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Abstract. Regorafenib and trifluridine/tipiracil (TAS‑102) are 
novel antitumor agents for patients with refractory metastatic 
colorectal cancer. However, it is unclear which patients may 
derive a survival benefit from these drugs in real‑life clinical 
practice. We evaluated retrospectively the efficacy and safety 
of regorafenib and TAS‑102 at a single institution between 
June 2013 and November 2015. Cox regression analysis was 
carried out to obtain predictive scores (the nearest integers of 
hazard ratio) for survival benefit. Forty‑four patients treated 
with regorafenib or TAS‑102 were included in the analysis; 
among them, 17 received crossover treatment. The median 
overall survival (OS) was 9.1  months for regorafenib and 
9.3 months for TAS‑102, and the corresponding values after 
crossover were 7.1 and 5.3 months, respectively. OS was not 
correlated to relative dose intensity, but was proportional to 
the total administered dose of each drug. Adverse events were 
tolerable even after crossover. We identified three variables 
as significant for prediction of OS with good discrimination 
(C‑statistic=0.70): Poor Eastern Cooperative Oncology Group 
performance status, time since diagnosis of metastatic disease 
≤18 months, and previous chemotherapy continued ≥2 months 
beyond progression were all predictors of poor OS. Regorafenib 
and TAS‑102 can be recommended for patients with better 
performance status and slow progression of metastatic disease. 

Optimal survival benefit was provided by prompt administration 
of either drug after failure of previous chemotherapy, with 
flexible titration to the optimal dose for each individual patient.

Introduction

Colorectal cancer is the fourth most common cancer diag-
nosed in the United States, accounting for 8% of all new 
cancer cases (1). It is estimated that there were 132,700 new 
cases of colorectal cancer, and an estimated 49,700 people 
died of this disease in the US in 2015. Among 4,877 patients 
who received first‑line chemotherapy for metastatic colorectal 
cancer (mCRC), identified in a nationwide and commercially 
available chemotherapy order entry system from 2004 to 2011, 
53% (n=2,575) received second‑line treatment, 28% (n=1,373) 
received third‑line treatment, and only 13% (n=640) received 
fourth‑line treatment (2). Patients with mCRC infrequently 
go on to receive third‑line or later treatment, and this might 
negatively impact on their overall survival (OS).

Regorafenib (Stivarga®, Bayer AG, Leverkusen, Germany) 
is an oral multikinase inhibitor that blocks the activity of 
several protein kinases associated with angiogenesis [vascular 
endothelial growth factor (VEGF) receptors 1‑3 and TIE2], 
oncogenesis (KIT, RET, RAF1 and BRAF), and the tumor 
microenvironment (PDGF receptor and FGF receptor) (3).

Trif luridine/tipiracil (TAS‑102; Lonsurf®; Taiho 
Pharmaceutical Co. Ltd, Tokyo) is an orally administered 
combination of a thymidine‑based nucleic acid analogue, 
trifluridine, and a thymidine phosphorylase inhibitor, tipiracil 
hydrochloride. Trifluridine is the active cytotoxic component 
of TAS‑102; its triphosphate form is incorporated into DNA, 
and this appears to result in its antitumor effects (4). Tipiracil 
hydrochloride is a potent inhibitor of thymidine phosphorylase, 
and serves to prevent the rapid degradation of trifluridine in 
TAS‑102, providing more prolonged maintenance of adequate 
plasma levels of the active drug.

Regorafenib and TAS‑102 are new salvage‑line treat-
ment options (5,6), which provided statistically significant 
improvements of OS, progression‑free survival (PFS), and 
disease control in placebo‑controlled randomized phase III 
trials (CORRECT (7), CONCUR (8), RECOURSE (9) and 
TERRA) (10). Despite this evidence, these two drugs are often 
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considered not clinically meaningful for patients based on the 
relatively small incremental benefits for OS and PFS.

A multicenter observational study (REGOTAS) (11) has 
recently demonstrated the clinical benefit and tolerability of 
these drugs in real‑life clinical practice, and criteria to choose 
between regorafenib or TAS‑102. However, the following 
issues remain to be established (12): The appropriate way of 
administration for patients with advanced disease, and which 
subpopulations of patients might derive the greatest benefit 
from salvage‑line treatment with these drugs, compared to best 
supportive care only. To address these questions, we conducted 
a retrospective cohort study to evaluate the efficacy and safety 
of regorafenib and TAS‑102 in patients with refractory mCRC 
with the aim of assessing their practical value as salvage‑line 
therapy. A post‑hoc exploratory subgroup analysis was carried 
out to obtain predictive scores for survival benefit in patients 
treated with these regimens.

