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Abstract
Purpose We aimed to evaluate the efficacy of moderate doses of bevacizumab in combination with TAS-102 for the treat-
ment of refractory metastatic colorectal cancer.
Methods A total of 261 patients with refractory mCRC were enrolled and categorized into two groups: TAS-102 combined 
with bevacizumab and TAS-102 alone. Patients in the bevacizumab combination group were divided into two subgroups 
based on a median dose of 3.3 mg/kg. Categorical variables were compared using the chi-square or Fisher’s exact test, and 
continuous variables were assessed using the t-test. The Cox proportional hazards model was used to adjust covariates. 
Survival analysis was performed using the log-rank test and Kaplan–Meier curves. Specific survival was evaluated using 
restricted mean survival time (RMST) and landmark analysis.
Result The median progression-free survival (PFS) was 3.7 months in the TAS-102 combined with the bevacizumab group 
and 2.2 months in the non-bevacizumab group, showing significance in favor of the bevacizumab combination. Median 
overall survival (OS) was 9.4 months in the bevacizumab combination group and 10.3 months in the group that did not 
receive combination therapy. A survival benefit was observed within 9.5 months in both the RMST and landmark analyses. 
The PFS benefit was consistent across different doses of bevacizumab, while no significant difference in OS was observed 
compared to TAS-102 monotherapy. Both PFS and OS did not significantly differ between the different doses of bevacizumab.
Conclusion Moderate doses of bevacizumab and TAS-102 provided satisfactory efficacy over the standard dose within a 
limited timeframe of 9.5 months.
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Introduction

Colorectal cancer (CRC) is the second leading cause of can-
cer-related death worldwide and is one of the most prevalent 
types of cancer [1]. Unfortunately, approximately half of all 
patients eventually develop metastatic CRC (mCRC). At this 
stage, salvage chemotherapy options include 5-fluorouracil 
(5-FU), oxaliplatin, irinotecan, anti-VEGF agents (such as 
bevacizumab), anti-EGFR agents (such as cetuximab and 
panitumumab), regorafenib, and TAS-102, either alone or in 
combination. However, patients undergoing salvage chemo-
therapy may experience adverse effects such as neutropenia 
following TAS-102 treatment, requiring dosage adjustments 
to maintain a balance between quality of life and efficacy.

Efficacy, sustained response to treatment, and mainte-
nance of quality of life are crucial aspects of managing 

 * Hao-Wei Teng 
 hwteng1971@gmail.com

1 Division of Medical Oncology, Department of Oncology, 
Taichung Veterans General Hospital, Taichung, Taiwan

2 Division of Medical Oncology, Department of Oncology, 
Taipei Veterans General Hospital, No. 201, Section 2, Shipai 
Road, Taipei 11217, Taiwan

3 Division of Colon and Rectum Surgery, Department 
of Surgery, Taipei Veterans General Hospital, Taipei, Taiwan

4 School of Medicine, National Yang Ming Chiao Tung 
University, Taipei, Taiwan

5 Division of Medical Education, Department of Medicine, 
Taipei Veterans General Hospital, Taipei, Taiwan

http://crossmark.crossref.org/dialog/?doi=10.1007/s00384-024-04767-9&domain=pdf
http://orcid.org/0000-0001-8480-3422


 International Journal of Colorectal Disease          (2024) 39:195   195  Page 2 of 10

refractory mCRC. TAS-102 improved overall survival 
(OS) in refractory mCRC compared to placebo in the 
phase III RECOURSE trial [2]. Additionally, Van Cut-
sem et al. investigated 800 patients from the RECOURSE 
study, demonstrating the effectiveness of TAS-102 across 
various subgroups, regardless of age, geographic region, 
or KRAS status. However, of the 38% of patients who 
received TAS-102, 4% experienced grade 3 or greater 
neutropenia, and an additional 4% developed febrile neu-
tropenia despite treatment with granulocyte colony-stim-
ulating factor. Consequently, patients may face risks that 
could profoundly affect their quality of life [3].

