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LESSONS LEARNED

• A biweekly TAS-102 plus BEV schedule in patients with heavily pretreated mCRC showed equivalent efficacy with less tox-
icity compared with the current schedule of TAS-102 plus BEV combination.

• Biweekly TAS-102 plus BEV combination could reduce unnecessary dose reduction of TAS-102, maintain higher doses,
and possibly be effective even in cases without chemotherapy-induced neutropenia (CIN).

• The prespecified subgroup analysis of this study showed an obvious association between CIN within the first two cycles
and prognosis of biweekly TAS-102 plus BEV.

ABSTRACT

Background. TAS-102 (trifluridine/tipiracil) plus bevacizumab
(BEV) combination therapy has shown promising activity in
patients with metastatic colorectal cancer (mCRC). However,

the previously reported dose and schedule for the TAS-102
(70 mg/m2/day on days 1–5 and 8–12, every 4 weeks) plus
BEV (5 mg/kg on day 1, every 2 weeks) regimen is complicated
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by severe hematological toxicities and difficult admini-
stration schedules. Here, we evaluated the efficacy and
safety of a more convenient biweekly TAS-102 plus BEV
combination.
Methods. Patients with mCRC who were refractory or intol-
erant to standard chemotherapies were enrolled. Patients
received biweekly TAS-102 (twice daily on days 1–5, every
2 weeks) with BEV (5mg/kg on day 1, every 2 weeks). The
primary endpoint was progression-free survival rate at
16 weeks (16-w PFS rate).
Results. From October 2017 to January 2018, 46 patients
were enrolled. The recommended phase II dose was deter-
mined to be TAS-102 (70 mg/m2/day). Of the 44 eligible
patients, the 16-w PFS rate was 40.9% (95% confidence
interval, 26.3%–56.8%), and the null hypothesis was
rejected (p < .0001). Median progression-free survival (PFS)
and overall survival were 4.29 months and 10.86 months,
respectively. Disease control rate was 59.1%. Common
grade 3 or higher adverse events were hypertension
(40.9%), neutropenia (15.9%), and leucopenia (15.9%).
Conclusion. Biweekly TAS-102 plus BEV showed promising anti-
tumor activity with safety. The Oncologist 2020;25:e1855–e1863

DISCUSSION

The combination of TAS-102 (trifluridine/tipiracil hydrochlo-
ride, also known as Lonsurf) plus BEV has shown promising
antitumor activity in mCRC [1–5]. However, TAS-102 plus
BEV combination therapy was accompanied by an increase
in toxicity. Furthermore, scheduling of the standard sched-
ule for TAS-102 plus BEV combination therapy is somewhat
complicated, with TAS-102 given by oral administration on
days 1–5 and 8–12 in a 4-week cycle and BEV by single
intravenous administration every 2 weeks [4, 5]. Here,
therefore, we planned this phase Ib/II study of biweekly
TAS-102 in combination with BEV with the expectation of
equivalent efficacy but with less toxicity and a simpler regi-
men schedule. This multicenter prospective trial of biweekly
TAS-102 plus BEV—the BiTS study—met its primary end-
point, with PFS at 16 weeks exceeding the prespecified
threshold.

In previous trials [4, 6], CIN related to TAS-102 was asso-
ciated with better prognosis, suggesting that avoiding a
dose reduction of TAS-102 caused by hematological toxic-
ities and maintaining a higher dose could be beneficial to
patients. We therefore conducted a prespecified analysis to
evaluate the relationship between CIN and antitumor activ-
ity in this study. Prespecified subgroup analyses and the
multivariable Cox regression analyses to evaluate factors
affecting PFS and overall survival (OS) showed that age and

Eastern Cooperative Oncology Group performance status
(ECOG PS) affected PFS and that CIN within the first two
cycles affected OS (Figs. 1 and 2).

