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Axel Grothey*, Eric Van Cutsem*, Alberto Sobrero, Salvatore Siena, Alfredo Falcone, Marc Ychou, Yves Humblet, Olivier Bouché, Laurent Mineur, 
Carlo Barone, Antoine Adenis, Josep Tabernero, Takayuki Yoshino, Heinz-Josef Lenz, Richard M Goldberg, Daniel J Sargent, Frank Cihon, Lisa Cupit, 
Andrea Wagner, Dirk Laurent, for the CORRECT Study Group†

Summary
Background No treatment options are available for patients with metastatic colorectal cancer that progresses after all 
approved standard therapies, but many patients maintain a good performance status and could be candidates for further 
therapy. An international phase 3 trial was done to assess the multikinase inhibitor regorafenib in these patients.

Methods We did this trial at 114 centres in 16 countries. Patients with documented metastatic colorectal cancer and 
progression during or within 3 months after the last standard therapy were randomised (in a 2:1 ratio; by computer-
generated randomisation list and interactive voice response system; preallocated block design (block size six); 
stratifi ed by previous treatment with VEGF-targeting drugs, time from diagnosis of metastatic disease, and 
geographical region) to receive best supportive care plus oral regorafenib 160 mg or placebo once daily, for the fi rst 
3 week  s of each 4 week cycle. The primary endpoint was overall survival. The study sponsor, participants, and 
investigators were masked to treatment assignment. Effi  cacy analyses were by intention to treat. This trial is registered 
at ClinicalTrials.gov, number NCT01103323.

Findings Between April 30, 2010, and March 22, 2011, 1052 patients were screened, 760 patients were randomised to 
receive regorafenib (n=505) or placebo (n=255), and 753 patients initiated treatment (regorafenib n=500; placebo 
n=253; population for safety analyses). The primary endpoint of overall survival was met at a preplanned interim 
analysis; data cutoff  was on July 21, 2011. Median overall survival was 6·4 months in the regorafenib group versus 
5·0 months in the placebo group (hazard ratio 0·77; 95% CI 0·64–0·94; one-sided p=0·0052). Treatment-related 
adverse events occurred in 465 (93%) patients assigned regorafenib and in 154 (61%) of those assigned placebo. The 
most common adverse events of grade three or higher related to regorafenib were hand-foot skin reaction (83 patients, 
17%), fatigue (48, 10%), diarrhoea (36, 7%), hypertension (36, 7%), and rash or desquamation (29, 6%).

Interpretation Regorafenib is the fi rst small-molecule multikinase inhibitor with survival benefi ts in metastatic 
colorectal cancer which has progressed after all standard therapies. The present study provides evidence for a 
continuing role of targeted treatment after disease progression, with regorafenib off ering a potential new line of 
therapy in this treatment-refractory population.

Funding Bayer HealthCare Pharmaceuticals.

Introduction
Worldwide, nearly 1·25 million patients are diagnosed 
with and more than 600 000 patients die from colorectal 
cancer each year.1 At least 50% of patients develop 
metastases,2 and most of these patients have unresect able 
tumours.2,3 Standard treatment for these patients involves 
chemotherapy based on fl uoropyrimidines, oxaliplatin, 
and irinotecan (used in combination and sequentially); 
and monoclonal antibodies targeting vascular endothelial 
growth factor (VEGF; bevacizumab). In patients with 
KRAS wild-type tumours, monoclonal antibodies targeting 
epidermal growth factor receptor (EGFR; cetuximab and 
panitumumab) are also used.2,3 Additional options are 
needed for patients who have disease progression despite 
all currently available standard therapies, because many 
patients maintain good performance status and might be 
candidates for further therapy.

Various signalling pathways have been implicated in 
the development and progression of colorectal cancer, 
involving receptor tyrosine kinases (eg, EGFR, VEGF 
receptor, platelet-derived growth factor receptor [PDGFR], 
and fi broblast growth factor receptor [FGFR]) and down-
stream signalling cascades (RAS-RAF-MEK-ERK and 
PI3K-PTEN-AKT-mTOR).4 Regorafenib is a novel oral 
multikinase inhibitor that blocks the activity of several 
protein kinases, including kinases involved in the regu-
lation of tumour angiogenesis (VEGFR1 [also known as 
FLT1], VEGFR2 [KDR], VEGFR3 [FLT4], TIE2 [TEK]), 
oncogenesis (KIT, RET, RAF1, BRAF, and BRAFV600E), and 
the tumour microenvironment (PDGFR and FGFR).5 In 
pre clinical studies, regorafenib has shown antitumour 
activity, including in colorectal cancer models.5

In a phase 1b study, oral regorafenib, given at a dose of 
160 mg once daily for the fi rst 3 weeks of each 4 week 
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cycle, showed a tolerable toxicity profi le and preliminary 
evidence of antitumour activity in 38 patients with pro-
gressive colorectal cancer who had received previous 
therapy for metastatic disease (median four lines).6 The 
disease control rate (partial response plus stable disease) 
was 74% (20 of 27 assessable patients). On the basis of 
these results and the high unmet need in this population 
of patients, the decision was made to proceed to a 
randomised phase 3 trial. We did the CORRECT trial 
(patients with metastatic colorectal cancer treated with 
regorafenib or placebo after failure of standard therapy) 
to assess effi  cacy and safety of regorafenib in patients 
with metastatic colorectal cancer, progressing after all 
approved standard therapies.

