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Introduction
Regorafenib (REG) is an orally bio-available mul-
tikinase inhibitor (MKI) that blocks the activity of 

several protein kinases, including those associated 
with proliferation (KIT, BRAF, RAF-1 and RET), 
tumour angiogenesis (VEGFR-1, VEGFR-2, 
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Abstract
Background: Regorafenib (REG) is an oral multikinase inhibitor used in colorectal cancer, 
gastrointestinal stromal tumour and hepatocellular carcinoma. Several adverse events 
(AEs) are commonly reported during REG administration, and strategies for managing AEs in 
everyday clinical practice include supportive care, dose modifications and, when necessary, 
treatment withdrawal. We performed a systematic review and meta-analysis to assess the 
schedule treatment modifications of REG associated with AEs across randomized controlled 
clinical trials (RCTs).
Methods: Eligible studies included RCTs assessing standard dose REG versus placebo. 
Outcomes of interest included: AE-related permanent discontinuation, dose interruptions and 
dose reductions.
Results: We retrieved all the relevant RCTs through PubMed/Med, Cochrane library and 
EMBASE: 7 eligible studies involving a total of 2099 patients (Regorafenib: 1362; placebo: 
737) were included in our analysis. The use of REG was associated with higher incidence and 
risk of all outcomes of interest when compared with placebo. The incidences of permanent 
discontinuation, dose interruptions and dose reductions in patients receiving REG were 9.7%, 
57.2% and 47%, respectively, versus 3.3%, 16.7% and 7.7% of placebo group; compared with 
placebo, the summary relative risks (RRs) of permanent discontinuation, dose interruptions 
and dose reductions in REG arm were 2.80 (95% CI 1.85–4.22), 3.21 (95% CI 2.59–3.99) and 6.02 
(95% CI 3.28–11.03), respectively.
Conclusions: Treatment with REG at the standard dose of 160 mg is associated with a 
significant increase in AE-related permanent discontinuation, dose interruptions and dose 
reductions. Prompt identification and management of AEs seem mandatory to obtain maximal 
benefit from REG treatment. In the current landscape, dose personalization of REG may have 
the potential to improve quality of life, minimize treatment discontinuation and maximize 
patient outcomes.
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VEGFR-3 and TIE2) and tumour microenviron-
ment signalling (PDGFR and FGFR).1,2 Clinical 
benefits from the administration of REG were 
initially observed in metastatic colorectal cancer 
(CRC) and gastrointestinal stromal tumour 
(GIST), as stated by the three randomized con-
trolled clinical trials (RCTs) CORRECT, GRID 
and CONCUR.3–5 More recently, REG gained 
approval in hepatocellular carcinoma (HCC), on 
the basis of data from the RESORCE trial,6 where 
REG showed a survival benefit in patients affected 
by advanced or metastatic HCC who progressed 
on sorafenib treatment. Currently, REG is 
approved as a single agent for the treatment of 
CRC, GIST and HCC at a dose of 160 mg orally 
once daily on days 1–21 of each 28 days cycle.7 
There are currently ongoing trials aimed to evalu-
ate the efficacy of REG as monotherapy or in 
combination with other anticancer agents and the 
number of indications and patients receiving 
REG is supposed to further increase in the near 
future.8,9 REG has undoubtedly modified clinical 
practice for patients affected by several malignan-
cies, however various drug-related adverse events 
(AEs), such as fatigue, hypertension, hand–foot 
skin reaction (HFSR), rash and diarrhoea have 
been reported.10–12 Moreover, REG-related AEs 
frequently require treatment modifications and 
may also result in early discontinuation of treat-
ment.13,14 As consequence, this management may 
interfere with the efficacy and long-term outcomes 
of patients. Prompt identification of AEs is funda-
mental to guarantee that patients can be treated as 
safely as possible and, in order to ensure that anti-
cancer treatment is effective, maintaining the opti-
mal dose levels represents a major issue.15,16

In the current study, we performed a systematic 
review and meta-analysis to examine AE-related 
permanent discontinuation of treatment, AE- 
related dose interruptions and AE-related dose 
reductions in patients receiving REG, across the 
seven available RCTs.