In the SUNLIGHT study, combining bevacizumab 
with TAS-102 demonstrated significant OS benefits 
compared to TAS-102 monotherapy [4]. However, seri-
ous adverse events (grade ≥ 3) were reported more fre-
quently in the combination group, with neutropenia being 
the most dominant. Severe (grade ≥ 3) neutropenia was 
noted in 43.1% of the combination group, and 29.3% of 
patients in the combination group received concurrent 
treatment with granulocyte colony-stimulating factor. 
Moreover, in a retrospective analysis (n = 24), Cann et al. 
demonstrated that alternative biweekly dosing of TAS-
102 can reduce toxicity while maintaining efficacy, with 
a median PFS of 2.3 months [5]. However, survival data 
for patients with mCRC remains unsatisfactory. In the 
RECOURSE trial, OS was 7.1 months in the TAS-102 
group and 5.3 months in the placebo group. The OS was 
10.8 months in the combination group and 7.5 months in 
the TAS-102 group.

In this study, we assessed the effectiveness of a mod-
erate dose of bevacizumab in combination with TAS-102. 
We hypothesized that patients receiving moderate doses of 
bevacizumab would have poorer survival outcomes.

Method

Patient characteristics and assessment

This retrospective cohort study included patients with 
mCRC who had developed resistance to prior therapies, 
including 5-FU, oxaliplatin, irinotecan, anti-VEGF, or 
anti-EGFR agents (if RAS wild-type). Eligibility criteria 
required that patients had received at least one cycle of 
TAS-102 therapy. Patients were classified as receiving con-
comitant bevacizumab if they had received three or more 
infusions, regardless of bevacizumab dose or timing in 
relation to TAS-102 treatment.

Baseline patient data were collected, including demo-
graphics (age, sex), body surface area (BSA) calculated 
using the Mosteller formula, primary tumor location, 
historical pathology, TAS-102 dosage (mg/m²/day), and 

relevant molecular data (RAS, BRAF mutation status, and 
microsatellite stability status). Additionally, clinical his-
tory data included the time interval between the diagnosis 
of metastatic disease and TAS-102 initiation, the number 
of prior therapy lines before TAS-102, and the presence 
of metastases in liver, lymph nodes, peritoneum, lung, 
or brain. This study was approved by the Institutional 
Review Board (IRB) of Taipei Veteran General Hospital, 
with a waiver of informed consent.

Bevacizumab dosing stratification

Among study participants, most received moderate doses 
of bevacizumab, while 11 patients were treated with a dose 
of 5 mg/kg. To analyze the effect of bevacizumab dos-
age, patients were stratified into two groups based on the 
median bevacizumab dose (3.3 mg/kg): a high-dose group 
(> 3.3 mg/kg) and a low-dose group (≤ 3.3 mg/kg).

Treatment response and survival outcomes

Treatment response was evaluated through imaging (CT 
and MRI) according to the RECIST criteria. PFS was cal-
culated as the time from TAS-102 initiation to imaging-
confirmed disease progression. OS was defined as the 
interval from TAS-102 initiation to death due to cancer.

Statistical analyses

Patient characteristics were reported with means and 
standard deviations for continuous variables, and medians 
with interquartile ranges where appropriate. Categorical 
variables were presented as frequencies and percentages. 
Group differences for categorical variables were assessed 
with chi-square or Fisher’s exact tests, while continuous 
variables were evaluated with independent t-tests or non-
parametric equivalents where appropriate.

Survival  analysis  was conducted using the 
Kaplan–Meier method, with log-rank tests comparing 
survival curves. Cox proportional hazards models were 
employed for univariate and multivariate analyses to 
identify predictors of OS. Variables with P < 0.1 in uni-
variate analysis were included in the multivariate model. 
Additionally, restricted mean survival time (RMST) and a 
landmark method were used to assess average survival at 
specific time points. All statistical tests were two-sided, 
and P-values < 0.05 were considered significant.
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Results

Patient characteristics

We retrospectively reviewed 261 patients with histologically 

confirmed mCRC between January 1, 2010, and February 
19, 2023. Of these, 175 received TAS-102 treatment without 
bevacizumab, and 86 received combination therapy. Base-
line characteristics did not differ significantly between the 
two groups (Table 1).

