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Abstract
Background

The ML18174 study, which showed bene�ts of bevacizumab (BEV) continuation beyond progression
(BBP) for metastatic colorectal cancer (mCRC), excluded patients with �rst-line progression-free survival
(PFS) shorter than 3 months. The present study was conducted to evaluate the e�cacy of second-line
chemotherapy after early disease progression during �rst-line chemotherapy containing bevacizumab.

Methods

The subjects of this study were mCRC patients who experienced disease progression <100 days from
commencement of �rst-line chemotherapy containing BEV initiated between Apr 2007 and Dec 2016.
Second-line chemotherapy regimens were classi�ed into two groups with and without BEV (BBP and non-
BBP) and e�cacy and safety were compared using univariate and multivariate analysis.

Results

Sixty-one patients were identi�ed as subjects of this study. Baseline characteristics were numerically
different between BBP (n = 36) and non-BBP (n = 25) groups, such as performance status (0-1/>2: 89/11
and 56/44%), RAS status (wild/mutant/unknown: 28/56/16 and 76/16/8%). Response rate was 5.9% in
BBP group and 9.1% in non-BBP group (p = 0.642). Median PFS was 3.7 months in BBP group and 2.8
months in non-BBP group (HR [95%CI]: 0.83 [0.49–1.41], p = 0.489, adjusted HR: 0.97 [0.48–1.96], p =
0.932). Median overall survival was 7.6 months in BBP group and 5.4 months in non-BBP group (HR 0.70
[0.41–1.19], p = 0.191, adjusted HR 0.65 [0.34–1.25], p = 0.195).

Conclusion

In patients experienced early progression in �rst-line chemotherapy, their outcomes of second-line
chemotherapy were poor regardless of whether they were in BBP or non-BBP group.

Background
For patients with unresectable metastatic colorectal cancer (mCRC), systemic chemotherapy is
recognized as the standard treatment worldwide [1–3]. Cytotoxic doublet or triplet chemotherapy plus
targeted agent, such as bevacizumab (BEV) or anti-epidermal growth factor receptor (EGFR) inhibitor, is
recommended as the �rst-line chemotherapy [3]. After failure of chemotherapy with BEV as �rst-line
treatment, two large observational studies suggested that BEV continuation beyond progression (BBP)
might improve the prognosis [4, 5]. Since a randomized trial (ML18147) showed a survival bene�t of BBP
compared to chemotherapy alone in the second-line setting (Hazard ratio [HR], 0.81; 95% con�dence
interval [CI], 0.69–0.94; p = 0.0062) [6], it has been adopted as one of the standard treatment strategies in
second-line chemotherapy for mCRC patients [3]. However, the ML18147 trial excluded mCRC patients
whose progression-free survival (PFS) during �rst-line chemotherapy was less than 3 months, as well as
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those in whom progressive disease was observed later than 3 months after the last BEV administration,
or those who were treated with �rst-line chemotherapy containing BEV for less than 3 months [6].

Antiangiogenic agents are generally considered less likely to induce drug-resistance than cytotoxic agents
because antiangiogenic agents act mainly on endothelial cells rather than on tumor cells [7]. However, it
is not known whether BBP would have clinical bene�ts for patients who experienced disease progression
within 3 months during a �rst-line BEV-containing chemotherapy; this patient group may be intrinsically
resistant to BEV.

Here, we conducted a multi-institutional retrospective study to evaluate the e�cacy and safety of second-
line chemotherapy with or without BEV after early disease progression during �rst-line BEV-containing
chemotherapy.

Methods

Patients
This multi-institutional retrospective study was conducted at 9 Japanese hospitals. The main selection
criteria of the subjects were; histologically con�rmed unresectable or recurrent mCRC, age ≥ 18 years,
PFS ≤ 100 days (early disease progression) during �rst-line chemotherapy containing BEV in
combination with doublet cytotoxic agents, �uoropyrimidine, and oxaliplatin or irinotecan, which was
initiated from Apr 2007 to Dec 2016. Patients who received second-line chemotherapy containing
ramucirumab (RAM) or a�ibercept (AFL), which targets vascular endothelial growth factor via different
mechanism from BEV, were excluded from the main analysis because their classi�cation into the BBP
category remains controversial. Additionally, patients who were intolerant to the �rst-line chemotherapy
containing BEV were excluded. This study was approved by all the participating institutional review
boards. Because of the retrospective nature of this study, informed consent was not obtained from each
patient.

