
MOLECULAR AND CLINICAL ONCOLOGY  11:  390-396,  2019390

Abstract. The combination regimen of TAS-102, a novel oral 
nucleoside antitumor agent containing trifluridine and tipiracil 
hydrochloride, with bevacizumab (C-TASK FORCE), a selective 
monoclonal antibody inhibitor of vascular endothelial growth 
factor‑A, as salvage‑line therapy for metastatic colorectal cancer 
(mCRC) was established based on its high clinical effectiveness. 
The aim of the present study was to evaluate the prognostic 
accuracy of the modified Glasgow Prognostic Score (mGPS) in 
patients receiving TAS‑102 plus bevacizumab. The study included 
17 patients (12 men and 5 women, mean age 60.4±13.4 years) 
with unresectable mCRC who were confirmed to have wild‑type 
or mutant RAS genes. The patients received salvage‑line treat-
ment with TAS‑102 plus bevacizumab at the Surgical Oncology 
Department of Gifu University School of Medicine between 
March 2016 and August 2018. The study population was heavily 
pretreated; the majority of the patients (71%) had received ≥4 
prior regimens and, in addition to fluoropyrimidine, irinotecan 
and oxaliplatin, all had received bevacizumab (100%) and either 
cetuximab or panitumumab (47%). The RAS status was wild‑type 
in 9 (53%) and mutant in 8 (47%) patients. The primary tumor 
locations included the right‑sided colon in 5 patients (29%; cecum 
in 2 and transverse colon in 3 cases) and left-sided colorectum in 
12 patients [71%; sigmoid colon in 4, rectosigmoid (Rs) in 4, and 

rectum above/below the peritoneal reflection (Ra/b) in 4 cases]. 
Metastatic sites included the liver in 15 (88%), lung in 13 (76%), 
lymph nodes in 7 (41%), and peritoneal dissemination in 5 (24%) 
patients. The number of metastatic sites was 1 in 3 (18%) and 
>2 in 14 (82%) patients. Their first staging imaging scans (after 
2 cycles of therapy) were available for review in all 17 patients. 
At first evaluation, 5 (29%) patients had progressive disease (PD), 
12 (71%) had stable disease, and none had a partial response to 
TAS‑102 plus bevacizumab. The median overall survival (OS) of 
14.1 months and progression‑free survival (PFS) of 6.8 months 
were comparable to the 11.2 and 5.6 months, respectively, in the 
C‑TASK FORCE study. Upon considering three groups, namely 
mGPS 0, mGPS 1 and mGPS 2, the median PFS times were 
significantly different (mGPS 0 vs. mGPS 2, P=0.02; and mGPS 
1 vs. mGPS 2, P=0.06). The median PFS times in the mGPS 
0, 1 and 2 groups were 12.1, 4.8 and 2.3 months, respectively. 
Median OS was also significantly different (mGPS 0 vs. mGPS 
2, P=0.01; and mGPS 1 vs. mGPS 2, P=0.04). The median OS 
times in the mGPS 0, 1 and 2 groups were 14.0, not reached, 
and 2 months, respectively. The present study demonstrated the 
efficacy and safety of the TAS‑102 plus bevacizumab combina-
tion as salvage‑line treatment. This combination therapy (the 
TAS‑102 plus bevacizumab) has obtained valid results with 
PFS OS as well as C‑TASK.FORCE study. The results of the 
present study also confirmed the prognostic accuracy of mGPS 
in salvage‑line treatment of patients with mCRC.

Introduction

The incidence and mortality rates of colorectal cancer 
(CRC) vary markedly worldwide. Globally, CRC is the third 
most commonly diagnosed cancer in men and the second in 
women (1), with 1.8 million new cases and almost 861,000 
deaths in 2018 according to the World Health Organization 
GLOBOCAN database (2,3).
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Approximately 25% of patients with CRC have metastatic 
disease, with a clinically significant detrimental effect on 
prognosis (4,5). With the administration of chemotherapy 
and molecular targeted therapy, the median overall survival 
(OS) time of metastatic CRC (mCRC) has improved from 
12 to 34.9 months (6,7). However, mCRC carries a poor 
prognosis and cannot be cured with the currently available 
therapy options. Chemotherapy designed to prolong survival 
and improve the quality of life of patients is the mainstay of 
treatment (8).

