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Backgrounds: As a new oral chemotherapy drug, TAS-102 is currently recommended
as the third-line treatment for metastatic colorectal cancer (mCRC). Recently, studies have
reported the efficacy of TAS-102 combined with bevacizumab in colon cancer patients
after standard treatment fails. Here, we evaluated the efficacy and safety of TAS-102
combined with bevacizumab versus TAS-102 as a single agent by a systematic review
and a meta-analysis.

Methods: PubMed, Web of Science and Cochrane libraries were searched. Studies
involving bevacizumab combined with TAS-102 in mCRC were included. Study
characteristics (author, year of publication, country et al.), efficacy (disease control rate
(DCR), progression-free survival(PFS), overall survival(OS)) and adverse effects were
extract from studies. Forest plots were created based on Cox model analysis.

Results: After screening 550 studies, a total of 3 studies were included, which compared
the safety and effectiveness of TAS-102 with or without bevacizumab. Analysis based on
Cox regression showed that the combined treatment group had advantages in 6-month
(OR= 2.93, 95% CI: 1.72 to 5.00, P<0.0001), 12-month(OR= 2.18, 95% CI: 1.24 to 3.81,
P=0.006), and 18-month (OR=3.08, 95% CI: 1.34 to 7.12, P=0.008) OS. The combined
treatment group demonstrated superiority in 6-month PFS rates (OR= 2.50, 95% CI: 1.18
to 5.31, P=0.02). The incidence of thrombocytopenia in the dual-drug treatment group
was higher (OR= 1.96, 95% CI: 1.14 to 3.36 P=0.01). The proportion of serious adverse
events were similar in tow groups (OR= 1.01, 95% CI: 0.76 to 1.34 P=0.93).
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Conclusion: Bevacizumab combined with TAS-102 could improve the prognosis of patients
with mCRC who have failed standard treatment. In terms of side effects, the addition of
bevacizumab did not increase serious adverse reactions, but the occurrence of
thrombocytopenia was worth noting.
Keywords: TAS-102, bevacizumab, colorectal cancer, meta-analysis 3, survival
INTRODUCTION

According to the Global Cancer Epidemiological Statistics
(Globocan 2020) released by the International Agency for
Research on Cancer (IARC) of the World Health Organization
(WHO), the number of new cases and deaths of colorectal cancer in
2020 is 1.931,600 and 935,200 worldwide, ranking the third and
second in all malignant tumors respectively (1). Themost common
metastatic routes of colorectal cancer are hematogenousmetastasis,
lymphatic metastasis, and implantation metastasis; the most
common sites of metastasis are lymph nodes, liver, lung, and
peritoneum (2). About 20% of patients with colorectal cancer are
advanced at the time of initial diagnosis. An additional 25% of
patients also developed distant metastases later in their diagnosis,
although they were initially diagnosed as localized disease (3).
Metastatic colorectal cancer (mCRC)has a poor prognosis, with a
5-year survival rate of less than 20%. Unresectable mCRC mainly
relies on cytotoxic chemotherapy, biological therapies such as cell
growth factor antibodies, immunotherapy, and systemic treatment
with a combination of related treatments (4).

With the advancement of multidisciplinary treatment (MDT)
models, the prognosis of patients with mCRC has been greatly
improved. The first-line and second-line treatment of patients with
mCRCismainly throughchemotherapy tocontrol thedisease (5, 6).
In oxaliplatin and irinotecan-based chemotherapy regimens, the
addition of anti-angiogenic drugs and anti-Epidermal growth actor
receptor(EGFR) antibodies (RAS wild-type)have further improved
the disease control rate and long-term survival of advanced patients
(7, 8). The guidelines recommend regorafenib (9), or trifluridine-
tipiracil hydrochloride mixture(TAS102) (10) as the third-line
treatment for colorectal cancer (11). Currently, RAS mutation
status testing is routinely performed on mCRC to guide the
clinical use of anti-angiogenic drugs and anti-EGFR antibodies
(RAS wild-type).

TAS-102 is an oral anti-tumor drug, including trifluorouridine
(FTD, thymidine nucleic acid analog) and dipiphorin
hydrochloride. On September 22, 2015, the U.S. FDA approved
TAS-102 for the treatment of previously received chemotherapy
based on fluoropyrimidines, oxaliplatin and irinotecan, as well as
received/unsuitable for anti-vascular endothelial growth factor
(VEGF) therapy, anti-EGFR therapy (RAS Wild-type) patients
with mCRC (10, 12). A recent C-TASK FORCE study suggested
that TAS-102 combined with bevacizumab has a disease control
rate (DCR)of64%inpatientswith refractory cancerwhohave failed
other treatments (13). Subsequently, BiTS study optimized the
dosage and interval of administration. The data showed that the
biweeklyTAS-102plus bevacizumabdosing regimen is safe, and the
median progression-free survival (PFS) and overall survival(OS)
n.org 2
were 4.29 months and 10.86 months, respectively. The DCR was
59.1% (14).This study is ameta-analysis comparing the efficacy and
safety of TAS-102 combined with bevacizumab and TAS-102
single-agent in patients with mCRC who have failed with
standard treatment.
METHODS

Systematic Literature Search
Search for published research in PubMed, Web of Science and
Cochrane databases before March 25, 2021. Search keywords
include “colorectal cancer”, “TAS-102”, “bevacizumab”,
“metastasis”, and “clinical study”. After removing duplicates,
two authors (Yang Liu and Chen Zheling) independently
screened the title and abstract of the article. Then, we read the
full text to further evaluate the inclusiveness of the literature. In
addition, we also manually screened the reference list of the
included studies to find other studies that may meet the
screening criteria. The current meta analysis process was
conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (15).