Treatments
Patients were divided into the two groups according to the second-line chemotherapy regimens with or
without BEV, and were subsequently described as subjects in the BBP and non-BBP groups, respectively.
In the BBP group, patients received cytotoxic agents with BEV at 2.5 mg/kg per week (5.0 mg/kg every 2
weeks or 7.5 mg/kg every 3 weeks). In the non-BBP group, patients received one or two cytotoxic agents
with or without anti- EGFR antibody, or anti-EGFR antibody alone.

Evaluations
Tumor responses were evaluated according to the Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1. Toxicity was assessed using the Common Terminology Criteria for Adverse Events (CTCAE)
version 4.0. PFS was de�ned as the time from the initiation of second-line chemotherapy to disease
progression or death from any cause, and was censored at the last visit of patients surviving without
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documented disease progression. Overall survival (OS) was de�ned as time from the initiation of the
second-line chemotherapy to death or censored at the last visit of surviving patients.

Survival curves for PFS and OS were estimated by the Kaplan-Meier method and con�dence intervals (CI)
were calculated based on the Greenwood formula. The con�dence intervals of median survival time were
calculated using the Brookmeyer-Crowley method. Hazard ratio (HR) and adjusted HR were obtained
using Cox regression models with well-known prognostic factors (performance status [PS]), alkaline
phosphatase (ALP), white blood cells (WBC), the number of metastatic organ sites [8], RAS status [9–11],
sidedness [12–14] in multi-variate analysis. P-value < 0.05 as determined using the two-tailed test was
considered to be signi�cant. SAS version 9.4 was used for all statistical analysis.

Results

Patient characteristics
A total of 61 patients across 9 institutions were identi�ed as the subjects of this study. According to the
second-line chemotherapy regimens, 36 and 25 patents were classi�ed into the BBP and non-BBP groups,
respectively. The patients' baseline characteristics are summarized in Table 1. In the BBP group, 32
patients (88.9%) were PS ≤ 1, 10 patients (27.8%) had KRAS/RAS wildtype, and 8 patients (22.2%) had
peritoneal metastasis. In the non-BBP group, 14 patients (56.0%) were PS ≤ 1, and 19 patients (76.0%)
had KRAS/RAS wild type, and 12 patients (48.0%) had peritoneum metastasis. There were no signi�cant
differences in age, sex, primary tumor location, disease status, number of metastatic organ sites or the
�rst-line chemotherapy regimens between the two groups. Among the patients with measurable lesions,
the best responses without con�rmation in the �rst-line chemotherapy were stable disease in 5 patients
(14.7%) and progressive disease in 29 (85.3%) of the BBP group; in the non-BBP group stable disease
was seen in 6 (27.2%) patients and progressive disease was observed in 15 patients (68.2%).
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Table 1
Baseline characteristics of eligible patients

  BBP group (%)

N = 36

Non-BBP group (%)

N = 25

P-value

Sex      

Male 19 (52.8) 8 (32.0) 0.124

Female 17 (47.2) 17 (68.0

Age (years)      

Median (range) 59 (34–82) 57 (27–74) 0.503

ECOG PS      

0 11 (30.6) 7 (28.0) 0.010

1 21 (58.3) 7 (28.0)

2≤ 3 (8,3) 10 (40.0)

Unknown 1 (2.8) 1 (4.0)

RAS status      

KRAS/RAS wild type 10 (19.4) 19 (76.0) < 0.001

KRAS/RAS mutant 20 (55.5) 4 (16.0)

Unknown 6 (16.7) 2 (8.0)

Primary location      

Right side*1 16 (44.4) 10 (40.0) 0.769

Left side*2 20 (55.6) 15 (60.0)

Disease status      

Stage IV 24 (66.7) 21 (84.0) 0.152

Recurrence 12 (33.3) 4 (16.0)