Methods
Study design and participants
CORRECT was a randomised, placebo-controlled, phase 
3 study involving 114 centres in 16 countries in North 
America, Europe, Asia, and Australia. Patients were 
eligible to participate when they had histological or 
cytological documentation of adenocarcinoma of the 
colon or rectum. They had to have received locally and 
currently approved standard therapies and to have 
disease progression during or within 3 months after 
the last administration of the last standard therapy or to 
have stopped standard therapy because of unacceptable 
toxic eff ects. Because the trial was done in countries 
throughout the world, available standard therapies 
varied from country to country but had to include as 
many of the following as were licensed: a fl uoro-
pyrimidine, oxaliplatin, irinotecan, and bevacizumab; 
and cetuximab or panitumumab for patients who had 
KRAS wild-type tumours.

Patients had to be aged 18 years or older and have an 
Eastern Cooperative Oncology Group (ECOG) perform-
ance status of 0 or 1; life expectancy of at least 3 months; 
and adequate bone-marrow, liver, and renal function at 
the start of the trial. Patients could not participate if they 
had previously received regorafenib or had uncontr  olled 
medical disorders. The appendix shows full inclusion 
and exclusion criteria.

Each centre’s institutional review board or independent 
ethics committee approved the protocol. The trial fol-
lowed the guiding principles of the Declaration of 
Helsinki and good clinical practice, and complied with all 
local laws and regulations. Participants provided  written 
informed consent before enrolment; when a patient was 
not capable of providing a signature an oral statement of 
consent could be provided in the presence of a witness.

Randomisation and masking
Patients were randomly assigned in a 2:1 ratio to 
regorafenib or placebo with a computer-generated ran-
domisation list prepared by the study sponsor. The 
2:1 ratio was used to facilitate recruitment into a placebo-
controlled trial. Investigators received the randomisation 

number for each participant through an interactive voice 
response system, which was also used to manage study 
drug supply.

Randomisation was on the basis of preallocated block 
sizes (block size six) and was stratifi ed by previous 
treatment with VEGF-targeting drugs (yes or no; on the 
assumption that not all countries would have access to 
such agents), time from diagnosis of metastatic disease 
(≥18 months or <18 months), and geographical region 
(North America, western Europe, Israel, and Australia; 
Asia; and eastern Europe).

Randomisation was concealed so that neither the 
pa tient, nor the investigator, nor the sponsor knew 
which agent was being administered. To maintain mask-
ing, study medication was labelled with a unique drug 
pack number preprinted on each bottle, which was 
assigned to the patient through the interactive voice 
response system. Unmasking for individual patients 
could occur via the voice response system for emer-
gencies only; serious adverse events did not necessarily 
precipitate immediate unmasking.

Procedures
All patients received best supportive care, excluding 
other investigational antitumour agents or antineoplastic 
chemotherapy, hormonal therapy, or immunotherapy. 
Patients were randomised to receive oral regorafenib 
160 mg or matching placebo once   daily for the fi rst 
3 weeks of each 4 week cycle until disease progression, 
death, unacceptable toxic eff ects, withdrawal of consent 
by the patient, or decision by the treating physician that 
discontinuation would be in the patient’s best interest. 
No crossover between treatment groups was allowed. 
Patients were followed up every 2 weeks while receiving 
treatment and every month after cessation of treatment 
until death or trial data cutoff  date.

Predefi ned dose modifi cations were permitted to 
manage clinically signifi cant treatment-related toxic eff ects 
(appendix). Patients who required dose reductions could 
re-escalate the dose up to 160 mg daily at the discretion of 
the investigator once the toxic eff ect resolved to baseline 
levels. Treatment was discontinued permanently if the 
toxic eff ect did not recover after a 4 week interruption or 
after dose reduction by two dose levels.

The primary endpoint was overall survival, defi ned as 
the time from randomisation to death from any cause. 
Secondary endpoints were progression-free survival (PFS; 
defi ned as time from randomisation to fi rst radiological 
or clinical observation of disease progression or any-cause 
death), objective tumour response rate (defi ned as 
proportion of patients with complete or partial response), 
disease control rate (defi ned as pro portion of patients 
with a best response of complete or partial response or 
stable disease; assessment of stable disease had to be 
made at least 6 weeks after random isation), and safety. 
Tumour response and progression were assessed by 
investigators radiologically every 8 weeks with Re sponse 

National Cancer Center 
Hospital East, Kashiwa, Japan 

(T Yoshino MD); Division of 
Medical Oncology, University 
of Southern California/Norris 

Comprehensive Cancer Center, 
Keck School of Medicine, 

Los Angeles, CA, USA 
(H-J Lenz MD); Division of 

Medical Oncology, Ohio State 
University School of Medicine, 

James Cancer Hospital and 
Solove Research Institute, 

Columbus, OH, USA 
(R M Goldberg MD); Mayo Clinic, 

Rochester, MN, USA 
(D J Sargent PhD); Bayer 

HealthCare Pharmaceuticals, 
Montville, NJ, USA (F Cihon MS, 
L Cupit MD); and Bayer Pharma 

AG, Berlin, Germany 
(A Wagner MD, 

D Laurent DrMed) 

Correspondence to:
Prof Eric Van Cutsem, Digestive 

Oncology Unit, University 
Hospital Gasthuisberg/Leuven, 

3000 Leuven, Belgium
eric.vancutsem@uzleuven.be

See Online for appendix



Articles

www.thelancet.com   Published online November 22, 2012   http://dx.doi.org/10.1016/S0140-6736(12)61900-X 3

Evaluation Criteria in Solid Tumors (RECIST, version 1.1, 
or the investigator’s clinical assessment if a patient 
could not have radiological examination, eg, because of 
deterioration of medical condition). 

