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ABSTRACT

Objective. TAS-102 is effective for treating patients with meta-
static colorectal cancer (mCRC). This study determined whether
combining bevacizumab (Bmab) with TAS-102 improves clinical
outcomes in refractory mCRC.
Patients and Methods. We retrospectively analyzed data
from Japanese patients with refractory mCRC who received
TAS-102 (35 mg/m2, twice a day) with (T-B group) or without
Bmab (TAS-102 monotherapy; T group) between July 2014
and December 2018. The primary endpoint was median over-
all survival (OS), and secondary endpoints were median time
to treatment failure, overall response rate, and the incidence
of adverse events. Clinical outcomes were compared using
propensity score matched analysis.
Results. Data from 57 patients were analyzed (T-B group:
21 patients, T group: 36 patients). Median OS was significantly

longer in the T-B group than the T group (14.4 months
vs. 4.5 months, p < .001). Cox proportional hazard analysis
showed that combination therapy with Bmab was significantly
correlated with OS. Propensity score matched analysis con-
firmed that the median OS was significantly longer in the T-B
group than the T group (14.4 months vs. 6.1 months,
p = .006) and that there was a significant correlation between
Bmab and OS. The incidence of hypertension (grade ≥2) as an
adverse event was significantly higher in the T-B group than
the T group (23.8% vs. 0.0%, p = .005), whereas other adverse
events were comparable between the two groups.
Conclusion. Treatment with Bmab in combination with
TAS-102 is significantly associated with improved clinical
outcomes in patients with mCRC refractory to standard
therapies. The Oncologist 2020;25:e469–e476

Implications for Practice: Combining bevacizumab (Bmab) with TAS-102 significantly improved overall survival and several
prognostic indicators in patients with metastatic colorectal cancer (mCRC) refractory to standard therapies, with manage-
able toxicities. Treatment with Bmab in combination with TAS-102 is significantly associated with improved clinical out-
comes in patients with mCRC.

INTRODUCTION

TAS-102 is an oral antitumor drug that contains the
thymidine-based nucleic acid analog trifluridine (FTD) and
the thymidine phosphorylase inhibitor tipiracil hydrochloride
(TPI) at a molar ratio of 1:0.5. FTD becomes incorporated

into DNA and causes DNA dysfunction and damage [1–3].
Although FTD is rapidly degraded to its inactive form in the
intestines and liver, TPI assists in maintaining the blood con-
centration of FTD by inhibiting thymidine phosphorylase [4].
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TAS-102 has been shown to significantly prolong sur-
vival in metastatic colorectal cancer (mCRC) with a manage-
able safety profile. In the phase III RECOURSE trial, Mayer
et al. showed that TAS-102 exhibited clinical superiority
over placebo with respect to overall survival (OS) and
progression-free survival (PFS) in patients with mCRC refractory
to standard therapies, including fluoropyrimidines, irinotecan,
and oxaliplatin (hazard ratio [HR], 0.68 and 0.48 for OS and
PFS, respectively; both p < .001) [5]. Xu et al. also reported that
risk of death was significantly lower in the TAS-102 arm than in
the placebo arm (HR, 0.79; 95% confidence interval [CI],
0.62–0.99; p = .035) in a randomized, double-blind, placebo-
controlled, phase III trial of TAS-102 monotherapy in Asian
patients with previously treated mCRC [6]. Although severe
adverse hematological events including neutropenia (38%–50%)
have been frequently observed, there have been few TAS-102–
induced nonhematological toxicities [5–7].

The combination of standard chemotherapy regimens
with bevacizumab (Bmab), an antibody that binds to and
inhibits vascular endothelial growth factor (VEGF), improves
outcomes in Bmab-naive patients with mCRC [8, 9]. Although
maintenance of VEGF inhibition with Bmab plus a standard
second-line chemotherapy beyond disease progression has
clinical benefits in patients with mCRC [10], the efficacy of
continuous administration of Bmab after third-line chemo-
therapy has not been clarified.