Number of metastatic organ sites      

1 12 (33.3) 5 (20.0) 0.385

*1: Appendix, caecum, ascending colon, hepatic �exure and transverse colon

*2: Splenic �exure, descending colon, sigmoid colon and rectum

Abbreviations: BBP, bevacizumab continuation beyond progression



Page 7/19

  BBP group (%)

N = 36

Non-BBP group (%)

N = 25

P-value

2≤ 24 (66.7) 20 (80.0)

Metastatic sites      

Liver 31 (86.1) 18 (72.0) 0.203

Lung 14 (38.9) 9 (36.0) 1.000

Lymph node 13 (36.1) 12 (48.0) 0.431

Peritoneum 8 (22.2) 12 (48.0) 0.052

First-line chemotherapy      

Oxaliplatin-based regimen 30 (83.3) 24 (96.0) 0.223

Irinotecan-based regimen 6 (16.7) 1 (4.0)

*1: Appendix, caecum, ascending colon, hepatic �exure and transverse colon

*2: Splenic �exure, descending colon, sigmoid colon and rectum

Abbreviations: BBP, bevacizumab continuation beyond progression

Second-line regimens
The regimens in the second-line chemotherapy are shown in Table 2. All patients in BBP group received
doublet chemotherapy plus BEV, while 16 (64%) and 9 (36%) patients in non-BBP group were treated with
anti-EGFR antibody-containing regimens or cytotoxic agents alone.
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Table 2
Second-line chemotherapy which eligible patients received and tumor response evaluated RECIST ver1.1

Regimen BBP group (%) Non-BBP group (%)

Oxaliplatin-based    

FOLFOX 0 (0) 1 (4.0)

FOLFOX + BEV 7 (19.4) 0 (0)

SOX + BEV 1 (2.8) 0 (0)

Irinotecan-based    

FOLFIRI 0 (0) 4 (16.0)

FOLFIRI + CET/PANI 0 (0) 8 (32.0)

Irinotecan 0 (0) 4 (16.0)

Irinotecan + CET/PANI 0 (0) 4 (16.0)

FOLFIRI + BEV 26 (72.2) 0 (0)

IRIS + BEV 1 (2.8) 0 (0)

XELIRI + BEV 1 (2.8) 0 (0)

EGFR antibody alone    

CET/PANI 0 (0) 4 (16.0)

Tumor response

Best response BBP group* (%)

N = 34

Non-BBP group* (%)

N = 22

Complete response 0 (0) 0 (0)

Partial response 2 (5.9) 2 (9.1)

Stable disease 15 (44.1) 6 (27.3)

Progressive disease 14 (41.2) 12 (54.5)

Not evaluated 3 (8.8) 2 (9.1)

Objective response rate 2 (5.9) 2 (9.1)

*Patients who had measurable lesions.

Abbreviations: BBP, bevacizumab continuation beyond progression; BEV, bevacizumab; FOLFOX, 5-FU
and leucovorin, oxaliplatin; SOX, S-1 and oxaliplatin; FOLFIRI, 5-FU and leucovorin, irinotecan; XERIRI,
capecitabine and irinotecan; CET, cetuximab; PANI, panitumumab; EGFP, epidermal growth factor
receptor; BBP, bevacizumab continuation beyond progression
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Regimen BBP group (%) Non-BBP group (%)

Disease control rate 17 (50.0) 8 (36.4)

*Patients who had measurable lesions.

Abbreviations: BBP, bevacizumab continuation beyond progression; BEV, bevacizumab; FOLFOX, 5-FU
and leucovorin, oxaliplatin; SOX, S-1 and oxaliplatin; FOLFIRI, 5-FU and leucovorin, irinotecan; XERIRI,
capecitabine and irinotecan; CET, cetuximab; PANI, panitumumab; EGFP, epidermal growth factor
receptor; BBP, bevacizumab continuation beyond progression