Patients and methods

Patients. Patients with unresectable mCRC were eligible 
for the study if they had received at least two prior regimens 
of standard chemotherapies. All patients had been treated 
at Tokai University Hospital (Kanagawa, Japan) between 
June 2013 and November 2015, after the approval of each 
drug for medical reimbursement under the national insurance 
scheme in Japan (regorafenib and TAS‑102 were approved in 
May 2013 and May 2014, respectively). The eligibility criteria 
were as follows: i) histologically confirmed adenocarcinoma of 
the colon or rectum, and presence of unresectable metastatic 
disease; ii) history of treatments with fluoropyrimidine, irino-
tecan, oxaliplatin, and anti‑VEGF antibody (bevacizumab), 
or anti‑epidermal growth factor receptor (EGFR) antibody 
(cetuximab or panitumumab) for patients who had KRAS exon 
2 wild‑type tumor; iii) Eastern Cooperative Oncology Group 
performance status (ECOG PS) of 0 to 2; and iv) adequate 
bone‑marrow, liver, and renal function at the start of the treat-
ment. Patients were excluded if they had previously received 
regorafenib or TAS‑102, or had uncontrolled medical disorders.

The Institutional Review Board for Clinical Research 
approved all procedures for this retrospective observational 
study (no. 16R‑190), which was conducted in accordance with 
the Declaration of Helsinki.

Treatment. Regorafenib (160 mg as a standard dose) was admin-
istered once daily on days 1-21, with 7 days of rest. TAS‑102 
(35 mg/m2) was administered twice daily 5 days a week, with 2 days 
of rest, for 2 weeks, followed by a 14‑day rest period. Both regimens 
were repeated every 4 weeks. The treatments were continued until 
disease progression, death, unacceptable toxicity, withdrawal of 
consent by the patient, or decision by the treating physician that 
discontinuation would be in the patient's best interest.

Patients whose initial dose had been reduced at the discre-
tion of the treating physician were included in this study. 
Patients who required dose reductions could re‑escalate the 
dose up to the recommended starting dose if the toxicity 
resolved to baseline level. All patients received the best 
supportive care available, but were not allowed to receive other 
antitumor agents, hormonal therapy, or immunotherapy. The 
decisions regarding which drug should be administered first, 

and whether to provide crossover between treatments, were 
made by the treating physicians (Fig. 1).

Evaluation. All patients underwent computed tomography 
every 8 weeks to assess tumor responses to therapy in terms 
of change from baseline during treatment according to the 
Response Evaluation Criteria in Solid Tumors (RECIST) 
version 1.1 (13). We defined PFS1 as the interval from the first 
administration of the primary treatment to the first radiologic 
or clinical observation of disease progression or death from 
any cause, whichever came first (Fig. 1).

We defined PFS2 as the interval from the initiation of 
the secondary treatment to the second progression, for those 
who had undertaken crossover between treatments after a 
first progression. We defined OS1 as the time between the 
administration date of the primary treatment and the date 
of death from any cause, and OS2 as the time between the 
administration date of the secondary treatment, if applicable, 
and the date of death. The median PFS1, PFS2, OS1 and OS2 
were estimated using the Kaplan‑Meier method.

The planned dose intensity (DI) for each drug was defined 
as the total amount of drug in the entire treatment intended 
based on the recommended dose and schedule. Then, the 
relative dose intensity (RDI) for each drug was calculated as 
the ratio between the delivered DI and the planned DI (14). 
Adverse events were classified and graded according to the 
National Cancer Institute Common Terminology Criteria for 
Adverse Events, version 4.03 (15).

Statistical methods and prognostic score construction. 
Parametric data with P>0.05 for the Kolmogorov‑Smirnov 
test were analyzed using Welch's two sample t‑test, and 
non‑parametric data using the Wilcoxon test. Categorical data 
were analyzed using Fisher's exact test. The PFS1, 2 and OS1, 
2 were compared using a log‑rank test with 95% confidence 
intervals (95% CIs).

The results of OS1 were plotted against the total delivered 
dose or the RDI for each drug and fitted to a simple linear 
regression model to calculate the regression coefficient (16). A 
Cox proportional hazards regression model was used to test each 
candidate variable predictor associated with OS1 using stepwise 
model selection according to Akaike's information criterion. To 
take account of the small number of patients with PS 2, the values 
of ECOG PS were incorporated into the model as a numerical 
variable. Hazard ratios were calculated by taking the exponen-
tials of the ß coefficients of Cox models. Model discrimination 
was done by calculating the Harrell's C (for concordance) index, 
which is the area under the receiver operator curve  (17,18). 
Hazard ratios of covariates were rounded to the nearest integer to 
construct score weights. The range of possible total score weights 
was divided into three groups to stratify patients into poor‑, 
intermediate‑ and long‑survival tertiles. P<0.05 was considered 
to indicate a statistically significant difference. All analyses 
were performed using R version 3.3.2 (The R Foundation for 
Statistical Computing Platform) (19).