Tsukihara et al. assessed whether the efficacy of TAS-102
could be improved by combining with Bmab in a study using
colorectal cancer xenografts [11]. They found that addition
of Bmab enhanced the antitumor effect of TAS-102 in
colorectal cancer xenografts [11]. Moreover, an investigator-
initiated, open-label, single-arm, multicenter, phase I/II study
(C-TASK FORCE) by Kuboki et al. reported that the median PFS
by investigator assessment was 5.6 months (95% CI, 3.4–7.6)
and OS was 11.4 months (95% CI, 7.6–13.9) [12]. We previ-
ously showed that, in salvage-line therapy for patients with
mCRC, Bmab enhances the antitumor effects of TAS-102 with
a median OS (14.1 months) and PFS (6.8 months) superior to
those reported in the C-TASK FORCE study [13]. However, nei-
ther the C-TASK FORCE study nor our previous report com-
pared TAS-102 alone and TAS-102 plus Bmab, and the effect
of Bmab in combination with TAS-102 was confirmed in a lim-
ited number of patients with mCRC. Therefore, the combina-
tory effect of Bmab in clinical practice is unknown.

Here, to determine whether combined treatment with
Bmab improves clinical outcomes, we conducted a retro-
spective study that compared the efficacy and safety of
treatment with or without bevacizumab in patients with
mCRC receiving TAS-102.

SUBJECTS, MATERIALS, AND METHODS

Patients
The study was conducted under a retrospective observational
design. Data were obtained from patients’ electronic medical
records in our hospital and analyzed retrospectively. The study
subjects were patients withmCRC who were refractory to fluo-
ropyrimidine, irinotecan, oxaliplatin, anti-VEGF therapy, and
anti-EGFR therapy (for tumors with wild-type KRAS) who

received TAS-102 in our outpatient chemotherapy clinic
between July 2014 and December 2018. The exclusion criteria
were reduction of the initial dose of TAS-102 because of poor
performance status (≥2 according to the Eastern Cooperative
Oncology Group) or discontinuation without image evaluation.
The efficacy and safety were compared between patients who
received TAS-102 plus Bmab (T-B group) and patients who
received TAS-102 monotherapy (T group). The present study
was conducted in accordance with the guideline for human
studies adopted by the ethics committee of the Gifu University
Graduate School of Medicine and notified by the Japanese gov-
ernment (institutional review board approval no. 2018-221).
Because of the retrospective nature of the study, the need for
informed consent from subjects was not mandated.

Chemotherapy
Patients were treated with TAS-102 (35 mg/m2 of body sur-
face area) orally twice a day on days 1–5 and 8–12 in a
28-day cycle with or without Bmab (5 mg/kg of bodyweight,
administered by intravenous infusion for 30 minutes every
2 weeks). Patients were all administered an initial regular
dose of chemotherapy in the first cycle.

Dose reduction was performed in the subsequent chemo-
therapy cycle for patients who suffered severe adverse events,
particularly grade 3–4 neutropenia. In these patients, the dose of
TAS-102 was reduced by 10mg/day when necessary on a course
basis, and no dose escalation was performed, even if the adverse
events disappeared. Treatment was delayed when one or more
of the following adverse events occurred: grade 3–4 neutropenia
or thrombocytopenia, febrile neutropenia, total bilirubin >3.0
mg/dL, aspartate transaminase and alanine transaminase >150
U/L, creatinine >1.5mg/dL, and grade 3–4 nonhematological tox-
icity. Treatment was restarted after recovery from the severe
adverse events by reducing the dose of TAS-102 by 10mg/day.