E�cacy
Two patients in the BBP group and three patients in the non-BBP group did not have measurable lesions.
Among the patients with measurable lesions, the objective response and disease control rates were 5.9%
(n = 2) and 50.0% in the BBP group and 9.1% (n = 2) and 36.4% in the non-BBP group (Table 2). Median
PFS was 3.7 months (95%CI: 2.1–5.1) in the BBP group, and 2.8 months (95%CI: 2.1–4.1) in the non-BBP
group (HR [95%CI]: 0.83 [0.49–1.41], p = 0.489, adjusted HR [95%CI]: 0.97 [0.48–1.96], p = 0.932, Fig. 1).
PFS of the two patients in the BBP group who had a partial response in the second line chemotherapy
were as short as 3.0 months and 4.5 months. In contrast, PFS of the two responders in the non-BBP
group were 8.0 months and 9.9 months. Median OS was 7.6 months (95%CI: 4.9–9.7) in the BBP group,
and 5.4 months (95%CI: 2.1–7.3) in the non-BBP group (HR [95%CI]: 0.70 [0.41–1.19], p = 0.191, adjusted
HR [95%CI]: 0.65 [0.34–1.25], p = 0.195, Fig. 1). With regard to the patients who received combination
chemotherapy with anti-EGFR antibody in the non-BBP group, the objective response and disease control
rates were 22.2 % (2/9 patients) and 44.4 % (4/9 patients), while median PFS and OS were 3.3 months
(95%CI: 0.7–7.3) and 4.9 months (95%CI: 1.2–13.9).

Treatment after second-line chemotherapy
All subsequent treatments after the second-line chemotherapy in both groups are shown in Table 3. In the
BBP group, 21 patients (58.3%) had subsequent treatments after the second-line chemotherapy:
irinotecan-based chemotherapy in 11 patients (30.6%) and TAS-102 in 5 patients (13.6%), while in the
non-BBP group, only 8 patients (32.0%) received subsequent treatments: regorafenib in 2 patients (8.0%),
anti-EGFR antibody monotherapy in 2 patients (8.0%). irinotecan-based chemotherapy in 2 patients
(8.0%).
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Table 3
Treatment after the second-line chemotherapy

Treatment BBP group (%) Non-BBP group (%)

No 15 (41.7) 17 (68.0)

Yes (overlapping) 21 (58.3) 8 (32.0)

TAS-102 15 (44.1) 6 (26.1)

REGO 14 (41.2) 13 (50.0)

CET/PANI 3 (8.8) 2 (8.7)

Oxaliplatin-based 2 (5.9) 2 (8.7)

Irinotecan-based 17 (50.0) 8 (34.8)

Hepatic arterial infusion 4 (11.1) 4 (11.1)

Others 4 (11.1) 4 (16.0)

Abbreviations: BBP, bevacizumab continuation beyond progression; REGO, regorafenib; CET,
cetuximab; PANI, panitumumab

Safety
Adverse events during second-line chemotherapy are summarized in Table 4. The most common grade 3
or 4 adverse event was neutropenia in both the BBP and the non-BBP groups. In the BBP group, one
patient (2.8%) had grade 3 febrile neutropenia. In the non-BBP group, 4 patients (16.0%) had grade 3–4
anemia and 2 patients (8.0%) had grade 3–4 anorexia. In the BBP group, hemorrhage, hypertension,
proteinuria, embolism, and gastrointestinal perforation were rare.
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Table 4
Grade 3 ≤ adverse events during the second-line chemotherapy

Adverse event BBP group (%) Non-BBP group (%)

Hematological    

Neutropenia 5 (11.1) 6 (24.0)

Anemia 1 (2.8) 4 (16.0)

Thrombocytopenia 0 (0) 1 (4.0)

Non-hematological    

Fatigue 0 (0) 1 (4.0)

Decreased appetite 2 (5.6) 2 (8.0)

Diarrhea 2 (5.6) 0 (0)

Hypertension 1 (2.8) 0 (0)

Proteinuria 1 (2.8) 0 (0)

Gastrointestinal perforation 1 (2.8) 1 (4.0)

Bleeding 1 (2.8) 1 (4.0)

Venous thromboembolic 1 (2.8) 0 (0)

Cerebral infarction 1 (2.8) 0 (0)

Ileus 1 (2.8) 1 (4.0)

Hepatic infection 0 (0) 1 (4.0).