Eligibility and Exclusion Criteria
All included literatures are studies comparing the efficacy of
bevacizumab combined with TAS-102 and TAS-102
monotherapy in patients with mCRC. The inclusion criteria
are as follows: (1) The study subjects are patients with
colorectal cancer who have failed advanced standard treatment.
(2) Double-arm clinical study, with comparable controls. (3) The
study endpoint contains at least one efficacy data. The exclusion
criteria are as follows: (1) Single-arm study. (2) The efficacy data
missing. (3) The article type is review or other language types
other than English.

Evaluation of Methodological Quality
In this study, Newcastle-Ottawa Scale (NOS) and Jaded score are
used for methodological quality evaluation (16). For the included
non-randomized controlled studies, the NOS scale is used for
evaluation. The evaluation criteria are divided into three parts
(population selection, comparability and exposure evaluation).
NOS uses a star system, with a full score of 9 stars, and studies
with less than 6 stars are considered low quality. For the included
randomized controlled studies (RCTs), the Jaded scale is used for
evaluation. The evaluation contents of the Jaded scale include
four aspects: randomization, concealment of allocation, double
blinding, withdrawals and dropouts. The scale uses a score of 0-7,
1-3 is divided into low quality, 4-7 is divided into high quality.
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Data Extraction
We extract relevant data from the included studies for systematic
analysis. The extracted data include the following: (1) Study
characteristics (author, year of publication, country, study
design, sample size). (2) Efficacy (DCR, PFS, OS). (3) Adverse
reactions (grade III-IV adverse events, the incidence of specific
adverse events).

Statistical Analysis
We use ReviewManager 5.3 software (The Cochrane Collaboration,
Oxford,UK) fordata integrationandmeta-analysis.The resultsof the
meta-analysis are displayed in a forest diagram. The odds ratio (OR)
and its 95% confidence interval (CI) based on frequency events and
the hazard ratio (HR) and its 95% CI based on Cox regression were
pooled for reporting. We used the Mantel-Haenszel (M-H) method
to compare the clinical efficacy and toxicity of bevacizumab
combined with TAS-102 group and TAS-102 single-agent group.
The forest plot uses a vertical invalid line (the abscissa scale is 0 or 1)
as the center, and multiple line segments parallel to the abscissa
describe the effect size and CI of each included study, and a prism is
used to describe the effect size and confidence interval of multiple
studies combined. Theheterogeneity of the included studies is judged
by the I2 value. If there is no significant heterogeneity (I2<50%or I2 =
50%), use the fixed effects model (FEM); and in the case of
considerable heterogeneity (I2>50%), the random effects model
(REM) is used. OR and 95% CI are used to express statistical
results. P <0.05 was considered statistically significant.
RESULTS

Search Process and Results
Through the preliminary screening of Pubmed, Cochrane
Library, Web of Science and manual searches, 550 studies were
identified. Figure 1 summarizes the search flow chart of this
study. After we eliminated duplicate documents, we carefully
Frontiers in Oncology | www.frontiersin.org 3
screened the titles and abstracts, and further eliminated the
inconsistent studies. Finally, we further screened the remaining
42 studies by reading the full text. In the end, we eliminated those
single-arm studies, studies with missing efficacy evaluation data,
and studies with control groups that did not meet the
requirements. A total of 3 studies were included in this meta-
analysis (17–19). These studies compared the efficacy and safety
of bevacizumab combined with TAS-102 versus TAS-102 as a
single agent in mCRC. Table 1 summarizes the basic
characteristics of the included studies.

Literature Quality Analysis
Among the 3 cohort studies included, 2 were single-center
retrospective studies (17, 19), and once was a multi-center,
prospective, phase II randomized controlled trial (RCT) (18). For
retrospective studies, we use the NOS to assess methodological
quality. For the RCT, we use the modified Jadad scale to evaluate.
The results showed acceptable quality (NOS score > 6, Jaded score
>3) for all of the included studies. The details of the assessment are
shown in Table S1 and Table S2.

Efficacy
In this study, OS, PFS, and DCR data were extracted from the
included clinical trials. The DCR refers to the proportion of cases
with remission and stable disease after treatment. The data of
PFS in one of the studies were missing, and only the data of two
studies were included in the meta-evaluation of PFS.

In terms of the OS and PFS results based on Cox regression,
bevacizumab combined with TAS-102 showed benefit in both OS
(HR=1.25; 95% CI: 1.05to1.49, P=0.01) and PFS (HR=1.25; 95%
CI: 1.01 to 1.54, P=0.04) (Figure 2).

Figure 3 showed the meta-analysis forest diagram of OS. The
6-month, 12-month, and 18-month OS data of the three studies
were extracted. Bevacizumab combined with TAS-102 showed
benefit in 6-month (OR= 2.93, 95% CI: 1.72 to 5.00, P<0.0001),
12-month (OR= 2.18, 95% CI: 1.24 to 3.81, P=0.006), and 18-
FIGURE 1 | Flow graph of selection of included studies.
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month (OR= 3.08, 95% CI: 1.34 to 7.12, P=0.008) OS compared
with TAS-102 monotherapy group.

In the analysis of PFS in this meta-analysis, the 3-month PFS
rates were not significantly different between two groups (OR=
2.49, 95% CI: 0.81 to 7.65, P=0.11) (Figure 4A). Bevacizumab
combined with TAS-102 demonstrated superiority in 6-month
PFS rates when compared with TAS-102 group(OR= 2.50, 95%
CI: 1.18 to 5.31, P=0.02) (Figure 4B).

For the comparison of DCR, there was no significant statistical
difference in the analysis results between the bevacizumab
combined with TAS-102 group and the monotherapy group(OR=
2.62, 95%CI: 0.98 to7.02, P=0.05). It isworthnoting that thePvalue
between the two groups was 0.05 (Figure 5).

The analysis summary of the efficacy can be seen in part
of Table 2.

