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ABSTRACT

BACKGROUND
Early clinical trials conducted primarily in Japan have shown that TAS-102, an oral
agent that combines trifluridine and tipiracil hydrochloride, was effective in the
treatment of refractory colorectal cancer. We conducted a phase 3 trial to further
assess the efficacy and safety of TAS-102 in a global population of such patients.

METHODS
In this double-blind study, we randomly assigned 800 patients, in a 2:1 ratio, to
receive TAS-102 or placebo. The primary end point was overall survival.

RESULTS

The median overall survival improved from 5.3 months with placebo to 7.1 months
with TAS-102, and the hazard ratio for death in the TAS-102 group versus the pla-
cebo group was 0.68 (95% confidence interval [CI], 0.58 to 0.81; P<0.001). The most
frequently observed clinically significant adverse events associated with TAS-102
were neutropenia, which occurred in 38% of those treated, and leukopenia, which
occurred in 21%; 4% of the patients who received TAS-102 had febrile neutropenia,
and one death related to TAS-102 was reported. The median time to worsening
performance status (a change in Eastern Cooperative Oncology Group performance
status [on a scale of 0 to 5, with 0 indicating no symptoms and higher numbers
indicating increasing degrees of disability] from 0 or 1 to 2 or more) was 5.7 months
with TAS-102 versus 4.0 months with placebo (hazard ratio, 0.66; 95% CI, 0.56 to
0.78; P<0.001).

CONCLUSIONS

In patients with refractory colorectal cancer, TAS-102, as compared with placebo,
was associated with a significant improvement in overall survival. (Funded by
Taiho Oncology-Taiho Pharmaceutical; RECOURSE ClinicalTrials.gov number,
NCT01607957.)
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LUOROPYRIMIDINES HAVE LONG REPRE-
sented the cornerstone of treatment for
colorectal cancer.! Such compounds act
primarily as inhibitors of thymidylate synthase,
the rate-limiting enzyme in the synthesis of pyrim-
idine nucleotides.? Fluorouracil has been com-
bined with folinic acid (also known as leucovorin)
to enhance the capacity of fluorouracil to bind to
thymidylate synthase.> The addition of irinote-
can (FOLFIRI) or oxaliplatin (FOLFOX) to fluo-
rouracil and folinic acid, in combination with
either a vascular endothelial growth factor in-
hibitor (bevacizumab) or an epidermal growth
factor inhibitor (e.g., cetuximab or panitumumab)
if the tumor contains a wild-type RAS gene, repre-
sents contemporary standard therapy and has ex-
tended the median survival among patients with
metastatic colorectal cancer to almost 30 months.>*
TAS-102 is an orally administered combina-
tion of a thymidine-based nucleic acid analogue,
trifluridine, and a thymidine phosphorylase in-
hibitor, tipiracil hydrochloride. Trifluridine is the
active cytotoxic component of TAS-102; its tri-
phosphate form is incorporated into DNA, with
such incorporation appearing to result in its anti-
tumor effects.’ Tipiracil hydrochloride is a potent
inhibitor of thymidine phosphorylase and, when
combined with trifluridine to form TAS-102,
prevents the rapid degradation of the trifluridine,
allowing for the maintenance of adequate plasma
levels of the active drug.®
Preclinical xenograft studies in mice have
shown that TAS-102 has antitumor activity
against cell lines that are resistant to fluoroura-
cil.”® Results from clinical trials*'? have suggest-
ed that TAS-102 is effective when administered
in 28-day cycles, each comprising 5 days of treat-
ment followed by a 2-day rest period each week
for 2 weeks, and then a 14-day rest period. A dose
of 35 mg per square meter of body-surface area
twice daily was recommended for further inves-
tigation on the basis of phase 1 studies involving
patients from Japan!® and from the United States.™
TAS-102 was further evaluated in a double-blind,
randomized, placebo-controlled, phase 2 trial
involving 169 Japanese patients with metastatic
colorectal cancer that was refractory to fluoro-
uracil and to both irinotecan and oxaliplatin.”
The median overall survival was 9.0 months in
the TAS-102 group and 6.6 months in the placebo
group (hazard ratio for death, 0.56; P=0.001).

