
Abstract. Background: TAS-102 is an anti-metabolite
which demonstrated activity against multidrug-resistant
advanced colorectal cancer. Its major toxicities are
hematological disorders. Patients and Methods:
Background, TAS-102 efficacy, toxicities and outcomes for
patients with multidrug-resistant advanced colorectal
cancer from six Institutions of the Kyushu Medical
Oncology Group were retrospectively surveyed. Results:
Forty-three patients, including fragile patients due to
declining performance status and other comorbidities
(37%) were analyzed. Efficacy was reflected in an objective
overall response of 3%, median progression-free survival of
74 days (2.5 months) and median overall survival of 229
days (7.6 months). The most frequent Common Terminology
Criteria for Adverse Events grade 3/4 adverse events were
neutropenia (44%), leukopenia (26%) and anemia (23%).
Febrile neutropenia was found in 7%. Sub-group analysis
demonstrated an improved outcome on treatment with the
sequence regorafenib–TAS-102. Conclusion: TAS-102 was
safely administered to modestly fragile patients with

equivalent efficacy to that for the non-fragile population.
Further investigation of sequential treatment using
regorafenib and TAS-102 is needed. 

Colorectal cancer is the third most frequent cancer and the
fourth most frequent cause of cancer-related death worldwide
(1). In Japan in 2014, it ranked as second most frequent cause
of cancer death (2). The overall survival (OS) of patients with
advanced or recurrent colorectal cancer has been prolonged as
new active drugs become available. These include several
classes of agents: fluoropyrimidines, irinotecan, oxaliplatin,
anti-epidermal growth factor receptor (EGFR) antibodies, and
inhibitors of the vascular endothelium growth factor (VEGF)
pathway. Using these agents, the median survivals reported by
the latest clinical trials have been extended to 30 months (3).

TAS-102 is a combination of trifluridine and tipiracil at a
molar ratio of 1:0.5 (4). Trifluridine, a thymidine-based
nucleoside analog, inhibits cellular proliferation and causes
cell death by incorporation of its triphosphorylated form to
DNA. By combination with tipiracil, a thymidine
phosphorylase inhibitor, the blood concentration of trifluridine
can be sustained and it can remain active for longer in vivo.
A placebo-controlled phase II study in Japan evaluated its
efficacy and safety for patients with advanced or recurrent
colorectal cancer resistant to or who were intolerable to
oxaliplatin, irinotecan, fluoropyrimidines, bevacizumab and
anti-EGFRs (5). The efficacy results were promising and its
feasibility was favorable. A global placebo-controlled
randomized phase III trial (RECOURSE) including 800
patients revealed its efficacy in overall survival [hazard ratio
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(HR)=0.68] (6). Hematological adverse events were frequently
observed in the TAS-102-treated group but the majority of
adverse events were not severe. In Japan, TAS-102 was
approved in 2014 following the national phase II study, and in
the US and EU, approved in 2015 following the global phase
III study.

Regorafenib, a small-molecule multi-targeted tyrosine
kinase inhibitor, demonstrated quite similar efficacy to that of
TAS-102 for the same group of patients (HR=0.77) (7). Its
adverse events included skin toxicities, fatigue and,
hypertension, amongst others. The agent was considered to be
well tolerated in the global population, but required
reconsideration in the Japanese sub-group. More frequent
adverse events were observed in Japanese patients such as
hand–food skin reaction and liver dysfunction (8). We reported
the result of an observational study of Japanese practice that
demonstrated a much higher frequency of liver dysfunction,
including a case of grade 5 (severe) liver failure (9). These
results indicate that careful patient selection is needed in the
use of regorafenib, by means of performance status and
background liver function, perhaps even to the subclinical
extent of the residual function. Furthermore, the presumable
ethnic differences of the metabolic pathways should be
determined. The safety population of regorafenib has not been
determined in the Japanese population and it might be smaller
than that resulting from the inclusion criteria of the trial.