Biweekly TAS-102 (days 1–5, every 2 weeks) plus BEV
combination showed equivalent efficacy with less toxicity
compared with the current schedule of TAS-102 (days 1–5
and 8–12 in a 4-week cycle) plus BEV combination [4, 5]. All-
owing that it is difficult to draw conclusions from cross-trial
comparisons because of differences in study design and
patient characteristics, the biweekly TAS-102 plus BEV com-
bination might be considered an alternative option with a
simple schedule.

TRIAL INFORMATION

Disease Colorectal cancer; advanced cancer

Stage of Disease/Treatment Metastatic/advanced

Prior Therapy More than two prior regimens

Type of Study Phase II, single arm

Primary Endpoint Progression-free survival rate at 16 weeks

Secondary Endpoints Overall survival, progression-free survival, overall response
rate, safety

Figure 1. Progression-free survival.

Figure 2. Overall survival.
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Additional Details of Endpoints or Study Design

Study design: From October 2017 to January 2018, 46 patients were enrolled (6 patients in phase Ib and 40 in phase II). Of
these 46 patients, two were excluded from the study assessment because they did not start the protocol treatment. In the
phase Ib component, no dose-limiting toxicity (DLT) was observed in the first six patients at dose level 1. Accordingly, the
recommended phase II dose (RP2D) was determined to be 5 mg/kg for BEV and 70 mg/m2/day for TAS-102. All patients had
received fluoropyrimidine, oxaliplatin, irinotecan, and anti–vascular endothelial growth factor (VEGF) antibody as prior che-
motherapies before enrollment to this trial. All RAS wild-type patients received anti–epidermal growth factor receptor
(EGFR) antibody as a prior chemotherapy before enrollment. Nine patients (20.5%) received regorafenib before
enrollment.

This was a prospective, investigator-initiated, open-label, single-arm, multicenter, phase Ib/II study conducted in 15 Japanese
hospitals of the combination of biweekly TAS-102 with BEV in patients with unresectable mCRC who were refractory or intol-
erant to standard chemotherapies.

The study was conducted in two components. The initial phase Ib dose de-escalation component based on the rolling six
design aimed to determine the RP2D of TAS-102 (35 mg/m2 by twice-daily oral administration on days 1–5 for 2 weeks, dose
level 1) with biweekly BEV (5 mg/kg). A total of six patients were enrolled concomitantly at dose level 1. If two or fewer DLTs
occurred at dose level 1, TAS-102 (35 mg/m2 given orally twice daily on days 1–5 for 2 weeks) with biweekly BEV would be
the RP2D in this study. De-escalation occurred when three or more DLTs occurred at dose level 1, and another six patients
were included at dose level 0 (TAS-102: 30 mg/m2 given orally twice daily on days 1–5 for 2 weeks).

DLT was defined as a grade 3 or higher nonhematological toxicity, excluding controllable nausea, vomiting, hypertension,
and transient electrolyte abnormalities; grade 4 neutropenia lasting 7 days or more; grade 3 or higher febrile neutropenia;
grade 4 thrombocytopenia; or unresolved toxicities causing a delay of 2 weeks or longer in initiation of the next cycle.

In the phase II component, all patients received the RP2D until disease progression, unacceptable toxicity, withdrawal of con-
sent, or changes meeting the criteria for protocol discontinuation. This trial was carried out in accordance with the Helsinki
Declaration and Ethical Guidelines for Clinical Studies and was approved by the institutional review boards of all participating
institutions. All participating patients were required to give written informed consent before entering the study.

Patients: Inclusion criteria were age ≥ 20 years; histologically confirmed unresectable metastatic colorectal adenocarcinoma;
refractory or intolerant to fluoropyrimidine, irinotecan, oxaliplatin, anti-VEGF therapy, and anti-EGFR therapy (for tumors with
wild-type RAS); able to take oral drugs; ECOG PS 0 or 1; evaluable lesion according to RECIST version 1.1; and adequate organ
function within 7 days before enrollment (hemoglobin ≥8.0 g/dL, neutrophil count ≥1,500/mm3, platelet count ≥75,000/mm3,
total bilirubin ≤1.5 mg/dL, serum transaminases ≤100 IU/L, serum creatinine ≤1.5 mg/dL, and proteinuria ≤1+).