These experiences led to the development of a
phase 3 study that was designed to further assess
the efficacy and safety of TAS-102 in a global
population of 800 patients with metastatic
colorectal cancer whose cancer had been refrac-
tory to antitumor therapy or who had had clini-
cally significant adverse events that precluded
the readministration of those therapies.

METHODS

PATIENTS

Patients with biopsy-documented adenocarcinoma
of the colon or rectum were eligible for partici-
pation in the study if they had received at least
two prior regimens of standard chemotherapies,
which could have included adjuvant chemothera-
py if a tumor had recurred within 6 months after
the last administration of this therapy; if they had
either tumor progression within 3 months after
the last administration of chemotherapy; or if
they had had clinically significant adverse events
from standard chemotherapies that precluded
the readministration of those therapies. Eligibil-
ity also required knowledge of tumor status with
regard to KRAS (i.e., wild-type or mutant), as re-
ported by investigators. Patients were also required
to have received chemotherapy with each of the
following agents: a fluoropyrimidine, oxaliplatin,
irinotecan, bevacizumab, and — for patients with
KRAS wild-type tumors — cetuximab or panitu-
mumab. In addition, patients had to be 18 years
of age or older; have adequate bone-marrow,
liver, and renal function; and have an Eastern
Cooperative Oncology Group (ECOG) performance
status of 0 or 1 (on a scale of 0 to 5, with 0 in-
dicating no symptoms, 1 indicating mild symp-
toms, and higher numbers indicating increasing
degrees of disability).

STUDY OVERSIGHT AND CONDUCT

This study was designed by the first two authors
and the last author and by representatives of the
sponsor of the study, Taiho Oncology-Taiho
Pharmaceutical. The protocol is available with
the full text of this article at NEJM.org. The first
author prepared the first draft of the manuscript
with input from the sponsor, and all the co-
authors subsequently provided input and approved
the manuscript. All the authors made the deci-
sion to submit the manuscript for publication.
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An independent data and safety monitoring board
regularly evaluated the conduct, evolving out-
come, and safety of the study. The authors vouch
for the accuracy and completeness of the data
and for adherence to the study protocol. No one
who is not an author contributed to the manu-
script. The review board at each participating
institution approved the study, which was con-
ducted according to the principles of the Decla-
ration of Helsinki and the International Confer-
ence on Harmonisation Good Clinical Practice
guidelines. All patients provided written informed
consent.

STUDY DESIGN AND TREATMENT

Patients were randomly assigned, in a 2:1 ratio,
to receive TAS-102 or placebo and were stratified
according to tumor status with regard to wild-
type or mutant KRAS, the time between first
diagnosis of metastases and randomization
(<18 months vs. 218 months), and geographic
region (Japan or the United States, Europe, and
Australia). Patients were unaware of the study-
group assignments. TAS-102 (with each dose
consisting of 35 mg per square meter) or placebo
was administered twice daily, after morning and
evening meals, 5 days a week, with 2 days of rest,
for 2 weeks, followed by a 14-day rest period,
thus completing one treatment cycle. The regi-
men was repeated every 4 weeks. The protocol
allowed for a maximum of three reductions in
dose in decrements of 5 mg per square meter.

ASSESSMENTS
All patients received the best supportive care
available but were not to receive other investiga-
tional antitumor agents or antineoplastic chemo-
therapy, hormonal therapy, or immunotherapy.
No crossover between treatment groups was al-
lowed before the final analysis of the primary
end point. Patients were evaluated every 2 weeks
while receiving treatment and every 8 weeks
from the time they stopped treatment until their
death or the trial cutoff date for data collection.
Radiologic assessments of tumors were per-
formed by investigators every 8 weeks, and the
Response Evaluation Criteria in Solid Tumors
(RECIST), version 1.1, was used to assess tumor
responses. Treatment was continued until the
determination of RECIST-defined’® disease pro-
gression, clinical progression, the development
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of severe adverse events, withdrawal from the
study, death, or a decision by the treating physi-
cian that discontinuation would be in the patient’s
best interest. Adverse events were classified and
graded according to the National Cancer Insti-
tute Common Terminology Criteria for Adverse
Events, version 4.03.7