Efficacy of Chemotherapy
OS was used as the primary endpoint for examining the effi-
cacy of TAS-102 therapy. The tumor response rate and time
to treatment failure (TTF) were used as secondary end-
points. OS was defined as the time from the start of therapy

Number of patients who 

received TAS-102:  

62 patients

Analysis population:  

57 patients 

Exclusion: 

1. Reduction of initial dose of TAS-102 due 

to poor performance status ≥2: 2 patients 

2. Discontinuation without image evaluation: 
3 patients

TAS-102 plus Bmab group:  

21 patients 

TAS-102 monotherapy group:  

36 patients 

Figure 1. Consolidated Standards of Reporting Trials
(CONSORT) flow diagram.
Abbreviation: Bmab, bevacizumab.
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Table 1. Patient demographics and baseline characteristics among patients in the T-B group or the T group

Characteristic T-B group (n = 21)a T group (n = 36)a

Sex, n

Male 13 16

Female 8 20

Age, median 67.0 (50.0–74.0) 67.5 (59.8–71.2)

Height, cm 164.0 (158.0–168.0) 159.5 (152.0–164.0)

Body weight, kg 61.8 (55.8–68.4) 54.9 (47.0–60.5)

Body mass index 23.1 (22.4–23.9) 21.2 (19.7–23.6)

Albumin, mg/dL 3.9 (3.6–4.1) 3.7 (3.1–3.9)

Aspartate aminotransferase, IU/L 24.0 (22.0–38.0) 32.0 (21.0–52.0)

Alanine aminotransferase, IU/L 17.0 (14.0–29.0) 17.5 (12.8–26.8)

Serum creatinine, mg/dL 0.6 (0.6–0.9) 0.6 (0.5–0.7)

Total bilirubin, mg/dL 0.6 (0.5–0.8) 0.7 (0.5–1.0)

CRP, mg/dL 0.4 (0.3–1.8) 1.7 (0.3–4.0)

Neutrophils, /L 3,670.0 (3,030.0–4,500.0) 4,515.0 (3,607.8–6,250.0)

Lymphocytes, /L 1,564.0 (1,269.0–1,772.0) 1,425.0 (980.5–2,102.2)

White blood cells, /L 5,900.0 (5,170.0–7,020.0) 7,640.0 (5,645.0–9,020.0)

Hemoglobin, g/dL 12.7 (12.1–13.8) 11.4 (10.3–12.7)

Platelets, 104/L 21.5 (17.5–28.1) 22.1 (18.1–26.4)

mGPS, n

0 16 11

1 4 11

2 1 9

NLR 2.5 (1.8–3.4) 3.2 (2.1–4.6)

CEA, U/mL 37.2 (22.5–98.2) 101.8 (35.9–260.1)

CA19-9, U/mL 122.0 (32.0–330.0) 182.0 (41.2–503.7)

Time from start of first-line chemotherapy, days 646.0 (534.0–820.0) 693.0 (410.5–503.7)

Primary site, n

Colon 17 34

Rectal 4 2

Primary site, n

Right 14 14

Left 7 22

Number of metastatic organs or sites, n

1 7 12

≥2 14 24

Metastatic organ, n (%)

Liver 15 (71) 25 (69)

Lung 15 (71) 28 (78)

Lymph nodes 5 (24) 11 (31)

Peritoneum 4 (19) 12 (33)

Recurrent/advanced

Recurrent 4 13

Advanced 17 23

KRAS exon 2 status, n

Wild type 10 16

Mutant 11 20
aData indicate median with 25th and 75th percentiles or number.
Abbreviations: CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; CRP, c-reactive protein; mGPS, modified Glasgow prognostic
score; NLR, neutrophil-lymphocyte ratio; T group, patients receiving TAS-102 monotherapy; T-B group, patients receiving TAS-102 plus
bevacizumab.
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to death. A censored case who was still alive at the end of
the follow-up period was lost to follow-up.

Tumor response was evaluated using patients’ computed
tomography scans as complete response (CR), partial response
(PR), stable disease (SD), and progressive disease according to
the Response Evaluation Criteria in Solid Tumors guideline ver-
sion 1.1 [14]. The overall response rate was defined as CR + PR,
and the disease control rate (DCR) as CR+ PR + SD. TTF was
defined as the time from the start to the end of therapy.