Table 1  Patient characteristics 
(n = 261)

Chi-Square test. fFisher’s Exact test. *P < 0.05, **P < 0.01
# 4 patients RAS mutation data miss
+ 37 patients BRAF data miss
$ 45 patients MSS data miss
# RAS including KRAS and NRAS
MSS Microsatellite Stable, MSI-H microsatellite instability-high

without bevacizumab
n = 175 (%)

bevacizumab
n = 86 (%)

P value

Age 0.22
 ≤ 60-year-old 56 (32.0) 34 (39.5)
> 60-year-old 119 (68.0) 52 (60.5)

Sex 0.27
Male 100 (57.1) 43 (50.0)
Female 75 (42.9) 43 (50.0)

BSA, median,  m2 (IQR) 1.59 (1.45–1.75) 1.63 (1.45–1.79) 0.45
Primary tumor location 0.08f

Right side 50 (28.6) 17 (19.8)
Life side 72 (41.1) 33 (38.4)
Rectum 52 (29.7) 34 (39.5)
Synchronous 1 (0.6) 0 (0.0)
Site unknown 0 (0.0) 2 (2.3)

Pathology 0.11f

Adenocarcinoma 164 (93.7) 85 (98.8)
Mucinous adenocarcinoma 11 (6.3) 1 (1.2)
TAS-102 dose (mg/m2/d) (IQR) 53.3 (45.7–62.1) 57.3 (45.8–66.3) 0.46

RAS#

wild type 82 (46.8) 39 (45.3) 0.34
mutation 89 (50.8) 47 (54.6)
BRAF+

mutation 5 (2.8) 2 (2.3) 0.93
Microsatellite stability  status$

MSS 143 (81.7) 71 (82.5) 0.60
MSI-H 2 (1.1) 0 (0.0)

Time from metastatic disease (%) 0.70
< 18 months 53 (30.2) 28 (32.5)
 ≥ 18 months 122 (69.8) 58 (67.5)

Previous treatment before
TAS-102

0.88

 ≤3 51 (29.1) 24 (27.9)
 ≥4 124 (70.9) 62 (72.1)

Metastatic site
Liver 112 (64.0) 62 (72.0) 0.19
Lymph node 83 (47.4) 34 (39.5) 0.22
Peritoneum 65 (37.1) 26 (30.2) 0.27
Lung 129 (73.7) 69 (80.2) 0.24
Brain 5 (2.8) 5 (5.8) 0.30f
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Survival outcomes

 In our cohort, the Kaplan–Meier plot showed a PFS of 3.7 
months in the TAS-102 group in combination with bevaci-
zumab and 2.2 months in the group without bevacizumab 
(hazard ratio [HR] 0.69; 95% confidence interval [CI] 
0.48–0.99), showing statistical significance in favor of the 
bevacizumab combination (P = 0.004) (Fig. 1a). The OS was 
10.3 months in the bevacizumab combination group and 9.4 
months in the group without combination therapy. No sta-
tistically significant difference was observed in OS regard-
less of the bevacizumab combination (P = 0.248) (Fig. 1b). 
In landmark analysis, survival showed statistical signifi-
cance before 9.5 months rather than 9.5 months (P = 0.027) 
(Fig. 1c). RMST at 10 months showed a change in estimated 
survival probabilities for both groups (Fig. 1d). Patients in 
the bevacizumab combination group experienced greater 
benefit within 9.5 months (Fig. 1e).

We summarized both univariate and multivariate analyses 
of OS. Univariate analysis revealed statistical significance 
for patients with BSA ≥ 1.61  m2, time from diagnosis of 
metastatic disease to TAS-102 administration > 18 months, 
and for patients with liver, lymph node, or brain metastases. 
In multivariate analysis, these factors remained statistically 
significant (Table 2).

