reaction )15/29) 

Diarrhea  

)13/29) 

Hypertension 

 )12/29) 

Grade three–five Hypertension  

)7/29) 

Fatigue  

)3/29) 

Chest pain  

)3/29) 

Hypophosphataemia/Hand-foot skin 
reaction )3/29) 

 

Duffaud 
et al. 
2021 

Any grade Pain  

)20/25) 1 

Asthenia/fatigue 
)18/25) 

Diarrhea  

)13/25) 

Hand-foot skin reaction  

)12/25) 

Grade three–five Pain  

)5/25) 

Hypertension )3/25) Asthenia/fatigue  

)3/25) 

Neuralgia/Thrombocytopenia/Diarrhoea 

)2/25) 

 

Le 
Cesne 
et al. 
2023 

 

Any grade Asthenia  

)14/18) 
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Any grade Pain 
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Grade three–five Pain  
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)4/23) 

Thrombocytopenia  
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Hand-foot skin reaction / Diarrhea 

 )3/23) 

1The term "pain" was categorized under general disorders in the studies by Duffaud et al. (2023), Duffaud et al. (2021), and the CENSE study (2023). Additionally, these studies reported 

instances of skin pain and abdominal pain, which were not included in the overall counts for the term "pain."

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 
 
 
 

 
 
 
 

Figure 7. Forest plot of pooled analysis 

comparing the incidence of hypertension 

between regorafenib and control groups 

across different sarcoma subtypes, including 

chordoma, osteosarcoma, chondrosarcoma, 

and Ewing sarcoma. The overall pooled odds 

ratio (OR = 2.77; 95% CI: 1.28 to 6.01) 

suggests a statistically significant increase in 

the risk of hypertension among patients 

treated with regorafenib compared to those 

receiving control treatments. While 

individual study estimates varied and some 

confidence intervals were wide, the 

direction of effect consistently favored a 

higher risk with regorafenib. Heterogeneity 

was low (I² = 0%), and the test for subgroup 

differences was not significant (p = 0.71), 

indicating a consistent effect across sarcoma 

types. 
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Discussion 
Efficacy of regorafenib 
  By inhibiting tumor cell growth in both cell line and patient-
derived xenograft models, regorafenib has demonstrated 
broad antitumor activity in preclinical studies. This activity is 
mainly observed against Ewing sarcoma, osteosarcoma, 
rhabdomyosarcoma, and doxorubicin-resistant Ewing 
sarcoma.18 Rather than focusing on objective response, this 
systematic review examined five trials that focused on 
progression-free survival. According to Duffaud et al., tumor 
shrinkage in calcified osteosarcoma lesions may not be a 
reliable indicator of genuine anticancer activity. Additionally, 
the Response Evaluation Criteria in Solid Tumors (RECIST) 
version 1.1 was used to evaluate outcomes across all 
included studies. The trial conducted by Le Cesne et al. was 
not included in the efficacy analysis because there was 
insufficient data for a quantitative evaluation.19 
  The treatment group in the randomized Phase II 
REGOBONE trial had a median progression-free survival 
(PFS) of 16.4 weeks, while the control group only managed 
4.1 weeks.  Duffaud et al. discovered a notable variation in 
progression-free survival (PFS) by utilizing a modified 
intention-to-treat technique.  While no patients in the 
placebo group shown any improvement after 8 weeks, 65% 
of those in the therapy group did.  In the study conducted by 
Davis et al. as part of SARC024, the treatment group 
demonstrated a median progression-free survival (PFS) of 
3.6 months, in contrast to the control group's median PFS of 
1.7 months.  Compared to 25.0% and 10.0%, the PFS rates at 
8 weeks and 16 weeks were 79.0% and 44.4%, respectively.  
Even though response rates were moderate across trials, 
regorafenib showed a significant improvement in 
progression-free survival (PFS).20,21 The lack of statistical 
significance in overall survival may be due to the crossover 
design. 
  Several tyrosine kinase inhibitors have shown significant 
activity in osteosarcoma. One partial response (7%) and a 
median progression-free survival (PFS) of 6 months were 
observed in a study of 15 patients treated with pazopanib.22 
A Phase II study using sorafenib had a 4-month PFS rate and 
a 4-month median PFS in a single-arm design.  Also, in a 
single-arm trial of apatinib, 35 patients showed a median 
progression-free survival (PFS) of 4.5 months and a partial 
response rate of 57%.  There was another group that had an 
even higher partial response rate of 43% with 16 out of 37 
patients.23  
  An investigation of lenvatinib for osteosarcoma yielded 
promising preliminary results presented at ASCO 2018. The 
study found that the four-month PFS rate was 33%, with a 
median PFS of 3.4 months. There was also an 8% partial 
response (PR) rate, with 2 out of 26 patients obtaining PR.18 
There was a 12% PR rate (5 out of 42 patients) and a six-
month PFS rate of 33% in a recent open-label Phase II trial 
investigating cabozantinib. The median PFS was 6.2 
months.24,25 Combining immune checkpoint inhibitors with 
multikinase inhibitors, like regorafenib, has shown 
synergistic activity, especially when it comes to targeting the 
VEGF pathway. This suggests that there may be a way to 

improve the therapeutic effects of immune checkpoint 
inhibitors in metastatic osteosarcoma.26,27  