Assessment of Adverse Events
Adverse events included hematological toxicities, such as neutro-
penia, anemia, and thrombocytopenia, and nonhematological
toxicities, including nausea, vomiting, diarrhea, malaise, protein-
uria, and hypertension. The symptoms of adverse events were
graded according to the Common Terminology Criteria for
Adverse Events version 4.0 [15]. The incidence rate of adverse
events was compared between patients who did and did not
receive Bmab.

Statistical Analysis
Data were analyzed using IBM SPSS version 22 (IBM Japan
Ltd., Tokyo, Japan) and R software version 3.5.1 (www.
r-project.org). Values of p < .05 were considered significant.
Patient characteristics are summarized as median with 25th
and 75th percentiles for continuous variables and frequencies
and percentages for categorical variables. For the primary
analysis, Cox proportional hazards regression was used to
evaluate the association between combination treatment with
Bmab and OS with adjustment for covariates. Covariates were
restricted to two variables to avoid overfitting and, based on
clinical judgment and previous research, included age and
modified Glasgow prognostic score (mGPS) owing to their
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Figure 2. Kaplan-Meier curves for comparison of overall sur-
vival between patients with metastatic colorectal cancer in the
T-B group and the T group.
Abbreviations: CI, confidence interval; HR, hazard ratio; NA, not
applicable because calculation was impossible; OS, overall sur-
vival; T group, patients receiving TAS-102 monotherapy; T-B
group, patients receiving TAS-102 plus bevacizumab.

Table 2. Cox proportional hazard analysis of the risk of
overall survival in patients with metastatic colorectal cancer
receiving TAS-102

Factor HR (95% CI) p value

Combination with bevacizumab 0.30 (0.14–0.66) .003

Age (IQR: 56–72) 1.41 (0.88–2.25) .151

Modified Glasgow prognostic score 1.87 (0.86–4.05) .113

Abbreviations: CI, confidence interval; HR, hazard ratio; IQR, inter-
quartile range.

Table 3. Comparison of the median time to treatment
failure and disease control rate between patients with
metastatic colorectal cancer in the T-B group and the T
group

Effect
T-B group
(n = 21)

T group
(n = 36) p value

Time to treatment
failure, median
(95% CI), months

5.6 (3.4–NA)a 2.1 (1.8–3.2)a <.001a

Tumor response rate, %

Response rate
(CR + PR)

0 (0/21) 0 (0/36) 1.000b

Disease control rate
(CR + PR + SD)

76.1 (16/21) 25.0 (9/36) .001b

1-year survival, % 33.3 (7/21) 11.1 (4/36) .078b

Data indicate median with 25th and 75th percentiles or number.
aData were statistically analyzed using the log rank test.
bData were statistically analyzed using Fisher’s exact probabil-
ity test.
Abbreviations: CI, confidence interval; CR, complete response; NA,
not applicable because calculation was impossible; PR, partial
response; SD, stable disease; T group, patients receiving TAS-102
monotherapy; T-B group, patients receiving TAS-102 plus
bevacizumab.

Table 4. Comparison of the incidence of adverse events
between patients with metastatic colorectal cancer in the
T-B group and the T group

Adverse event

T-B group
(n = 21), %
(presence/
absence)

T group
(n = 36), %
(presence/
absence) p value

Neutropenia (grade ≥3) 52.4 (11/10) 33.3 (9/27) .072

Anemia (grade ≥2) 38.0 (8/13) 38.9 (14/22) 1.000

Thrombocytopenia
(grade ≥2)

19.0 (4/17) 5.5 (2/34) .179

Nausea (grade ≥2) 28.6 (6/15) 22.2 (8/28) .827

Vomiting (grade ≥1) 28.6 (6/15) 8.3 (3/33) .063

Diarrhea (grade ≥2) 16.7 (3/18) 5.5 (2/34) .346

Malaise (grade ≥2) 28.6 (6/15) 27.8 (10/26) 1.000

Proteinuria (grade ≥2) 28.6 (6/15) 13.9 (5/31) .314

Hypertension (grade ≥2) 23.8 (5/16) 0.0 (0/36) .005

Data were statistically analyzed using Fisher’s exact probability test.
Abbreviations: T group, patients receiving TAS-102 monotherapy;
T-B group, patients receiving TAS-102 plus bevacizumab.

