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Abstract: Colorectal cancer (CRC)is a common malignant tumor of digestive tract with an increasing incidence and mortality 
worldwide, and most patients have lost the opportunity of surgical treatment once diagnosed. With the continuous development 
of precision targeted therapy, anti-angiogenesis targeted drugs have achieved good therapeutic effect in the treatment of 
advanced CRC. Regorafenib is a multi-target oral tyrosine kinase inhibitor, which can improve the tumor immune 
microenvironment by regulating tumor-associated macrophage, vascular endothelial growth factor receptor, and has a 
synergistic effect with immunotherapy. This article reviews the progress of basic and clinical research on regorafenib in the field 
of CRC. 
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In recent years, the incidence and mortality rates of 
colorectal cancer (CRC) in China have been on the rise. 
The China Cancer Statistics Report 2020 indicated that 
CRC ranked 2nd and 5th among all malignant tumors in 
terms of incidence and mortality, respectively [1]. 
Chemotherapy remains the cornerstone of CRC 
treatment, but advancements in science and technology 
have introduced new targeted and immunotherapeutic 
agents, providing patients with more treatment options. 

Since its clinical introduction in 2018, regorafenib 
has become a standard recommendation for third-line 
treatment of CRC. It is used for patients who have 
previously been treated with fluoropyrimidine-based 
therapy and who have received anti-vascular endothelial 
growth factor (VEGF) and anti-epidermal growth factor 
receptor (EGFR) therapy for wild-type metastatic CRC. 
Regorafenib is a novel oral multi-kinase inhibitor that 
plays a significant role in effectively blocking the 
activity of various protein kinases, including inhibition 
of tumor VEGF receptors (VEGFR) 1 and VEGFR3, 
fibroblast growth factor receptor 1, mutated oncogenic 
kinases such as tyrosine kinase receptor (KIT), 
rearranged during transfection (RET), and B-Raf proto-
oncogene, serine/threonine kinase (BRAF) as well as 
platelet-derived growth factor receptor-β (PDGFR-β) 
[2-3]. This paper will review the research progress on 
regorafenib in the treatment of CRC. 

1 Development of Regorafenib in Clinical 
Application 

1.1 Animal Studies on Regorafenib 

Wilhelm et al. [2] found through in vitro studies 
that regorafenib effectively inhibits angiogenesis and 
stromal receptor tyrosine kinases (RTKs), including 
VEGFR1, VEGFR2, VEGFR3, tyrosine kinase receptor 
2 (TIE2), and PDGFR-β. These signals promote tumor 

angiogenesis, vessel stability, and lymphangiogenesis, 
playing crucial roles in the tumor microenvironment 
and contributing to tumor development and metastasis. 
Combined blockade of VEGFR2 and TIE2 signaling by 
regorafenib might produce more profound anti-
angiogenic effects than inhibiting VEGF signaling 
alone. Regorafenib also showed effective inhibition of 
oncogenic RTKs KITK642E and RETC634W (20-40 
nmol/L), suggesting potential clinical benefit in RET-
mutant-driven tumors, which occur in a subset of 
medullary thyroid carcinomas or gastrointestinal 
stromal tumors (GISTs) with KIT mutations. 
Regorafenib effectively inhibits the serine/threonine 
kinase BRAF (a downstream target in the RAS 
signaling pathway) and its oncogenic mutant B-
RAFV600E, and its anti-tumor efficacy can be enhanced 
in combination with MEK or PI3K inhibitors. These 
results indicate that regorafenib effectively inhibits key 
angiogenic and tumorigenic kinases driving various 
human cancers and has demonstrated efficacy in 
preclinical models by blocking the growth of multiple 
human tumor xenografts, suggesting potential 
effectiveness in humans. 

1.2 Phase Ⅰ Clinical Trials of Regorafenib for CRC 

Mross and Strumberg et al. [4-5] reported that in 
Phase Ⅰ clinical trials, 66% of patients treated with 
regorafenib had controlled disease (partial response or 
stable disease). In an extended Phase Ⅰ cohort study of 
metastatic CRC patients, regorafenib showed anti-
tumor efficacy and manageable adverse effects. 
Regorafenib, as a multi-kinase inhibitor, demonstrated 
acceptable safety and preliminary evidence of anti-
tumor activity. 