In Japan, these two drugs, TAS-102 and regorafenib, are
now considered in salvage chemotherapy for patients with
colorectal cancer resistant to or who are intolerable to
conventional drugs. The clinical question is which of these
two agents, with different indications, should be
administered first? TAS-102 may be safely administered to
more fragile patients than those included in the above-
mentioned trials, such as patients with Eastern Cooperative
Oncology Group performance status (ECOG PS) 2, or any
moderate organ dysfunction. Herein we report a retrospective
survey of the efficacy and safety of TAS-102 in clinical
practice including fragile patients, and an analysis of the
difference of efficacy of regorafenib pre-treatment.

Patients and Methods

The present study retrospectively surveyed patients treated with
TAS-102 with pathologically confirmed metastatic or recurrent
colorectal adenocarcinoma, between May 26, 2014 and Jan 18,
2015. Forty-three patients were included from six institutes as
follows: Department of Hematology and Medical Oncology, Kyushu
University Hospital; Department of Gastrointestinal and Medical
Oncology, National Kyushu Cancer Center; Department of Medical
Oncology, Hamanomachi Hospital; Department of Hematology and
Oncology, Japan Community Healthcare Organization Kyushu
Hospital; Department of Chemotherapy, Miyazaki Prefectural
Miyazaki Hospital and Department of Internal Medicine, Kyushu
University Beppu Hospital. All the patients should be resistant or
intolerable to conventional chemotherapeutic regimens including

fluoropyrimidines, oxaliplatin, irinotecan and anti-EGFRs when the
presence of wild-type KRAS exon 2 was confirmed.

The clinical information was obtained from medical records
and included patient background, clinical course and outcome.
TAS-102 standard dosing was planned at 35 mg/m2 bid on days 1-
5 and 8-12, and repeated in a 28-day cycle. The best therapeutic
responses were determined according to the Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.1 (10). Overall
response rate (ORR) and disease control rate (DCR) were defined
as the proportion of patients with complete response (CR) and
partial response (PR), and the sum of those with CR, PR, stable
disease (SD) and non-CR/non-progressive disease (PD) in the
population, respectively. Progression-free survival (PFS) was
defined as the interval from the initiation of TAS-102 to the date
of tumor progression or death from any cause and OS as the
interval between the initiation of the therapy and the date of death
from any cause. Adverse events were evaluated according to the
Common Terminology Criteria for Adverse Events (CTCAE)
version 4.0 (11) and the most severe grades during chemotherapy
were reported. The HR of survival and its 95% confidence
interval (95% CI) in subgroup analyses was estimated with the
Cox proportional hazards model. 

The present study was carried out according to the regulations of
the local Ethics Committee of each institution, the Declaration of
Helsinki, and the Ethical Guidelines for Epidemiology Research
2013.

Results

Patients’ characteristics and the prior treatments. Forty-three
patients who were treated with TAS-102 were analyzed in
this study (Table I). The median age of the patients was 63
years (range=38-85 years). Twenty-four patients were male
and 19 were female. Most patients had an ECOG PS of 1 or
more (30/43; 69.8%). KRAS exon 2 mutation was present in
18 patients (42%). More than three organs with metastatic
disease were observed in 21 patients (49%), the major being
lung (33, 77%) and liver (28 patients, 65%).

All patients had had prior chemotherapy consisting of
fluoropyrimidine and oxaliplatin, and most had had irinotecan
(39/43, 91%) (Table I). Cetuximab or panitumumab was
administered to all patients with wild-type KRAS exon 2.
Primary tumors were resected in 34 patients (79%) and liver
metastases in 10 (23%). Among 43 examined patients, 16
(37%) were administered regorafenib prior to TAS-102. One
patient discontinued regorafenib due to toxicity and 15 had
progressive disease during regorafenib treatment. Twenty-seven
patients were administered TAS-102 without regorafenib
because of intolerance due to medical insufficiency (18
patients, 41%) and patients’ preference (9 patients 21%).