© 2019 The Authors.
The Oncologist published by Wiley Periodicals, Inc. on behalf of AlphaMed Press.

Effect of Bevacizumab in Combination with TAS-102e472

http://www.r-project.org
http://www.r-project.org


expected strong associations with the outcome and combina-
tion treatment with Bmab. The mGPS is a reported prognostic
factor in patients with colorectal cancer [16]. To adjust for
confounding by this factor and age with Bmab on prolongation
of survival, we performed multivariable Cox proportional haz-
ard analysis, with mGPS treated as a continuous variable.

To adjust for other baseline factors, sensitivity analysis was
conducted using propensity score matching. The propensity
score was generated through logistic regression to predict the
probability of effectiveness of combination treatment with
Bmab as a function of baseline factors (age, sex, height, body
mass index [BMI], albumin, aspartate aminotransferase, alanine
aminotransferase, serum creatinine, total bilirubin, c-reactive
protein, neutrophils, lymphocytes, white blood cells, hemoglo-
bin, platelets, mGPS, neutrophil-lymphocyte ratio (NLR),
carcinoembryonic antigen (CEA), carbohydrate antigen 19-9
(CA19-9), time from start of first-line chemotherapy, recur-
rence, primary site, KRAS exon 2 status). Analysis of matched
data was performed in addition to the primary analysis to con-
firm the robustness of the primary results. The reliability of the
regression model was internally validated via the bootstrap
method by measuring the overfitting quantified using the opti-
mism parameter in a calibration plot. Bootstrap validation was
performed by resampling from 150 patients.

RESULTS

Patients
As shown in the Consolidated Standards of Reporting Trials
(CONSORT) flow diagram in Figure 1, a total of 62 patients with

mCRC who received TAS-102 were eligible. Among them, five
patients were excluded because they were treated with a
reduced initial dose of TAS-102 because of poor performance
status (≥2 according to the Eastern Cooperative Oncology Group;
n = 2) or discontinued treatment without image evaluation
(n = 3). Data from the remaining 57 patients were analyzed.

There were 21 and 36 patients in the T-B group and T
group, respectively (Table 1). All enrolled patients were treated
with irinotecan, oxaliplatin, and 5-fluorouracil (5-FU). The pro-
portion of patients who received prior VEGF therapy, EGFR
therapy, and regorafenib was 100%, 38.1%, and 9.5% in the
T-B group and 75%, 55.6%, and 36.1% in the T group, respec-
tively. In addition, there were no significant differences in the
proportion of patients who received post-treatment between
the T-B group and T group (23.8% vs. 22.2%, p = 1.000). All
post-treatment regimens were regorafenib.

Efficacy of TAS-102
The relative dose intensity (RDI) of TAS-102 and Bmab was 0.58
and 0.72 in the T-B group and 0.57 and 0 in the T group, respec-
tively. Median follow-up was 14.8 months (interquartile range
[IQR], 7.8–23.5). After treatment with TAS-102, the median OS
was significantly longer in patients in the T-B group than in the T
group (14.4 months [95% CI, 7.9–NA] vs. 4.5 months [95% CI,
3.2–6.5]; HR, 0.24 [95% CI, 0.12–0.52]; p < .001; NA indicates
that the calculation was impossible; Fig. 2).