Adverse Events
For the analysis of AEs, we firstly focused on the incidence of
sever AEs (grade≥ 3). All three studies reported the number of
sever AEs. We included a total of 1,099 AEs, of which 249
(22.7%) were grade 3 or greater. The proportion of sever AEs did
not increase significantly in TAS-102 combined with
bevacizumab group compared with TAS-102 single agent
(OR= 1.01, 95% CI: 0.76 to 1.34 P=0.93) (Figure 6A).

A subgroup analysis of hematologic toxicity profile showed
that the incidence rates of anemia and neutropenia were not
statistically different between the two groups (Figures 6B, C).
However, the incidence of thrombocytopenia in the dual-drug
Frontiers in Oncology | www.frontiersin.org 4
treatment group was higher than that of single-drug treatment
(OR= 1.96, 95% CI: 1.14 to 3.36 P=0.01) (Figure 6D). In terms of
gastrointestinal reactions, there was no significant difference in
the incidence of nausea (OR= 0.75, 95% CI: 0.43 to 1.30 P=0.30),
vomiting (OR= 1.51, 95% CI: 0.77 to 2.97 P=0.23) or diarrhea
(OR= 1.13, 95% CI: 0.60 to 2.14 P=0.71) between the TAS-102
combined bevacizumab treatment group and the TAS-102
monotherapy group (Figures 6E–G). There was also no
significant difference in the incidence of fatigue between the
two groups (Figure 6H).

The analysis summary of the AEs can be seen in part
of Table 2.

Risk of Publication Bias
For the results of treatment efficacy, we selected the study
involving 6-month overall survival to draw a funnel chart to
detect publication bias (Supplementary Figure S1A). And for
adverse events data, we selected studies involving severe side
effects (grade≥ 3) to draw a funnel chart (Supplementary Figure
S1B). The funnel chart results showed that the images were
symmetrical, indicating that there was no obvious publication
bias in the current study.
DISCUSSION

The present study is the first meta-analysis of bevacizumab
combined with TAS-102. The results suggested that bevacizumab
A

B

FIGURE 2 | Forest plot of the meta-analysis comparing TAS-102 plus bevacizumab and TAS-102 in mCRC patients in terms of survival outcomes based on the
Cox hazard model. (A) Overall survival. (B) Progress free survival. Horizontal lines represent 95% confidence intervals (CIs). df, degrees of freedom.
TABLE 1 | Published articles reporting onTAS-102 monotherapy or combined with bevacizumab for the treatment of metastatic colorectal cancer.

Author Year (study period) Country Study design Procedure/Cases

TAS-102 monotherapy TAS-102 plus bevacizumab

Hironori Fujii et al. (19) 2020 (2014-2018) Japan Retrospective, S 64 61
Daisuke Kotani et al. (17) 2019 (2014-2018) Japan Retrospective, S 66 60
Per Pfeiffer et al. (18) 2020 (2017-2018) Denmark RCT, M 47 46
November 2021
RCT, randomized controlled trial; M, multicenter; S, single-center.
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combined with TAS-102 could bring survival benefits in patients
with mCRC who have failed standard chemotherapy. Compared
with TAS-102 single agent, combination therapy could prolong
patient’s OS, improved PFS and DCR. In addition, combination
therapydidnot increase the incidenceof seriousAEs. The incidence
of thrombocytopenia was higher than that of the monotherapy
group. The results of this study were summarized in Table 2.

TAS-102 is a new, oral combination of trifluridine and tipiracil
(1:0.5). Thymidine kinase 1 phosphorylates trifluridine, which acts
as a substrate for DNA synthesis to interfere with DNA function.
Tipiracil acts to inhibit thymidine phosphorylase to maintain the
plasma concentration of trifluridine. A randomized, placebo-
controlled phase II Japanese study confirmed that TAS-102
significantly prolonged the survival time of mCRC. The median
Frontiers in Oncology | www.frontiersin.org 5
overall survival of patients treated with TAS-102 was 9 months,
compared with only 6.6 months in the placebo group (20). The
follow-up phase III RECOURSE study verified the results of the
above study. The disease control rate of the TAS-102 group was
significantly higher (44% vs 16%), the survival time was longer
(7.1 months vs 5.3 months), and the risk of death was reduced by
32% (10). According to the results of the RECOURSE study, TAS-
102 has been marketed in the United States, Europe and Japan,
and has been recommended by relevant guidelines (21, 22).

Folkman first proposed the theory that tumor growth and
metastasis are dependent on new blood vessels in 1971 (23).
Tumor angiogenesis depends on the breakage of the dynamic
balance between angiogenic factors and angiogenic inhibitors,
which is uncontrolled and immature, and eventually forms a
A

B

FIGURE 4 | Forest plot of pooled relative risk for progress free survival from included studies. (A) 3-month progress free survival. (B) 6-month progress free survival.
Horizontal lines represent 95% confidence intervals (CIs). M-H, Mantel-Haenszel; df, degrees of freedom; DFS, disease-free survival.
A

B

C

FIGURE 3 | Forest plot of pooled relative risk for overall survival from included studies. (A) 6-month overall survival. (B) 12-month overall survival. (C) 18-month
overall survival. Horizontal lines represent 95% confidence intervals (CIs). M-H, Mantel-Haenszel; df, degrees of freedom; OS, overall survival.
November 2021 | Volume 11 | Article 690515
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distorted vascular network system (24, 25). Based on the theory
of anti-tumor angiogenesis, researchers have focused on how to
inhibit proangiogenic factors to effectively destroy tumor
angiogenesis. In 2004, encouraging results were obtained in a
large randomized controlled clinical trial of bevacizumab in
metastatic colon cancer, showing that the treatment regimen of
bevacizumab in combination with chemotherapy significantly
improved prognosis (7). Since then, more and more new drugs
that inhibit the binding of vascular endothelial growth factor
(VEGF) and VEGF receptor have entered clinical studies.
Preclinical studies have shown that during the treatment of
bevacizumab, various angiogenic related factors, the non-
dependent axis of VEGF and the role of tumor-associated
macrophages (TAM) in the tumor micro-environment are
compensatively up-regulated, and the replacement pathway is
activated, resulting in accelerated growth of drug-resistant clones
and increased invasion of tumor cells (26, 27). Therefore, there is
an urgent need to introduce the next generation of
antiangiogenic drugs. Continuous antiangiogenesis can make
the tumor dormant and help to control the malignant
progression of the tumor. Therefore, antiangiogenesis therapy
should be continued (28, 29).