Materials and methods

Search strategies
All phase II and III clinical trials published from 
15 June 2008 to 29 January 2020 regarding the 
clinical role of REG therapy in advanced malig-
nancies were retrieved. Keywords used for search-
ing on PubMed/ Medline, Cochrane Library and 
EMBASE were: “Regorafenib” OR “Stivarga” 
OR “BAY 73-4506” AND “phase 2 trial” OR 

“phase 3 trial”; only articles published in peer-
reviewed journals and written in English language 
were considered. Furthermore, proceedings of 
the main international oncological meetings 
(American Society of Clinical Oncology, European 
Society of Medical Oncology, European Council 
of Clinical Oncology and American Association 
for Cancer Research) were also searched from 
2005 onward for relevant abstracts.

The search and review of the articles were evalu-
ated by two authors (AR and MN) independently.

Aims of the systematic review and  
meta-analysis
The aims of the systematic review and meta- 
analysis were:

(1) to evaluate incidence and risk of AE-related 
permanent discontinuation in RCTs com-
paring REG treatment versus placebo;

(2) to evaluate incidence and risk of AE-related 
dose interruptions in RCTs comparing 
REG treatment versus placebo;

(3) to evaluate incidence and risk of AE-related 
dose reductions in RCTs comparing REG 
treatment versus placebo.

Selection criteria
Studies selected from first analysis were then 
restricted to: (a) prospective phase II or III RCTs 
in advanced malignancies; (b) participants enrolled 
in REG treatment or placebo; (c) studies with avail-
able data about AE-related dose reductions and/or 
AE-related dose interruptions and/or AE-related 
permanent discontinuation of treatment.

Data extraction and quality assessment
The following data were extracted for each publi-
cation: (a) study general information (author, 
year, phase, carry out country, inclusion criteria); 
(b) primary site; (c) interventions; (d) formula-
tion of REG therapy; (e) number of patients; (f) 
available outcomes in terms of AE-related dose 
reductions, dose interruptions and/or permanent 
discontinuation. Two separate authors (AR and 
MN) conducted the search and identification 
independently.

We assessed the methodological quality of the 
included trials using Cochrane Collaboration 
tool. Studies examined were graded as having a 
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‘low risk’, ‘high risk’, or ‘unclear risk’ of bias 
across the seven specified domains. This meta-
analysis was conducted according to Preferred 
Reporting Items for Systematic Review and Meta-
Analyses (PRISMA) guidelines.17

Assessment of risk of bias
Risk of bias in the seven selected studies was assessed 
independently by two authors (AR and MN) using 
the tool of The Cochrane Collaboration for assess-
ing risk of bias and therefore including selection, 
performance, detection, attrition and reporting 
bias.18 The lists of outcomes reported in the pub-
lished paper were compared with those from study 
protocols or trials registries. The results were sum-
marized in a risk of bias graph (Figure 1).

Types of outcome measures
We examined three outcomes: AE-related dose 
reductions, AE-related dose interruptions and 
AE-related permanent discontinuation. Dose 
interruptions were defined as AE-related transi-
tory discontinuation of treatment. All data were 
obtained from full text or supplementary material 
of each study.

Statistical design
All statistical analyses were performed using R 
studio. For the calculation of incidence rate 
(IR), the number of patients with AE-related 
dose reductions, AE-related dose interruptions 
and AE-related permanent discontinuation and 
the total number of patients being treated with 
REG and placebo were determined from each 

trial. The proportions of patients and 95% CIs 
were derived.