Results

Patients. Patient demographics and characteristics are outlined 
in Table I. Between June 2013 and November 2015, 44 patients 
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with mCRC who were treated with either regorafenib or TAS‑102 
for the first time were included in the analysis. Of these patients, 
7 went on to receive TAS‑102 and 10 went on to receive rego-
rafenib as secondary treatment (Fig. 1). Baseline demographic 
and disease characteristics were well balanced between the two 
groups in terms of the primary treatment. All the patients had 
received prior chemotherapy regimens containing a fluoropy-
rimidine, oxaliplatin and irinotecan; all but one patient (in the 
group with primary use of TAS‑102) had received bevacizumab.

Treatment exposure. Crossover between treatments was 
conducted for patients with ECOG PS 0 or 1 at the time when 
the first treatment was finished (Table II). The durations of 
treatment were not significantly different for regorafenib and 
TAS‑102: median 2.6 months (range: 0.1‑10.8) for regorafenib 
and 3.8 months (0.9‑20.3) for TAS‑102 in Treatment 1, and then 
4.2 months (0.4‑12.9) and 3.7 months (0.9‑15.1), respectively, in 
Treatment 2. The starting dose rate of regorafenib was reduced 
to 0.78±0.26 mean ± standard deviation (SD) in Treatment 1, 
and to 0.71±0.10 in Treatment 2. Although the incidences of any 
dose modification were equivalent, the RDI over the whole treat-
ment period was greater for TAS‑102: 0.83±0.14 for TAS‑102 
vs. 0.54±0.21 for regorafenib in Treatment 1 (P<0.001), and 
0.90±0.11 vs. 0.63±0.16 in Treatment 2 (P<0.001).

Efficacy. No patient had a complete response (CR) or partial 
response (PR), as shown in Table  II. Disease control was 
achieved in 15 out of 20 patients (75.0%) for regorafenib and 
17 out of 24 patients (70.8%) for TAS‑102 in Treatment 1, and 
in 6 out of 10 patients (60.0%) and 4 out of 7 patients (57.1%) in 
Treatment 2, respectively. There was no difference in the best 
overall response for either treatment line.

Median OS1 was 9.1 months and 20% of patients were 
alive 12 months after starting regorafenib first; the corre-
sponding values were 9.3 months and 25% for patients treated 
with TAS‑102 first (Table II). As for secondary use, median 
OS2 values were 7.1 months and 5.3 months for regorafenib 
and TAS‑102, respectively, and no patient was alive in either 
case at 12 months after crossover. There was no difference in 
outcomes between regorafenib and TAS‑102, regardless of the 
order in which the two drugs were used.

There was clearly a relationship between OS1 and a total 
of delivered dose for each drug (Fig. 2A and B), even though 

OS1 was not correlated to RDI (Fig. 2C and D). The correla-
tion between OS1 and the total of delivered dose was higher 
for TAS‑102, for which the data showed much less scatter, as 
shown in Fig. 2B.

Safety. Table III summarizes drug‑related adverse events (AEs). 
Drug‑related AEs occurred in 20 (100%) patients for rego-
rafenib and in 22 (92%) patients for TAS‑102 in Treatment 1, 
and then in 8 (80%) and 7 (100%), respectively, after crossover 
between the drugs in Treatment 2. The frequencies of grade 3 
or 4 hand‑foot skin reaction (HFSR), increased aspartate 
transaminase, increased alanine transaminase, and increased 
bilirubin for the secondary use of regorafenib after TAS‑102 
were not greater than the frequencies for the primary use of 
regorafenib (10% vs. 45%, 0% vs. 5%, 0% vs. 5%, 0% vs. 10%, 
respectively). Similarly, the frequencies of grade 3 or 4 leuko-
penia, neutropenia, anemia, and nausea for the secondary use 
of TAS‑102 posterior to regorafenib were similar to those 
for the primary use of TAS‑102 (57% vs. 29%, 29% vs. 34%, 
57% vs. 38%, 0% vs. 8%, respectively). One patient during the 
primary administration of regorafenib suffered from severe 
treatment‑related liver dysfunction, and discontinued the treat-
ment after recovery.