Treatment, efficacy and toxicity of TAS-102 monotherapy.
The median number of treatment cycles of TAS-102 was
three (range=1-13). Most patients (86%) were treated with
standard dose (Table II). Four patients were still under
treatment at the time of data collection.
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Best objective responses to TAS-102 monotherapy
according to RECIST ver. 1.1 was PD in the majority of cases
(62%) (Table III). Three patients were not fully evaluated nor
followed-up to assess efficacy. The ORR was 3% and DCR
was 33%. The median PFS was 74 days (2.5 months) and
median OS was 229 days (7.6 months) (Figure 1). 

Hematological toxicities were frequently observed in the
patients (Table IV). CTCAE grade 3 or more neutropenia
occurred in 20 patients (44%), leukopenia in 11 (26%) and
anemia in 10 (23%). Severe non-hematological toxicity was
not frequently observed (all less than 10%), and febrile
neutropenia only occurred  in three cases (7%). Grade 3 ileus
in two patients, hemorrhage in two and other severe adverse
events were observed and were mostly related to progression
of the primary disease.

In terms of subsequent treatments, 25 patients (58%)
received best supportive care (Table V). Radiotherapy was
performed in seven patients (16%), and re-introduction of
anticancer agents such as fluoropyrimidines (6; 14%), and
others in several cases. Regorafenib was administered to six
patients (14%) after termination of TAS-102 treatment; three
of them were previously recognized to be intolerant to
regorafenib and recovered from this, whereas the other three
patients preferred to receive TAS-102 treatment rather than
regorafenib in the induction of salvage chemotherapy.

Sub-group analyses. KRAS mutational status: Efficacies of
TAS-102 in the patient sub-groups by KRAS exon 2
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Table I. Patients’ characteristics.

Characteristic (n=43) Number (%)

Gender
Female 19 (44%)
Male 24 (56%)

Median age (range),years 63 (38-85)
Performance status

0 13 (30%)
1 26 (61%)
2 4 (9%)

KRAS exon 2 status
Wild-type 24 (56%)
Mutant 18 (42%)
Unknown 1 (2%)

Primary site
Right-sided colon 11 (26%)
Left-sided colon 18 (41%)
Rectum 14 (33%)

Metastatic site
Liver 28 (65%)
Lung 33 (77%)
Lymph nodes 23 (53%)
Peritoneum 11 (26%)
Bone 7 (16%)
Brain 3 (7%)

Number of organs with metastases
1-2 22 (51%)
3 or more 21 (49%)

Prior treatments
Fluoropyrimidines 43 (100%)
Oxaliplatin 43 (100%)
Irinotecan 39 (91%)
Bevacizumab/ramucirumab** 32 (74%)
Cetuximab/panitumumab 24 (100%*)
Regorafenib 16 (37%)
Primary site resection 34 (79%)
Liver resection 10 (23%)

Reasons to prefer TAS-102
Intolerant to regorafenib† 18 (42%)

(baseline liver toxicity) (8)
(baseline skin toxicity) (4)
(active wound) (3)
(other baseline comorbidity) (3)
Severe toxicity with regorafenib† 1 (2%)
Progression with regorafenib‡ 15 (35%)
Patient preference‡ 9 (21%)

*All wild-type for KRAS exon 2. **Ramucirumab indicates inclusion in
the placebo-controlled trial of the drug. †Regarded as intolerant to
regorafenib group; ‡regarded as regorafenib-tolerant group.

Table II. Treatment with TAS-102.

Number (%)

Initial dose
Standard dose 37 (86%)
Initially reduced 6 (14%)

Median no. of cycles given (range) 3 (1-13+)
Treatment modification

Interruption, delay due to toxicities 20 (47%)
Dose reduction 14 (33%)

Reasons for discontinuation
Progressive disease 34 (87%)
Adverse events  5 (13%)
treatment ongoing at data collection 4

Table III. Best objective responses.