TAS‑102 (trif luridine and tipiracil hydrochloride, a 
novel combination oral nucleoside antitumor agent) was first 
approved in Japan in March 2014 and received US Food and 
Drug Administration (FDA) approval in September 2015, after 
an international phase III clinical trial in patients with refrac-
tory metastatic colon cancer demonstrated an OS benefit with 
TAS‑102 compared with placebo (9).

Bevacizumab is a selective monoclonal antibody 
inhibitor of vascular endothelial growth factor (VEGF)‑A; 
it was FDA‑approved for mCRC in 2005, after showing 
efficacy in combination with 5‑fluorouracil (5‑FU)‑based 
chemotherapy (10,11). The combination regimen of a fluoropy-
rimidine with bevacizumab in mCRC in the first‑line setting 
was established on the basis of high clinical effectiveness and 
no overlapping toxicity between agents. Similarly, combining 
TAS-102 with bevacizumab may be beneficial. Evidence 
of the activity of TAS‑102 plus bevacizumab in mCRC was 
reported in a phase I/II trial of the C‑TASK FORCE study (12). 
In addition, in a phase II/III trial of the TRUSTY study was 
initiated in 2017 and the study is anticipated to be completed in 
2022 (13). The aim of the present cohort study was to evaluate 
the benefits of using the modified Glasgow Prognostic Score 
(mGPS) as an inflammatory index and the combination of 
TAS-102 with bevacizumab as salvage-line treatment.

Patients and methods

Patients. This study included 17 patients with unresectable 
mCRC who were confirmed to have the wild‑type or mutant 
RAS gene. The patients received salvage‑line treatment 
with TAS‑102 plus bevacizumab at the Surgical Oncology 
Department of Gifu University School of Medicine between 
March 2016 and August 2018. The level 1 dose was TAS-102 
(Taiho Pharmaceutical Co., Ltd.) at 35 mg/m2 body surface 
area, administered orally twice per day on days 1‑5 and 
8‑12 of a 28‑day cycle, plus bevacizumab at 5 mg/kg body 
weight, administered by intravenous infusion for 30 min 
every 2 weeks. Tumor shrinkage in the 17 patients was evalu-
ated according to the Response Evaluation Criteria in Solid 
Tumors (RECIST) version 1.1, based on the dose-limiting 
toxicity observed in each cycle. The demographic and 
disease characteristics of the patients were also recorded. On 
the basis of the results of previous clinical studies (9), beva-
cizumab plus standard regimens, such as FOLFOX, CAPOX 
and FOLFIRI, is currently recommended as first‑line treat-
ment for mCRC (Table I).

Written informed consent was obtained from all patients 
enrolled in the present study. The study protocol conformed to 
the ethical guidelines of the 1975 Declaration of Helsinki and 
the guidelines of the regional ethical committees of Zurich 

and Basel, Switzerland, and was approved by the Institutional 
Review Board of the Gifu University Graduate School of 
Medicine (no. 28-196).

RECIST 1.1 guideline. Computed tomography (CT) is 
currently considered the best and most reproducible method 
for measuring lesions when assessing response. The RECIST 
guideline defines measurability of lesions on CT scan based 
on a slice thickness of ≤5 mm. When the CT slice thickness is 
>5 mm, the minimum size of a measurable lesion must be at 
least twice the slice thickness.

Evaluation of target lesions. Complete response (CR) is defined 
as disappearance of all target lesions. Any pathological lymph 
nodes (whether target or non‑target) must display a reduction 
in the short axis to <10 mm. Partial response (PR) is defined 
as at least a 30% decrease in the sum of the diameters of the 
target lesions as compared with the baseline sum diameters. 
Progressive disease (PD) is defined as at least a 20% increase 
in the sum of the diameters of the target lesions compared with 
the smallest sum in the study (this includes the baseline sum, 
if that is the smallest). In addition to the relative increase of 
20%, the sum must also exhibit an absolute increase of at least 
5 mm (of note, the appearance of one or more new lesions is 
also considered as progression). Finally, stable disease (SD) is 
defined as neither sufficient shrinkage to qualify for PR, nor 
sufficient increase in size to qualify for PD as compared with 
the smallest sum diameters in the study.

mGPS. The GPS has been reported to be a useful inflamma-
tory index for assessing the status of cachexia. This score is 
composed of C‑reactive protein (CRP) levels to reflect the 
systemic inflammation status, and serum albumin levels to 
reflect the nutritional status (14). At present, mGPS is widely 
used to classify patients into three groups, namely 0, 1 and 2. 
mGPS was calculated as follows: 0,  CRP ≤1.0 mg/dl; 1, CRP 
>1.0 mg/dl; and 2, CRP >1.0 mg/dl and albumin <3.5 mg/dl (15).