Prognostic score. Table  IV summarizes the findings of 
univariate and multivariate analyses of baseline characteristics 
as prognostic factors for OS and the score weights assigned to 
each retained predictor variable. The total possible score was 
12 points; however, no patient had a score >10. Patients who had 
a worse ECOG PS, time since diagnosis of metastatic disease 
≤18 months (rapid growth of tumor), and prior chemotherapy 
continued ≥2 months beyond progressive disease (PD) on the 
RECIST criteria (including so‑called clinical PD) showed 
a P‑value <0.05 in the univariate analysis examining the 
association between baseline characteristics and poor OS.

Prior chemotherapy was repeated every 2 to 3  weeks 
according to a regimen with an evaluation interval of 
<3 months, so regorafenib or TAS‑102 could be started within 
6 weeks after failure of the prior chemotherapy. Continuation 
of prior chemotherapy ≥2 months beyond PD would represent 
prolonged administration that clinicians intended to conduct 
for some reason.

In multivariate analysis, these three factors remained 
significant for the parsimonious model to predict OS while 
retaining good discrimination (C‑statistic=0.70). A score of 
0-3 defined long survival; 4-5, intermediate survival; and ≥6, 
poor survival (Fig. 3).

Discussion

Regorafenib and TAS‑102 have been reported to show 
similar efficacy but different toxicity profiles for regorafenib‑ 
and TAS‑102‑naive patients in retrospective cohort 
studies (11,20,21). Analyses of efficacy and safety in patients 
treated with regorafenib or TAS‑102 in the real‑life setting 
are important for clinicians, because patient characteristics 
in real‑life, especially ECOG PS, may differ from those in 
phase III trials (7‑9).

No patient had a CR or PR for either drug in our cohort. 
The two drugs were equivalent in terms of DCR: 75.0% for 

Figure 1. Flow diagram of salvage‑line therapy. Each agent was administered 
at the discretion of the attending physician. mCRC, metastatic colorectal 
cancer; TAS‑102, trifluridine and tipiracil; BSC, best supportive care; OS, 
overall survival; PFS, progression‑free survival.
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regorafenib and 70.8% for TAS‑102 in primary salvage treat-
ment, and 60.0 and 57.1%, respectively, in secondary use. 

Crossover administration was achieved in 7 out of 20 (35.0%) 
patients treated with regorafenib first, and in 10 out of 24 (41.7%) 

Table I. Demographics.

	 Primary treatment
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 Regorafenib (n=20)	 TAS‑102 (n=24)	 P‑value

Age, median [range]	 68 [57‑78]	 64 [44‑86]	 0.087
Sex
  Male	 13 (65.0)	 15 (62.5)	 1.0
  Female	 7 (35.0)	 9 (37.5)
ECOG PS
  0	 6 (30.0)	 14 (58.3)	 0.077
  1	 12 (60.0)	 6 (25.0)
  2	 2 (10.0)	 4 (16.7)
Primary site of disease
  Right colon	 4 (20.0)	 10 (41.7)	 0.14
  Left colon	 7 (35.0)	 3 (12.5)
  Rectum	 9 (37.5)	 11 (45.8)
KRAS exon 2 status
  Wild	 9 (45.0)	 14 (58.3)	 0.55
  Mutation	 11 (55.0)	 10 (41.7)
Number of prior regimens
  2	 12 (60.0)	 12 (50.0)	 0.87
  3	 8 (40.0)	 11 (45.8)
  ≥4	 0 (0)	 1 (4.2)
Number of metastatic sites
  1	 6 (30.0)	 6 (25.0)	 0.46
  2	 12 (60.0)	 11 (45.8)
  ≥3	 2 (10.0)	 7 (29.2)
Metastatic site
  Liver	 16 (80.0)	 19 (79.2)	 0.26
  Lung	 10 (50.0)	 13 (54.2)
  Peritoneum	 6 (30.0)	 4 (16.7)
  Lymph node	 2 (10.0)	 8 (33.3)
  Others	 2 (10.0)	 8 (33.3)
Time from initiation of first‑line chemotherapy
  ≤18 months	 5 (25.0)	 6 (25.0)	 1.0
  >18 months	 15 (75.0)	 18 (75.0)
History of systemic anticancer agents
  Fluoropyrimidine	 20 (100)	 24 (100)	 0.99
  Oxaliplatin	 20 (100)	 24 (100)
  Irinotecan	 20 (100)	 24 (100)
  Anti‑VEGF antibody	 20 (100)	 23 (95.8)
  Anti‑EGFR antibody (Wild KRAS or all‑RASa)	 9 (45.0)	 11 (45.8)
Post‑treatment use of regorafenib or TAS‑102	 7 (35.0)	 10 (41.7)	 0.76