Relative risks (RRs) were used to analyse dichot-
omous variables, including AE-related dose 
reductions, dose interruptions and permanent 
disconti nuation: RRs were combined with the 
Mantel–Haenszel method. Statistical heteroge-
neity between studies was examined using the 
chi-squared test and the I2 statistic: substantial 
heterogeneity was considered to exist when the 
I2 value was greater than 50% or there was a low 
p value (<0.10) in the chi-squared test.

Results

Studies selected
In our search, we identified 792 potentially rele-
vant reports, which were subsequently restricted 
to seven.19–25 We excluded 785 records as non-
pertinent reports (meta-analysis and systematic 
reviews, review articles, editorials, case reports, 
pre-clinical studies, retrospective studies, non-
randomized studies, no placebo-controlled arm 
trials, ongoing trials/trials in progress), as shown 
in Figure 2. All studies included in our analysis 
were published in full manuscript.

Of the seven eligible studies, two trials compared 
REG treatment versus placebo in pretreated 
patients affected by advanced or metastatic 
CRC.19–21 The same comparison was made in the 
other five trials, comparing REG versus placebo in 
advanced or metastatic GIST,20 gastric cancer/
gastroesophageal junction (GC/GEJ),22 HCC,24 
osteosarcoma25 and soft tissue sarcoma (STS).23 

Figure 1. Risk of bias graph: authors’ judgements on each risk of bias item presented as percentages across 
all included studies.
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Four trials were phase III studies,19–21,24 whereas 
three studies were phase II trials.22,23,25

The seven studies shared several characteristics: 
they were all randomized, double-blind, multicen-
tre, placebo-controlled trials including patients 
whose disease had progressed after treatment with 
one to two previous lines of chemotherapy for 
advanced or metastatic disease. In all these RCTs 
only patients with an Eastern Cooperative 
Oncology Group performance status (ECOG-PS) 
of 0 or 1 were enrolled.19–25

A total of 2099 patients were available for the 
meta-analysis (REG: 1362; placebo: 737); REG 
dosage and schedule was as follows: 160 mg orally 
on days 1 to 21 of each 28-day cycle. A summary 
of the included RCTs is presented in the Table 1.

All seven RCTs reported data on AE-related per-
manent discontinuation;19–25 four trials reported 
data on AE-related dose interruption19,21,23,25 
whereas six studies reported data on AE-related 
dose reductions during treatment.19–21,23–25

Incidence and RR of AE-related permanent 
discontinuation
Table 2 shows the pooled IRs of all outcomes 
included in our analysis. In order to evaluate 
AE-related permanent discontinuation, data were 

extracted from all seven RCTs comprising 2099 
patients.19–25 The incidence of AE-related perma-
nent discontinuation during REG treatment and 
placebo were 9.7% and 3.3%, respectively. 
Patients treated with REG showed higher risk of 
permanent discontinuation (RR = 2.80; 95% CI 
1.85–4.22) (Figure 3); results were associated 
with low heterogeneity (I2 = 32%), therefore a 
fixed effects model was used.

Incidence and RR of AE-related dose 
interruption
Four RCTs19,21,23,25 provided data on AE-related 
dose interruption in 501 patients. REG treatment 
was associated with a pooled IR of dose interruption 
of 57.2% versus 16.7% in the placebo group (Table 
2). Patients receiving REG showed an increased RR 
of AE-related dose interruption (RR = 3.21; 95% 
CI 2.59–3.99) (Figure 4); results were associated to 
low heterogeneity (I2 = 36%), therefore a fixed 
effects model was used.

Incidence and RR of AE-related dose reduction
Data were available in six RCTs19–21,23–25 com-
prising 646 patients. The incidence of AE-related 
dose reduction in REG arm and placebo arm was 
47% and 7.7%, respectively (Table 2). REG was 
associated with higher RR of dose reduction when 
compared with placebo (RR = 6.02; 95% CI 

Figure 2. Study flow diagram.
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3.28–11.03) (Figure 5). The analysis was associ-
ated with significant heterogeneity between trials 
(I2 = 74%), so a random-effects model was used 
for the OS analysis.