1.3 Phase Ⅱ Clinical Trials of Regorafenib for CRC 

Cardone et al. [6] reported the results of the 
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STREAM study, a Phase Ⅱ academic, multicenter, 
single-arm trial using regorafenib to treat RAS-mutant 
metastatic CRC. The study assessed efficacy based on 
the proportion of patients without progression 6 months 
after enrollment (6-month progressive-free survival, 
6mo-PFS), with patients pre-treated with 
fluoropyrimidine, oxaliplatin, and bevacizumab. 
Results showed 8/22 patients had 6mo-PFS in the first 
phase, with a total of 14 out of 46 patients. The objective 
response rate (ORR) was 10.9%, the disease control rate 
(DCR) was 54.6%, the median progression-free survival 
(mPFS) was 3.6 months, and the median overall 
survival (mOS) was 18.9 months, with mPFS2 (from 
study entry to subsequent-line treatment progression) at 
13.3 months. 39.1% of patients experienced ≥3 grade 
events, mostly hand-foot syndrome (13%), fatigue, and 
hyperbilirubinemia (6.5%). In multivariate analysis, 
baseline metabolic assessment correlated with OS, 
while early metabolic response was not associated with 
clinical outcomes. Bekaii-Saab et al. [7] also conducted 
the ReDOS study to evaluate dose escalation and 
preventive local hormone strategies with regorafenib in 
recurrent metastatic CRC patients. Patients were 
randomly assigned to either an 80 mg/d group (with 
weekly escalation to 160 mg/d) or a 160 mg/d group, 
and further randomized 1:1:1:1 to preventive local 
hormone use for 12 weeks or based on drug response. 
The study endpoint was to compare the proportion of 
patients starting the third cycle of regorafenib treatment 
between groups. Results showed that 43% of the 80 
mg/d group started the third cycle, compared to 25% of 
the 160 mg/d group. The 80 mg/d starting dose with 
weekly escalation showed a clear improvement in mOS 
and potentially reduced the incidence of hand-foot 
syndrome with preventive local hormone use. 

1.4 Phase Ⅱ Clinical Trials of Regorafenib for CRC 

Grothey et al. [3] conducted the CORRECT study, 
an international, multicenter, placebo-controlled Phase 
Ⅱ trial, enrolling 760 patients randomized in a 2:1 ratio 
to regorafenib (n=505) or placebo (n=255) groups, all 
of whom had prior anti-VEGF treatment. Results 
showed regorafenib significantly extended the mOS to 
6.4 months, reducing the risk of death by 23%. Safety 
analysis revealed that severe adverse event (AE) rates 
were 93% in the regorafenib group versus 61% in the 
placebo group, with common AEs including hand-foot 
skin reactions, fatigue, diarrhea, hypertension, and rash 
or desquamation, which were generally manageable and 
had similar impacts on quality of life compared to 
placebo. This result globally confirmed that regorafenib 
can improve survival in mCRC patients after standard 
treatment failure. Additionally, a randomized, double-
blind, placebo-controlled, parallel-group Phase Ⅲ trial 
(CONCUR study) conducted at 25 hospitals after 
CORRECT included 243 metastatic CRC patients, 

randomized in a 2:1 ratio to regorafenib (204 patients) 
or placebo (68 patients). The baseline characteristics of 
both groups were balanced and comparable. Results 
further confirmed regorafenib's efficacy: compared to 
placebo (mOS: 6.3 months), regorafenib significantly 
extended mOS to 8.8 months and reduced the risk of 
death by 45%. The mPFS for regorafenib and placebo 
groups was 3.2 months and 1.7 months, respectively. 
Subgroup analysis indicated that patients with no prior 
anti-VEGF or anti-EGFR treatment had a hazard ratio 
of 0.31 (95% CI: 0.19-0.53), whereas those with prior 
targeted anti-tumor treatments (anti-VEGF, anti-EGFR, 
or both) had a hazard ratio of 0.78 (95% CI: 0.51-1.19). 
Data comparison showed that mOS was longer in the 
regorafenib group in the CONCUR study compared to 
the CORRECT study, suggesting that mCRC patients 
might benefit more from regorafenib treatment, 
possibly due to a lower proportion of patients with prior 
targeted therapy in CONCUR. Additionally, Van 
Cutsem et al. [9] confirmed the safety of regorafenib 
through a large Phase Ⅱb study (CONSIGN). 