Non‑parametric data with P<0.05 for Kolmogorov‑Smirnov test are presented as the median [range] and were examined using the Wilcoxon 
rank sum test. Categorical data are accompanied by percentage in parentheses and were examined using Fisher's exact test. aAn all‑RAS test 
was approved in Japan in April, 2015. Anti‑EGFR antibody was subsequently applied based on all‑RAS test. ECOG PS, Eastern Cooperative 
Oncology Group performance status; TAS‑102, trifluridine and tipiracil; KRAS, Kirsten rat sarcoma viral oncogene homolog VEGF, vascular 
endothelial growth factor; EGFR, epidermal growth factor receptor.
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patients treated with TAS‑102 first, but this does not imply 
inferiority: We found that TAS‑102 had provided a prolonged 
period of medication for patients with poor performance 

status (ECOG PS=2), as shown in Table II. Median OS1 of 
4 patients with ECOG PS=2 at the time of study entry was 
3 months (range: 1.3 to 5.5 months) for TAS‑102, providing 

Table II. Administration of study drugs, response and survival.

A, Treatment 1 (primary use).

	 Regorafenib	 TAS‑102	
Variable	 n=20	 n=24	 P‑value

ECOG PS, n (%)
  0	 6 (30.0)	 14 (58.3)	 0.077
  1	 12 (60.0)	 6 (25.0)
  2	 2 (10.0)	 4 (16.7)
Median period of medication, months	 2.6 [range: 0.1‑10.8]	 3.8 [0.9‑20.3]	 0.18
Relative initial dose, mean ± SD	 0.78±0.26	 0.97±0.09	 0.0031
Any treatment modification, n (%)	 19 (95.0)	 18 (75.0)	 0.11
Mean RDI ± SD	 0.54 ± 0.21	 0.83±0.14	 <0.001
Median OS1, months	 9.1 (95% CI: 4.1‑13.4)	 9.3 (5.5‑12.3)	 0.68
Patients alive at 12 months, n (%)	 4 (20.0)	 6 (25.0)	 0.73
Median PFS1, months	 2.1 (95% CI: 1.3‑3.6)	 3.1 (1.7‑4.1)	 0.13
Best overall responsea, n (%)
  CR	 0 (0)	 0 (0)	 1.0
  PR	 0 (0)	 0 (0)
  SD	 15 (75.0)	 17 (70.8)
  PD	 5 (25.0)	 7 (29.2)

B, Treatment 2 (secondary use).

	 Regorafenib	 TAS‑102	
Variable	 n=10	 n=7	 P‑value

ECOG PS, n (%)
  0	 1 (10.0)	 3 (42.9)	 0.12
  1	 9 (90.0)	 4 (57.1)
  2	 0 (0)	 0 (0)
Median period of medication, months	 4.2 [range: 0.4‑12.9]	 3.7 [0.9‑15.1]	 0.80
Relative initial dose, mean ± SD	 0.71±0.10	 0.94±0.15	 0.0058
Any treatment modification, n (%)	 10 (100)	 4 (57.1)	 0.051
Mean RDI ± SD	 0.63±0.16	 0.90±0.11	 <0.001
Median OS2, months	 7.1 (95% CI: 5.0‑NA)	 5.3 (3.0‑NA)	 0.67
Patients alive at 12 months, n (%)	 0 (0)	 0 (0)	 1.0
Median PFS2, months	 3.7 (95% CI: 3.1‑NA)	 3.7 (0.8‑NA)	 0.23
Best overall responsea, n (%)
  CR	 0 (0)	 0 (0)	 1.0
  PR	 0 (0)	 0 (0)
  SD	 6 (60.0)	 4 (57.1)
  PD	 4 (40.0)	 3 (42.9)

aResponse evaluation criteria in solid tumors (RECIST) version 1.1; ECOG PS, Eastern Cooperative Oncology Group performance status; 
± SD, standard deviation; RDI, relative dose intensity; OS, overall survival; PFS, progression‑free survival; CI, confidence interval; NA, not 
available; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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Figure 2. Effect of delivered dose on survival time, the time between the administration date of the primary treatment and the date of death from any cause 
(OS1). OS1 is plotted against total dose of (A) regorafenib or (B) TAS‑102, and RDI of (C) regorafenib or (D) TAS‑102. Among the patients with primary 
TAS‑102, three (indicated by open circles) were alive at the time of data collection. The regression line is drawn with the 95% confidence intervals (gray 
shadows). BSA, body surface area; RDI, relative dose intensity; TAS‑102, trifluridine/tipiracil.

Table III. Adverse events.