END POINTS

The primary end point was overall survival, which
was defined as the time from randomization to
death from any cause. Secondary end points in-
cluded progression-free survival (the time from
randomization to the first radiologic confirma-
tion of disease progression or death from any
cause), response rate (the proportion of patients
whose best response was a complete or partial
response), rate of disease control (the proportion
of patients with a best response of complete or
partial response or stable disease, with the as-
sessment of stable disease made at least 6 weeks
after randomization), and safety.

STATISTICAL ANALYSIS
The study was designed to have 90% power to
detect a hazard ratio for death of 0.75 (@ 25%
reduction in risk) in the TAS-102 group as com-
pared with the placebo group, with a one-sided
type I error rate of 0.025. Given the treatment
assignment ratio of 2:1 (TAS-102:placebo), we
calculated that 800 patients had to be enrolled
in the study, and at least 571 events (deaths)
would be required for the primary analysis.
Overall survival (the primary end point) and
radiologically confirmed progression-free survival
were analyzed in the intention-to-treat population
with the use of a two-sided, stratified log-rank
test, with the hazard ratio and two-sided 95%
confidence intervals based on a stratified Cox
model and the associated Kaplan—Meier survival
estimates. The median follow-up time for sur-
vival was calculated by means of the reverse
Kaplan—-Meier method. Rates of objective re-
sponse and disease control were compared with
the use of Fisher’s exact test in the subgroup of
the intention-to-treat population that had mea-
surable disease at baseline. Adverse events and
laboratory abnormalities were summarized for all
patients who received at least one dose of study
drug. Time to worsening of ECOG performance
status was analyzed with the same methods
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Table 1. Baseline Characteristics of the Intention-to-Treat Population.* Figure 1 (facing page). Kaplan—Meier Curves for Overall
| Survival and Forest Plot of Subgroup Analyses.
Characteristic (TI\?:;:Z) (PNa:gls)g) Kaplan—Meier curves for oyerall surviv?I are shown in
Panel A. A total of 364 patients (68%) in the TAS-102
Age —yr group and 210 (79%) in the placebo group have died.
Median 63 63 The median overall survival was 7.1 months in the
Range 27-82 27-82 TAS-102 group (vertical red dashed line) and 5.3 months
S % in the placebo group (vertical black dashed line). At
ex—no- (%) 6 months, 58% of the patients in the TAS-102 group
Male 326 (61) 165 (62) and 44% of the patients in the placebo group were alive;
Female 208 (39) 101 (38) at 12 months, 27% and 18%, respectively, were alive.
Race — no. (%) The median follow-up timg was 11.8. months. A forest
i plot of subgroup analyses is shown in Panel B. Eastern
White 306 (57) 155 (38) Cooperative Oncology Group (ECOG) performance
Asian 184 (34) 94 (35) status is scored on a scale of 0 to 5, with 0 indicating
Black 4 (<1) 5(2) no symptf)m‘s, l.indi.cating mild symptoms,-and- .higher
e () numbers indicating increasing degrees of disability.
Japan 178 (33) 88 (33)
United States, Europe, and Australia 356 (67) 178 (67) .
used to assess overall survival. All subgroup
ECOG performance status — no. (%) . .
o 301 (56 147 (55 analyses, as well as the time to worsening ECOG
(56) (3) performance status, were prespecified in the
1 233 (44) 119 (43) protocol or statistical analysis plan before the
Primary site of disease — no. (%) data were unblinded. Multivariate Cox regres-
Colon 338 (63) 161 (61) | sion analysis was performed to examine the effect
Rectum 196 (37) 105(39) | of all prespecified factors (prognostic and pre-
KRAS mutation — no. (%) dictive) on the overall survival effect of TAS-102.
No 262 (49) 131 (49)
Yes 272 (51) 135 (51) RESULTS
Time from diagnosis of metastases — no. (%)
<18 mo 111 (21) 55 (21) PATIENTS
218 mo 423 (79) 211 (79) Between June 17,. 2012, and October 8, 291.3,.3
) i o total of 1002 patients were screened for eligibil-
Number of prior regimens — no. (%) . L .
. 55 (13) 45 17) ity, of whom 800 underwent randomization, with
534 assigned to receive TAS-102 and 266 as-
3 119 (22) 54 (20) ; . . )
. 120 (60 167 (63 signed to receive placebo (intention-to-treat pop-
> . . . . o .
- S (0) ©3) | ulation) (details regarding the disposition of
Prior systemic anticancer agents — no. (%) patients are provided in Fig. S1 in the Supple-
Fluoropyrimidine 534 (100) 266 (100) | mentary Appendix, available at NEJM.org). Treat-
Irinotecan 534 (100) 266 (100) | ment was initiated in 798 patients, with 533
Oxaliplatin 534 (100) 266 (100) | receiving TAS-102 and 265 receiving placebo
Bevacizumab 534 (100) 265 (>99) | (safety-analysis population). All treated patients
Anti-EGFR monoclonal antibody 278 (52) 144 (54) received their assigned study drug according to
Regorafenib 91 (17) 53(20) | the randomization schema, and 760 could be
Refractory to fluoropyrimidine — no. (%) evaluated for assessment of tumor response
As part of any prior treatment regimen 524 (98) 265 (>99) | (tumor-response population).
At time of last exposure 497 (93) 240 (90) | .Basehne demographic and disease character-
As part of last regimen before study entry 311 (58) 144 (54) istics were well balanced bet“"een the two St‘Udy
groups (Table 1). All the patients had received