2 Regorafenib Combined with Other Treatments 

2.1 Regorafenib Combined with Immunotherapy 

Immune checkpoint inhibitors (ICIs) are gaining 
increasing attention in CRC treatment, particularly for 
cancers with deficient mismatch repair (MMR) which 
have a high number of somatic mutations. A proof-of-
concept study found that MMR-deficient CRCs are 
sensitive to immune checkpoint blockade with PD-1 
antibodies. Several studies indicate that regorafenib 
combined with ICIs can effectively inhibit tumor cell 
growth and reduce the infiltration of 
immunosuppressive macrophages, showing efficacy in 
advanced CRC. The REGONIVO study presented at the 
2019 ASCO Annual Meeting showed that for 
microsatellite stable (MSS) metastatic CRC, 
regorafenib combined with the ICI nivolumab had an 
ORR of over 30%, and this benefit was successfully 
translated into progression-free survival (PFS) and 
overall survival (OS) benefits in subsequent follow-ups. 
This suggests that regorafenib combined with 
immunotherapy could potentially improve the survival 
of MSS metastatic CRC patients in third-line treatment. 
Building on REGONIVO, Fakih et al. assessed the 
efficacy of regorafenib combined with CTLA-4 
inhibitors in MSS metastatic CRC, using the RIN 
regimen (regorafenib + ipilimumab + nivolumab). 
Results showed an ORR of 27.6% in CRC patients 
failing standard treatments, with better outcomes in 
non-liver metastatic patients, representing a significant 
improvement over traditional third-line treatments. 
Professor Xu Ruihua’s team at Sun Yat-sen University 
conducted the REGOTORI trial, which predicted the 
efficacy of regorafenib combined with toripalimab in 
MSS metastatic CRC. The study showed an ORR of 
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15.2%, DCR of 36.4%, mPFS of 2.1 months, and mOS 
of 15.5 months, with a higher ORR in non-liver 
metastatic CRC (30% vs. 8.7%). The study also 
suggests that baseline gut microbiota may become a 
marker for survival benefit in metastatic CRC patients. 
This provides strong evidence for the benefit of 
regorafenib combined with PD-1 monoclonal 
antibodies in treating CRC patients. In the future, 
regorafenib, as a small-molecule targeted drug, 
combined with immunotherapy may achieve further 
breakthroughs in improving objective response rates in 
CRC patients. 

2.2 Regorafenib Combined with Chemotherapy 

Fluoropyrimidine-based therapy is the cornerstone 
of CRC chemotherapy, and chemotherapy is a common 
method for treating metastatic CRC. However, many 
studies show that chemotherapy has strong toxic 
reactions, which reduce patient tolerance and lead to 
poor compliance. Regorafenib helps combat multi-drug 
resistance (MDR) in colorectal cancer, thereby 
improving chemotherapy efficacy. Recent studies have 
shown that regorafenib combined with chemotherapy is 
effective, significantly inhibiting tumor angiogenesis, 
improving tumor cell immune evasion and 
inflammatory damage indicators, reducing tumor 
marker levels, and enhancing quality of life with high 
safety. REGTAS, a multicenter, single-arm Phase Ⅱ 
study, explored the efficacy of regorafenib combined 
with TAS-102 for treating refractory mCRC. The study 
included 21 mCRC patients from five centers who failed 
standard treatments, with regorafenib administered at 
120 mg/d for 21 days in a 4-week cycle (or an initial 
dose of 80 mg/d, increasing weekly by 40 mg to 120 
mg/d); TAS-102 was given biweekly (30 mg/m2 twice 
daily, days 1-5). Results showed that among 19 patients 
evaluable for efficacy, the overall PFS was 4.3 months, 
OS was 12.7 months, and DCR was 78.9%. The liver 
metastasis subgroup had a PFS of 4.3 months, OS of 
11.8 months, and DCR of 80.0%, similar to the overall 
population, with good safety. 

2.3 Regorafenib Combined with Radiotherapy 

There is limited research on regorafenib combined 
with radiotherapy for CRC, but some studies have 
shown that this combination can control tumors in 
certain patients. However, this treatment may not be 
effective for all patients and may bring side effects such 
as fatigue, skin reactions, and oral ulcers. Therefore, 
when using regorafenib combined with radiotherapy, a 
personalized treatment plan should be considered, 
taking into account the patient's condition, treatment 
goals, and potential side effects. Studies comparing 
regorafenib combined with radiotherapy and 
immunotherapy against regorafenib alone for metastatic 
CRC patients are also ongoing. 

3 Conclusion 

The clinical application of regorafenib provides a 
broader range of treatment options for advanced CRC 
patients. From a comprehensive tumor management 
perspective, it may be considered for earlier use in 
second-line treatment to offer more survival benefits. 
The prevention and treatment of CRC remain urgent 
issues, and regorafenib has been shown to normalize 
blood vessels and improve the tumor microenvironment, 
thus enhancing its synergistic anti-tumor effects with 
ICIs. Consequently, combined regorafenib and 
immunotherapy is highly anticipated in clinical settings. 
Additionally, other targeted and immunotherapy 
combinations are still being explored to identify 
effective strategies for improving the immune 
microenvironment of MSS metastatic CRC. Future 
research should delve deeper into the combined 
mechanisms of different drugs through basic and 
translational studies and conduct large-scale clinical 
trials to improve survival benefits for this patient 
population. However, due to the limitations of clinical 
trials, the long-term efficacy and safety of regorafenib 
need further observation and research. Moreover, the 
applicability and dose adjustments for different patient 
groups require more practice and research. Overall, 
regorafenib shows promise but needs further evaluation 
and optimization in broader clinical practice. 
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