	 Regorafenib (n=30)	 TAS‑102 (n=31)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 REG‑only or	 REG posterior	 TAS‑only or	 TAS posterior
	 REG prior to TAS 	 to TAS	 TAS prior to	 to REG
	  (n=20)	  (n=10)	 REG (n=24)	 (n=7)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑  
	 Any		  Any			   Any		  Any
n (%)	 grade	 ≥Grade 3	 grade	 ≥Grade 3	 P‑valuea	 grade	 ≥Grade 3	 grade	 ≥Grade 3	 P‑valuea

Any event	 20 (100)	 13 (65)	 8 (80)	 5 (50)	 0.69	 22 (92)	 15 (63)	 7 (100)	 6 (86)	 0.20
Clinical AEs
  HFSR	 14 (70)	 9 (45)	 3 (30)	 1 (10)	 0.077	 0 (0)	 0 (0)	 0 (0)	 0 (0)	 NA
  Nausea	 5 (25)	 0 (0)	 0 (0)	 0 (0)	 0.038	 10 (42)	 2 (8)	 4 (57)	 0 (0)	 0.96
  Anorexia	 9 (45)	 1 (5)	 1 (10)	 0 (0)	 0.33	 8 (36)	 2 (9)	 4 (57)	 0 (0)	 1.0
  Diarrhea	 2 (10)	 0 (0)	 1 (10)	 0 (0)	 0.090	 3 (13)	 0 (0)	 1 (14)	 0 (0)	 0.021
  Fatigue	 11 (55)	 2 (10)	 4 (40)	 0 (0)	 0.31	 12 (50)	 1 (4)	 3 (43)	 0 (0)	 0.87
  Mucositis oral	 4 (20)	 0 (0)	 0 (0)	 0 (0)	 0.30	 6 (25)	 1 (4)	 1 (14)	 0 (0)	 0.37
  Hypertension	 9 (45)	 2 (10)	 2 (20)	 2 (20)	 0.33	 0 (0)	 0 (0)	 0 (0)	 0 (0)	 NA
  Voice alteration	 6 (30)	 0 (0)	 0 (0)	 0 (0)	 0.098	 0 (0)	 0 (0)	 0 (0)	 0 (0)	 NA
  Alopecia	 0 (0)	 0 (0)	 0 (0)	 0 (0)	 NA	 1 (4)	 0 (0)	 2 (29)	 0 (0)	 0.13
  Others	 0 (0)	 0 (0)	 3 (29)	 3b (30)	 0.038	 0 (0)	 0 (0)	 0 (0)	 0 (0)	 NA
Laboratory abnormalities
  Leukopenia	 0 (0)	 0 (0)	 0 (0)	 0 (0)	 1.0	 12 (50)	 7 (29)	 4 (57)	 4 (57)	 0.70
  Neutropenia	 0 (0)	 0 (0)	 0 (0)	 0 (0)	 1.0	 13 (54)	 9 (34)	 3 (43)	 2 (29)	 0.92
  Anemia	 0 (0)	 0 (0)	 2 (20)	 0 (0)	 0.15	 15 (63)	 9 (38)	 5 (71)	 4 (57)	 0.89
  Thrombocytopenia	 6 (30)	 2 (10)	 2 (20)	 1 (10)	 0.96	 7 (29)	 2 (8)	 2 (29)	 0 (0)	 0.96
  AST increased	 15 (75)	 1 (5)	 4 (40)	 0 (0)	 0.26	 6 (25)	 1 (4)	 4 (57)	 2 (29)	 0.44
  ALT increased	 6 (30)	 1 (5)	 2 (29)	 0 (0)	 0.40	 4 (17)	 0 (0)	 5 (71)	 1 (14)	 0.020
  Hyperbilirubinemia	 7 (35)	 2 (10)	 1 (10)	 0 (0)	 0.61	 1 (4)	 0 (0)	 3 (43)	 1 (14)	 0.030
  Discontinuation due to AEs	 5 (25)	 2 (20)	 0.75	 3 (13)	 0 (0)	 0.78

aFisher's exact test; bPolymorphic exudative erythema and perforation. REG, regorafenib; TAS, TAS‑102 (trifluridine/tipiracil); HFSR, 
hand‑foot skin reaction; AE, adverse event; NA, not applicable; AST, aspartate aminotransferase; ALT, alanine aminotransferase. Categorical 
data are accompanied by percentages in parentheses.
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better survival compared to two weeks for 2 patients treated 
with regorafenib (P=0.020).

A cohort study of regorafenib in real‑life clinical practice 
for mCRC patients in France (REBECCA) (22) found that 
50% of patients had a treatment modification (dose reduction 
or interruption), and 31% of patients discontinued regorafenib 
before progression mainly due to toxicity or deterioration of 
general health status. According to their data, survival was 
unfavorably affected by a low initial daily dose of regorafenib.