Endpoints: The primary endpoint in the phase II component was investigator-assessed 16-w PFS rate. Major secondary end-
points included PFS, time to treatment failure (TTF), OS, objective response rate (ORR), disease control rate (DCR), and
safety. Enhanced computed tomography (CT) or magnetic resonance imaging of the chest, abdomen, and pelvis was
implemented every 8 weeks during the first year after initiation of the treatment and every 12 weeks thereafter. Tumor
response was assessed by each institution using RECIST version 1.1 criteria.

Study landmarks were defined as follows: PFS was defined as the time from study enrollment to the first disease progression
or death, whichever occurred first; TTF as the time from study enrollment to the date of first disease progression, protocol
discontinuation for any reason, or death, whichever occurred first; OS as the time from study enrollment to the date of
death from any cause; ORR as the percentage of patients relative to the total enrolled subjects who achieved a complete
(CR) or partial response (PR) based on CT scan images; and DCR as the percentage of patients relative to the total enrolled
subjects who achieved a CR or PR plus stable disease based on CT scan images. Furthermore, right-sided primary was defined
as cancer located in the cecum, ascending colon, or transverse colon, and left-sided primary as cancer in the descending
colon, sigmoid colon, or rectum.

Patients were examined and tested every 2 weeks by the local laboratory in each participating center. In these 2-weekly
assessments, patients were monitored for hematology, serum chemistry, and urinalysis. Adverse events were reported every
2 weeks and assessed according to the Common Terminology Criteria for Adverse Events, version 4.0.

Statistical analysis: We set the threshold 16-w PFS rate at 15% and the expected 16-w PFS rate at 38.7% on the basis of the
results of a previous study [7] in the phase II part. Given a one-sided alpha of .025 and statistical power of 90% with about
10% ineligible or dropout patients, we set 45 patients as the target sample size in this study.

The analytical population for efficacy was defined as all enrolled eligible patients who received RP2D at least once and were
assessed for efficacy endpoint once. Primary analysis was to estimate the 16-w PFS rate with two-sided 95% exact confi-
dence interval (CI). A one-side binomial exact test was also conducted against the null hypothesis (threshold 16-w PFS rate,
15%). For the secondary analysis, the Kaplan-Meier method was used to estimated PFS, TTF, and OS. ORR and DCR were ana-
lyzed in the same way as in the primary analysis.

We prespecified factors that would likely affect PFS or OS, namely, age, body mass index, ECOG PS, tumor location, clinical
stage, RAS status, prior regorafenib administration, and neutropenia of grade 2 or higher within the first two cycles. These
prognostic factors were analyzed by multivariable Cox regression analysis for PFS and OS. Backward variable selection
(threshold exclusion criteria for p = .20) was also adopted to select variables that affected PFS or OS. Adjusted hazard ratio
was estimated in the multivariable model. Descriptive analysis was shown for the safety outcomes.

All analyses were done with SAS version 9.4 (SAS Institute, Inc., Cary, NC).

Investigator’s Analysis Active and should be pursued further
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DRUG INFORMATION

Drug 1

Generic/Working Name TAS-102

Trade Name Lonsurf

Company Name Taiho Pharmaceutical Co., Ltd.

Dose Milligrams (mg) per squared meter (m2)

Route Oral (p.o.)

Schedule of Administration 35 mg/m2 twice daily on days 1–5, every 2 weeks

Drug 2

Generic/Working Name Bevacizumab

Trade Name Avastin

Company Name Chugai Pharmaceutical Co., Ltd.