Duration of response and stable disease was assessed 
as a tertiary endpoint, as were health-related quality-of-
life and health utility values, which were measured with 
the European Organisation for Research and Treatment 
of Cancer (EORTC) general health status and quality-
of-life questionnaire QLQ-C30 and the EuroQol fi ve 
dimension (EQ-5D) index questionnaire and visual 
analogue scale. Plasma and tissue samples were collected 
for a substudy (with separate written informed consent, 
or oral consent in the presence of a witness) for 
biomarker analysis.

Safety assessments were adverse events, laboratory 
changes (haematology, clinical chemistry, and urinalysis), 
vital signs, and electrocardiography. Adverse events were 
graded with the National Cancer Institute Common 
Terminology Criteria for Adverse Events (version 3.0). 
Duration, seriousness, and relation to study medication, 
based on the investigator’s clinical assessment, were 
recorded.

Statistical analysis
The study was designed to have 90% power to detect a 
33·3% increase in median overall survival, assuming a 
4∙5 month median overall survival for the placebo group 
(ie, a hazard ratio [HR] of 0·75 for regorafenib over 
placebo). Assuming a one-sided overall α of 0·025, 
a power of 90%, a randomisation ratio of 2:1 between 
regorafenib and placebo, and two formal interim ana-
lyses of overall survival during the study, with an O’Brien-
Fleming-type error spending function, the study required 
582 deaths for the fi nal analysis, and we planned to 
randomise about 690 patients. The fi rst formal interim 
analysis, when roughly 30% of the expected total number 
of deaths had occurred, was for futility only. The second 
interim analysis, at about 70% of expected deaths, was for 
effi  cacy and futility. A Lan-Demets alpha spending 
function determined the monitoring boundary for 
effi  cacy so the overall false positive rate (α) was less than 
or equal to 0·025 (one-sided). The alpha spending 
function was the O’Brien-Fleming type boundary 
specifi ed. Boundaries were specifi ed to stop the study for 
effi  cacy or futility on the basis of the actual number of 
events included in the analysis. At the second interim 
analysis, the study was to be stopped for futility if the HR 
(regorafenib over placebo) was 0·9006 or greater, and for 
effi  cacy if the one-sided p value was less than or equal to 
0∙009279, roughly corresponding to an HR (regorafenib 
over placebo) of less than or equal to 0·7864.

We did statistical analyses with SAS (version 9.1 or 
higher). Overall survival and PFS were compared be-
tween treatment groups with a stratifi ed log-rank test; 
HRs (with 95% CI) were calculated with the Cox model, 
adjusting for stratifi cation factors; and Kaplan-Meier 

survival estimates were calculated for each treatment 
group. Objective response and disease control rates were 
compared between treatment groups with the Cochran-
Mantel-Haenszel test, adjusting for stratifi cation factors. 
Adverse events and laboratory abnormalities were re-
ported by treatment group, category, and worst grade.

Effi  cacy analyses were based on the intention-to-
treat population. No imputation was made for missing 
assessments. Safety analyses included all patients who 
received at least one dose of study drug. This trial is 
registered with ClinicalTrials.gov, number NCT01103323.

Role of the funding source
The study sponsor provided the study drug and col-
laborated with the investigators on protocol design, data 
collection and interpretation, and preparation of this 
report. An independent data monitoring committee, of 
three oncologists and a statistician, ensured the overall 
integrity of the trial and safety of participants. The two 
principal investigators (AG and EVC) had fi nal respon-
sibility for the content of the report and for the decision 
to submit for publication. All authors had access to the 
study data and reviewed this report. The spon sors funded 
writing assistance.

1052 patients assessed for eligibility 

292 excluded
263 did not meet inclusion criteria

15 declined to participate
7 adverse events
3 excluded on physician decision
1 died
1 progressive disease
1 protocol violation 
1 other

760 randomised

505 allocated to regorafenib 
500 received regorafenib

5 did not receive regorafenib

255 allocated to placebo
253 received placebo

2 did not receive placebo

448 discontinued regorafenib
336 progressive disease

43 adverse events associated 
with disease progression

42 adverse events not associated
with disease progression

16 withdrew consent
7 died
2 physician decision
2 protocol violations

244 discontinued placebo
205 progressive disease

23 adverse events associated 
with disease progression

7 adverse events not associated 
with disease progression

5 withdrew consent
4 died

505 included in primary efficacy 
analysis (intention-to-treat 
population)

255 included in primary efficacy 
analysis (intention-to-treat 
population)

Figure 1: Trial profi le
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Results
Between April 30, 2010, and March 22, 2011, 1052 patients 
were screened and 760 patients were randomised to 
receive regorafenib (n=505) or placebo (n=255; population 
for effi  cacy analyses; fi gure 1). 753 patients initiated 
treatment (regorafenib n=500, placebo n=253; population 
for safety analyses; four patients, two in each group, did 
not receive treatment because of an adverse event 
associated with clinical disease progression; additionally 
in the regorafenib group, one patient had an adverse event 
not associated with clinical disease progression, one 
patient was found to have ECOG performance status >1 
after randomisation, and one patient withdrew consent. 
The target sample size of 690 patients was exceeded 
because of the rapid accrual rate. The second interim 

analysis by the data monitoring committee was done on 
Oct 22, 2011, and the database cutoff  date used for the 
analysis was July 21, 2011.