Impact of bevacizumab dose

 We investigated the effect of the bevacizumab dose on sur-
vival. A statistically significant improvement in PFS was 
noted via the log-rank test, indicating that patients expe-
rienced a survival benefit with combination therapy com-
pared to TAS-102 monotherapy (P = 0.007) (Fig. 2a). No 
significant difference was observed in OS between patients 
not receiving the bevacizumab combination and patients 
receiving different doses, whether above or below 3.3 mg/kg 
(P = 0.472) (Fig. 2b). In patients receiving the bevacizumab 
combination therapy (n = 86), PFS rates were not signifi-
cantly different between the two groups, regardless of dosage 
(Fig. 2c). Median PFS was 4.2 months in the bevacizumab 
group with doses less than 3.3 mg/kg and 4.4 months in the 
comparison group (P = 0.509). These results suggest that 

bevacizumab treatment is associated with improved PFS and 
that a combination of moderate doses of bevacizumab and 
TAS-102 provided comparable efficacy. No significant dif-
ference in OS was observed between different bevacizumab 
doses. This implies that patients receiving doses either 
slightly below standard (between 3.3 mg/kg and 5 mg/kg) 
or significantly lower (below 3.3 mg/kg) show no significant 
effects (P = 0.338).

In our cohort, the median dose of bevacizumab was 
3.3 mg/kg. Therefore, we summarized the characteristics 
of patients in the bevacizumab combination group at this 
dosage. Sex exhibited statistically significant differences, 
with women having a higher prevalence in the bevacizumab 
group at doses above 3.3 mg/kg, whereas men were more 
predominant. Other characteristics were not statistically sig-
nificant (Table 3).

Subgroup analysis of PFS in bevacizumab 
combination

Our results demonstrate the potential PFS benefits of com-
bining TAS-102 with bevacizumab, particularly in specific 
subgroups (Table 4). These subgroups included patients > 60 
years old, men, individuals with a BSA < 1.61  m2, patients 
with adenocarcinoma, those who received a TAS-102 
dose > 56 mg/m2/d, individuals with RAS mutation, wild-
type BRAF, microsatellite stable status, patients with a dura-
tion of < 18 months from diagnosis of metastatic disease 
to initiation of TAS-102, heavily pretreated patients, and 
those with liver, lymph node, or lung metastases. Although 
the data are limited, PFS benefits were observed in patients 
with BRAF mutations. PFS in patients with microsatellite 
instability status was not analyzed because no patient in the 
bevacizumab combination group had microsatellite insta-
bility status. These findings suggest that TAS-102, in com-
bination with bevacizumab, may lead to improved PFS in 
patients with mCRC with the above characteristics.

Discussion

Our report is the first to show that a moderate dose of beva-
cizumab in combination with TAS-102 provides satisfac-
tory survival benefits that have not been directly compared 
in clinical studies. This survival benefit was limited to 9.5 
months.

In the RECOURSE study, TAS-102 demonstrated proven 
efficacy with acceptable toxicities compared to the placebo. 
Patients were administered TAS-102 at a dose of 35 mg/m2/d 
two times daily, following a 5-day-on and 2-day-off schedule 
each week for 2 weeks, followed by a 14-day rest period [2]. 
However, 53% experienced a delay of ≥ 4 d in commenc-
ing their next cycle owing to toxicity, with approximately 

Fig. 1  Panel (a) represent the survival curve by using the Kaplan–
Meier method to represent the PFS by bevacizumab combination or 
not (n  =261); panel (b) represent the survival curve of the OS by 
bevacizumab combination or not (n  =261); panel (c) represent the 
specific time in 9.5-month of OS of bevacizumab combination or not 
in landmark test (n =261); panel (d) illustrates the RMST method for 
average survival at a specific time of 10 months. Arm1 stands for the 
bevacizumab combination, and arm2 stands for TAS-102 monother-
apy; panel (e) represent the P value of OS as time goes by (n =261)

◂
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Table 2  Summary of univariate 
and multivariate analyses of 
overall survival

*P < 0.05, **P < 0.01
# 4 patients RAS mutation data miss
+ 37 patients BRAF data miss
$ 45 patients MSS data miss
# RAS including KRAS and NRAS

Patient Characteristics Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

Bevacizumab combination
 Without bevacizumab Reference
 With bevacizumab 0.82 (0.59–1.15) 0.24