Number (%)

Best objective responses
Complete response (CR) 0 (0)
Partial response (PR) 1 (3%)
Stable disease (SD) 10 (23%)
Progressive disease (PD) 27 (62%)
Non-CR/non-PD 2 (5%)
Not fully evaluated 3 (7%)

Response rate (CR+PR) 1 (3%)
Disease control rate 13 (33%)
(CR+PR+SD+non-CR/non-PD)



mutational status were compared. Efficacy tended to be
better in the wild-type group compared to the group with
KRAS mutation, with DCR of 45% versus 12%, median PFS
of 2.9 versus 1.9 months (HR=0.81, 95% CI=0.42-1.60;
p=0.53) and median OS of 9.5 versus 6.1 months (HR=0.68,
95% CI=0.31-1.53; p=0.35), respectively. Patient
backgrounds were slightly more favorable in the group with

wild-type KRAS because more patients with PS 2 were
included in the groups with KRAS mutation (4% versus
16%, respectively).

Regorafenib tolerance and pre-treatment: Patients were
divided into two groups by their tolerance to regorafenib at the
initiation of salvage therapy. Fifteen patients who were fully
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Figure 1. Kaplan–Meier plots of progression-free survival (A) and overall survival (B) after TAS-102 monotherapy. Open circles indicate censored
cases.

Figure 2. Kaplan–Meier plots of PFS (A) and OS (B) of sub-groups by tolerance to regorafenib (RGF). Solid lines indicate tolerant to regorafenib
and blocked lines intolerant. Open circles indicate censored cases.



treated with regorafenib and nine patients who were offered
regorafenib and TAS-102 and preferred the latter were
designated as being tolerant, and the remaining patients were
regarded as being intolerant, including 18 patients who were
initially recognized as being intolerant to regorafenib and a
patient who abandoned regorafenib due to severe adverse
events. The median age, PS and number of metastatic organs
were similar for both groups (Table VI). Median PFS, OS and
DCR in the regorafenib-tolerant and -intolerant groups were
2.8 versus 1.9 months (HR=0.50, 95% CI=0.26-0.99;
p=0.048), 8.2 versus 7.6 months (HR=0.85, 95% CI=0.38-
1.91; p=0.68) and 39% versus 50%, respectively (Figure 2).
The frequencies of severe toxicity were relatively higher in the
regorafenib-tolerant group (Table VI).

The efficacy of TAS-102 in patients with and without pre-
treatment with regorafenib (n=16 and 27, respectively) was
also examined. In comparison of the patient groups, the
regorafenib-pretreated group exhibited a trend for longer
median PFS (4.6 versus 1.9 months, HR=0.33, 95% CI=0.15-
0.68; p=0.0025), median OS (not reached versus 6.6 months,
HR=0.49, 95% CI=0.19-1.14; p=0.10) (Figure 3) and a better
DCR (43% vs. 27%; p=0.48) than the regorafenib-naïve
group. From the point of view of salvage chemotherapy
(whether regorafenib or TAS-102), the regorafenib-pretreated
group corresponded to a strategy of treatment with
regorafenib then TAS-102 (regorafenib-first strategy; n=16)
and the regorafenib-naïve group included patients treated with
a sequence of TAS-102 then regorafenib (n=6) and only with
TAS-102 (n=21) (TAS-102-first strategy). The finding above
subsequently resulted in much longer median OS from
induction of salvage chemotherapy in the regorafenib-
pretreated group than the other group (19.3 vs. 6.6 months;
HR=0.13, 95% CI=0.03-0.41, p=0.0002). Comparing the
backgrounds of these two groups (Table VII), PS was slightly
better in regorafenib-pretreated group (PS 2: 6% in pretreated
and 11% in the other group; p=0.68) and disease was much
more metastatic in the pretreated group (57% vs. 44% had
three or more organs with metastases; p=0.54). The median
time from first-line chemotherapy to induction of salvage
therapy was slight longer in the pretreated group (31.0 vs.
26.8 months; p=0.54). 

