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Background: The concentration of trifluridine in tumor DNA was strongly correlated with that of white
blood cells in tumor-bearing nude mice administered trifluridine-tipiracil (TAS-102). Further, a phase I
study of TAS-102 in patients with advanced solid tumors showed a significant correlation between decreased
neutrophil count and the area under the concentration-time curve of trifluridine. Herein, we aimed to
evaluate the association of decreased neutrophil count with the efficacy of TAS-102.

Methods: We retrospectively analyzed 40 patients with pretreated metastatic colorectal cancer who
received TAS-102 at Yodogawa Christian Hospital between June 2014 and May 2018. To evaluate the
association between the efficacy of TAS-102 and decreased neutrophil count, patients were grouped into
4 categories according to the decrease of neutrophil count during the first cycle of TAS-102 as follows:
Category A, <25%; B, 25% to <50%; C, 50% to <75%; D, 275%.

Results: The rate of overall survival (OS) was significantly different between Category A and B (median:
4.1 vs. 10.1 months; P=0.04), between Category A and C (median: 4.1 vs. 10.5 months; P=0.04), and between
Category A and D (median: 4.1 vs. 15.6 months; P=0.04). In the multivariate analyses, a >25% decrease
of neutrophils [hazard ratio (HR): 0.28; 95% confidence interval (CI): 0.12-0.72; P=0.01] and Eastern
Cooperative Oncology Group (ECOGQG) performance status (PS) 2 (HR: 3.79, 95% CI: 1.04-11.2; P=0.04)
were independent prognostic factors for OS.

Conclusions: Decreased neutrophil count is a predict factor for the efficacy of TAS-102. TAS-102

treatment may be ineffective in patients with a decreased neutrophil count of <25%.
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Introduction

Trifluridine and tipiracil hydrochloride (TAS-102) is a novel
oral nucleoside antitumor agent consisting of trifluridine
(FTD) and tipiracil hydrochloride at a molar ratio of 1:0.5.
In a global phase III trial, TAS-102 significantly improved
overall survival (OS) and progression-free survival (PFS)
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compared with placebo for refractory metastatic colorectal
cancer (1). However, TAS-102 induced major adverse
events of hematological toxicity such as neutropenia,
leukopenia, and anemia. FTD, the active component of
TAS-102, is rapidly converted to F3TMP by thymidine
kinase, and FTD inhibits the thymidylate synthase (TS)
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activity. The inhibition of TS is an important mechanism
for the antitumor activity of nucleoside antitumor agents
such as 5-fluorouracil and fluorodeoxyuridine (FdUrd).
The FTD triphosphate F3'TTP is sequentially formed and
incorporated into DNA, which leads DNA dysfunction
and cytocidal effects (2,3). In vitro studies revealed that
FTD-dependent inhibition of TS rapidly declined after
washout of FTD from the medium, although FdUrd
activity persisted (4). Therefore, the incorporation of FTD
into DNA is the predominant mechanism for the antitumor
activity of TAS-102. The amount of FTD incorporated
into DNA has been hypothesized to be related to both
improvement in OS and hematological toxicity of TAS-102.

A study using tumor-bearing nude mice administered
TAS-102 reported a strong correlation between
concentration of FI'D in tumor DNA and that of white
blood cells (5). Meanwhile, in a phase I study of TAS-102
in patients with advanced solid tumors, the percentage change
in neutrophil count was significantly inversely correlated with
the maximum plasma concentrations (Cmax) and the area under
the concentration-time curve (AUC) of FTD (6). Considering
these results, we hypothesized that the decrease in neutrophil
count is associated with plasma concentration of FTD and effect
of FTD to the tumor. The present study aimed to evaluate
the association of the efficacy of TAS-102 with the decrease of
neutrophil count during the first course of treatment.

Methods
Patients

This retrospective study included patients with pretreated
metastatic colorectal cancer who received TAS-102
monotherapy at Yodogawa Christian Hospital between June
2014 and May 2018. The eligibility criteria were presence of
histologically or cytologically proven, inoperable metastatic
colorectal adenocarcinoma, Eastern Cooperative Oncology
Group (ECOG) performance status (PS) of 0 to 2, and
adequate hematological values (neutrophil count >1,500/pL.
and platelet count >120,000/pL). The exclusion criteria
were treatment discontinuation or dose modification in
the middle of the first course, no assessment of neutrophil
counts at least either one of before treatment and on days
8, 15, 22, and 29 since initiating the treatment, an active
infection or seropositivity for human immunodeficiency
virus, hepatitis C virus, hepatitis B surface antigen, or
syphilis and serious comorbidities (severe heart disease,
uncontrolled hypertension, or diabetes mellitus).
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Treatment and assessiment