* Baseline demographic and disease characteristics were well balanced between
the two study groups. EGFR denotes epidermal growth factor receptor.

7 Race was self-reported.

i Eastern Cooperative Oncology Group (ECOG) performance status is scored on
a scale of 0 to 5, with 0 indicating no symptoms, 1 indicating mild symptoms,
and higher numbers indicating increasing degrees of disability.

prior chemotherapy regimens containing a fluo-
ropyrimidine, oxaliplatin, and irinotecan; all but
one patient (in the placebo group) had received
bevacizumab. All but two patients (one patient
in each study group) with KRAS wild-type tumors
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A Overall Survival

100+
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80+ Hazard ratio for death, 0.68 (95% Cl, 0.58-0.81)
P<0.001
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2
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©
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é
30 TAS-102
20+
104
Placebo
0 T T T T T T T T T T T T T T T T T T T T
0 3 6 9 12 15 18
Months since Randomization
No. at Risk
TAS-102 534 459 294 137 64 23 7
Placebo 266 198 107 47 24 9 3

B Overall Survival

Subgroup No. of Patients Hazard Ratio (95% Cl)
All patients 800 —_— 0.68 (0.58-0.81)
KRAS status .
Wild type 393 —. ! 0.58 (0.45-0.74)
Mutant 407 I 0.80 (0.63-1.02)
Time since diagnosis of first metastases E
<18 mo 166 _ 0.84 (0.58-1.21)
=18 mo 634 — . 0.64 (0.53-0.78)
Geographic region '
Japan 266 S 0.75 (0.57-1.00)
United States, Europe, and Australia 534 —_— i 0.64 (0.52—-0.80)
Sex i
Male 491 — s 0.69 (0.56-0.87)
Female 309 — 0.68 (0.51-0.90)
Age .
<65 yr 448 — ! 0.74 (0.59-0.94)
=65 yr 352 —_— i 0.62 (0.48-0.80)
ECOG performance status E
0 448 —_—. 0.73 (0.58-0.93)
1 352 —_— . 0.61 (0.48-0.79)
Primary tumor site '
Colon 499 — 0.68 (0.55-0.85)
Rectum 301 — 0.64 (0.48-0.85)
Disease refractory to fluoropyrimidine :
(as part of last prior regimen) 455 —_— 0.75 (0.59-0.94)
Prior use of regorafenib E
Yes 144 = . 0.69 (0.45-1.05)
No 656 —_— 0.69 (0.57-0.83)
No. of prior regimens '
2 140 = 1.05 (0.68-1.63)
3 173 — = 0.74 (0.51-1.08)
=4 487 S — N 0.59 (0.47-0.73)
No. of metastatic sites '
1-2 477 —_— 0.69 (0.54-0.87)
=3 323 —_— ! 0.68 (0.52-0.88)
0!3 0!5 1{0 2?0
TAS-102 Better Placebo Better
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had received cetuximab or panitumumab. Rego-
rafenib, an oral multikinase inhibitor, became
available for the management of previously treat-
ed colorectal cancer during the course of the
study; 17% of the patients in the TAS-102 group,
as compared with 20% of those in the placebo