At present, in the entire management of mCRC, the first-line
and second-line treatments are mainly targeted drugs combined
Frontiers in Oncology | www.frontiersin.org 6
with standard chemotherapy, and the third-line treatment
recommends regorafenib, fruquintinib(in China) or TAS-102 as
a single agent. There is a network meta-analysis to compare the
three drugs of third-line treatment, and there is no significant
difference in efficacy (30). However, unlike the small molecule TKI
inhibitors, TAS-102 is essentially a cytotoxic drug. The C-TASK
FORCE study is the first study to evaluate the safety and
therapeutic activity of TAS-102 combined with bevacizumab as
a salvage treatment. The median PFS by central assessment was 3.7
months and 5.6 months by investigator assessment. The results
showed that the combination of the two could be safely used in
salvage treatment and was a promising anti-tumor treatment. The
results of the study met the study endpoint, confirming that TAS-
102 combined with bevacizumab treatment can improve 16-week
PFS, which exceeded the preset threshold in the phase 2 study of
TAS102 single-agent. Recent clinical data from Denmark showed
that the median PFS ofTAS-102 combined with bevacizumab
treatment reached 4.6 months, which was 2.6 months inTAS-
102monotherapy group (P=0.0015) (13, 18). The concentration of
trifluorothymidine in TAS-102 in plasma and tumor DNA
increases in a dose-dependent manner. The higher the
concentration is, the higher the anti-tumor activity will be
presented. However, the increase in plasma concentration of
TAS-102 will inevitably affect the treatment tolerance. In the
TABLE 2 | Summary of the results of the meta-analysis.

Result Study number Sample size (T+B/T) Heterogeneity (P, I2) Model OR (95% CI) P

Clinical efficacy
DCR 3 127/149 72% RE 2.62 (0.98,7.02) 0.05
6 months-OS 3 127/149 46% FE 2.93 (1.72, 5.00) <0.0001
12 months-OS 3 127/149 5% FE 2.18 (1.24, 3.81) 0.006
18 months-OS 3 127/149 30% FE 3.08 (1.34, 7.12) 0.008
3 months-PFS 2 106/113 75% RE 2.49 (0.81,7.65) 0.11
6 months-PFS 2 106/113 0% FE 2.50 (1.18, 5.31) 0.02
AEs rates
AE(grade≥3) 3 588/511 0% FE 1.01 (0.76, 1.34) 0.93
Neutropenia 3 127/149 62% RE 1.88 (0.76, 4.63) 0.17
Anemia 3 127/149 0% FE 0.79 (0.44, 1.43) 0.44
Thrombocytopenia 3 127/149 23% FE 0.25 (1.14, 3.36) 0.01
Nausea 3 127/149 0% FE 0.87 (0.43, 1.30) 0.30
Diarrhea 3 127/149 0% FE 1.13 (0.60, 2.41) 0.71
Vomiting 3 127/149 40% FE 1.51 (0.77, 2.97) 0.23
Fatigue 3 127/149 0% FE 1.33 (0.78, 2.27) 0.29
November 2
021 | Volume 11 | Article
T, TAS-102;B, bevacizumab; FE, fixed effects model; RE, random effects model; OR, odds ratio; DCR, disease control rate; AEs, adverse effects; OS, overall survival; PFS, progression
Free Survival.
FIGURE 5 | Forest plot of pooled relative risk for disease control rates from included studies. Horizontal lines represent 95% confidence intervals (CIs). M-H, Mantel-
Haenszel; df, degrees of freedom; DCR, disease control rate.
690515

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chen et al. Bevacizumab Plus TAS-102 for mCRC
C-TASK FORCE study, the plasma concentration of
trifluorothymidine was close to the previous single-drug
concentration, and bevacizumab increased the accumulation and
phosphorylation of trifluorothymidine in the tumor. Preclinical
studies have shown that the combination of TAS-102 and
bevacizumab increases the concentration of phosphorylated
Frontiers in Oncology | www.frontiersin.org 7
trifluorothymidine in tumor cells. Therefore, the combination of
the two only increases the concentration of trifluorothymidine in
tumor DNA without increasing systemic exposure, thereby
increasing anti-tumor activity and prolonging survival (31). Our
meta-analysis included three studies comparing the TAS-102 plus
bevacizumab with TAS-102 single agent (17–19). Comprehensive
A

B

D

E

F

G

H

C

FIGURE 6 | Pooled analysis for adverse effects. (A) The incidence of sever AEs (grade≥ 3), (B–H) represent the different side effects. Horizontal lines represent 95%
confidence intervals (CIs). M-H, Mantel-Haenszel; df, degrees of freedom; AE, adverse effect.
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data analysis objectively suggests that dual-drug therapy can bring
benefits to mCRC patients who have failed standard treatments.