Discussion
In recent years, the use of MKIs as a standard of 
care in several solid tumours has notably changed 

the landscape of cancer management.26,27 All 
MKIs, including REG at the recommended 
standard dose of 160 mg, are associated with vari-
ous drug-related AEs that mainly occur within 
the first cycles of therapy and which can result in 
a relevant impact on the quality of life of patients 
and frequently lead to treatment dose reduction 
and drug discontinuation.28 A plethora of recent 
meta-analyses evidenced that standard-dose REG 

Table 1. Summary of the included studies.

Author/ 
yearreference

Phase 
of CT

Primary 
site

Carry out 
country

Number in 
intervention/
control group

ECOG-PS Type of treatment ADE-related 
outcomes included 
in analysis

Grothey / 
201319

III CRC 16 countries 
in North 
America, 
Europe, Asia, 
and Australia

500/253 0,1 Oral regorafenib 
160 mg once daily on 
days 1–21 each 28-day 
cycle + BSC versus 
placebo + BSC

Dose reductions
Dose interruptions
Permanent 
discontinuation

Demetri / 
201320

III GIST 17 countries 
in North 
America, 
Europe, and 
Asia

132/66 0,1 Oral regorafenib 
160 mg once daily on 
days 1–21 each 28-day 
cycle + BSC versus 
placebo + BSC

Dose reductions
Permanent 
discontinuation

Li / 201521 III CRC China, Hong 
Kong, South 
Korea, 
Taiwan, and 
Vietnam

136/68 0,1 Oral regorafenib 
160 mg once daily on 
days 1–21 each 28-day 
cycle + BSC versus 
placebo + BSC

Dose reductions
Dose interruptions
Permanent 
discontinuation

Pavlakis / 
201622

II GC / GEJ Australia, 
New Zealand, 
Canada, 
Korea

56/29 0,1 Oral regorafenib 
160 mg daily on days 
1–21 each 28-day 
cycle + BSC versus 
oral placebo + BSC

Permanent 
discontinuation

Mir / 
201623

II STS France, 
Austria

26/12 0,1 Oral regorafenib 
160 mg once daily on 
days 1–21 each 28-day 
cycle versus placebo

Dose reductions
Dose interruptions
Permanent 
discontinuation

Bruix / 
201724

III HCC 21 countries 
in North 
America, 
South 
America, 
Europe, Asia, 
and Australia

379/194 0,1 Oral regorafenib 
160 mg once daily on 
days 1–21 each 28-day 
cycle + BSC versus 
placebo + BSC

Dose reductions
Permanent 
discontinuation

Duffaud / 
201925

II Osteo-
sarcoma

France 89/92 0,1 Oral regorafenib 
160 mg once daily on 
days 1–21 each 28-day 
cycle + BSC versus 
placebo + BSC

Dose reductions
Dose interruptions
Permanent 
discontinuation

ADE, adverse drug event; BSC, best supportive care; CRC, colorectal cancer; CT, clinical trial; ECOG-PS, Eastern Cooperative Oncology Group 
performance status; GC, gastric cancer; GEJ, gastroesophageal junction; GIST, gastrointestinal stromal tumour; HCC, hepatocellular carcinoma; 
STS, soft tissue sarcoma.
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leads to a significant risk of developing several all-
grade and grade 3–4 AEs in patients with 
advanced cancer.29–31

To the best of the authors’ knowledge, this is the 
first meta-analysis to investigate the incidence 

and risk of AE-related permanent discontinuation 
of treatment, dose interruptions and dose reduc-
tions associated with standard-dose REG in can-
cer patients. The meta-analysis was based on 
seven RCTs19–25 with a total of 2099 patients, 
1362 of which received standard-dose REG.  