group, had received this drug. A large percent-
age of patients in both study groups — 93% of
patients receiving TAS-102 and 90% of those
receiving placebo — had disease that had been
refractory to fluoropyrimidines when they were
last exposed to this class of drugs. Moreover,
58% of the patients receiving TAS-102 and 54%
of the patients receiving placebo had disease that
had been refractory to fluoropyrimidine when
that drug was administered as part of their last
treatment regimen before study entry.

Patients in the TAS-102 group received the
study drug for a mean (£SD) of 12.7+12.0 weeks
(median, 6.7; range, 0.1 to 78.0), and patients in
the placebo group received the study drug for a
mean of 6.8+6.1 weeks (median, 5.7; range, 0.1 to
63.7). Patients assigned to the TAS-102 group re-
ceived 89% of the planned dose during the course
of the study (mean dose intensity, 155.1+20.0 mg
per square meter per week), and patients in the
placebo group received 94% of the planned dose
(mean dose intensity, 165.3+16.5 mg per square
meter per week). The planned dose reflects the
total targeted dose while patients were receiving
treatment. Patients in the placebo group were
treated for a smaller interval overall, but their ad-
herence to the targeted dose was slightly higher.

EFFICACY

The number of events (deaths) required to deter-
mine efficacy for the primary analysis was 571.
At the time that the target was reached (574
deaths), the median overall survival was 7.1
months (95% confidence interval [CI], 6.5 to 7.8)
in the TAS-102 group and 5.3 months (95% CI,
4.6 to 6.0) in the placebo group. The hazard
ratio for death (TAS-102 vs. placebo) was 0.68
(95% CI, 0.58 to 0.81; P<0.001) (Fig. 1A). The
1-year overall survival rates were 27% and 18%,
respectively. The overall survival benefit with
TAS-102 was observed in essentially all pre-
specified subgroups (Fig. 1B), including sub-
groups defined according to each of the three
stratification factors (i.e., KRAS status, time be-
tween first diagnosis of metastases and random-
ization, and geographic region). In the multivari-

Figure 2 (facing page). Kaplan—Meier Curves
for Progression-free Survival and Forest Plot
of Subgroup Analyses.

Kaplan—Meier curves for progression-free survival are
shown in Panel A. A total of 472 patients (88%) in the
TAS-102 group and 251 (94%) in the placebo group had
an event of progression or death. The median progres-
sion-free survival was 2.0 months in the TAS-102 group
(vertical red dashed line) and 1.7 months in the placebo
group (vertical black dashed line). Tumor assessments
were performed every 8 weeks. A forest plot of subgroup
analyses is shown in Panel B.