Cox proportional hazards regression showed a significant
association between combination treatment with Bmab and
OS (HR, 0.30 [95% CI, 0.14–0.66]; p = .003) after adjusting
for age and mGPS (Table 2). The regression model was inter-
nally validated, and the estimated optimism was 0.17, indi-
cating that there was no evidence of overfitting.

Themedian TTF was also significantly longer in the T-B group
than the T group (5.6 months [95% CI, 3.4–NA] vs. 2.1 months
[95% CI, 1.8–3.2]; HR, 0.30 [95% CI, 0.14–0.66]; p < .001; Table 3).
The overall response rate (CR + PR) was zero in both groups,
whereas the DCR was significantly higher in the T-B group than
in the T group (76.1% vs. 25.0%; p = .001; Table 3). The 1-year
survival was slightly but not significantly higher in the T-B group
than in the T group (33.3% vs. 11.1%; p = .078).

Adverse Events Due to TAS-102
The incidence of hematological adverse events did not signifi-
cantly differ between the T-B and T groups. Among non-
hematological adverse events, the incidence of hypertension
(grade ≥2) was significantly higher in the T-B group than the T
group (23.8% vs. 0.0%, p = .005), and the incidence of
vomiting (grade ≥1) was slightly but not significantly higher in
the T-B group than the T group (28.6% vs. 8.3%; p = .063).
However, there were no significant differences in the inci-
dence rates of other nonhematological adverse events such as
nausea (grade ≥2), diarrhea (grade ≥2), and malaise (grade ≥2)
between the two groups (Table 4).

Propensity Score Matched Analysis of OS
We also performed propensity score matched analysis to mini-
mize indication bias in this retrospective study and subse-
quently compared patient demographics between the T-B
group and T group. There were no significant differences in fac-
tors between the two groups except for BMI (Table 5). In the
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Figure 3. Kaplan-Meier curves for comparison of overall sur-
vival between patients with metastatic colorectal cancer in the
T-B group and the T group after propensity score matched anal-
ysis.
Abbreviations: CI, confidence interval; HR, hazard ratio; NA, not
applicable because calculation was impossible; OS, overall sur-
vival; T group, patients receiving TAS-102 monotherapy; T-B
group, patients receiving TAS-102 plus bevacizumab.
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propensity score matched cohorts, median OS was significantly
longer in the T-B group than in the T group (14.4 months [95%
CI, 7.9–NA] vs. 6.1 months [95% CI, 3.3–14.6]; HR, 0.33 [95% CI,
0.15–0.73], p = .006; Fig. 3), and there was a significant associa-
tion between Bmab and OS (HR, 0.37 [95% CI, 0.16–0.84];
p = .018) after adjusting for age and mGPS (Table 6).

DISCUSSION

This study compared the clinical outcomes of patients with
mCRC who received TAS-102 in combination with Bmab and
TAS-102 monotherapy. We showed that both the median OS

Table 5. Patient demographics and baseline characteristics among patients in the T-B group and the T group after
propensity score matched analysis

Characteristic T-B group (n = 21)a T group (n = 21)a

Sex, n

Male 13 14

Female 8 7

Age, median, years 67.0 (50.0–74.0) 66.0 (56.0–73.0)

Body mass index 23.1 (22.4–23.9) 23.1 (19.7–23.6)

Albumin, mg/dL 3.9 (3.6–4.1) 3.8 (3.5–4.0)

Aspartate aminotransferase, IU/L 24.0 (22.0–38.0) 25.0 (21.0–41.0)

Alanine aminotransferase, IU/L 17.0 (14.0–29.0) 15.0 (12.0–22.0)

Serum creatinine,(mg/dL 0.6 (0.6–0.9) 0.7 (0.6–0.8)

Total bilirubin, mg/dL 0.6 (0.5–0.8) 0.6 (0.5–0.7)

CRP, mg/dL 0.4 (0.3–1.8) 0.8 (0.3–1.7)

Neutrophils, /L 3,670.0 (3,030.0–4,500.0) 4,380.0 (3,210.0–5,770.0)