Table 2. Incidence rate of drug-related AE outcomes resulting from regorafenib treatment and placebo.

Drug-related AE 
outcomes

Number of events/sample size Incidence rate % (95% CI)

Regorafenib Placebo Regorafenib Placebo

Permanent 
discontinuation

132/1362 25/737 9.7% (8.1–11.2) 3.3% (2.1–4.6)

Transient 
interruptions

430/751 71/425 57.2% (53.7–60.8) 16.7% (13.1-20.2)

Dose reductions 593/1262 53/685 47% (44.2–49.7) 7.7% (5.7–9.7)

AE, adverse event.

Figure 3. Forest plot of comparison between regorafenib treatment and placebo: the outcome was risk ratio of permanent 
discontinuation.
CI, confidence interval.

Figure 4. Forest plot of comparison between regorafenib treatment and placebo: the outcome was risk ratio of dose interruption.
CI, confidence interval.
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We noted that AE-related dose reductions, dose 
interruptions and permanent treatment interrup-
tions were, as expected, more common in the 
REG group than in the placebo group (reduc-
tions: 47% versus 7.7%; dose interruptions: 
57.2% versus 16.7%; permanent discontinuation: 
9.7% versus 3.3%, respectively).

As stated previously, in placebo-controlled RCTs 
regarding REG, a large proportion of patients 
experienced either an AE-related dose reduction 
or interruption when receiving the standard 
schedule; moreover, a small but non-negligible 
proportion of participants (9.7%) had to perma-
nently discontinue the treatment and withdrew 
from the trial as AE-related result. This data has 
even more relevance considering that all patients 
enrolled into RCTs must have good performance 
status (ECOG = 0, 1) and no significant comor-
bidities.32 To address this relevant source of bias, 
the European REBECCA trial recently evaluated 
the role of REG in metastatic CRC with a focus 
on efficacy and optimal safety in a real-world set-
ting and revealing that progression-free survival, 
overall survival and safety profile were similar to 
those of CORRECT and CONCUR trial.33

Despite a steadily increased use of REG in 
advanced malignancies over the last years, real-
world data on the role of non-standard schedules 
are scarce, often resulting from small study popu-
lations with short follow-up.34 In this scenario, 
balancing between treatment efficacy, tolerability 
and quality of life is of major interest. A German 
study by Mross et al., revealed that REG presented 
similar pharmacokinetic and pharmacodynamic 
effects for dose levels from 120 to 220 mg; moreo-
ver, no significant pharmacologic activity was 

shown at doses of less than 120 mg.35 As regards 
current clinical practice, the use of REG seems 
heterogeneous, with several authors which recom-
mend REG at the starting dose of 80 or 120 mg 
and subsequent dose-escalation, and others which 
prefer shorter cycles at standard doses of 
160 mg.36,37 In our recent retrospective Italian 
multicentre experience, we identified approxi-
mately 20 different strategies of treatment person-
alization in patients affected by advanced or 
metastatic GIST, including dose reduction from 
160 to 120 mg, 120 mg as starting dose, the initial 
dose of 80 mg and several others.38 Of note, what-
ever was the strategy adopted, REG treatment 
personalization has led not only to a clinical ben-
efit defined as complete or partial resolution of 
side effects in almost all patients, but especially 
positively affected the duration of REG treatment. 
In particular, a median duration of 9.9 months 
was observed, significantly greater than the 
22.9 weeks of the GRID trial, with 23% of patients 
who exceeded 20 months and a mean duration of 
32.14 months (range 20.50–53.67 months).