TAS-102 (35 mg/m’) was administered at orally twice daily,
after breakfast and dinner, for 5 days a week for 2 weeks,
followed by a 14-day rest period (1 treatment course).
This treatment cycle was repeated every 4 weeks until
tumor progression (as identified on diagnostic imaging),
unacceptable toxicity, or at the patient’s request. The dose
was reduced if the neutrophil count was <500/pL or the platelet
count was <50,000/pL. Granulocyte-colony stimulating
factor was not used during treatment in this study. Toxicity
was assessed via blood chemistry and complete blood cell
counts, with differential counts as well as platelet counts.
Blood chemistry and complete blood cell counts were
performed before treatment and on days 8, 15, 22, and
29 during the first course. The decrease in neutrophil
count was calculated as the percentage of nadir neutrophil
count to pretreatment baseline neutrophil count during
the first course. The medical records of the patients were
retrospectively reviewed by investigators, and data on tumor
response, PFS, OS and first imaging computed tomography
(CT) scans were collected for analysis. Tumor response was
assessed according to the Response Evaluation Criteria in
Solid Tumors, version 1.1. PFS was defined as the interval
from the start of TAS-102 treatment to either tumor
progression or death, while OS was defined as the interval
from the start of TAS-102 treatment to death.

Statistical analysis

To evaluate the association between TAS-102 efficacy
(tumor response, PFS, and OS) and decrease in neutrophil
count, patients were grouped into 4 categories according to
decrease of neutrophils during the first cycle of treatment:
Category A, <25%; B, 25% to <50%; C, 50% to <75%;
D, >75%, and grouped into according to 3 categories
according to neutropenia based on the Common
Terminology Criteria for Adverse Events (CTCAE) version
4.0: Grade 0, Grade 1-2, Grade 3—4. The median OS and
PFS were calculated using the Kaplan-Meier method, and
differences between Category A and B, C, and D were
evaluated using the log-rank test. All P values were two
sided, and P<0.05 was considered significant. Univariate
analyses were performed using the Cox proportional hazards
regression model for the following factors: decreased rate
of neutrophils (>25% wvs. <25%), primary tumor location
(right-sided: caecum to transverse colon wvs. left-sided:
splenic flexure to rectosigmoid), KRAS status (mutant
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Table 1 Patient characteristics

Factor Value
Number of patients 40
Age (years), median [range] 68 [43-83]
Sex

Male 23

Female 17
Primary site of disease

Colon 24

Rectum 16
Tumor location

Right-sided 8

Left-sided 32
KRAS status

Wild type 22

Mutant type 18
ECOG performance status

0 11

1 24

2 5
Treatment cycle, median [range] 4[1-10]
Number of prior regimens

1 5

2 15

>3 20

ECOG, Eastern Cooperative Oncology Group.

type vs. wild type), age (270 vs. <70 years), sex, ECOG PS
(2 vs. <1), and number of previous treatment regimens (>3
vs. <3). Variables with P-values less than 0.1 were included in
a multivariate Cox proportional hazards regression model.
Hazard ratios (HRs) were calculated with corresponding
95% confidence intervals (Cls). All statistical analyses
were performed using JMP v. 10 (SAS Institute, Inc., Cary,
NC, USA).

Results
Patient characteristics

Forty-six patients were initially selected after fulfilling the
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inclusion criteria. Six patients were excluded from the study
because of temporary discontinuation of TAS-102 during
the first course (n=3), no assessment of neutrophil count
on day 15 or day 22 during the first course (n=3). Thus, a
total of 40 patients (23 males, 17 females) were analyzed.
The patient characteristics are summarized in 7able 1. The
median age was 68 years (range, 43-83 years). Five patients
(12.5%) had an ECOG PS of 2.