ate Cox regression analysis, none of the factors
were identified as being predictive; all P values
for treatment interaction were more than 0.20.
Three factors were identified as prognostic: time
since diagnosis of first metastasis, ECOG per-
formance status, and number of metastatic sites.
However, the magnitude of the TAS-102 treat-
ment effect, after adjustment for all three factors,
was maintained (hazard ratio, 0.69; 95% CI, 0.58
to 0.81). In particular, the efficacy of TAS-102
was documented in patients with disease that
had been refractory to fluorouracil when that
drug had been administered as a component of
the last treatment regimen before study entry and
in patients who had previously been treated with
regorafenib. The median progression-free sur-
vival was 2.0 months (95% CI, 1.9 to 2.1) in the
TAS-102 group and 1.7 months (95% CI, 1.7 to
1.8) in the placebo group. The hazard ratio for
progression (TAS-102 vs. placebo) was 0.48 (95%
Cl, 0.41 to 0.57; P<0.001) (Fig. 2A). The effect of
TAS-102 on progression-free survival was ob-
served in all prespecified subgroups (Fig. 2B).

In the tumor-response population (502 patients
in the TAS-102 group and 258 in the placebo
group), 8 patients in the TAS-102 group had a
partial response, and 1 patient in the placebo
group was reported to have a complete response,
resulting in objective response rates of 1.6%
with TAS-102 and 0.4% with placebo (P=0.29).
Disease control (complete or partial response or
stable disease, assessed at least 6 weeks after
randomization) was achieved in 221 patients
(44%) in the TAS-102 group and 42 patients (16%)
in the placebo group (P<0.001).

The addition of TAS-102 to best supportive
care, as compared with placebo plus best sup-
portive care, resulted in a significant delay in the
worsening of ECOG performance status from
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A Overall Progression-free Survival
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80+ Hazard ratio for progression or death, 0.48 (95% Cl, 0.41-0.57)
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Months since Randomization

No. at Risk
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Placebo 266 51 10 2 2 2 1 1 0

B Progression-free Survival According to Subgroup

Subgroup No. of Patients Hazard Ratio (95% Cl)
All patients 800 — 0.48 (0.41-0.57)
KRAS status '
Wild type 393 S ! 0.48 (0.38-0.60)
Mutant 407 [ 1 0.49 (0.39-0.61)
Time since diagnosis of first metastases E
<18 mo 166 - 0.60 (0.43-0.85)
=18 mo 634 —_— . 0.45 (0.38-0.54)
Geographic region '
Japan 266 S — 0.58 (0.44-0.75)
United States, Europe, and Australia 534 —_— i 0.43 (0.35-0.53)
Sex i
Male 491 — 1 0.54 (0.44-0.67)
Female 300 — 0.40 (0.30-0.53)
Age .
<65 yr 448 —_— : 0.52 (0.42-0.65)
=65 yr 352 — = i 0.41 (0.32-0.52)
ECOG performance status E
0 448 R ' 0.49 (0.40-0.61)
1 352 —_— : 0.47 (0.37-0.61)
Primary tumor site '
Colon 499 S 0.50 (0.41-0.62)
Rectum 301 —_— ! 0.45 (0.34-0.59)
Disease refractory to fluoropyrimidine b
(as part of last prior regimen) 455 —_— 1 0.51 (0.41-0.63)
Prior use of regorafenib E
Yes 144 — ' 0.53 (0.36-0.78)
No 656 — 0 0.47 (0.39-0.56)
No. of prior regimens '
2 140 . 0.59 (0.39-0.88)
3 73— ! 0.4 (0.30-0.63)
=4 487 —a N 0.44 (0.36-0.54)
No. of metastatic sites '
1-2 477 —a— 0.44 (0.35-0.54)
>3 323 — ' 0.55 (0.43-0.71)
0!3 OTS 1?0 2?0
TAS-102 Better Placebo Better
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Figure 3. Time to ECOG Performance Status of 2 or Higher.

A total of 383 patients (72%) in the TAS-102 group and 216 (81%) in the placebo group had a worsening of ECOG
performance status from 0 or 1 to 2 or higher during the course of the study. The median time to worsening of
ECOG performance status to 2 or higher was 5.7 months in the TAS-102 group (vertical red dashed line), and 4.0

months in the placebo group (vertical black dashed line)

the baseline of 0 or 1 to 2 or higher (Fig. 3). The
median time to an ECOG performance status of
2 or higher was 5.7 months in the TAS-102 group
versus 4.0 months in the placebo group, with a
hazard ratio of 0.66 (95% CI, 0.56 to 0.78;
P<0.001). The number of patients receiving ad-
ditional systemic therapy after participation in
the trial was balanced between the two groups,
with approximately 42% in each group receiving
such therapy.