Can bevacizumab combined with TAS-102 become a first-line
or second-line treatment? The recommended first-line treatment
for metastatic colorectal cancer is a two- or three-drug regimen
consisting of oxaliplatin, irinotecan, or fluorouracil, combined with
targeted drugs (bevacizumab, cetuximab, and panitumumab).
However, there are clinically some patients who cannot tolerate
intensive treatment. Such patients usually recommend fluorouracil
therapy with or without bevacizumab (32). The SOLSTICE
(NCT03869892),a randomized phase III trial being conducted in
the EuropeanUnion, andTASCO-1,a randomized phase II trial, are
studies randomly compared TAS-102 plus bevacizumab and
capecitabine plus bevacizumab for first-line treatment of
unresectable metastatic colorectal cancer that cannot be
intensively treated (33, 34). Results from TASCO1showed the
PFS of TAS-102 plus bevacizumab and capecitabine plus
bevacizumab were 9.23 and 7.8 months, and the HR was 0.71; the
OSwas 22.3 and 17.7months, and the HRwas 0.78 (34). The safety
analysis also suggested that TAS-102plus bevacizumab treatment
was well tolerated. Therefore, TAS-102plus bevacizumab shows
promising clinical activity and acceptable safety in first-line
unresectable metastatic colorectal cancer patients who are not
suitable for intensive treatment. In TRUSTY trial, non-inferiority
of TAS-102 plus bevacizumab to standard of care (35). Regarding
the subgroup analysis, some patients in the control group used the
S-1 regimen, and the HR of these patients reached 2.57 (1.39-4.44),
which significantly elongated the OS of the control group.S-1 and
TAS-102 are bothmodified fluorouracil preparations. In this study,
the addition of S-1 in the control groupmay have affected the study
endpoint. In addition, some KRAS wild-type patients in the
experimental group were not exposed to anti-EGFR antibodies
during the first and second-line treatment stages, whichmay lead to
a shortened overall OS in the experimental group. All in all, TAS-
102combined with bevacizumab did not show non-inferiority
compared to standard chemotherapy in second-line treatment.
The follow-up subgroup analysis is still in progress. It is hoped
that people who benefit from the combination of TAS-102 and
bevacizumab can be found, and there are no new safety issues in the
second-line application. Recent data from the KSCC1602 study
showed that bevacizumab combinedwith TAS-102 was an effective
and well-tolerated regimen for elderly patients with untreated
mCRC over 70 years of age. The median PFS was 9.4 months, the
median OS was 22.4 months, and the ORR was 40.5% (36). This
means that this treatment plan is expected to become one of the
standard treatment options for metastatic colorectal cancer. Due to
its good safety, it can be called the preferred treatment plan for
elderlypatients. SUNLIGHTstudy (NCT04737187) is designed as a
randomized phase III comparison study evaluating the efficacy and
safety of TAS-102 in combination with bevacizumab versus TAS-
102 monotherapy inpatients with metastatic colorectal cancer who
are refractoly or intolerant to standard treatment. The research is
still in progress and the results are worth expecting from clinicians.

Our results showed that in most of the comparison of AEs,
the addition of bevacizumab did not increase the incidence rates
of sever AEs. However, the results showed that the incidence of
Frontiers in Oncology | www.frontiersin.org 8
thrombocytopenia was higher in bevacizumab plus TAS-102
group. Bevacizumab is an anti-vascular drug, and the
occurrence of hematological toxicity is considered to be rare.
However, there are still some cases reported that bevacizumab
can cause severe immune-mediated thrombocytopenia (37–39).
When using bevacizumab combined with TAS-102, the side
effects may still be superimposed. The C-TASK FORCE study
showed that the frequency of neutropenia increased in the TAS-
102 combined with bevacizumab group (13). It has been reported
that VEGF blockade increases the risk of neutropenia when
combined with chemotherapy. In the C-TASK FORCE study,
only one patient was hospitalized for neutropenic fever and
recovered well. Therefore, these side effects can be controlled,
but G-CSF supportive treatment is needed, or the dose needs to
be temporarily reduced or stopped, which is the same as when
TAS-102 is used as a single agent (RECOURSE) (10). In fact, the
median treatment interruption time and relative dose intensity of
the C-TASK FORCE study are consistent with the previous TAS-
102 single-agent application.

This study also has some limitations. Due to the screening
conditions of clinical studies, this study only included three large
randomized clinical studies, and the selection of patients was
biased. There are also many clinical research data that are not
publicly available, so they cannot be fully included. Therefore,
more random prospective study data are still needed to truly
clarify the value of TAS-102 combined with bevacizumab in the
treatment of advanced colon cancer.
CONCLUSION

This meta-analysis suggested that bevacizumab combined with
TAS-102 could improve the prognosis of patients with mCRC
who have failed standard treatment. Bevacizumab combined
with TAS-102 compared with TAS-102 single drug could be
better in terms of OS, PFS and DCR. In terms of side effects, the
addition of bevacizumab did not increase serious AEs, but the
occurrence of thrombocytopenia was worth noting.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.
AUTHOR CONTRIBUTIONS

ZC and LY gave contributions to conception and design. ZC, YC,
and MW reviewed the literature and designed the article
structure. ZC, PZ, HQ, and YD contributed to the acquisition
and analysis of data. ZC, XC, and SP gave interpretation of data.
ZC and XC were major contributors in writing the manuscript.
November 2021 | Volume 11 | Article 690515

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chen et al. Bevacizumab Plus TAS-102 for mCRC
LY revised and edited the manuscript critically for important
intellectual content. All authors contributed to the article and
approved the submitted version.