Drug Type Antibody

Drug Class VEGF

Dose 5 milligrams (mg) per kilogram (kg)

Route IV

Schedule of Administration Day 1, every 2 weeks

PATIENT CHARACTERISTICS

Number of Patients, Male 24

Number of Patients, Female 20

TNM Stage

IIIA 3 (6.8%)

IIIB 2 (4.5%)

IVA 14 (31.8%)

IVB 25 (56.8%)

TNM classification (Union for International Cancer Control 7th edition).

Age Median (range): 69 years (33–82 years)

Number of Prior Systemic Therapies Median (range): 3 (1–5)

Performance Status: ECOG 0 — 25
1 — 19
2 —
3 —
Unknown —

Detailed Patient Characteristics

Age, years

<65 8 (18.2%)

≥65 36 (81.8%)

Body mass index

<25 38 (86.4%)

≥25 6 (13.6%)

RAS status

Wild-type 25 (56.8%)

Mutant 19 (43.2%)

Prior therapy: Yes 44 (100%)

Fluoropyrimidine 44 (100%)

Oxaliplatin 44 (100%)

Irinotecan 44 (100%)

© 2020 The Authors.
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Anti-VEGF inhibitor 44 (100%)

Anti-EGFR antibody 25 (56.8%)

Regorafenib 9 (20.5%)

Prior number of regimens

1 1 (2.3%)

2 18 (40.9%)

3 13 (29.5%)

≥4 12 (27.3%)

Diagnosis

Colon 27 (61.4%)

Rectum 17 (38.6%)

Primary tumor locationa

Left-sided 31 (70.5%)

Right-sided 13 (29.5%)

Cancer Types or Histologic Subtypes Well-differentiated tubular adenocarcinoma (tub1), 16; moder-
ately differentiated tubular adenocarcinoma (tub2), 26; other, 2

Abbreviations: EGFR, epidermal growth factor receptor; VEGF, vascular endothelial growth factor.
aRight-sided was defined as cancer that is located in the cecum, ascending colon, or transverse colon, and left-sided as cancer located in the
descending colon, sigmoid colon, or rectum.

PRIMARY ASSESSMENT METHOD

Title 16-w PFS Rate

Number of Patients Enrolled 46

Number of Patients Evaluable for Toxicity 44

Number of Patients Evaluated for Efficacy 44

Evaluation Method RECIST version 1.1

(Median) Duration Assessments PFS 4.29 months

Outcome Notes

Of the 44 enrolled patients, 24 (54.5%) received subsequent chemotherapy, mainly with regorafenib (n = 12). Prespecified
subgroup analyses and the multivariable Cox regression analyses to evaluate factors affecting PFS and OS are summarized in
Figures 3 and 4, respectively. These analyses showed that age and ECOG PS affected the PFS and that chemotherapy-induced
neutropenia within the first two cycles affected OS. No clear association was seen between RAS status, primary tumor loca-
tion, prior regorafenib administration, and the efficacy of biweekly FTD/TPI plus BEV combination.

SECONDARY ASSESSMENT METHOD

Title OS, TTF, ORR

Number of Patients Enrolled 46

Number of Patients Evaluable for Toxicity 44

Number of Patients Evaluated for Efficacy 44

Response Assessment CR n = 0 (0%)

Response Assessment PR n = 0 (0%)

Response Assessment SD n = 26 (59.1%)

Response Assessment PD n = 17 (38.6%)

Response Assessment OTHER n = 1 (2.3%)

(Median) Duration Assessments OS 10.86 months

Outcome Notes

Of the 44 eligible patients, 16-w PFS rate was 40.9% (95% CI, 26.3%–56.8%), and the null hypothesis of a 16-w PFS rate ≤ 15%
was rejected (p < .0001). With a median follow-up of 15.36 months (range, 2.79–16.93), median PFS was 4.29 months (95%
CI, 2.54–5.83), median TTF was 4.16 months (95% CI, 2.39–5.82), and median OS was 10.86 months (95% CI, 8.32–13.68).

DCR was 59.1% (95% CI, 43.3%–73.7%).