Safety of regorafenib 
  When it came to safety, known side effects of multitarget 
tyrosine kinase inhibitors were present, although they were 
tolerable and occurred frequently during therapy.28-31 
Hypertension was the most frequently reported grade ≥3 
toxicity related to regorafenib in most studies, even though it 
was not the most prevalent adverse event overall. One well-
known side effect of VEFG pathway-targeting medicines is 
increased blood pressure, a direct pharmacodynamic effect 
of VEFG inhibition.32,33  
  As a result of side effects, 68% of patients in the Cense et al. 
research had to lower their dosage, and 18.7% had to stop 
treatment altogether. Adverse events of grade ≥3 occurred in 
22% of cases, including hand-foot skin response (22%), 
hypertension (22%), discomfort (22%), and diarrhea (17%). 
Serious treatment-related events affected 18% of patients.19  
  The frequent need to reduce regorafenib dosage suggests 
that the full 160 mg/day dose may not be well tolerated. 
Eleven individuals needed short breaks from therapy, while 
three had to stop due to toxicity. Out of the three patients 
who were given regorafenib, a pulmonary problem (n = 1), 
cholecystitis (n = 2), and acute pancreatitis (n = 1) were the 
five major adverse events that were ascribed to the 
treatment. A single case of epilepsy was reported in a placebo 
group member. No fatalities were reported as a result of the 
treatment. 
  The regorafenib group had a higher rate of treatment-
related complications, according to the Davis et al. study. At 
the conclusion of treatment, the median regorafenib dose 
was 120 mg, and 55% of patients required dose reductions. 
In the regorafenib group, 13 individuals (59% of the total) 
experienced dose interruptions. A longer treatment term 
without a decrease in efficacy may be possible with a lower 
starting dose, such as 80-120 mg.20  
  Specific side effects, including hypertension, diarrhea, and 
hand-foot skin reactions, were in line with regorafenib's 
known toxicity profile. Cases of grade 3 pneumothorax and 
grade 4 colonic perforation in treated patients highlight the 
possibility of rare but serious side effects. After just two 
cycles of treatment at 160 mg, both patients stopped due to 
these side effects; nevertheless, they were able to resume 
treatment at lower doses of 120 or 80 mg. Neither treatment-
related fatalities nor adverse events of grade 5 were 
documented. 
  The recommended starting dose of regorafenib in the 
Duffaud et al. trial was 160 mg daily. Seven patients (or 24%) 
experienced serious side effects associated with the 
medication, such as hypophosphatemia, hand-foot skin 
response, severe hypertension, and others.21  
  Though there were no fatalities or incidents of grade 5, the 
number of adverse event calls into question whether the 160 
mg/day beginning dose is too high and calls for additional 
research. Tolerability over the long term could be enhanced 
with individualised dose changes. For example, studies 
reported varying degrees of tiredness and soreness as side 
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effects. While 23 out of 29 individuals in the 2019 research 
reported feeling weary while using regorafenib, 18 out of 25 
patients in the 2021 survey experienced the same thing.  In a 
similar vein, 14 of 18 individuals were reported to have 
asthenia by Cense et al. (2023). 
  In the era of targeted therapy, the assumption that greater 
molecular specificity necessarily translates into superior 
outcomes has proved overly simplistic.34,35 Tyrosine kinase 
inhibitors (TKIs) illustrate this point well, as multitargeted 
“dirty” TKIs often outperform highly selective agents by 
inhibiting multiple signaling pathways involved in tumor 
progression and therapeutic resistance.36 Conversely, 
particular agents—including those delivered through 
advanced nanomedicine-based formulations—may reduce 
off-target toxicity, offering a different therapeutic advantage. 
Both approaches, therefore, carry distinct benefits and 
limitations.37-41 This dual paradigm may help explain why, in 
the present analysis, both PFS and OS outcomes were similar 
across various sarcoma subtypes. Regorafenib’s broad 
inhibition of shared molecular pathways likely contributes to 
its consistent efficacy and safety profile across histologically 
diverse bone sarcomas. 
  Additionally, this research highlights several significant 
caveats. One limitation is that the patient populations 
enrolled in the randomized controlled trials included in this 
study were minimal. This means the results may not apply to 
larger clinical settings due to limited statistical power. 
Secondly, it was challenging to detect late adverse events or 
sustained therapeutic benefit because most trials lacked 
adequate follow-up to evaluate long-term safety and efficacy. 
Thirdly, it is challenging to synthesize effect sizes and 
compare results across trials because most trials reported 
only point estimates for progression-free survival (PFS) and 
overall survival (OS), rather than hazard ratios or extensive 
time-to-event analyses. Another noteworthy limitation is the 
absence of pediatric patients in all included trials, despite the 
high prevalence of osteosarcoma among adolescents, 
underscoring the need for future studies to address 
pediatric-specific toxicity considerations and optimal dosing 
strategies. Lastly, deeper subgroup analyses were not 
possible due to limited access to individual patient data, 
which may have contributed to the persistence of unnoticed 
heterogeneity. These caveats, taken together, highlight the 
urgency of conducting more high-quality studies on 
regorafenib in bone sarcoma. 

Conclusion 
Regorafenib has clinically significant efficacy in bone 

sarcoma, according to this systematic review and meta-
analysis, since it significantly improves progression-free 
survival (PFS) with little variation among trials. 
Nevertheless, the effect on overall survival (OS) remains 
unclear, calling for further robust trials with extended 
follow-up. Small sample sizes, limited long-term outcome 
data, and limited pediatric participation are significant 

drawbacks that highlight the need for future studies, 
especially in adolescent groups. 

Overall toxicity was manageable but obvious, with hand-
foot skin reaction, hypertension, and diarrhea being the 
most often reported adverse effects. The typical 160 
mg/day dose may be too high for sustained therapy, as 
seen by the frequent dose decreases. Validating 
regorafenib's significance across sarcoma subtypes, 
refining dosing strategies, and establishing its long-term 
survival advantages will require multi-institutional 
partnerships due to the rarity of bone sarcomas. 
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