In a recent retrospective large study on 2376 
Japanese patients affected by metastatic CRC, the 
initial dose of 80 mg or 120 mg REG had lower 
grade 3–4 AEs but similar efficacy when com-
pared with recommended standard dose of 
160 mg.39 Moreover, the results of the phase II 
REDOS RCT comparing a dose-escalation 
approach with the standard REG dosing strategy 
of 160 mg daily in 123 patients affected by meta-
static CRC, are currently available.40 The study 
reported that the dose-escalation strategy starting 
from 80 to 160 mg daily via 40 mg increases over 
3 weeks represents a safe and effective alternative 
to the standard dose, confirming the results from 

Figure 5. Forest plot of comparison between regorafenib treatment and placebo; the outcome was risk ratio of dose reduction.
CI, confidence interval.
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previous field-practice studies. There are cur-
rently ongoing trials, including the phase II trial 
REGOCC21, aimed to compare different sched-
ules of REG treatment and which finals results 
will help to shed light on different dose-escalation 
approaches.41

In patients receiving 160 mg, an important num-
ber of AEs occur within the first cycles of therapy, 
suggesting that treatment adjustment during 
REG is not only a common event but also an 
early one.42 In REBECCA study, for example, the 
median time between the start of 160 mg treat-
ment and first dose adjustment was 0.7 months;33 
thus, early monitoring and effective management 
of AEs seems mandatory to reduce treatment dis-
continuation and to optimize clinical benefit. In 
addition, the risks associated with REG therapy 
may be increased by other underlying factors, 
including prior oncologic and non-oncologic 
therapies, concomitant medications and other 
comorbidities.43–46

From our point of view, modifications of REG 
dose and schedule should be more valorized and 
spread into everyday clinical practice, because it 
may positively affect patient’s compliance and 
enhance adherence to treatment. This inevitably 
leads to an undoubtful optimization of treatment 
duration, that clearly affects disease long-term 
outcome. Since the chronic and continuative 
MKI intake is crucial according to their mecha-
nism of action, therapy optimization takes part 
for the treatment.

Our meta-analysis holds its own strengths and 
limitations. The strengths of our work regard the 
inclusions of only placebo-controlled RCTs, the 
total number of patients and the high quality of 
statistical analysis. However, the results of this 
meta-analysis should be interpreted with caution 
for some limitations. First, despite random-effects 
modelling was used in order to address heteroge-
neity, AE-related dose reduction analysis was bur-
dened by substantial heterogeneity (I2 = 74%). 
Second, data were extracted from published clini-
cal trial results and were not gathered from indi-
vidual patient data; moreover, the seven RCTs 
included were industry funded. Third, no sub-
group analysis has been performed. The selection 
of patients represents another key element. In fact, 
all these studies compared REG versus placebo in 
participants with ECOG-PS grade 0 or 1 and 
which can only partly be representative of all 
patients receiving REG for advanced malignancies 

in everyday clinical practice. Patients with comor-
bidities, including uncontrolled hypertension, 
impaired hepatic or renal function and/or history 
of venous thromboembolic events, were excluded 
from the RCTs as well as subjects with ECOG-PS 
⩾2. Finally, geographical elements [single country 
(n = 1 RCT), two European countries (n = 1), 
multinational (n = 4), single continent (n = 1)], the 
impact of previous treatments and primary cancer 
site [GIST (n = 1), CRC (n = 2), GC/GEJ (n = 1), 
STS (n = 1), HCC (n = 1) and osteosarcoma 
(n = 1)] may represent other possible sources of 
heterogeneity.

Conclusion
To the best of the authors’ knowledge, this is the 
first meta-analysis addressing this issue, providing 
evidence that REG 160 mg is associated with a 
significant increased incidence and risk of 
AE-related permanent discontinuation, dose 
interruptions and dose reductions. Therefore, 
despite the several limitations owing to the sub-
stantial heterogeneity, our findings may assist and 
help clinicians to optimize REG treatment, since 
early recognition and management of AEs are 
mandatory in clinical practice. Ongoing trials on 
REG are focused on the identification of effective 
and personalized strategies helping clinicians to 
maximize treatment benefits and to minimize the 
need for therapy discontinuation in the fragile 
population of pretreated patients affected by 
advanced cancer.
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