Statistical analysis. All data are presented as the 
mean ± standard deviation. The Student's t-test, Wilcoxon's 
signed‑rank test, Kaplan‑Meier method, log‑rank test, and 
Pearson's product‑moment correlation coefficient were used to 
evaluate the data and determine statistical significance. P<0.05 
was considered to indicate a statistically significant difference. 
All statistical analyses were performed with SPSS 11.5J soft-
ware (SPSS Japan, Inc.).

Results

Study population. The present study included 17 patients with 
mCRC (12 men and 5 women; mean age, 60.4±13.4 years; 
range, 41‑81 years), all of whom had an Eastern Cooperative 
Oncology Group performance status of 0‑2. The study popula-
tion was heavily pretreated: The majority (71%) had received 
≥4 prior regimens and, in addition to fluoropyrimidine, irino-
tecan and oxaliplatin, all had received bevacizumab (100%) 
and either cetuximab or panitumumab (47%). The RAS gene 
mutation status was determined for all 17 patients: 9 (53%) 
had wild‑type and 8 (47%) had mutant RAS (Table II). All 17 
patients received TAS‑102 plus bevacizumab at the dosages 
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described in Patients and methods. All patient had undergone 
primary tumor resection prior to salvage‑line treatment.

Adverse events (classified according to the National Cancer 
Institute Common Terminology Criteria for Adverse Events, 
version 5.0) were observed in all 17 patients (16). Grade 3/4 
toxicity was predominantly hematological, consisting mostly 
of neutropenia (41%), leukopenia (11%) and anemia (5%). 
Febrile neutropenia was not observed in any of the patients. 
Non-hematological toxicity consisted mainly of fatigue, 
nausea, proteinuria and anorexia, but it was rarely grade ≥3. 
There were no reported treatment‑related deaths (Table III).

The first staging imaging scans (~after 2 cycles of 
therapy) were available for review in all 17 patients. At the 
first evaluation, 5 (29%) patients had PD, 12 (71%) patients 
had SD, whereas none had PR to TAS‑102 plus bevacizumab 
(Table IV). The respective median OS and progression‑free 
survival (PFS) times were 14.1 and 6.8 months, respectively, 
which were somewhat better compared with the respec-
tive 11.2 and 5.6 months reported in the C‑TASK FORCE 
study (12) (Figs. 1 and 2).

Furthermore, patients with mCRC receiving salvage‑line 
therapy who developed chemotherapy‑induced neutropenia at 
1 month (CIN‑1‑month) had significantly improved PFS (grade 
0‑2 vs. 3‑4: 2.7 vs. 12.1 months, respectively; P=0.021) (Fig. 3). 
Unfortunately, individuals who developed CIN‑1‑month 
exhibited no significant improvement in OS (Fig. 4).

The median PFS was significantly different among the 
three mGPS groups (mGPS 0 vs. mGPS 2, P=0.02; mGPS 
1 vs. mGPS 2, P=0.06). The median PFS in the mGPS 0, 1 
and 2 groups was 12.1, 4.8 and 2.3 months, respectively. The 

median OS was also significantly among the three groups 
(mGPS 0 vs. mGPS 2, P=0.01; mGPS 1 vs. mGPS 2, P=0.04). 
The median OS in the mGPS 0, 1 and 2 groups was 14.0, not 
reached, and 4.3 months, respectively (Figs. 5 and 6).

Discussion

Recently, chemotherapy for CRC has markedly progressed. In 
particular, the treatment for advanced or metastatic CRC has 
significantly improved due to the development of the FOLFOX 
and FOLFIRI regimens. Furthermore, the introduction of 
targeted therapy has further increased the effectiveness of 
CRC treatment (17-20).