FUNDING

This work is supported by the National Natural Science
Foundation of China (No. 81802623).
Frontiers in Oncology | www.frontiersin.org 9
SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2021.690515/
full#supplementary-material

Supplementary Figure S1 | Funnel plot for publication bias. (A) Funnel plot in the
studies involving 6-month overall survival; (B) Funnel plot in the studies involving
severe side effects (grade≥ 3).
REFERENCES

1. Siegel RL, Miller KD, Goding Sauer A, Fedewa SA, Butterly LF, Anderson JC,
et al. Colorectal Cancer Statistics, 2020. CA Cancer J Clin (2020) 70(3):145–64.
doi: 10.3322/caac.21601

2. Riihimaki M, Hemminki A, Sundquist J, Hemminki K. Patterns of Metastasis
in Colon and Rectal Cancer. Sci Rep (2016) 6:29765. doi: 10.1038/srep29765

3. De Greef K, Rolfo C, Russo A, Chapelle T, Bronte G, Passiglia F, et al.
Multisciplinary Management of Patients With Liver Metastasis From
Colorectal Cancer. World J Gastroenterol (2016) 22(32):7215–25.
doi: 10.3748/wjg.v22.i32.7215

4. Lim CYS, Laidsaar-Powell RC, Young JM, Kao SC, Zhang Y, Butow P.
Colorectal Cancer Survivorship: A Systematic Review and Thematic Synthesis
of Qualitative Research. Eur J Cancer Care (Engl) (2021) 30(4):e13421.
doi: 10.1111/ecc.13421

5. Kim ST, Kang JH, Lee J, Lee HW, Oh SY, Jang JS, et al. Capecitabine Plus
Oxaliplatin Versus Gemcitabine Plus Oxaliplatin as First-Line Therapy for
Advanced Biliary Tract Cancers: A Multicenter, Open-Label, Randomized,
Phase III, Noninferiority Trial. Ann Oncol (2019) 30(5):788–95. doi: 10.1093/
annonc/mdz058

6. Baratti D, Kusamura S, Pietrantonio F, Guaglio M, Niger M, Deraco M.
Progress in Treatments for Colorectal Cancer Peritoneal Metastases During
the Years 2010-2015. A Systematic Review. Crit Rev Oncol Hematol (2016)
100:209–22. doi: 10.1016/j.critrevonc.2016.01.017

7. Saltz LB, Clarke S, Diaz-Rubio E, Scheithauer W, Figer A, Wong R, et al.
Bevacizumab in Combination With Oxaliplatin-Based Chemotherapy as
First-Line Therapy in Metastatic Colorectal Cancer: A Randomized Phase
III Study. J Clin Oncol (2008) 26(12):2013–9. doi: 10.1200/JCO.2007.14.9930

8. Bokemeyer C, Van Cutsem E, Rougier P, Ciardiello F, Heeger S, Schlichting
M, et al. Addition of Cetuximab to Chemotherapy as First-Line Treatment for
KRAS Wild-Type Metastatic Colorectal Cancer: Pooled Analysis of the
CRYSTAL and OPUS Randomised Clinical Trials. Eur J Cancer (2012) 48
(10):1466–75. doi: 10.1016/j.ejca.2012.02.057

9. Grothey A, Van Cutsem E, Sobrero A, Siena S, Falcone A, Ychou M, et al.
Regorafenib Monotherapy for Previously Treated Metastatic Colorectal
Cancer (CORRECT): An International, Multicentre, Randomised, Placebo-
Controlled, Phase 3 Trial. Lancet (2013) 381(9863):303–12. doi: 10.1016/
S0140-6736(12)61900-X

10. Mayer RJ, Van Cutsem E, Falcone A, Yoshino T, Garcia-Carbonero R,
Mizunuma N, et al. Randomized Trial of TAS-102 for Refractory Metastatic
Colorectal Cancer. N Engl J Med (2015) 372(20):1909–19. doi: 10.1056/
NEJMoa1414325

11. Messersmith WA. NCCN Guidelines Updates: Management of Metastatic
Colorectal Cancer. J Natl Compr Canc Netw (2019) 17(5.5):599–601.
doi: 10.6004/jnccn.2019.5014

12. Chen D, Wu YS, Lin H, Wang Y, Li L, Zhang T. Efficacy and Safety of TAS-
102 in Refractory Metastatic Colorectal Cancer: A Meta-Analysis. Cancer
Manag Res (2018) 10:2915–24. doi: 10.2147/CMAR.S174584

13. Kuboki Y, Nishina T, Shinozaki E, Yamazaki K, Shitara K, Okamoto W, et al.
TAS-102 Plus Bevacizumab for Patients With Metastatic Colorectal Cancer
Refractory to Standard Therapies (C-TASK FORCE): An Investigator-
Initiated, Open-Label, Single-Arm, Multicentre, Phase 1/2 Study. Lancet
Oncol (2017) 18(9):1172–81. doi: 10.1016/S1470-2045(17)30425-4

14. Satake H, Kato T, Oba K, Kotaka M, Kagawa Y, Yasui H, et al. Phase Ib/II
Study of Biweekly TAS-102 in Combination With Bevacizumab for Patients
With Metastatic Colorectal Cancer Refractory to Standard Therapies (BiTS
Study). Oncologist (2020) 25(12):e1855–63. doi: 10.1634/theoncologist.2020-
0643

15. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred Reporting
Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement.
J Clin Epidemiol (2009) 62(10):1006–12. doi: 10.1016/j.jclinepi.2009.06.005

16. Lo CK, Mertz D, Loeb M. Newcastle-Ottawa Scale: Comparing Reviewers' to
Authors' Assessments. BMC Med Res Methodol (2014) 14:45. doi: 10.1186/
1471-2288-14-45

17. Kotani D, Kuboki Y, Horasawa S, Kaneko A, Nakamura Y, Kawazoe A, et al.
Retrospective Cohort Study of Trifluridine/Tipiracil (TAS-102) Plus
Bevacizumab Versus Trifluridine/Tipiracil Monotherapy for Metastatic
Colorectal Cancer. BMC Cancer (2019) 19(1):1253. doi: 10.1186/s12885-
019-6475-6