Efficacy

Kaplan-Meier curves for OS according to each category
are shown in Figure 1. OS was significantly different
between Category A and B (median: 4.1 vs. 10.1 months;
P=0.04), between Category A and C (median: 4.1 vs.
10.5 months; P=0.04), and between Category A and D
(median: 4.1 vs. 15.6 months; P=0.04). Although OS was
also better in Grade 1-2 neutropenia than that in Grade
0 (median: 10.1 vs. 6.1 months; P=0.22), and in Grade
3—4 neutropenia than that in Grade 0 (median: 10.7 vs.
6.1 months; P=0.25), the differences were smaller than
those between Category A and B, C, and D. In both Grade
0 and Grade 1-2 groups, median OS was better in patients
with a >25% decrease in neutrophil counts than those
with a <25% decrease (1able 2). Kaplan-Meier curves for
PFS according to each category are shown in Figure 2.
PFS was significantly different between Category A and B
(median: 1.7 vs. 2.1 months; P=0.02), between Category
A and C (median: 1.7 vs. 4.0 months; P<0.001), and
between Category A and D (median: 1.7 vs. 4.8 months;
P=0.001). The summary of baseline neutrophil count, PS,
number of prior regimens, number of post treatment and
response in each category is shown in 7able 3. Baseline
neutrophil count and ECOG PS, which may affect
prognosis, had almost no difference among 4 categories.
The disease control rate (DCR) tended to be higher in
Categories B, C, and D than that in A. Kaplan-Meier
curve for OS in patients with ECOG PS 0-1 is shown in
Figure 3. OS in patients with ECOG PS 0-1 were
significantly higher for patients with a >25% decrease in
neutrophil counts than for those with a <25% decrease
(median: 4.1 vs. 10.7 months; P=0.01). Univariate analyses
of prognostic factors revealed that >25% decrease of
neutrophils and ECOG PS 2 were associated with OS with
a P value <0.1. In the multivariate analyses, a >25% decrease
of neutrophils (HR: 0.28, 95% CI: 0.12-0.72; P=0.01) and
ECOG PS 2 (HR: 3.79, 95% CI: 1.04-11.2; P=0.04) were
independent prognostic factors for OS (Tuble 4).
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Figure 1 Kaplan-Meier curves for overall survival according to (A) the percentage decrease of neutrophils during the first cycle of TAS-
102 treatment in the four categories: Category A (<25%), B (25% to <50%), C (50% to <75%), D (=75%), and (B) neutropenia based on the
CTCAE during the first cycle of TAS-102 treatment in the three categories: Grade 0, Grade 1-2, Grade 3—4. (A) Overall survival according
to the percentage decrease of neutrophils; (B) overall survival according to neutropenia based on the CTCAE grade. CTCAE, Common

Terminology Criteria for Adverse Events.

Table 2 Overall survival according to neutropenia and the
percentage decrease of neutrophils

Percentage decrease of

neutrophils (%) n Median OS (months)
Grade 0 12 6.1
<25 8 3.6
25 to <50 3 8.9
50 to <75 1 >26.1
Grade 1-2 16 10.1
<25 1 6.5
25 to <50 4 >9.7
50 to <75 8 10.7
>75 3 >8.7
Grade 34 12 10.7
50 to <75 5 10.2
>75 7 >17.9

OS, overall survival.

Discussion

In the present study, we evaluated whether decreased
neutrophil count was a predict factor for the efficacy of
TAS-102. The response rate (RR), DCR, and PFS of the
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Figure 2 Kaplan-Meier curves for progression-free survival
according to the percentage decrease of neutrophils during the
first cycle of TAS-102 treatment in the four categories: Category A
(<25%), B (25% to <50%), C (50% to <75%), D (=75 %).

patients in the present study were roughly similar to those
who received TAS-102 in other randomized controlled
trials such as RECOURSE (1) and J-003 (7). In the current
study, the RR was 2.5%, while it was 1.6% and 0.9% in
RECOURSE and J-003, respectively. The DCR was 45%,
while it was 44% and 43.8% in RECOURSE and J-003,
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Table 3 Summary of median OS, baseline neutrophil count, performance status, number of prior regimens, number of post treatment, response,

median PFS and median OS in each category

Category A (n=9) B (n=7) C (n=14) D (n=10) Total (n=40)
Percentage decrease of neutrophils (%) <25 25 to <50 50 to <75 >75 -
ECOG performance status (n)
0-1 8 6 12 9 35
2 1 1 2 1 5
Baseline neutrophil count (x10°%L) 3.89+2.39 3.38+1.45 3.40+1.21 4.60+1.50 3.99+1.83
Number of prior regimens (n)
1 1 1 2 1 5
2 4 3 4 4 15
>3 4 3 8 5 20
Number of post treatment (n)
0 4 5 6 3 18
1 3 0 4 4 11
>2 2 2 4 3 11
Response
CR (n) 0 0 0 0 0
PR (n) 0 1 0 0 1
SD (n) 1 2 9 6 18
PD (n) 8 4 5 4 21
RR (%) 0 14 0 0 25
DCR (%) 11 43 64 60 45
Median PFS (months) (P value) 1.7 2.1(0.02) 4.0 (<0.001) 4.8 (0.001) 2.8
Median OS (months) (P value) 4.1 10.1 (0.04) 10.5 (0.04) 15.6 (0.04) 10.1

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; RR, response rate; DCR, disease control rate;

PFS, progression free survival; OS, overall survival.