© 2020 The Authors.
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ADVERSE EVENTS

All Cycles Name NC/NA, % Grade 1, % Grade 2, % Grade 3, % Grade 4, % Grade 5, % All grades, %

White blood cell decreased 32 16 36 16 0 0 68

Neutrophil count decreased 36 7 41 16 0 0 64

Anemia 11 41 39 9 0 0 89

Platelet count decreased 52 36 7 5 0 0 48

Alanine aminotransferase
increased

78 20 0 2 0 0 22

Aspartate aminotransferase
increased

55 43 2 0 0 0 45

Blood bilirubin increased 73 18 2 7 0 0 27

Creatinine increased 57 43 0 0 0 0 43

Febrile neutropenia 100 0 0 0 0 0 0

Hypertension 9 14 36 41 0 0 91

Anorexia 32 36 23 9 0 0 68

Proteinuria 31 32 30 7 0 0 69

Fatigue 36 32 32 0 0 0 64

Nausea 40 39 14 7 0 0 60

Peripheral sensory neuropathy 48 48 2 2 0 0 52

Mucositis oral 70 23 7 0 0 0 30

Vomiting 77 16 7 0 0 0 23

Palmar-plantar
erythrodysesthesia syndrome

80 20 0 0 0 0 20

Diarrhea 81 14 0 5 0 0 19

Fever 82 9 7 2 0 0 18

Weight loss 82 7 9 2 0 0 18

Dry skin 84 11 5 0 0 0 16

Alopecia 86 7 7 0 0 0 14

Dysgeusia 87 11 2 0 0 0 13

Epistaxis 89 11 0 0 0 0 11

Rash acneiform 89 9 2 0 0 0 11

Thromboembolic event 96 0 0 2 2 0 4

Adverse Events Legend
Abbreviation: NC/NA, no change from baseline/no adverse event.
The content of the worst adverse event observed over the entire cycle in each case is shown above. Fourteen (30.4%) patients required at least one
dose reduction of TAS-102, primarily owing to anorexia. Twenty-five (54.3%) patients required dose delays during the treatment period, predominantly
owing to neutropenia. The median treatment interruption was 8 days (range, 1–28). No patient suffered from febrile neutropenia. Finally, no treatment-
related deaths were observed. Patients received the study treatment for a median of 6.5 cycles (range, 1–24 cycles). Discontinuation of protocol treat-
ment was mainly due to disease progression (n = 39, 88.6%), and the remaining five cases were due to adverse events (11.4%). The median relative
dose intensity of TAS-102 and BEV was 80.9% (range, 44.0%–100%) and 81.5% (range, 50.0%–100%), respectively.

ASSESSMENT, ANALYSIS, AND DISCUSSION

Completion Study completed

Investigator’s Assessment Active and should be pursued further

The prespecified analysis to evaluate the relationship
between chemotherapy-induced neutropenia (CIN) and anti-
tumor activity in this study discovered an obvious association
between CIN within the first two cycles and prognosis of
biweekly TAS-102 plus bevacizumab (BEV). In particular, overall
survival (OS) was prolonged in the group with CIN compared
with that without CIN (hazard ratio, 0.44; 95% confidence
interval, 0.2–0.95; p = .036). However, survival with biweekly
TAS-102 plus BEV combination was better than with TAS-102
alone (median OS, 6.7–7.1 months) [3, 5], even in the group

without CIN (median OS, 9.5 months; Fig. 4F). One therapeutic
effect of anti–vascular endothelial growth factor antibodies
represented by BEV is an increase in drug delivery to tumor
because of normalization of the tumor vasculature. A preclini-
cal study showed that the combination of TAS-102 plus BEV
significantly suppresses tumor growth compared with TAS-102
alone in colorectal cancer xenograft models and that the con-
centration of phosphorylated trifluridine in tumors was higher
with TAS-102 plus BEV than with TAS-102 monotherapy
[8]. Considering that the therapeutic effect is promising despite

© 2020 The Authors.
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mild hematological toxicities in the biweekly TAS-102 plus BEV
combination, the current schedule of TAS-102 might need to
be reconsidered when combined with BEV. The TAS-102 dos-
ing schedule was initially considered to be continuous daily
dosing, but the current schedule, on days 1–5 and 8–12 in a
4-week cycle, was eventually determined after a phase I study
[9, 10]. To date, however, no study has investigated a biweekly
schedule. Based on our present results, the biweekly TAS-102
plus BEV combination could reduce unnecessary dose reduc-
tion of TAS-102, maintain higher doses, and possibly be effec-
tive even in cases without CIN.