Bevacizumab dose
 lower than 3.3 mg/kg Reference
 higher than 3.3 mg/kg 1.30 (0.76–2.25) 0.34

Age, years
 ≤ 60-year-old Reference
 > 60-year-old 1.11 (0.78–1.56) 0.56

Sex
 Female Reference
 Male 0.85 (0.62–1.17) 0.30

BSA, median,  m2

 < 1.61 Reference Reference
 ≥ 1.61 0.50 (0.28–0.87) < 0.01** 0.45 (0.25–0.81) < 0.01**

Primary tumor location
 Right side Reference
 Left side 0.80 (0.53–1.20) 0.27
 Rectum 0.80 (0.53–1.20) 0.27
 Synchronous 1.63 (0.22–11.88) 0.63

Pathology
 Adenocarcinoma Reference
 Mucinous adenocarcinoma 0.94 (0.42–2.14) 0.89

TAS-102 dose (mg/m2/d)
 <56 mg/m2/d Reference
 ≥56 mg/m2/d 0.87 (0.64–1.20) 0.40

RAS#

 wild type Reference
 mutation 0.86 (0.62–1.18) 0.34

BRAF+

 wild type Reference
 mutation 1.22 (0.50–3.00) 0.66

Microsatellite stability  status$

 MSS Reference
 MSI-H 0.69 (0.10–4.96) 0.90

Time from metastatic disease
 < 18 months Reference Reference
 ≥ 18 months 0.60 (0.42–0.84) 0.003** 0.64 (0.45–0.91) 0.013**

Previous treatment before TAS-102
 ≤ 3 Reference
 ≥ 4 1.44 (0.97–2.12) 0.06 1.43 (0.94–2.16) 0.08

Metastatic site
 Liver 1.58 (1.10–2.26) 0.01* 1.58 (1.10–2.27) 0.01*
 Lymph node 1.43 (1.03–1.97) 0.02* 1.83 (1.30–2.57) 0.001**
 Peritoneum 1.08 (0.77–1.52) 0.64
 Lung 1.01 (0.70–1.46) 0.94
 Brain 2.12 (1.08–4.18) 0.02* 6.51 (2.97–14.27) < 0.001**
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half of this subgroup experiencing a longer delay of ≥ 8 d. 
In addition, 3.6% of patients discontinued treatment due to 
adverse reactions, and 14% required dose reduction [3]. In 
clinical practice, patients often experience gastrointestinal 
symptoms, leading to the postponement of treatment due to 
grade 3 or 4 neutropenia.

The rationale for using this combination was based on 
preliminary studies considering the patients who had been 
diagnosed with colorectal cancer [6–9]. Compared to the 
SUNLIGHT study, OS was 10.8 months in the bevacizumab 
combination group, while in our cohort it was 10.3 months 
with a moderate dose of bevacizumab. Survival was sim-
ilar to that observed with relatively low doses of bevaci-
zumab. Moreover, RMST analysis limited OS to a period 
of 10 months. However, patients who underwent TAS-102 

treatment experienced greater survival benefits with early 
bevacizumab combination therapy [4].

The median TAS-102 dose in our retrospective review 
was 56 mg/m2/d. Our institution has reduced TAS-102 due 
to intolerance. In other words, most patients initially received 
the standard dose in their prescription and experienced a dose 
reduction after the first cycle of administration. Once patients 
received a reduced dose, it was not titrated back to the stand-
ard dose. We observed a trend of an increased TAS-102 dose 
in the bevacizumab combination group compared to the oth-
ers; however, the difference was not statistically significant.

No significant difference was observed in the OS between 
the bevacizumab combination groups. This may have been 
caused by complications, as well as the lack of TAS-102 
and bevacizumab underdosing in our cohort. Furthermore, 

Fig. 2  Panel (a) represent the survival curve of PFS by 3 differ-
ent doses of bevacizumab combination, including none, lower and 
above medium dose of 3.3mg/kg (n  =261); panel (b) represent the 
OS by 3 different doses of bevacizumab combination, including none, 
lower and above medium dose of 3.3mg/kg (n =261); panel (c) and 

(d) analysis among patients using bevacizumab only. Panel (c) rep-
resent the PFS in bevacizumab combination group, including lower 
and above medium dose of 3.3mg/kg (n =86); panel (d) represent the 
OS in bevacizumab combination group, including lower and above 
medium dose of 3.3mg/kg (n =86)
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the majority of patients had refractory disease, with 71.2% 
(n = 186) receiving TAS-102 as their fourth line of treatment 
or beyond [10].