respectively. Moreover, the median PFS was 2.8 months,
while it was 2.0 and 1.9 months in RECOURSE and
J-003, respectively. Our results are consistent with those
previously reported: worse PS tended to be associated
with poor prognosis (8-11). Meanwhile, we showed
that the efficacy of TAS-102 is higher in patients whose
neutrophil count decreased by >25% than those whose
neutrophil count decreased by <25% in the first cycle.
Several studies reported that TAS-102-induced neutropenia
is associated with its efficacy (12-14). Kimura et al.
reported that grade 3-4 neutropenia (based on CTCAE
version 4.0) was independently associated with survival
in patients with advanced and recurrent colorectal cancer
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who received TAS-102 (12). Hamauchi ez al. reported
that TAS-102-induced grade 3—4 neutropenia during the
first cycle of treatment was a significant predictive factor for
PFS (13). Kasi et al. evaluated the neutrophil count within
1 month after starting TAS-102 and reported that patients
who developed > grade 2 neutropenia had significantly
longer PFS and OS (14). Nishina ez 4/. reported that
TAS-102-induced grade 3-4 neutropenia in cycle 1 and
2 was associated with longer OS (15). However, because
the evaluation of neutrophil decrease according to the
CTCAE in these studies was based on the nadir value of
the absolute neutrophil count, the grade of neutropenia
tended to depend on pretreatment baseline neutrophil
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counts. Several studies have suggested that the baseline
neutrophil count was a predictive factor of chemotherapy-
induced severe neutropenia (16-22). Therefore, because the
neutrophil decrease may have been underestimated in cases
of high baseline neutrophil count, neutropenia grade could
be no change during the first course. In fact, in our study,
even if patients with Grade 0-2 neutropenia according
to the CTCAE, OS was better tendency in patients with
a >25% decrease in neutrophil counts than those with
a <25% decrease. In our study, although patients who
developed > grade 1 neutropenia had longer OS than
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Figure 3 Kaplan-Meier curves for overall survival (OS) according
to the percentage decrease in neutrophil counts <25% and >25%
in patients with ECOG PS 0-1. ECOG, Eastern Cooperative
Oncology Group; PS, performance status.

Table 4 Univariate and multivariate analyses of overall survival

883

those with Grade 0, it was possible that the difference had
been no significant due to small sample size. By contrast,
because the level of neutropenia by using the percentage
decrease of neutrophil count was accurate regardless of
baseline neutrophil count, the evaluation of neutrophil
decrease according to the percentage decrease of neutrophil
count was greater difference than those according to the
CTCAE grade in Kaplan-Meier curves for OS. In other
treatment regimen, Saito et 4l. reported that decrease rate
of neutrophils in temozolomide treatment was significantly
correlated with OS in patients with glioblastoma (23). In
addition, because the percentage decrease in neutrophil
count was proven to be strongly associated with AUC
of FTD (6), the results of our study indicate that the
concentrations of FTD in the plasma and the tumor were
inadequate to achieve an antitumor effect in patients whose
neutrophil count decreased by <25%.

This study has some limitations, including its
retrospective design and small sample size. Moreover,
because this study was a retrospective analysis based on
data from electronic medical records, we were unable to
accurately assess the patient’s adherence to the TAS-102
regimen. Therefore, the low decrease in neutrophil count
and poor efficacy may have been caused by poor adherence.
Prospective studies are needed to confirm our results and
examine the potential effects of adherence. The CT interval
was not standardized in advance among patients because this
study was retrospectively analyzed on daily clinical practice.
Therefore, the data of PFS, RR and DCR calculated from
the medical records are possible to be inaccurate.

In conclusion, a decrease in neutrophil count during
the first course of TAS-102 treatment is a predict factor
for its efficacy in patients with pretreated metastatic

Univariate analysis

Multivariate analysis

Factor
Hazard ratio (95% Cl) P value Hazard ratio (95% CI) P value

Percentage decrease of neutrophils (=25%) 0.31 (0.14-0.80) 0.02 0.28 (0.12-0.72) 0.01
Primary tumor location (right-sided) 0.99 (0.39-2.20) 0.99 - -
KRAS status (mutant type) 0.14 (0.55-2.33) 0.71 - -
Age (=70) 0.69 (0.28-1.49) 0.35 - -
Sex (male) 1.38 (0.67-3.00) 0.39 - -
ECOG performance status 3.13 (0.87-9.02) 0.04 3.79 (1.04-11.2) 0.04
Number of prior regimens (=3) 1.18 (0.58-2.44) 0.65 - -

Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group.
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colorectal cancer. TAS-102 may be ineffective in patients
with a percentage decrease in neutrophil count of <25%.
Therefore, the percentage decrease of the neutrophil count
may be used as basis for determining whether TAS-102
treatment should be discontinued and the patient should
be switched to another treatment, such as regorafenib,
at an early point. These findings suggest that there are
interindividual differences in the pharmacokinetics of
TAS-102, and that it may be necessary to increase the
dosage for patients with percentage decreases in neutrophil
counts of <25% for the first course.
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