Most baseline characteristics were similar in regorafenib 
and placebo groups (table 1). However, a lower proportion 
of patients in the regorafenib group (273 of 505, 54%) had 
a KRAS mutation compared with the placebo group 
(157 of 255, 62%). The low frequency of BRAF mutations 
(table 1) was expected in these patients who had received 
several lines of therapy while maintaining a good per-
formance status. All patients had received previous anti-
VEGF treatment (even though we had assumed that some 
countries, such as China, would not have access to such 
treatments and anti-VEGF therapy had therefore been 
included in the protocol as a stratifi cation factor). A higher 
proportion of patients in the placebo group had progressed 
on bevacizumab, irinotecan, and oxaliplatin than in the 
regorafenib group (table 1).

Mean duration of treatment was 2∙8 months (SD 2∙3; 
median 1∙7, IQR 1·4–3·7) for the regorafenib group and 
1∙8 months (SD 1∙2; median 1∙6, IQR 1·3–1·7) for the 
placebo group. Patients assigned regorafenib received 
78·9% of the planned dose during the course of the study 
(mean daily dose 147·1 mg, SD 18·6), compared with 
90·1% for the placebo group (mean 159·2 mg, SD 4·9). 
Dose modi fi cations were required in 378 (76%) of 

Regorafenib 
(N=505)

Placebo (N=255)

Median age (years [IQR]) 61 (54·0–67·0) 61 (54·0–68·0)

Sex

Men 311 (62%) 153 (60%)

Women 194 (38%) 102 (40%)

Race

White 392 (78%) 201 (79%)

Black 6 (1%) 8 (3%)

Asian 76 (15%) 35 (14%)

Other or not specifi ed 31 (6%) 11 (4%)

Region

North America, western 
Europe, Israel, Australia

420 (83%) 212 (83%)

Asia 69 (14%) 35 (14%)

Eastern Europe 16 (3%) 8 (3%)

ECOG performance status

0 265 (52%) 146 (57%)

1 240 (48%) 109 (43%)

Primary site of disease*

Colon 323 (64%) 172 (68%)

Rectum 151 (30%) 69 (27%)

Colon and rectum 30 (6%) 14 (5%)

KRAS mutation†

No 205 (41%) 94 (37%)

Yes 273 (54%) 157 (62%)

Unknown 27 (5%) 4 (2%)

BRAF mutation‡

No 322/336 (96%) 163/166 (98%)

Yes 14/336 (4%) 3/166 (2%)

Histology

Adenocarcinoma 493 (98%) 245 (96%)

Adenocarcinoma in situ 2 (<1%) 3 (1%)

Adenosquamous carcinoma 1 (<1%) 1 (<1%)

Carcinoma, not otherwise 
specifi ed

4 (1%) 1 (<1%)

Mucinous carcinoma 5 (1%) 4 (2%)

Undiff erentiated carcinoma 0 1 (<1%)

(Continues in next column)

Regorafenib 
(N=505)

Placebo (N=255)

(Continued from previous column)

Number of previous systemic anticancer therapies (on or after diagnosis 
of metastatic disease)

1–2§ 135 (27%) 63 (25%)

3 125 (25%) 72 (28%)

≥4 245 (49%) 120 (47%)

Previous anti-VEGF treatment

Bevacizumab 505 (100%) 255 (100%)

Patients stopping previous treatment because of progression

Fluoropyrimidine 421 (83%) 221 (87%)

Bevacizumab 403 (80%) 214 (84%)

Irinotecan 405 (80%) 229 (90%)

Oxaliplatin 278 (55%) 160 (63%)

Panitumumab or cetuximab, 
or both

219 (43%) 107 (42%)

Time from diagnosis of metastases

Median (months, [IQR]) 31·0 (20·6–43·3) 29·9 (20·2–46·4)

<18 months 91 (18%) 49 (19%)

≥18 months 414 (82%) 206 (81%)

Data are n (%) unless otherwise specifi ed. ECOG=Eastern Cooperative Oncology 
Group. VEGF=vascular endothelial growth factor. *Information missing from one 
patient in the regorafenib group. †KRAS mutation status was based on historical 
patient record. ‡BRAF mutation status was determined with plasma DNA samples 
collected from 502 patients (regorafenib 336, placebo 166) with BEAMing 
technology. §Five patients on placebo (2%) and 16 patients on regorafenib (3%) 
had received only one previous line of treatment for metastatic disease. 