The lack of OS benefits at the higher standard dose of 
the bevacizumab group (> 3.3 mg/kg) may be due to several 
factors. First, men dominated the lower bevacizumab dose 
group. Second, the relatively small sample size may have 
influenced the results. Finally, the higher proportion of left-
side-origin tumors in the lower bevacizumab group (46.5%) 

compared to their counterparts (30.2%) in our cohort may 
have had an impact. In the Monitoring of Cancer Incidence 
in Japan (MCIJ) project, which examined 62,350 participants 
with colon cancer from 2006 to 2008, the authors reported 
that the five-year net survival rate for left- and right-sided 
colon cancer was 74.0% (95% CI, 73.4–74.7%) and 70.4% 
(95% CI, 69.7–71.0%), respectively [11]. This suggests that 
patients with left-sided colon cancer have better survival rates 
than those with other cancers. No precise explanation exists 

Table 3  Patient characteristics, 
combination with bevacizumab

Mann-Whitney U test. Chi-Square test. fFisher’s Exact test. *P < 0.05, **P < 0.01

bevacizumab lower than 3.3 
mg/kg
n = 43 (%)

bevacizumab higher than 
3.3 mg/kg
n = 43 (%)

P value

Age, median, years(IQR) 64 (55–72) 63 (54–71) 0.34
 ≤60-year-old 18 (41.8) 16 (37.2)
 >60-year-old 25 (58.2) 27 (62.8)

Sex 0.01*

 Male 27 (62.8) 16 (37.2)
 Female 16 (37.2) 27 (62.8)

BSA, median,  m2 1.75 (1.56–1.94) 1.55 (1.42–1.65) 0.09
Primary tumor location 0.12
 Right side 6 (14.0) 11 (25.6)
 Life side 20 (46.5) 13 (30.2)
 Rectum 17 (39.5) 17 (39.5)
 Site unknown 0 (0.0) 2 (4.7)

Pathology 0.31
 Adenocarcinoma 43 (100.0) 42 (97.6)
 Mucinous adenocarcinoma 0 (0.0) 1 (2.4)
 TAS-102 dose (mg/m2/) (IQR) 54.8 (47.9–63.6) 59.9 (52.6–69.4) 0.59

RAS 0.12
 wild type 23 (53.4) 16 (37.2)
 mutation 20 (46.5) 27 (62.8)

BRAF 0.95
 wild type 42 (97.6) 42 (97.6)
 mutation 1 (2.4) 1 (2.4)

Microsatellite stability status 0.77
 MSS 36 (83.7) 35 (81.4)
 MSI-H 0 (1.1) 0 (0.0)

Time from metastatic disease 0.64
 < 18 months 13 (30.2) 15 (34.8)
 ≥ 18 months 30 (69.8) 28 (65.2)

Previous treatment before
TAS-102

0.27

 ≤ 3 10 (23.2) 14 (32.5)
 ≥ 4 33 (76.8) 29 (67.5)

Metastatic site
 Liver 29 (67.4) 33 (76.8) 0.33
 Lymph node 21 (48.8) 13 (30.2) 0.07
 Peritoneum 16 (37.2) 33 (76.8) 0.27
 Lung 35 (81.4) 34 (79.0) 0.78
  Brainf 4 (9.3) 1 (2.4) 0.16
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for the better OS trend in the lower-dose group. We observed 
a significant PFS difference with TAS-102 in combination 
with bevacizumab, regardless of the bevacizumab dose. 