The development of molecular targeted agents has 
contributed to the prolongation of mCRC patient survival. 
One anti‑VEGF agent, bevacizumab, and two anti‑epidermal 
growth factor receptor (EGFR) agents, cetuximab and 
panitumumab, have shown clinical benefits in the first‑, 
second- and salvage-line setting in combination with cytotoxic 
chemotherapy. Moreover, RAS mutations have been proven 
to be a negative biomarker for anti‑EGFR therapy in recent 
retrospective analyses (6,21).

As salvage‑line chemotherapy, regorafenib was the first 
small-molecule multikinase inhibitor to offer a survival 
benefit in mCRC that has progressed after all standard 

Table I. Baseline characteristics (before salvage-line treatment).

Previous chemotherapy and All patients 
reason for discontinuation (n=17), no. (%)

Fluoropyrimidine 
  Refractory 17 (100)
  Intolerant 0
Oxaliplatin 
  Refractory 16 (94)
  Intolerant 1 (6)
Irinotecan 
  Refractory 15 (88)
  Intolerant 2 (12)
Angiogenesis inhibitor 
  Refractory 17 (100)
  Intolerant 0
Anti-EGFR antibody 
  Refractory 8 (47)
  Intolerant 1 (6)
RAS mutational status 
  Wild‑type 9 (53)
  Mutant 8 (47)

EGFR, epidermal growth factor receptor.

Table II. Patient characteristics.

 All patients 
Characteristics (n=17), no. (%)

Age (years), mean ± SD 60.4±13.4
Sex  
  Male 12 (71)
  Female 5 (29)
ECOG performance status  
  0 4 (23)
  1 10 (59)
  2 3 (18)
Primary site  
  Right‑sided colon 5 (29)
  Left-sided colorectum  12 (71)
Number of metastatic organs/sites  
  1 3 (18)
  ≥2  14 (82)
Metastatic organ  
  Liver 15 (88)
  Lung 13 (76)
  Lymph nodes 7 (41)
  Peritoneum 5 (29)
Pathology 
  Tub1 3 (18)
  Tub2 14 (82)

SD, standard deviation; ECOG, Eastern Cooperative Oncology 
Group.
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therapies have been exhausted. In the CORRECT study, 
no patients achieved a CR; however, 5 patients receiving 
regorafenib and 1 patient assigned to placebo exhibited a PR, 
with objective response rates of 1.0 and 0.4%, respectively 
(P=0.19). As CR and PR were obtained in only a few patients, 
regorafenib is unlikely to fully achieve a complete or partial 

disease response. However, disease control was achieved in 
41% of the patients assigned regorafenib and in 15% of the 
patients assigned placebo (P<0.0001). The median duration of 

Figure 3. Kaplan‑Meier curves of PFS in patients with metastatic colorectal 
cancer who developed chemotherapy‑induced neutropenia (CIN) in the 
salvage‑line setting revealed that patients with CIN‑1‑month had signifi-
cantly improved survival (grade 0‑2 vs. 3‑4: 2.7 vs. 12.1 months, respectively; 
P=0.021). PFS, progression‑free survival.

Figure 2. Kaplan‑Meier curves of investigator‑assessed overall survival 
(n=17).

Figure 1. Kaplan‑Meier curves of investigator‑assessed progression‑free 
survival (n=17).

Table III. Frequency of adverse events and laboratory 
abnormalities.

 TFTD + BV, n=17 (%)
 ------------------------------------------------------
 All grade,  Grade 3/4, 
Adverse events n (%) n (%)

Hematological   
  Neutropenia 11 (64) 7 (41)
  Leukopenia  11 (64) 1 (11)
  Anemia 8 (47) 1 (5)
Non-hematological   
  Increased blood bilirubin 7 (41) 1 (5)
  Increased ALT  7 (41) 1 (5)
  Increased AST  6 (35) 1 (5)
  Increased ALP 6 (35) 1 (5)
  Febrile neutropenia  0 (0) 0 (0)
  Hypertension  5 (29) 1 (5)
  Anorexia 7 (41) 0 (0)
  Oral mucositis 2 (11) 0 (0)
  Proteinuria 9 (52) 0 (0)
  Nausea 8 (47) 0 (0)
  Diarrhea  8 (47) 0 (0)
  Vomiting 2 (11) 1 (5)
  Fatigue 10 (58) 0 (0)
  Fever  2 (11) 1 (5)
  Skin rash 6 (35) 0 (0)
  Epistaxis 5 (29) 0 (0)

TFTD, trifluridine and tipiracil hydrochloride; BV, bevacizumab; 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
ALP, alkaline phosphatase.