Febrile neutropenia 1 (2.8) 0 (0)

Discussion
BBP was established as a standard second-line treatment following the results of the ML18147 trial, in
which median PFS and OS were 5.7 months and 11.2 months, respectively [6]. On the other hand, median
PFS and OS when anti-EGFR antibody plus chemotherapy in the second-line treatment were 4.0–6.0
months and 10.7–16.2 months, respectively [15–17]. In this study, median PFS and OS were not
signi�cantly different between the BBP and non-BBP groups. Indeed, compared with the reported results
of the randomized controlled trials of BBP and anti-EGFR antibody, the subjects in our study had poor
clinical outcomes regardless of the treatment strategy, BBP or non-BBP. In a randomized phase III trial for
mCRC, the proportion of patients with early disease progression during �rst-line chemotherapy was only
3–4% [18]; this is similar to the incidence of early progression (4.1%) in patients allocated to the BEV-
containing arm in the TRICOLORE trial [19]. Although the number of patients with early disease
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progression during BEV-containing �rst-line chemotherapy is small, we believe it is important to develop
effective therapies for these patients.

There were substantial differences in patients’ backgrounds between the two groups. The proportion of
patients with PS ≥ 2 was higher in the non-BBP group (40.0%) than in the BBP group (5.6%). All patients
in the BBP group received doublet plus BEV, while only 8 patients (32.0%) in the non-BBP group received
doublet plus a targeted agent. The proportion of patients with RAS wild type was higher in the non-BBP
group (76.0%) than in the BBP group (25.0%), and 16 patients (64%) in the non-BBP group received
chemotherapy containing anti-EGFR antibody, which is recommended by current guidelines [1–3]. These
differences in patients’ conditions seem to have in�uenced the selection of chemotherapy regimens.

In this study, the adjusted HR for OS when BBP and non-BBP groups were compared was 0.65, while the
adjusted HR for PFS was 0.97. However, in addition to the differences in patient’s background and
chemotherapy regimens, there was a substantial difference in the proportion of patients receiving
subsequent chemotherapy. Given these issues, it was challenging to compare e�cacy between the two
groups, especially for OS, even after adjusting for patient backgrounds with multivariate analysis.
Therefore, it remains unclear whether BBP or non-BBP is the preferable treatment option for patients with
early disease progression during �rst-line chemotherapy containing BEV.

As for the response to chemotherapy, the response rate (5.9%) in the BBP group of this study was very
similar to that (5.4%) of the BBP group in the ML18147 trial; however, the disease control rate (50.0%) in
our study was lower than that (68%) in ML18147 [6]. Conversely, the response rate in the non-BBP group
in our study was slightly higher (9.1%) than in the BBP group, but the disease control rate lower at 36.4%.
Based on the survival analysis, we think it is reasonable to speculate that many of the subjects in this
study would have had tumors that were resistant to the agents used in second-line chemotherapy,
regardless of whether they were in the BBP or non-BBP group. However, survival analysis results by best
response in this study showed that better response in the second-line chemotherapy might lead to better
clinical outcomes. It is considered that response/disease control in the second-line chemotherapy may be
important to improve clinical outcomes of patients even with early disease progression in the �rst-line
chemotherapy.

Biomarker analysis of the CALGB/SWOG 80405 trial showed that low baseline levels of serum VEGF-D
were speci�cally predictive of longer PFS in patients who received FOLFOX plus BEV than in patients who
received FOLFOX plus cetuximab as the �rst-line chemotherapy [20]. BEV suppresses tumor angiogenesis
mainly by inhibiting the binding of VEGF-A to VEGFR-1/2. However, VEGF-D also binds to VEGFR-2 and
promotes tumor angiogenesis, and therefore BEV e�cacy may be poor in patients with high levels of
serum VEGF-D. In addition to VEGF-D, biomarker studies suggest that VEGF-A [21] and PIGF [21, 22] might
be associated with the e�cacy of anti-angiogenic therapy. Therefore, we speculate that elevated activity
of angiogenic pathway might be responsible for BEV resistance of some subjects in this study.