Although several guidelines recommend TAS-102 mon-
otherapy as late-line systemic chemotherapy for metastatic
colorectal cancer (mCRC) [11–13], a recent prospective trial
showed the efficacy of TAS-102 plus BEV combination in the
first-line setting for mCRC [14]. In general, TAS-102 plus BEV
combination therapy does not show tumor shrinkage in the
late-line setting. In contrast to late-line use, however, TAS-102
plus BEV combination is expected to induce tumor shrinkage
when administered in the first-line setting (objective response
rate 33.8% in TASCO1 trial [14], 40.5% in KSCC1602 trial [15]).
These findings suggest that TAS-102 plus BEV may be intro-
duced in first-line treatment in patients for whom intensive
chemotherapy is not indicated. The safety results of our study
also suggest that this biweekly TAS-102 plus BEV regimen is
beneficial for patients with mCRC who are not eligible for
intensive therapy.

Several limitations of this study warrant mention. First,
it was conducted under a nonrandomized design with a rel-
atively small sample size. Second, the recommended dose
for TAS-102 when administered biweekly in combination
with BEV may be undetermined because of the phase Ib
dose de-escalation design. Third, the impact of biweekly
TAS-102 with BEV on quality of life was not evaluated. Nev-
ertheless, toxicity appeared to be lower than in other stud-
ies. The simple schedule is considered preferable for both
patients and health care professionals.

In conclusion, biweekly TAS-102 plus BEV in combina-
tion for patients with mCRC shows promising antitumor
efficacy and acceptable toxicity and might represent a treat-
ment option for patients with heavily treated mCRC.
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Figure 3. Prespecified subgroup analysis for progression-free survival (PFS). (A): PFS by age. Straight line, age < 65 years; dotted
line, age ≥ 65 years. (B): PFS by Eastern Cooperative Oncology Group (ECOG) PS. Straight line, ECOG PS 0; dotted line, ECOG PS
1. (C): PFS by primary location. Straight line, right-sided primary; dotted line, left-sided primary. (D): PFS by RAS status. Straight line,
RAS wild-type; dotted line, RAS mutant-type. (E): PFS by prior regorafenib administration. Straight line, without prior regorafenib;
dotted line, with prior regorafenib. (F): PFS by chemotherapy-induced neutropenia within the first two cycles. Straight line, without
neutropenia within the first two cycles; dotted line, with neutropenia within the first two cycles.
Abbreviations: mt, mutant; PS, performance status; REG, regorafenib; wt, wild type.
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Click here to access other published clinical trials.

Figure 4. Prespecified subgroup analysis for overall survival (OS). (A): OS by age. Straight line, age < 65 years; dotted line,
age ≥ 65 years. (B): OS by Eastern Cooperative Oncology Group (ECOG) PS. Straight line, ECOG PS 0; dotted line, ECOG PS 1. (C): OS
by primary location. Straight line, right-sided primary; dotted line, left-sided primary. (D): OS by RAS status. Straight line, RAS wild-
type; dotted line, RAS mutant-type. (E): OS by prior regorafenib administration. Straight line, without prior regorafenib; dotted line,
with prior regorafenib. (F): OS by chemotherapy-induced neutropenia within the first two cycles. Straight line, without neutropenia
within the first two cycles; dotted line, with neutropenia within the first two cycles.
Abbreviations: mt, mutant; PS, performance status; REG, regorafenib; wt, wild type.
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