Table 1: Baseline characteristics (effi  cacy population)
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500 patients assigned regorafenib (100 patients [20%] 
required ≥1 dose reduction; 352 [70%] required ≥1 dose 
inter ruption) and 97 (38%) of 253 patients assigned 
placebo (eight [3%] required dose reduction; 95 [38%] 
required dose interruption; appendix). Adverse events 
were the most common reason for dose modifi cation.

The appendix shows information about treatment 
after progression. After completion of the present data 
analysis, the study was unblinded, at which point four 
patients in the placebo group crossed over to receive 
regorafenib.

At the second planned interim analysis, after 432 deaths, 
the HR for overall survival was 0·77 for regorafenib versus 
placebo (95% CI 0·64–0·94; p=0·0052; fi gure 2A), which 
crossed the prespecifi ed overall survival effi  cacy boundary. 
Median overall survival was 6·4 months (IQR 3·6–11·8) in 
the regorafenib group and 5·0 months (2·8–10·4) in the 
placebo group. The overall survival rate was 80·3% in the 
regorafenib group and 72·7% in the placebo group at 
3 months; 52·5% and 43·5%, respectively, at 6 months; 
38·2% and 30·8%, respectively, at 9 months; and 24·3% 
and 24·0%, respectively, at 12 months. The HR for PFS 
was 0·49 for regorafenib versus placebo (95% CI 
0·42–0·58; p<0·0001; fi gure 3A). Median PFS was 
1·9 months (IQR 1·6–3·9) in the regorafenib group and 
1·7 months (1·4–1·9) in the placebo group.

For overall survival, regorafenib showed an apparent 
benefi t in 24 of 25 subgroups, the exception being the group 
of patients with primary disease in colon and rectum, which 
was based on only a few events. Compared with placebo, 
regorafenib had a greater eff ect on overall survival in the 
subgroup of patients with colon cancer (HR 0·70, 95% CI 
0·56–0·89) than in those with rectal cancer (0·95, 
0·63–1·43). For PFS, all subgroup analyses signifi cantly 
favoured regorafenib compared with placebo, except for 
patients from eastern Europe, for whom the diff erence was 
not signifi cant (fi gure 3B). Regorafenib had much the 
same eff ect on PFS in patients with colon cancer (HR 
0·55, 95% CI 0·45–0·67) and those with rectal cancer 
(0·45, 95% CI 0·33–0·62).

No patients had a complete response; fi ve patients 
assigned regorafenib and one patient assigned placebo 
had a partial response, giving objective response rates of 
1·0% and 0·4%, respectively (p=0·19). Disease control 
(partial response plus stable disease assessed at least 
6 weeks after random isation) was achieved in 207 (41%) of 
505 patients assigned regorafenib and 38 (15%) patients 
assigned placebo (p<0·0001). Median duration of stable 
disease was 2∙0 months (IQR 1·7–4·0) in the regorafenib 
group and 1∙7 months (1∙4–1∙9) in the placebo group.

Overall, 498 (of 500) patients in the regorafenib 
group and 245 (of 253) patients in the placebo group 
had adverse events (appendix), which were deemed to 
be treatment-related in 465 (93%) patients assigned 
regorafenib and in 154 (61%) of those assigned placebo. 
Table 2 shows treatment-related adverse events that 
occurred in at least 5% of patients in either group 

during the study. The most frequent adverse events of 
any grade in the regorafenib group were fatigue and 
hand-foot skin reaction, and in the placebo group were 
fatigue and anorexia (table 2). Most adverse events 
occurred early in the course of treatment (during 
cycles 1–2, data not shown).

Grade 3 or 4 treatment-related adverse events occurred 
in 270 (54%) patients assigned regorafenib and 35 pa tients 
assigned placebo (14%; table 2). The most frequent 
regorafenib-related adverse events of grade 3 or higher 
(aff ecting ≥5% of patients) were hand-foot skin reaction, 
fatigue, diarrhoea, hypertension, and rash or desquam-
ation. Serious adverse events were reported in 219 (44%) 
of 500 patients in the regorafenib group and 100 (40%) of 
253 patients in the placebo group. Of the 110 deaths re-
ported during the study (regorafenib n=69, 14%; placebo 
n=41, 16%), most were due to progression of underlying 
disease (regorafenib n=58, 12%; placebo n=35, 14%), and 
only 11 (regorafenib n=8, 2%; placebo n=3, 1%) were 
attributed to adverse events not associated with disease 
progression. In the regorafenib group, these adverse 
events were pneumonia (n=2), gastrointestinal bleeding 
(n=2), intestinal obstruction (n=1), pulmonary haemor-
rhage (n=1), seizure (n=1), and sudden death (n=1). In the 
placebo group, these adverse events were pneumonia 
(n=2) and sudden death (n=1). Occurrence of thrombo-
embolism did not diff er between groups (12 [2%] pa tients 
assigned regorafenib; four [2%] patients assigned placebo).

Occurrence of increased liver transaminases and 
bilirubin was higher in the regorafenib group than in 
the placebo group (appendix). The diff erence was mainly 
attributable to grade 1 and 2 events. One fatal case 
compatible with regorafenib-related, drug-induced liver 
injury was reported: 43 days after fi rst regorafenib ad-
ministration, a 62 year-old Asian man with liver metas-
tases had progressive liver dysfunction from which he 
died 6 weeks later.