18. Pfeiffer P, Yilmaz M, Moller S, Zitnjak D, Krogh M, Petersen LN, et al. TAS-
102 With or Without Bevacizumab in Patients With Chemorefractory
Metastatic Colorectal Cancer: An Investigator-Initiated, Open-Label,
Randomised, Phase 2 Trial. Lancet Oncol (2020) 21(3):412–20. doi: 10.1016/
S1470-2045(19)30827-7

19. Fujii H, Matsuhashi N, Kitahora M, Takahashi T, Hirose C, Iihara H, et al.
Bevacizumab in Combination With TAS-102 Improves Clinical Outcomes in
Patients With Refractory Metastatic Colorectal Cancer: A Retrospective Study.
Oncologist (2020) 25(3):e469–76. doi: 10.1634/theoncologist.2019-0541

20. Yoshino T, Mizunuma N, Yamazaki K, Nishina T, Komatsu Y, Baba H, et al.
TAS-102 Monotherapy for Pretreated Metastatic Colorectal Cancer: A
Double-Blind, Randomised, Placebo-Controlled Phase 2 Trial. Lancet Oncol
(2012) 13(10):993–1001. doi: 10.1016/S1470-2045(12)70345-5

21. Lau DK, Burge M, Roy A, Chau I, Haller DG, Shapiro JD, et al. Update on
Optimal Treatment for Metastatic Colorectal Cancer From the AGITG Expert
Meeting: ESMOCongress 2019. Expert Rev Anticancer Ther (2020) 20(4):251–
70. doi: 10.1080/14737140.2020.1744439

22. Benson AB, Venook AP, Al-Hawary MM, Arain MA, Chen YJ, Ciombor KK,
et al. Colon Cancer, Version 2.2021, NCCN Clinical Practice Guidelines in
Oncology. J Natl Compr Canc Netw (2021) 19(3):329–59. doi: 10.6004/
jnccn.2021.0012

23. Folkman J, Merler E, Abernathy C, Williams G. Isolation of a Tumor Factor
Responsible for Angiogenesis. J Exp Med (1971) 133(2):275–88. doi: 10.1084/
jem.133.2.275

24. Ribatti D. Mast Cells and Macrophages Exert Beneficial and Detrimental
Effects on Tumor Progression and Angiogenesis. Immunol Lett (2013) 152
(2):83–8. doi: 10.1016/j.imlet.2013.05.003

25. Parmar D, Apte M. Angiopoietin Inhibitors: A Review on Targeting Tumor
Angiogenesis. Eur J Pharmacol (2021) 899:174021. doi: 10.1016/j.ejphar.
2021.174021

26. Ferrara N, Adamis AP. Ten Years of Anti-Vascular Endothelial Growth Factor
Therapy. Nat Rev Drug Discov (2016) 15(6):385–403. doi: 10.1038/
nrd.2015.17

27. Kopetz S, Hoff PM, Morris JS, Wolff RA, Eng C, Glover KY, et al. Phase II
Trial of Infusional Fluorouracil, Irinotecan, and Bevacizumab for Metastatic
Colorectal Cancer: Efficacy and Circulating Angiogenic Biomarkers
Associated With Therapeutic Resistance. J Clin Oncol (2010) 28(3):453–9.
doi: 10.1200/JCO.2009.24.8252

28. Sitohy B, Nagy JA, Dvorak HF. Anti-VEGF/VEGFR Therapy for Cancer:
Reassessing the Target. Cancer Res (2012) 72(8):1909–14. doi: 10.1158/0008-
5472.CAN-11-3406

29. Massague J, Obenauf AC. Metastatic Colonization by Circulating Tumour
Cells. Nature (2016) 529(7586):298–306. doi: 10.1038/nature17038
November 2021 | Volume 11 | Article 690515

https://www.frontiersin.org/articles/10.3389/fonc.2021.690515/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.690515/full#supplementary-material
https://doi.org/10.3322/caac.21601
https://doi.org/10.1038/srep29765
https://doi.org/10.3748/wjg.v22.i32.7215
https://doi.org/10.1111/ecc.13421
https://doi.org/10.1093/annonc/mdz058
https://doi.org/10.1093/annonc/mdz058
https://doi.org/10.1016/j.critrevonc.2016.01.017
https://doi.org/10.1200/JCO.2007.14.9930
https://doi.org/10.1016/j.ejca.2012.02.057
https://doi.org/10.1016/S0140-6736(12)61900-X
https://doi.org/10.1016/S0140-6736(12)61900-X
https://doi.org/10.1056/NEJMoa1414325
https://doi.org/10.1056/NEJMoa1414325
https://doi.org/10.6004/jnccn.2019.5014
https://doi.org/10.2147/CMAR.S174584
https://doi.org/10.1016/S1470-2045(17)30425-4
https://doi.org/10.1634/theoncologist.2020-0643
https://doi.org/10.1634/theoncologist.2020-0643
https://doi.org/10.1016/j.jclinepi.2009.06.005
https://doi.org/10.1186/1471-2288-14-45
https://doi.org/10.1186/1471-2288-14-45
https://doi.org/10.1186/s12885-019-6475-6
https://doi.org/10.1186/s12885-019-6475-6
https://doi.org/10.1016/S1470-2045(19)30827-7
https://doi.org/10.1016/S1470-2045(19)30827-7
https://doi.org/10.1634/theoncologist.2019-0541
https://doi.org/10.1016/S1470-2045(12)70345-5
https://doi.org/10.1080/14737140.2020.1744439
https://doi.org/10.6004/jnccn.2021.0012
https://doi.org/10.6004/jnccn.2021.0012
https://doi.org/10.1084/jem.133.2.275
https://doi.org/10.1084/jem.133.2.275
https://doi.org/10.1016/j.imlet.2013.05.003
https://doi.org/10.1016/j.ejphar.2021.174021
https://doi.org/10.1016/j.ejphar.2021.174021
https://doi.org/10.1038/nrd.2015.17
https://doi.org/10.1038/nrd.2015.17
https://doi.org/10.1200/JCO.2009.24.8252
https://doi.org/10.1158/0008-5472.CAN-11-3406
https://doi.org/10.1158/0008-5472.CAN-11-3406
https://doi.org/10.1038/nature17038
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chen et al. Bevacizumab Plus TAS-102 for mCRC
30. Zhang Q, Wang Q, Wang X, Li J, Shen L, Peng Z. Regorafenib, TAS-102, or
Fruquintinib for Metastatic Colorectal Cancer: Any Difference in Randomized
Trials? Int J Colorectal Dis (2020) 35(2):295–306. doi: 10.1007/s00384-019-
03477-x