Median OS1 in our study was consistent with those in 
CORRECT (7) (median OS, 6.4 months; 12‑month survival, 24%) 
and REBECCA (22) (5.6 months; 22%) for regorafenib, and 
RECOURSE  (9) (7.1 months; 27%) for TAS‑102, although 
95 or 75% of our patients treated with regorafenib or TAS‑102 
first, respectively, had a dose modification (Table II). An initial 
dose was more likely to be reduced for regorafenib compared to 
TAS‑102 to avoid early AE within the first 3 weeks of regorafenib 

treatment, but there was no correlation between deterioration of 
OS1 and reduction of initial daily dose (data not shown). This 
may be because we commonly escalated the dosage thereafter, 
if possible, up to 120 mg (4 out of 11 patients) or 160 mg (1 
out of 10 patients), based on each patient's response. The most 
common dosage was 120 mg daily (19 out of 30 patients) in the 
first 2 cycles, as recently recommended in the ReDOS study (23). 
It seemed important for successful escalation of regorafenib to 
inform patients before administration about the likelihood of 
weekly dose escalation. Furthermore, OS1 for regorafenib or 
TAS‑102, regardless of single use or crossover, was not correlated 
to RDI, but was proportional to a total dose of each drug (Fig. 2). In 
third‑line or later treatments, clinicians may continue to prescribe 
the maximum recommended dose to obtain the best outcome, but 
may withdraw treatment from patients whose performance status 
deteriorates. In the former scenario, patients could experience 
adverse effects without any benefit, whereas possible responders 

Table IV. Predictors for OS1 in patients treated with regorafenib and/or TAS‑102.

	 Univariate model	 Multivariate model
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value	 Score weight

Male sex	 1.85 (0.912‑3.75)	 0.089
Age	 0.992 (0.960‑1.03)	 0.62
ECOG PS	 1.78 (1.02‑3.10)	 0.044	 2.00 (1.13‑3.53)	 0.018	   2
Primary lesion
  Right colon	 1.53 (0.631‑3.73)	 0.35
  Rectum	 1.49 (0.642‑3.47)	 0.35
KRAS exon 2 status
  Mutant	 0.985 (0.526‑1.84)	 0.96
Metastatic sites
  n≥3	 1.21 (0.550‑2.65)	 0.64
Metastatic sites
  Liver	 1.18 (0.538‑2.58)	 0.68
  Lung	 1.28 (0.688‑2.40)	 0.43
  Peritoneum	 1.01 (0.477‑2.12)	 0.99
  Lymph node	 0.596 (0.271‑1.31)	 0.20
  Other	 1.17 (0.570‑2.41)	 0.67
Number of prior regimens	 0.876 (0.528‑1.46)	 0.61
History of biologicals
  Anti‑VEGF antibody	 1.13 (0.153‑8.30)	 0.91
  Anti‑EGFR antibody	 0.827 (0.438‑1.56)	 0.56
Time since diagnosis of metastatic disease
  ≤18 months	 2.17 (1.04‑4.55)	 0.039	 2.51 (1.17‑5.37)	 0.018	   3
Prior chemotherapy
  Continued ≥2 months beyond PD	 3.62 (1.72‑7.63)	 <0.001	 4.95 (2.20‑11.1)	 <0.001	   5
Harrell's C‑index			   0.70
Total possible score					     12

Referent primary lesion is the left colon, referent number of metastatic sites is 1 to 2, and referent prior chemotherapy is discontinued at the 
time of diagnosis of PD, or for other reasons (unacceptable adverse events, or increase in serum level of carcinoembryonic antigen). OS1, the 
time between the administration date of the primary treatment and the date of death from any cause; HR, hazard ratio; CI, confidence interval; 
ECOG PS, Eastern Cooperative Oncology Group performance status; VEGF, vascular endothelial growth factor; EGFR, epidermal growth 
factor receptor; PD, progressive disease.
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could be missed in the latter scenario. Our results indicate that 
lower dose‑intensity provides a longer duration of life under treat-
ment compared to higher dose‑intensity in some cases. This can 
be interpreted as indicating that there was a greater improvement 
in survival when these drugs were administered at the appro-
priate dose for each individual patient and continued for as long 
as possible until progression. Regarding regorafenib, Osawa (24) 
recommended an initial dose of 120 mg for salvage treatment of 
mCRC, as this provided a significant effect with good tolerability.