Lymphocytes, /L 1,564.0 (1,269.0–1,772.0) 1,410.0 (1,096.0–2,100.0)

White blood cells, /L 5,900.0 (5,170.0–7,020.0) 7,160.0 (5,050.0–8,890.0)

Hemoglobin, g/dL 12.7 (12.1–13.8) 12.3 (11.2–13.0)

Platelets, 104/L 21.5 (17.5–28.1) 22.1 (17.9–26.1)

mGPS, n

0 16 12

1 4 6

2 1 3

NLR 2.5 (1.8–3.4) 2.9 (2.1–4.2)

CEA, U/mL 37.2 (22.5–98.2) 77.3 (44.5–188.2)

CA19-9, U/mL 122.0 (32.0–330.0) 195.4 (34.7–420.2)

Time from start of first-line chemotherapy 646.0 (534.0–820.0) 630.0 (400.0–821.0)

Primary site, n

Right 14 14

Left 7 7

Recurrent/advanced, n

Recurrent 4 8

Advanced 17 18

KRAS exon 2 status, n

Wild type 10 12

Mutant 11 9
aData indicate median with 25th and 75th percentiles or number.
Abbreviations: CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; CRP, c-reactive protein; mGPS, modified Glasgow prognostic
score; NLR, neutrophil-lymphocyte ratio; T group, patients receiving TAS-102 monotherapy; T-B group, patients receiving TAS-102 plus
bevacizumab.

Table 6. Cox proportional hazard analysis of the risk of
overall survival between patients with metastatic colorectal
cancer receiving TAS-102 after propensity score matched
analysis

Factor HR (95% CI) p value

Combination with bevacizumab 0.37 (0.16–0.84) .018

Age (IQR: 53.25–73) 1.46 (0.77–2.80) .248

Modified Glasgow prognostic score 1.30 (0.49–3.44) .599

Abbreviations: CI, confidence interval; HR, hazard ratio; IQR, inter-
quartile range.
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and median TTF were longer in the T-B group than the T
group (OS: 14.4 months vs. 4.5 months; HR, 0.24 [95% CI,
0.12–0.52]; p < .001; TTF: 5.7 months vs. 2.1 months; HR,
0.30 [95% CI, 0.14–0.66]; p < .001). Other clinical responses
including the 1-year OS rate and DCR also tended to be bet-
ter in the T-B group than in the T group. Interestingly, the
RDI of TAS-102 was similar between the two groups (0.58
vs. 0.57).

Recent studies have reported the effectiveness of chemo-
therapy for treating mCRC. The use of molecular target anti-
cancer agents, including Bmab, cetuximab, and panitumumab,
in addition of cytotoxic anticancer agents, such as oxaliplatin,
irinotecan, and 5-FU, has led to an OS of over 30 months [17].
Furthermore, the CORRECT trial reported that salvage-line
treatment such as regorafenib also prolonged survival time
compared with placebo [18]. Although TAS-102 is a later-line
standard chemotherapy for refractory mCRC, the median PFS
after TAS-102 therapy was 2.0 months in the RECOURSE [5],
J-003 [7], and TERRA studies [6], which, in comparison with
other treatments, may not be sufficient.

The median TTF determined in the T-B group in the pre-
sent study was mostly consistent with that reported by Kuboki
et al. in the C-TASK FORCE study (median TTF, 5.6 months)
[12]. In contrast, the OS in the T-B group in our study was
much longer than that reported previously (median OS,
11.4 months) [12]. Tsuchihashi et al. showed that the median
OS was 10 months (95% CI, 9.2–11.6 months), 6.5 months
(95% CI, 5.3–7.1 months), and 3.9 months (95% CI, 3.3–
4.9 months) in patients with mCRC who received regorafenib
or TAS-102 with a mGPS of 0 (n = 285), 1 (n = 71), and
2 (n = 167), respectively, and reported a significant difference
according to the mGPS (p < .001) [16]. Although the propor-
tion of patients with a mGPS of 0 who received TAS-102 plus
Bmab in the C-TASK FORCE trial was not disclosed [12], these
patients composed as much as 76% of participants in the pre-
sent study, which may explain the longer OS in the T-B group
compared with that reported previously [12]. Cox proportional
hazards regression showed a significant correlation between
combination treatment with Bmab and OS after adjusting for
age and mGPS, suggesting that Bmab improves OS in patients
receiving TAS-102.