Table IV. Best response to treatment.

Response to treatment TFTD + BV, n=17 (%)

Complete response (CR) 0 (0)
Partial response (PR) 0 (0)
Stable disease (SD) 12 (71)
Progressive disease (PD) 5 (29)
Not evaluable (NE) 0 (0)
Overall response (CR + PR) 0 (0)
Disease control (CR + PR + SD) 12 (71)

TFTD, trifluridine and tipiracil hydrochloride; BV, bevacizumab.
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SD was 2.0 months in the regorafenib group and 1.7 months 
in the placebo group (22).

In salvage-line treatment of mCRC, TAS-102 was 
reported to significantly improve OS compared with 
placebo in the RECOURSE trial. In the tumor‑response 
population (502 patients in the TAS‑102 group and 258 in 
the placebo group), 8 patients in the TAS‑102 group had a 
PR, and 1 patient in the placebo group had a CR, resulting 
in objective response rates of 1.6% with TAS‑102 and 0.4% 
with placebo (P=0.29). Disease control (CR, PR or SD, 
assessed at least 6 weeks after randomization) was achieved 
in 221 patients (44%) in the TAS‑102 group and 42 patients 
(16%) in the placebo group (P<0.001). Patients in the 
TAS‑102 group received the study drug for a mean ± stan-
dard deviation of 12.7±12.0 weeks (median, 6.7; range, 
0.1‑78.0 weeks), and patients in the placebo group received 

the study drug for a mean of 6.8±6.1 weeks (median, 5.7; 
range, 0.1-63.7 weeks). The assessment of tumor status with 
regard to KRAS demonstrated that 49% of the patients had 
wild‑type tumors and 51% had mutant tumors. A benefit 
from treatment with TAS‑102 was observed in both patient 
subgroups (20). In the CORRECT trial, treatment‑related 
adverse events occurred in 93% patients receiving rego-
rafenib and in 61% of those receiving placebo. The most 
common adverse events of grade ≥3 associated with rego-
rafenib were hand‑foot skin reaction (17%), fatigue (10%), 
diarrhea (n=36, 7%), hypertension (n=36, 7%), and rash or 
desquamation (n=29, 6%) (22).

Although regorafenib and TAS-102 are effective as 
salvage‑line therapies, OS and PFS remain unsatisfactory with 
these treatments. Recently, the phase I/II C‑TASK FORCE 
trial was conducted to investigate the efficacy and safety of 
TAS‑102 plus bevacizumab in the salvage‑line setting. The 
median OS was 11.2 months and the PFS was 5.6 months. In 
addition, although the relative risk was only 4.0%, the disease 
control rate was 72%, with tolerable toxicity. However, the 
sample size was quite small (n=25). The assessment of tumor 
status with regard to KRAS revealed that 49% of the patients 
had wild‑type and 51% had mutant tumors. A benefit from 
treatment with TAS‑102 was also observed in both patient 
subgroups (12).

At present, there are almost no reports on the antitumor 
effect of combined TAS-102 and bevacizumab. Tsukihara et al 
evaluated the mechanism underlying the enhanced antitumor 
effect of combined TAS-102 and bevacizumab (23). They 
measured trifluridine (FTD) and its phosphorylated forms in 
tumors, as these are the active components and metabolites 
of TAS‑102. Phosphorylated FTD levels were increased by 
combining TAS‑102 and bevacizumab in both SW48 and 
HCT116 tumors (23). In addition, Jain et al reported that tumor 
blood vessels are generally poorly organized and hyperper-
meable, with an impaired gradient between the vascular and 
interstitial pressure and, consequently, offer a diminished 
blood supply (24). They further reported that these vessels may 

Figure 6. Kaplan‑Meier curves demonstrated that the median OS was 
significantly different among mGPS groups (mGPS 0 vs. mGPS 2, P=0.01; 
mGPS 1 vs. mGPS 2, P=0.04). The median OS in the mGPS 0, 1 and 2 groups 
was 14.0, not reached, and 2 months, respectively. OS, overall survival; 
mGPS, modified Glasgow Prognostic Score.