It has been considered that the toxic effects of TAS‑102 
are generally mild and manageable compared with those of 
regorafenib  (21). The reported incidence of clinical AEs 
for regorafenib, including grade ≥3 HFSR (17% of patients 
in CORRECT)  (7), fatigue (10%), and hepatotoxicity (6% 
of Asian population in CONCUR)  (8), makes it difficult 
to administer regorafenib to patients who have previously 
been treated with TAS‑102. In this study, the safety profiles 
of regorafenib and TAS‑102 were broadly consistent with 
those in previous pivotal trials (7‑9,25) (Table III). In addi-
tion, the incidences of HFSR, fatigue and hepatotoxicity in 
patients given regorafenib were not significantly increased 
even if the drug was used after TAS‑102, while conversely, 
the frequencies of myelosuppression including leukopenia and 
neutropenia, nausea and anorexia in patients given TAS‑102 
were not greater in patients with previous regorafenib treat-
ment. Although treatment discontinuation due to toxic effects 
was more frequently observed for regorafenib treatment, the 
incidence of toxic effects was not increased in patients with 
previous TAS‑102 treatment, provided that the initial dose of 
regorafenib was reduced to 120 mg in most cases (Table II). 
These results indicate that regorafenib can be safely adminis-
tered to patients with previous TAS‑102 treatment.

Predictive biomarkers for OS have not yet been identified 
for mCRC patients treated with regorafenib or TAS‑102 (11,26). 
No association was identified between KRAS, BRAF and 
PIK3CA mutation status and outcomes in CORRECT  (7) 
and RECOURSE (9). The post hoc analysis of CORRECT 
indicated that patients treated with regorafenib who had long 
PFS (>4 months) tended to have a better ECOG PS (score, 0), 
fewer metastatic tumor sites (1 to 2 sites), and a longer time 
(≥18 months) since diagnosis of metastatic disease  (25). In 
contrast, REBECCA (22) indicated that the following 6 baseline 
variables were associated with poorer survival: poor ECOG PS, 
a shorter time from diagnosis of metastases, a low initial dose 
of regorafenib, >3 metastatic sites, liver metastases, and KRAS 
mutations. A longer time since diagnosis of metastatic disease is 
considered to reflect a better response to chemotherapy, so PFS2 
after success of crossover between regorafenib and TAS‑102 
tended to be longer than PFS1, which included patients with 
rapidly growing tumors refractory to treatments (Table II).

In our study, a model with a good discrimination (C‑index 
0.70), consisting of only 3 baseline predictors (poor ECOG PS, 
≤18 months from diagnosis of metastases, and prior chemo-
therapy continued ≥2 months beyond PD) (Table IV), classified 
patients into similar prognostic groups (Fig. 3). We recommend 
that patients having a high probability of benefit should be iden-
tified before starting treatment with regorafenib or TAS‑102 
among patients refractory to standard chemotherapy.

It remains an important clinical issue to decide which drug 
should be administered first, but this has not been established 

because of the lack of a head‑to‑head randomized trial. A retro-
spective comparative analysis in 550 patients (REGOTAS) (11) 
suggested that regorafenib should be given first in patients 
aged <65 years, but TAS‑102 in patients aged ≥65 years, based 
on a favorable trend of OS. We tried a propensity score method 
(inverse probability of treatment weighting) (27) for choosing 
between the two drugs in our study, but there was no clear 
result, except for a favorable trend with age in the TAS‑102‑first 
group (hazard ratio, 0.8; 95% confidence interval, 0.7-0.9). No 
difference in OS was found between the two drugs.

There are some potential limitations of this study. Our study 
is a retrospective single‑center analysis. Although all patients 
with refractory mCRC treated with regorafenib or TAS‑102 in 
the period were included, the number of patients was relatively 
small. All patients were treated by a team of six surgeons, all of 
whom are colorectal cancer specialists. An all‑RAS (KRAS and 
NRAS) test was approved in Japan on April, 2015. Among our 
patients, 15 had wild‑KRAS exon 2 tumor identified before that 
date, and all of them received anti‑EGFR antibody regimens. 
Although 20% of them (3 patients) might have other RAS muta-
tion, the number is too small to permit any conclusion; at worst, 
they would have had a short duration of anti‑EGFR treatment 
without benefit until tumor progression. External validation is 
still needed to confirm the model used to predict OS.

This analysis suggests that the administration of regorafenib 
and TAS‑102 can be recommended for patients with refractory 
mCRC who have a better performance status, and a longer 
time since diagnosis of metastatic disease. Prolongation of the 
previous chemotherapy after diagnosis of disease progression 
attenuated the survival benefit of regorafenib and TAS‑102, 
regardless of the order of their administration. We suggest that 
the optimal survival benefit of regorafenib and TAS‑102 is 
provided by flexible and careful titration to the optimal dose for 
each individual patient with initial dose reduction if necessary, 
followed by prolonged administration until disease progression.
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