Discussion

The present study demonstrated that the efficacy and toxicity
of TAS-102 in clinical practice was equivalent to those in the
RECOURSE trial (6). The median PFS (2.5 months) and OS
(7.6 months) were comparable (2.0 and 7.1 months,
respectively). A sub-group analysis of KRAS exon 2
mutational status indicated a comparably favorable outcome
in the group with wild-type KRAS. The toxicity profile was
also similar to that in the trial, and included mainly
hematological toxicities such as neutropenia and anemia.
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Figure 3. Kaplan–Meier plots of progression-free survival (A) and
overall survival (OS) (B) after TAS-102 monotherapy of the sub-groups
of regorafenib (RGF)-pretreated and RGF-naïve patients. C: OS from
induction of salvage therapy (either TAS-102 or RGF) of the subgroups
of RGF-first strategy (corresponding to the RGF-pretreated group) and
TAS-102-first strategy (RGF-naïve at TAS-102 induction, including
patients treated with TAS-102 then RGF and only with TAS-102). Open
circles indicate censored cases.



Febrile neutropenia was not frequently observed (7%). Non-
hematological toxicities included several severe events, but
they were mostly related to the primary disease. It is
noteworthy that this observational study included 16 patients
(37%) who might not have been eligible for inclusion in the
clinical trial because of comorbidities or declining
performance status. Concerning such a fragile background,
it is suggested that TAS-102 is also feasible in more patients
other than those included in the trials, and that equivalent
efficacy is expected.

On the other hand, regorafenib, another choice for salvage
chemotherapy, has been reported to have severe toxicity. A
subset analysis of the CORRECT trial (7), a randomized
phase III trial comparing regorafenib versus placebo in the
salvage setting, demonstrated more frequent toxicities in
Japanese than in non-Japanese patients. In the CONCUR
trial (12), the similarly designated trial of regorafenib in
China and other Asian countries, higher toxicities than the
non-Japanese subset of the CORRECT study were also
reported. Our previous report on the efficacy and toxicity of
regorafenib in clinical practice demonstrated more frequent
and severe toxicities than these trials, including a fatal case
of liver failure (9). We also reported that a reduced dose of
regorafenib might have equivalent efficacy in the study. But
a modification of drug dose with a prediction of toxicity
remains difficult because the biological mechanisms of such
an ethnic and individual difference in toxicity are not clear,
so that a substantial proportion of patients cannot avoid

severe toxicities. In Japanese practice, a careful selection of
patients is required in the use of regorafenib, that is approved
for salvage treatment of many patients with advanced and
heavily treated colorectal cancer. It should be emphasized in
the present study that an extended feasibility of TAS-102 is
suggested and that the efficacy and safety did not decline in
patients who were not ordinary clinically suitable for
treatment with regorafenib.

We also reported an improved efficacy of TAS-102 in the
regorafenib-pretreated group. The regorafenib-pretreated group
had longer median time from first-line chemotherapy to
induction of salvage chemotherapy (31.0 months vs. 26.8
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Table IV. Adverse events.

Adverse event Grade 1 Grade 2 Grade 3 Grade 4 Any grade (%) Grade 3/4 (%)

Hematological
Leukocytopenia 5 15 8 3 31 (72%) 11 (26%)
Neutropenia 4 7 15 5 31 (72%) 20 (44%)
Anemia 16 15 6 4 41 (95%) 10 (23%)
Thrombocytopenia 16 4 3 0 23 (53%) 3 (7%)

Non-hematological
Diarrhea 5 3 0 0 8 (19%) 0
Nausea/vomiting 12 8 2 0 22 (51%) 2 (5%)
Anorexia 9 9 3 0 21 (49%) 3 (7%)
Infection 0 5 1 0 6 (14%) 1 (2%)
Febrile neutropenia 0 0 3 0 3 (7%) 3 (7%)
Albumin decrease 29 7 3 0 39 (91%) 3 (7%)
Creatinine increase 14 1 0 0 15 (35%) 0
Bilirubin increase 6 4 1 1 12 (28%) 2 (5%)
AST increase 24 8 2 0 34 (79%) 2 (5%)
ALT increase 22 3 2 0 27 (63%) 2 (5%)
ALP increase 21 9 4 0 34 (79%) 4 (9%)
Hyponatremia† 2 0 2 (5%)
Ileus† 3 0 3 (7%)
Hemorrhage† 2 0 2 (5%)
Other severe events† 2 0

AST: Aspartate aminotransferase, ALT: alanine aminotransferase, ALP: alkaline phosphatase. †Only severe events were reported. 