Overall, 333 (67%) of 500 patients in the regorafenib 
group and 57 (23%) of 253 patients in the placebo group 
had an adverse event leading to dose modifi cation (dose 
reductions in 188 [38%] patients assigned regorafenib 
and eight [3%] patients assigned placebo; dose 
inter ruption in 304 [61%] patients assigned regorafenib 
and 55 [22%] patients assigned placebo). The most 
frequent adverse events necessitating dose modifi cation 
were dermatological, gastrointestinal, constitutional, and 
metabolic or laboratory events.

Patients’ health-related quality-of-life and health 
utility values were measured with the EORTC QLQ-C30 
and EQ-5D, respectively. For the EORTC QLQ-C30, the 
possible score could range from 0 to 100, with higher 
scores representing a higher level of functioning and 
better health-related quality of life. A change of at least 
10 points on the EORTC QLQ-C30 scale is deemed to be 
clinically meaningful.7,8 For the EQ-5D, higher scores 
represent better health status. A change of 0·06 to 
0·12 points on the EQ-5D index and a change of 7 to 
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HR 0·77, 95% CI 0·64–0·94, p=0·0052

Regorafenib 160 mg
Placebo

All patients
Race
White
Asian
Sex
Men
Women
Age group
<65 years
≥65 years
Region
North America, western Europe, Israel, and Australia
Asia
Eastern Europe
Time from first diagnosis of metastatic disease to randomisation
<18 months
≥18 months
Previous anticancer treatment
With VEGF-targeted drugs
Fluoropyrimidine, oxaliplatin, irinotecan, bevacizumab
Fluoropyrimidine, oxaliplatin, irinotecan, bevacizumab, anti-EGFR agent
Previous treatment lines
≤3
>3
Previous treatment lines for metastatic disease
≤3
>3
KRAS mutation at study entry
No
Yes
Baseline ECOG score
0
1
Primary site of disease
Colon
Rectum
Colon and rectum

760

593
111

464
296

475
285

632
104

24

140
620

760
375
385

301
459

395
365

299
430

411
349

495
220

44

0·77 (0·64–0·94)

0·76 (0·61–0·94)
0·79 (0·44–1·45)

0·77 (0·60–1·00)
0·75 (0·55–1·02)

0·72 (0·56–0·91)
0·86 (0·61–1·19)

0·77 (0·62–0·95)
0·79 (0·43–1·46)
0·69 (0·20–2·47)

0·82 (0·53–1·25)
0·76 (0·61–0·95)

0·77 (0·63–0·93)
0·83 (0·63–1·09)
0·71 (0·54–0·94)

0·71 (0·52–0·97)
0·80 (0·62–1·04)

0·79 (0·60–1·04)
0·75 (0·56–0·99)

0·65 (0·48–0·90)
0·87 (0·67–1·12)

0·70 (0·53–0·93)
0·77 (0·59–1·02)

0·70 (0·56–0·89)
0·95 (0·63–1·44)
1·09 (0·44–2·70)

N

Favours regorafenib Favours placebo

1·00 0·5 1·5 2·0 2·5 3·0

HR (95% CI)

Figure 2: Overall survival
(A) Kaplan-Meier analysis, 

intention-to-treat population. 
(B) Subgroup analysis. 

HR=hazard ratio. 
ECOG=Eastern Cooperative 

Oncology Group. 
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HR 0·49, 95% CI 0·42–0·58, p<0·0001

Regorafenib 160 mg
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All patients
Race
White
Asian
Sex
Men
Women
Age group
<65 years
≥65 years
Region
North America, western Europe, Israel, and Australia
Asia
Eastern Europe
Time from first diagnosis of metastatic disease to randomisation
<18 months
≥18 months
Previous anticancer treatment
Previous treatment with VEGF-targeted drugs
Fluoropyrimidine, oxaliplatin, irinotecan, bevacizumab
Fluoropyrimidine, oxaliplatin, irinotecan, bevacizumab, anti-EGFR agent
Previous treatment lines
≤3
>3
Previous treatment lines for metastatic disease
≤3
>3
KRAS mutation at study entry
No
Yes
Baseline ECOG score
0
1
Primary site of disease
Colon
Rectum
Colon and rectum

760

593
111

464
296

475
285

632
104

24

140
620

760
375
385

301
459

395
365

299
430

411
349

495
220

44

0·49 (0·42–0·58)

0·50 (0·42–0·61)
0·44 (0·29–0·69)

0·54 (0·43–0·66)
0·44 (0·34–0·57)

0·42 (0·34–0·51)
0·65 (0·50–0·86)

0·50 (0·42–0·60)
0·43 (0·28–0·68)
0·58 (0·20–1·66)

0·58 (0·41–0·84)
0·48 (0·40–0·58)

0·50 (0·43–0·59)
0·51 (0·41–0·65)
0·50 (0·39–0·63)

0·52 (0·40–0·68)
0·48 (0·39–0·59)

0·53 (0·43–0·67)
0·47 (0·37–0·59)

0·48 (0·36–0·62)
0·53 (0·43–0·65)

0·44 (0·36–0·56)
0·57 (0·45–0·72)

0·55 (0·45–0·67)
0·45 (0·33–0·62)
0·35 (0·16–0·75)

N

Favours regorafenib Favours placebo

1·00 0·5 1·5 2·0

HR (95% CI)