31. Tsukihara H, Nakagawa F, Sakamoto K, Ishida K, Tanaka N, Okabe H, et al.
Efficacy of Combinat ion Chemotherapy Using a Novel Oral
Chemotherapeutic Agent, TAS-102, Together With Bevacizumab,
Cetuximab, or Panitumumab on Human Colorectal Cancer Xenografts.
Oncol Rep (2015) 33(5):2135–42. doi: 10.3892/or.2015.3876

32. Cunningham D, Lang I, Marcuello E, Lorusso V, Ocvirk J, Shin DB, et al.
Bevacizumab Plus Capecitabine Versus Capecitabine Alone in Elderly
Patients With Previously Untreated Metastatic Colorectal Cancer (AVEX):
An Open-Label, Randomised Phase 3 Trial. Lancet Oncol (2013) 14(11):1077–
85. doi: 10.1016/S1470-2045(13)70154-2

33. Andre T, Saunders M, Kanehisa A, Gandossi E, Fougeray R, Amellal NC, et al.
First-Line Trifluridine/Tipiracil Plus Bevacizumab for Unresectable
Metastatic Colorectal Cancer: SOLSTICE Study Design. Future Oncol
(2020) 16(4):21–9. doi: 10.2217/fon-2019-0786

34. Van Cutsem E, Danielewicz I, Saunders MP, Pfeiffer P, Argiles G, Borg C, et al.
Trifluridine/tipiracil Plus Bevacizumab in Patients With Untreated Metastatic
Colorectal Cancer Ineligible for Intensive Therapy: The Randomized TASCO1
Study. Ann Oncol (2020) 31(9):1160–8. doi: 10.1016/j.annonc.2020.05.024

35. Yoshino T, Oki E, Nozawa H, Eguchi-Nakajima T, Taniguchi H, Morita S, et al.
Rationale and Design of the TRUSTY Study: A Randomised, Multicentre, Open-
Label Phase II/III Study of Trifluridine/Tipiracil Plus Bevacizumab Versus
Irinotecan, Fluoropyrimidine Plus Bevacizumab as Second-Line Treatment in
Patients With Metastatic Colorectal Cancer Progressive During or Following
First-Line Oxaliplatin-Based Chemotherapy. ESMO Open (2018) 3(5):e000411.
doi: 10.1136/esmoopen-2018-000411

36. Oki E, Makiyama A, Miyamoto Y, Kotaka M, Kawanaka H, Miwa K, et al.
Trifluridine/tipiracil Plus Bevacizumab as a First-Line Treatment for Elderly
Frontiers in Oncology | www.frontiersin.org 10
Patients With Metastatic Colorectal Cancer (KSCC1602): A Multicenter
Phase II Trial. Cancer Med (2021) 10(2):454–61. doi: 10.1002/cam4.3618

37. Dior M, Coriat R, Mir O, Brezault C, Perkins G, Dhooge M, et al. A Rare
Hematological Adverse Event Induced by Bevacizumab: Severe
Thrombocytopenia. Am J Med (2012) 125(8):828–30. doi: 10.1016/
j.amjmed.2012.04.026

38. Ozaslan E, Eroglu E, Gok K, Senel S, Baldane S, Akyol L, et al. Drug Induced
Lupus Erythematosus Due to Capecitabine and Bevacizumab Treatment
Presenting With Prolonged Thrombocytopenia. Rom J Intern Med (2015)
53(3):282–5. doi: 10.1515/rjim-2015-0037

39. Li T, Witteman DT, Weber ED, Alexander WL, Schaber JD. Severe Immune-
Mediated Thrombocytopenia After Intravitreal Bevacizumab Injection. Retin
Cases Brief Rep (2020) 14(3):251–4. doi: 10.1097/ICB.0000000000000687

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Chen, Qiu, Chen, Wang, Zhu, Pan, Deng, Yang and Chen. This is
an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
November 2021 | Volume 11 | Article 690515

https://doi.org/10.1007/s00384-019-03477-x
https://doi.org/10.1007/s00384-019-03477-x
https://doi.org/10.3892/or.2015.3876
https://doi.org/10.1016/S1470-2045(13)70154-2
https://doi.org/10.2217/fon-2019-0786
https://doi.org/10.1016/j.annonc.2020.05.024
https://doi.org/10.1136/esmoopen-2018-000411
https://doi.org/10.1002/cam4.3618
https://doi.org/10.1016/j.amjmed.2012.04.026
https://doi.org/10.1016/j.amjmed.2012.04.026
https://doi.org/10.1515/rjim-2015-0037
https://doi.org/10.1097/ICB.0000000000000687
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	A Comparison of Bevacizumab Plus TAS-102 and TAS-102 Monotherapy for Metastatic Colorectal Cancer: A Systematic Review and Meta-Analysis
	Introduction
	Methods
	Systematic Literature Search
	Eligibility and Exclusion Criteria
	Evaluation of Methodological Quality
	Data Extraction
	Statistical Analysis

	Results
	Search Process and Results
	Literature Quality Analysis
	Efficacy
	Adverse Events
	Risk of Publication Bias

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