Patients receiving TAS-102 treatment experienced extended 
PFS after more than three bevacizumab infusions. Addi-
tionally, we observed that in certain individuals, including 
those > 60, men with a BSA less than 1.61, adenocarcinoma 
(versus mucinous adenocarcinoma), receiving a TAS-102 
dose above 56 mg/m2/d, having RAS mutations, diagnosed 
with metastatic disease < 18 months before starting TAS-102, 
heavily pretreated, or with liver, lymph nodes, or lung metas-
tases, may experience prolonged PFS.

Subgroups of patients with factors indicating a good prog-
nosis have already been described. In a combined analysis of 
two phase III studies, mucinous adenocarcinomas exhibited 
worse OS, PFS, and overall response rates than adenocarci-
nomas [12]. This suggests that mucinous adenocarcinoma 
may be an independent factor for poor prognosis. Although 
RAS mutations conferred a PFS benefit in our cohort, the 
role of KRAS mutations as a treatment-independent prog-
nostic factor seems unlikely; however, this remains contro-
versial [13]. BRAF mutation has different clinical charac-
teristics and prognoses [13–15]; however, limited data exists 
on this aspect.

Our study had several limitations. First, it was retro-
spective in nature. Further prospective randomized clinical 
trials are required to validate the role of different doses 
in combination therapy. Second, our cohort received dif-
ferent doses of TAS-102, making it difficult to accurately 
determine the efficacy of TAS-102 or bevacizumab. We 
could not determine the most beneficial dose combina-
tion. Factors such as limited BRAF, microsatellite stable 
data, and a small mucinous adenocarcinoma population 
made statistical significance questionable. Various salvage 
chemotherapy regimens were used before or after bevaci-
zumab combination therapy.

Conclusion

This retrospective study highlights the survival benefits 
of TAS-102 combined with a moderate dose of bevaci-
zumab in patients with refractory mCRC. Further pro-
spective studies are essential to determine the optimal 
combination of moderate doses of bevacizumab and 
TAS-102 in heavily treated patients with CRC in real-
world practice.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00384- 024- 04767-9.
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Table 4  Subgroup analysis of progression-free survival in combina-
tion with bevacizumab

Chi-Square test. fFisher’s Exact test. *P < 0.05, **P < 0.01
§ There were no patients with MSI-H in the bevacizumab combination 
group
¶ There were 2 patients with BRAF mutation in the bevacizumab 
combination group

Subgroup Hazard ratio 95% CI P value

Age, median, years
 ≤60-year-old 0.66 0.41–1.08 0.10
 >60-year-old 0.63 0.44–0.91 0.01*

Sex
 Male 0.62 0.42–0.93 0.02*
 Female 0.69 0.45–1.05 0.08

BSA, median,  m2

 <1.61 0.57 0.38–0.87 0.01*
 ≥1.61 0.73 0.49–1.10 0.14

Primary tumor location
 Right side 0.61 0.32–1.13 0.12
 Life side 0.68 0.43–1.08 0.10
 Rectum 0.68 0.42–1.12 0.13

Pathology
 Adenocarcinoma 0.63 0.47–0.85 0.003**
 Mucinous adenocarcinoma 0.74 0.08–6.54 0.79

TAS-102 dose (mg/m2/d)
 <56 mg/m2/d 0.70 0.45–1.08 0.11
 ≥56 mg/m2/d 0.60 0.41–0.90 0.01**

RAS
 wild type 0.70 0.45–1.08 0.11
 mutation 0.56 0.38–0.85 0.006**

BRAF
 wild type 0.65 0.47–0.89 0.008**
  mutation¶f 6.30 1.42–27.93 0.01*

Microsatellite stability  status§

 MSS 0.67 0.49–0.93 0.01*
Time from metastatic disease
 <18 months 0.40 0.22–0.71 0.002**
 ≥18 months 0.72 0.51–1.02 0.06

Previous treatment before 
TAS-102
 ≤3 0.73 0.42–1.28 0.28
 ≥4 0.62 0.44–0.87 0.006**

Metastatic site
 Liver 0.63 0.45–0.89 0.009**
 Lymph node 0.60 0.39–0.94 0.02*
 Peritoneum 0.86 0.51–1.45 0.58
 Lung 0.60 0.43–0.84 0.003**
  Brainf 0.52 0.07–3.94 0.53
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