Figure 3: Progression-free 
survival
(A) Kaplan–Meier analysis, 
intention-to-treat population. 
(B) Subgroup analysis.
HR=hazard ratio. 
ECOG=Eastern Cooperative 
Oncology Group. 
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12 points on the visual analogue scale are judged to be 
clinically meaningful.9 Mean EORTC QLQ-C30 scores 
at baseline were 62·6 (SD 21·7) in the regorafenib 
group and 64·7 (22·4) in the placebo group. Mean 
scores at the end of treatment were 48·9 (21·6) in the 
regorafenib group and 51·9 (23·9) in the placebo group. 
Mean EQ-5D index scores were 0·73 (0·25) in the 
regorafenib group and 0·74 (0·27) in the placebo group 
at baseline, and 0·59 (SD 0·31 for regorfenib, SD 0·34 
for placebo) in each group at the end of treatment. The 
mean EQ-5D visual analogue scale scores were 
65·4 (19·6) in the regorafenib group and 65·8 (20·5) in 
the placebo group at baseline and 55·5 (20·4) and 
57·3 (21·6), respectively, at the end of treatment. These 
results suggest that deterioration in patients’ quality of 
life and health status was much the same in both the 
regorafenib and placebo groups.

Discussion
We showed that the addition of regorafenib to best 
supportive care increases overall survival, compared with 
best supportive care only, in patients with metastatic 
colorectal cancer who have received all currently 
approved standard therapies. The trial met its primary 
endpoint of overall survival at the second planned 
interim analysis. Although the recorded diff erence in 
median overall survival was modest at 1∙4 months, the 
HR of 0∙77 translates into a 23% reduction in risk of 
death during the course of the study in this population of 
patients with very poor prognosis and a high unmet 
clinical need. Other effi  cacy measures such as PFS 
and disease control rate were also improved in the 
regorafenib group, and these results support the 
robustness of the effi  cacy data. The main eff ect of 
regorafenib on metastatic colorectal cancer seems to be 
disease stabilisation, rather than tumour shrinkage, 
because few patients who received regorafenib achieved 
an objective tumour response, yet 207 patients (41%) had 
stable disease as their best response.

Overall survival in the rectal subgroup showed a higher, 
HR of 0∙95 as compared with that recorded in the colon 
subgroup (0∙70) in favour of regorafenib. However, 
patients with rectal cancer and those with colon carci-
noma derived much the same clinical benefi t from 
treatment with regorafenib, with HRs for PFS of 0∙45 and 
0∙55, respectively. The apparent lack of overall survival 
benefi t in patients with rectal cancer might be explained 
by the fact that, in this subgroup, more patients in the 
placebo group and fewer patients in the regorafenib 
group received post-study anticancer therapies compared 
with the overall population (placebo 36% [25 of 69] for 
rectal cancer patients vs 30% [76 of 255] in the overall 
population; regorafenib 23% [35 of 151] for rectal patients 
vs 26% [131 of 505] in the overall population).

The safety profi le of regorafenib in the CORRECT trial 
is consistent with early-phase clinical experience6 and 
typical of the small-molecule tyrosine-kinase inhibitor 
class. The most frequent adverse events of grade 3 or 
higher related to regorafenib were hand-foot skin re-
action, fatigue, diarrhoea, hypertension, and rash or 
desquamation. Although the occurrence of these adverse 
events was substantially higher than in the placebo 
group, most events occurred early in the course of treat-
ment (within 1–2 cycles) and were readily manageable 
with dose reduction or interruption.

In this population of patients with progressive, 
treatment-refractory metastatic colorectal cancer, any 
negative eff ect of treatment on quality of life could quickly 
outweigh the potential benefi ts of treatment. The 
CORRECT trial used standard, validated measures of 
quality of life in patients with cancer to assess the eff ect of 
regorafenib on patients and confi rmed that the agent had 
no worse eff ect than placebo. Although the EORTC QLQ-
30 and EQ-5D do not address some of the adverse events 
typically associated with regorafenib (eg, hand-foot skin 

Regorafenib (N=500) Placebo (N=253)

Any grade Grade 3 Grade 4 Any grade Grade 3 Grade 4

Any event 465 (93%) 253 (51%) 17 (3%) 154 (61%) 31 (12%) 4 (2%)

Clinical adverse event

Fatigue 237 (47%) 46 (9%) 2 (<1%) 71 (28%) 12 (5%) 1 (<1%)