Figure 4. Kaplan‑Meier curves of OS in patients with metastatic colorectal 
cancer who developed chemotherapy‑induced neutropenia (CIN) revealed 
that patients with CIN‑1‑month did not have a significant improvement in 
survival. OS, overall survival.

Figure 5. Kaplan‑Meier curves demonstrated that the median PFS was 
significantly different among mGPS groups (mGPS 0 vs. mGPS 2, P=0.02; 
mGPS 1 vs. mGPS 2, P=0.06). The median PFS in the mGPS 0, 1 and 2 
groups was 12.1, 4.8 and 2.3 months, respectively. PFS, progression‑free 
survival; mGPS, modified Glasgow Prognostic Score.
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also limit the accumulation of FTD in tumors. Bevacizumab 
inhibits angiogenesis by antagonizing VEGF, and may there-
fore normalize tumor vasculature, thus improving tumor blood 
supply and increasing FTD accumulation and its subsequent 
phosphorylation in the tumor.

The combination regimen of a fluoropyrimidine with 
bevacizumab in mCRC in the first‑line setting was established 
on the basis of high clinical effectiveness and no overlap-
ping toxicity between agents. It is considered that sustained 
VEGF inhibition achieves and maintains tumor regression. 
The addition of bevacizumab, aflibercept, or ramucirumab 
to chemotherapy has shown a survival benefit in mCRC in 
the second‑line setting (25,26). However, little is known 
on the efficacy and safety of continued administration of 
angiogenesis inhibitors with cytotoxic chemotherapy beyond 
progression after second‑line therapy. Bevacizumab combined 
with a chemotherapy regimen has a fully manageable toxicity 
profile. From these viewpoints, combining TAS‑102 with 
bevacizumab may prove to be beneficial.

Kasi et al reported that CIN‑1‑month after starting TAS‑102 
appears to be a prognostic and/or predictive biomarker of both 
PFS and OS in patients with mCRC undergoing salvage‑line 
therapy (26). In the present study, patients who developed 
CIN‑1‑month had significantly improved PFS (grade 0‑2 vs. 
3‑4: 2.7 vs. 12.1 months, respectively; P=0.021), although OS 
was not significantly improved (data not shown).

Parallel to the increase in the serum CRP level, hypo-
albuminemia has been observed in various types of tumors 
and verified as a negative prognostic factor (27‑29). The 
association between hypoalbuminemia and reduced survival 
in patients with cervical cancer is affected by several factors. 
Hypoalbuminemia reflects a progressive nutritional decline 
in cancer patients, and is associated with cancer‑related 
cachexia (30).

The GPS was shown to be a powerful prognostic factor. 
This cumulative prognostic score is based on pre‑treatment 
values of CRP and albumin, is objective, and has shown 
superior prognostic value in various cancers. A correla-
tion between preoperative GPS and CRC survival has been 
reported (31). In the same manner, GPS was shown to be a 
powerful prognostic factor in cancer patients, irrespective of 
tumor site (32). Whether the prognostic value of the GPS is 
modified by the addition of non‑cytotoxic agents with high 
activity and tolerable toxicity, such as salvage-line TAS-102 
plus bevacizumab, remains unknown. In our experience, 
mGPS allowed prediction of PFS and OS in patients with 
mCRC receiving salvage‑line therapy, such as TAS‑102 plus 
bevacizumab.

In the present study, the median PFS was significantly 
different for each factor of CIN‑1 and each mGPS group, 
whereas the median OS was not significantly different. 
However, in a study of this sample size, it may be concluded 
that this result is important as real world data in future 
prospective studies. mGPS as an inflammatory index is also a 
useful predictor marker in the salvage‑line setting.

The results of the present study have shown that in 
salvage‑line therapy for patients with mCRC, bevacizumab 
enhances the antitumor effect of TAS‑102, with superior 
median OS and PFS times compared with those reported in 
the C-TASK FORCE study.

In conclusion, a clinical study of combined TAS-102 and 
bevacizumab therapy is currently in phase II and phase III, 
and we expect its outcome to be highly informative. Although 
the sample size of the present study was small, the find-
ings confirm the prognostic accuracy of the mGPS score in 
salvage‑line therapy for patients with mCRC.
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