In the initial analysis, we found that the mGPS was signifi-
cantly lower and that NLR and tumor markers (CEA and
CA19-9) tended to be lower in the T-B group than in the T
group. Because mGPS [16, 19, 20], NLR [19–22], CEA [19, 20],
and CA19-9 [20] are prognostic factors for patients with
mCRC, our findings suggest that patients in the T group had
slightly poorer prognosis in the initial analysis. Using propen-
sity score matched analysis to correct for any biases, we found
that the median OS was significantly longer in the T-B group
than in the T group (14.4 months vs. 6.1 months, p < .001)
and that there was a significant correlation between Bmab
and OS (HR, 0.37; p = .018) after adjusting for age and mGPS,
similar to the initial analysis.

Tsukihara et al. reported that levels of phosphorylated
FTD, an active form of FTD, were increased when TAS-102
and Bmab were combined for treatment of human colorec-
tal cancer xenografts [11]. Tumor blood vessels are gener-
ally poorly organized and hyperpermeable, consequently
resulting in diminished blood supply [23]. Bmab inhibits

angiogenesis by antagonizing VEGF, potentially normalizing
tumor vasculature and thereby improving tumor blood sup-
ply and increasing FTD accumulation and its subsequent
phosphorylation in the tumor. Therefore, therapy compris-
ing Bmab in combination with TAS-102 is thought to pro-
vide high antitumor activity and to prolong survival.

We investigated the adverse events caused by TAS-102 or
Bmab and compared these between the T-B group and T
group. The incidence of hypertension (grade ≥2) was higher in
the T-B group than in the T group (23.8% vs. 0.0%), with the
incidence rate of hypertension in the T-B group being consis-
tent with that reported by Kuboki et al. [12]. All cases of
hypertension (grade ≥2) were successfully controlled with
antihypertensive medication. Although the incidence of severe
(grade ≥3) neutropenia tended to be higher in the T-B group
than in the T group (52.4% vs. 33.3%, p = .072), febrile neutro-
penia only occurred in one patient in the T group. The inci-
dence rate of neutropenia (grade ≥3) caused by TAS-102
alone was 38% and 33.2% in the RECOUSE study [5] and
TERRA study [6], respectively, which is mostly consistent with
our findings in the T group. Several clinical trials have reported
that the incidence of severe neutropenia tends to be higher in
cases in which the therapy comprises combination treatment
with an antiangiogenic agent compared with a cytotoxic agent
alone [24–26]. Therefore, the incidence of severe neutropenia
should be noted in patients receiving combination treatment
with Bmab.

Several limitations of our study warrant mention. First,
the study was conducted under a retrospective design at a
single center. Second, because the sample size was small
and the number of factors included in the multivariable
analysis was limited to avoid overfitting, consideration of
confounding factors may have been insufficient. Confirma-
tion in a large-scale prospective study is therefore required.
Future studies should also investigate the additive anti-
tumor activity effects of Bmab on TAS-102.

CONCLUSION

Our retrospective study provides the first evidence of the effi-
cacy and safety of treatment with and without Bmab in
patients with refractory mCRC receiving TAS-102. Combining
Bmab with TAS-102 significantly improved OS and several
prognostic indicators in patients with mCRC refractory to stan-
dard therapies, with manageable toxicities. Therefore, combi-
nation treatment with Bmab may be effective for the
treatment of patients with refractory mCRC receiving TAS-102.
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