SAFETY AND ADVERSE EVENTS

In an assessment of patients in the TAS-102 group
who began at least two cycles of treatment, 53%
had a delay of 4 days or more in beginning their
next cycle owing to toxicity; the delay in approxi-
mately half of this subgroup extended for 8 days
or more. In the TAS-102 group, a total of 73 pa-
tients (14%) required dose reductions (with 53
patients [10%)] having a single dose reduction,
18 [3%] having two reductions, and 2 [<1%] hav-
ing three reductions). Adverse events resulted in
the withdrawal of 4% of the patients receiving
TAS-102 and 2% of the patients receiving placebo.

Overall, adverse events of grade 3 or higher
occurred more frequently in the TAS-102 group
than in the placebo group (in 69% vs. 52% of the
patients) (Table 2). Among the 533 patients who
received TAS-102, 38% had neutropenia of grade
3 or higher, 4% had febrile neutropenia, and 9%
received granulocyte colony-stimulating factor;
one treatment-related death resulting from sep-
tic shock was reported. The incidence of anemia
of grade 3 or higher was greater in the TAS-102
group than in the placebo group (18% vs. 3% of
the patients), as was the incidence of thrombo-
cytopenia of grade 3 or higher (5% vs. <1%).
Patients in the TAS-102 group were also more
likely than those in the placebo group to have
nausea of grade 3 or higher (2% vs. 1%), vomit-
ing (2% vs. <1%), and diarrhea (3% vs. <1%). How-
ever, no clinically meaningful differences were
noted with respect to the development of serious
hepatic or renal dysfunction, anorexia, stomatitis,
hand—foot syndrome, or cardiac events. Alopecia
was reported in 7% of the patients receiving
TAS-102 as compared with 1% of those receiving
placebo.
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Table 2. Frequency of Adverse Events and Laboratory Abnormalities.*
Event TAS-102 (N=533) Placebo (N =265)
Any Grade Grade =3 Any Grade Grade =3
Any event — no. (%) 524 (98) 370 (69) 247 (93) 137 (52)
Any serious event — no. (%) 158 (30) 89 (34)
Most common events — no. (%)
Nausea 258 (48) 10 (2) 63 (24) 3(1)
Vomiting 148 (28) 11(2) 38 (14) 1(<1)
Decreased appetite 208 (39) 19 (4) 78 (29) 13 (5)
Fatigue 188 (35) 21 (4) 62 (23) 15 (6)
Diarrhea 170 (32) 16 (3) 33 (12) 1(<1)
Abdominal pain 113 (21) 13 (2) 49 (18) 10 (4)
Fever 99 (19) 7(1) 37 (14) 1(<1)
Asthenia 97 (18) 18 (3) 30 (11) 8 (3)
Events associated with fluoropyrimidine
treatment — no. (%)
Febrile neutropenia 20 (4) 20 (4) 0 0
Stomatitis 43 (8 2 (<1) 17 (6)
Hand—foot syndrome 12 (2 0 6(2)
Cardiac ischemiai: 2 (<1) 1(<1) 1(<1) 1(<1)
Laboratory abnormalities — no. /total no.
(%)§
Neutropenia 353/528 (67) 200/528 (38) 2/263 (<1) 0
Leukopenia 407/528 (77) 113/528 (21) 12/263 (5) 0
Anemia 404/528 (77) 96/528 (18) 87/263 (33) 8/263 (3)
Thrombocytopenia 223/528 (42) 27/528 (5) 21/263 (8) 1/263 (<1)
IncrleasT in alanine aminotransferase 126/526 (24) 10/526 (2) 70/263 (27) 10/263 (4)
eve
Incrleascle in aspartate aminotransferase 155/524 (30) 23/524 (4) 91/262 (35) 16/262 (6)
eve
Increase in total bilirubin 189/526 (36) 45/526 (9) 69/262 (26) 31/262 (12)
Increase alkaline phosphatase level 205/526 (39) 42/526 (8) 118/262 (45) 28/262 (11)
Increase in creatinine level 71/527 (13) 5/527 (<1) 32/263 (12) 2/263 (<1)

* All adverse events were grading according to National Cancer Institute Common Terminology Criteria for Adverse

Events, version 4.03.