Hand-foot skin reaction 233 (47%) 83 (17%) 0 19 (8%) 1 (<1%) 0

Diarrhoea 169 (34%) 35 (7%) 1 (<1%) 21 (8%) 2 (1%) 0

Anorexia 152 (30%) 16 (3%) 0 39 (15%) 7 (3%) 0

Voice changes 147 (29%) 1 (<1%) 0 14 (6%) 0 0

Hypertension 139 (28%) 36 (7%) 0 15 (6%) 2 (1%) 0

Oral mucositis 136 (27%) 15 (3%) 0 9 (4%) 0 0

Rash or desquamation 130 (26%) 29 (6%) 0 10 (4%) 0 0

Nausea 72 (14%) 2 (<1%) 0 28 (11%) 0 0

Weight loss 69 (14%) 0 0 6 (2%) 0 0

Fever 52 (10%) 4 (1%) 0 7 (3%) 0 0

Constipation 42 (8%) 0 0 12 (5%) 0 0

Dry skin 39 (8%) 0 0 7 (3%) 0 0

Alopecia 36 (7%) 0 0 1 (<1%) 0 0

Taste alteration 35 (7%) 0 0 5 (2%) 0 0

Vomiting 38 (8%) 3 (1%) 0 13 (5%) 0 0

Sensory neuropathy 34 (7%) 2 (<1%) 0 9 (4%) 0 0

Nose bleed 36 (7%) 0 0 5 (2%) 0 0

Dyspnoea 28 (6%) 1 (<1%) 0 4 (2%) 0 0

Muscle pain 28 (6%) 2 (<1%) 0 7 (3%) 1 (<1%) 0

Headache 26 (5%) 3 (1%) 0 8 (3%) 0 0

Pain, abdomen 25 (5%) 1 (<1%) 0 10 (4%) 0 0

Laboratory abnormalities

Thrombocytopenia 63 (13%) 13 (3%) 1 (<1%) 5 (2%) 1 (<1%) 0

Hyperbilirubinaemia 45 (9%) 10 (2%) 0 4 (2%) 2 (1%) 0

Proteinuria 35 (7%) 7 (1%) 0 4 (2%) 1 (<1%) 0

Anaemia 33 (7%) 12 (2%) 2 (<1%) 6 (2%) 0 0

Hypophosphataemia 25 (5%) 19 (4%) 0 1 (<1%) 1 (<1%) 0

Data are n (%). *The appendix provides a detailed breakdown of all adverse events by National Cancer Institute 
Common Terminology Criteria for Adverse Events (version 3.0) category or term and worst grade.

Table 2: Treatment-related adverse events occurring in ≥5% of patients in either group from start of 
treatment to 30 days after end of treatment (safety population)*
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reaction), in the absence of more specifi c, validated 
instruments we believe that the overall results are relevant.

The rapid accrual of the CORRECT trial (760 patients 
in 10 months) was indicative of the unmet need for this 
group of patients, and also dispelled potential concern 
about the feasibility of a randomised trial in colorectal 
cancer with best supportive care as the comparator.

In our study, where overall suvival was the primary 
endpoint, investigator assessment using RECIST 
(version 1.1) was adopted for tumour scan assessments. 
We judged this approach appropriate for a setting of 
secondary endpoints such as PFS and other tumor-
related variables and do not believe that the absence of 
independent review had any negative eff ect on the 
validity of the overall conclusion of the study. Although 
measurement variability might be a concern of potential 
bias introduced when using investigator assessment as 
opposed to using independent review, in this setting, 
where a signifi cant overall survival benefi t was identifi ed 
along with a signifi cant overall treatment eff ect for PFS 
(ie, HR=0·49), such bias was probably minimal and the 
outcome of the trial would remain unchanged. Masking 
of investigators should have further minimised bias. 

Previous eff orts to develop small-molecule kinase in-
hibitors for the treatment of metastatic colorectal cancer 
have been unsuccessful.10–16 In such trials, kinase in-
hibitors were often combined with chemotherapy in 
early lines of treatment. As far as we are aware, 
CORRECT is the fi rst randomised phase 3 study in which 
a small-molecule kinase inhibitor has shown signifi cant 
overall survival benefi t in patients with treatment-
refractory metastatic colorectal cancer (panel). The 
study’s success shows that a monotherapy design in a 
last-line-of-treat ment setting and the use of placebo as 
the comparator can be an eff ective approach for the 
development of new drugs for the treatment of cancer.

In view of these fi ndings, regorafenib could be a new 
standard of care in late-stage metastatic colorectal cancer. 
Nonetheless, several questions remain to be answered. 
First, although some preclinical data are available in 
colorectal cancer models,17,18 the mechanism of action of 
regorafenib in human colorectal cancer remains to be 
elucidated. Second, the Kaplan-Meier curves for PFS 
suggest that diff erent subgroups of patients might have 
diff erential responses to regorafenib treatment. Future 
research should aim to identify these subgroups, 
probably through the identifi cation and validation of 
biomarkers, to refi ne the population of patients likely to 
obtain benefi t from regorafenib. Analyses of relevant 
biomarkers in specimens collected in the CORRECT trial 
are currently underway.
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Systematic review
We searched PubMed and the abstracts of major oncology 
congresses (American Society of Clinical Oncology [ASCO] and 
ASCO gastrointestinal symposium, European Society for 
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International Society of Gastrointestinal Oncology 
Conference, American Association for Cancer Research–
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and ClinicalTrials.gov to identify the latest stage of clinical 
development of these agents in colorectal cancer. We have 
limited our discussion to the agents that we believe are most 
promising, on the basis of clinical trial effi  cacy.

Interpretation
Various signalling processes have been implicated in the 
development and progression of colorectal cancer, and 
experience with the monoclonal antibodies bevacizumab, 
cetuximab, and panitumumab show that these pathways are 
valid targets for therapy. The present study shows that, in 
patients with progressive colorectal cancer after standard 
cytotoxic and targeted treatments, regorafenib can 
signifi cantly prolong survival compared with placebo, 
providing further evidence for the role of targeted therapies 
and off ering hope for a new standard of care in this 
treatment-refractory population.
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