Table V. Subsequent treatments.

Treatment Number (%)

Best supportive care only 25 (58%)
Radiotherapy 7 (16%)
Regorafenib 6 (14%)

(previously intolerant to regorafenib) (3)
(patient’s preference for TAS-102 first) (3)

Fluoropyrimidine 6 (14%)
Irinotecan 2 (5%)
Oxaliplatin 2 (5%)
Bevacizumab 2 (5%)
Cetuximab/panitumumab 3 (7%)
Experimental drugs 4 (9%)



months in regorafenib-naïve group; δ=4.2 months), indicating
that the group included patients with more indolent tumors and
many patients responded to TAS-102. From the point of view
of salvage therapy, the median OS from induction of salvage
therapy was much longer in the regorafenib-pretreated group
(regorafenib-first strategy) versus regorafenib-naïve group
(TAS-102-first strategy) (19.3 months vs. 6.6 months,
respectively; δ=12.7 months) and discussion is raised as to the
better sequence of the two drugs: it is not clear which should
be used first in salvage chemotherapy. As described above,
these patient groups had different backgrounds of usage of the
two drugs: all 16 patients treated with regorafenib first were
then treated with TAS-102, and did not include those who
were treated only with regorafenib. On the other hand, only
six out of 27 patients treated with TAS-102 first were then
treated with regorafenib. The former group obviously gained
advantage from regorafenib monotherapy, but this does not
fully explain the large difference because its median PFS was
2.2 to 3.2 months in previous reports (7, 9, 12). There remains
speculation that the sequence of regorafenib then TAS-102
might lead to a better outcome, with the hypothesis of there
being synergistic effects between the two drugs.

There is a hypothesis underlying the increased effect of
TAS-102 after treatment with regorafenib. Combinations
with tyrosine kinase inhibitors of VEGF signaling, including
regorafenib, and cytotoxic agents were not clinically
effective in colorectal cancer (13-15). But in a murine

xenograft model, trifluridine was reported to be more
concentrated in the tumor when administered with
bevacizumab (16). Furthermore, the combination therapy of
TAS-102 and bevacizumab demonstrated improved survival
in phase I/II study: PFS at 16 weeks was 42.9% and median
OS was 11.2 months (17). Inhibition of the VEGF pathway
with bevacizumab might increase delivery of trifluridine to
the tumor by normalizing angiogenesis. Regorafenib might
act in a similar way to improve TAS-102 delivery.

Overall, TAS-102 is suitable for salvage chemotherapy
because of its safety. But the results of our present study
should be carefully interpreted because we carried out a
single retrospective survey of a limited number of cases, that
may lead to possible bias. Further study is needed to answer
how TAS-102 and regorafenib should be implemented in the
salvage treatment of colorectal cancer.
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Table VI. Patients’ background and toxicity of TAS-102 for sub-groups by regorafenib tolerance at induction of salvage therapy.

Regorafenib tolerant Regorafenib intolerant
(n=24) (n=19)

Median age (range), years 64 (45-85) 61 (38-80)
Performance status, 0/1/2, % 29/63/8 32/57/11
Number of organs with metastases: 1-2/≥3, % 38/62 68/32

Maximum adverse event grade G3 G4 G3/4 G3 G4 G3/4
Hematological 9 5 14 (58%) 6 3 9 (47%)
Non-hematological 11 1 12 (50%) 6 0 6 (32%)
Any 12 6 18 (75%) 9 3 12 (63%)

Table VII. Patients’ background for sub-groups by regorafenib pretreatment.

Regorafenib-pretreated (n=16) Regorafenib-naïve (n=27)

Median age (range), years 61.5 (45-85) 64 (38-80)
Performance status: 0/1/2 (%) 38/56/6 26/63/11
Number of organs with metastases: 1-2/ ≥3, % 43/57 56/44
Median time from initial therapy to salvage induction, months 31.0 26.8

δ=4.2

δ: difference between the groups.
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