T Adverse events of any grade that are listed as most common occurred in 10% or more of patients in the TAS-102 group
and in a greater percentage in that group than in the placebo group.

I Events included acute myocardial infarction, angina pectoris, and myocardial ischemia.

§ The denominator for the percentage of patients with laboratory abnormalities is the number of patients with at least

one postbaseline measurement during treatment.

DISCUSSION

The results of this placebo-controlled, double-
blind, phase 3 clinical trial conducted in Japan
and in the United States, Europe, and Australia
confirmed the results of previous assessments of

oral TAS-102 in patients with metastatic colorec-
tal cancer who had already undergone extensive
treatment: TAS-102 was associated with a clini-
cally relevant prolongation of overall survival in
essentially all treatment subgroups. The superi-
ority of TAS-102 over placebo was also evident in
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analyses of the control of clinical disease and
the time to disease progression as determined
by radiographic assessment (i.e., progression-
free survival) and in the assessment of symp-
toms (i.e., deterioration of performance status).
This superiority is particularly meaningful given
that more than 90% of the study patients had
disease that had been refractory to treatment
with fluoropyrimidines when they were last ex-
posed to such drugs and that more than 50%
had disease that was refractory to treatment in
which a fluoropyrimidine was a component of
their most recent treatment regimen; these ob-
servations provide clinical support for prior
preclinical data® that indicated that the mecha-
nism of action of TAS-102 differs from that of
fluoropyrimidines. In addition, the clinical ben-
efit associated with TAS-102 was maintained ir-
respective of prior treatment with regorafenib.

Neutropenia was the most frequently observed
clinically meaningful adverse event (grade 3 or 4),
occurring in 38% of patients treated with TAS-102.
Among the 533 patients who received TAS-102,
febrile neutropenia occurred in 4%, and adverse
events resulted in one death, which was attrib-
uted to septic shock. Grade 3 or 4 stomatitis,
hand—foot syndrome, and coronary spasm, which
are associated with the use of fluoropyrimi-
dines, were encountered in less than 1% of the
patients treated with TAS-102.

Trifluridine, the active component of TAS-102,
was developed approximately 50 years ago,'®! at
about the same time that fluorouracil was intro-
duced. Although early clinical trials showed that
trifluridine had antitumor activity,® the required
dosing schedule had a toxicity profile that was
not considered feasible for long-term adminis-
tration, and further drug development was
discontinued. The subsequent availability of the
thymidine phosphorylase inhibitor, tipiracil hy-
drochloride, and its later combination with
trifluridine to form TAS-102 approximately 15
years ago allowed for a more constant pharma-
cokinetic level of the drug to be maintained with
an acceptable toxicity profile,° a development
that led to the preclinical and clinical studies
that resulted in this trial.®

The assessment of tumor status with regard
to KRAS showed that 49% of the patients had
wild-type tumors and 51% had mutant tumors.
Benefit from treatment with TAS-102 was ob-

served in both patient subgroups.Only 15% of
tumor specimens were assessed for BRAF status
— a patient cohort that was not sufficient to
determine the extent of the benefit of TAS-102 in
these cases.

In summary, TAS-102 was shown to have
clinical activity in a large population of Japanese
and Western patients with heavily pretreated
metastatic colorectal cancer, including those whose
disease was refractory to fluorouracil. Such ben-
efit was observed across essentially all prespeci-
fied patient subgroups and was validated by
means of a multivariate analysis. TAS-102 was
associated with few serious adverse events, with
neutropenia being the most frequently observed
adverse event.
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