RAM and AFL are also anti-angiogenic agents that inhibit the VEGF pathway by mechanisms different
from BEV [23, 24]. RAM is a fully human IgG-1 monoclonal antibody, and exerts its antitumor activity by
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binding to the VEGFR-2 extracellular domain [24, 25]. Subgroup analysis of the RAISE study showed that
RAM was e�cacious in patients with high levels of VEGF-D [26]. In addition, subgroup analysis of
patients with �rst-line TTP < 6 months in the RAISE trial showed that median OS was 10.4 months versus
8.0 months (HR [95%CI]: 0.86 [0.64–1.13], p = 0.2759), and median PFS was 5.2 months versus 2.9
months (HR [95%CI]: 0.68[0.52–0.89], p = 0.0042) [27]. We suggest that future clinical researches should
evaluate the bene�ts of switching to RAM for patients with high levels of VEGF-D who experience early
progression during �rst-line chemotherapy containing BEV. AFL is a recombinant fusion protein that
prevents VEGF-A, VEGF-B, and PIGF-1 from binding to their cognate receptors [28]. Subgroup analysis of
patients with �rst-line TTP < 3 months in the VELOUR trial showed that median OS was 11.9 months in
the AFL plus FOLFIRI group versus 9.8 months in placebo plus FOLFIRI (HR, 0.63), while median PFS was
7.0 months versus 3.9 months (HR, 0.55) [29]. These data, which are based on randomized trials, suggest
that switching to other anti-angiogenic agents during second-line chemotherapy may be a treatment
option for patients who had early disease progression during �rst-line BEV-containing chemotherapy.
However, in the VELOUR trial, only 30.4% of patients received BEV as part of the �rst-line chemotherapy
[29], whereas the number of patients who had TTP < 3 months during �rst-line chemotherapy and who
received BEV containing chemotherapy was not clear. Further studies will be needed to test the validity of
such an approach.

As for the non-BBP group in this study, it is very di�cult to compare their response and disease control
rates with those previously reported, because the non-BBP group contained various kinds of
chemotherapy regimens. The majority of the patients who received combination chemotherapy with anti-
EGFR antibody had a poor prognosis. Moreover, in a previous retrospective analysis, the e�cacy of anti-
EGFR antibody-containing treatments as second- or third-line chemotherapy was poorer in patients who
previously received BEV than in patients without prior BEV [30]. It has been reported that patients who
received a BEV-containing regimen had higher levels of VEGF-A than the patients without prior BEV [30].
Furthermore, experiments with CRC cell lines suggest that high levels of VEGF-A induce VEGFR-2- and
STAT-3-dependent resistance to cetuximab [30]. Another preclinical study suggested that BEV-resistant
CRC cells had higher levels of VEGF due to upregulation of the hypoxia induced factor (HIF)-VEGF
signaling pathway [31]. We note that HIFs can also activate EGFR and the associated downstream signal
transduction pathways [32]. These molecular mechanisms might underlie the poor e�cacy of anti-EGFR
antibody-containing regimens that we observed in this study. We suggest that the identi�cation of
biomarkers that aid selection of anti-EGFR antibody-containing chemotherapy for patients who
experience early progression during �rst-line chemotherapy containing BEV should be prioritized.

This study has some limitations. First, it is a small retrospective study, leading to some bias in patients’
characteristics and selection of chemotherapy. Secondly, in some patients, we could not collect
information of all RAS and BRAF mutational status (unknown: n = 46); these genes are well-known
prognostic factors in colorectal cancer [33–35]. Finally, we could not perform antiangiogenic biomarker
analysis of molecules such as VEGF-D and A [20, 36] due to retrospective study design. However, to the
best of our knowledge, this is the �rst report that clari�es the e�cacy and safety of BBP or non-BBP
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strategies as second-line chemotherapy for mCRC patients with early disease progression during �rst-line
BEV-containing chemotherapy.

Conclusions
For mCRC patients with early disease progression in the �rst-line setting, the e�cacy of second-line
chemotherapy is modest, regardless of whether BBP or other strategies have been employed. To improve
clinical outcomes of these patients, new treatment strategies are warranted.

Abbreviations
AFL: a�ibercept; ALP: alkaline phosphatase; BEV: bevacizumab; BBP: BEV continuation beyond
progression; CI: con�dence interval; CTCAE: Common Terminology Criteria for Adverse Events; EGFR:
epidermal growth factor receptor; HIF: hypoxia induced factor; HR: hazard ratio; mCRC: metastatic
colorectal cancer; OS: overall survival; PFS: progression-free survival; PS: performance status; RAM:
ramucirumab; RECIST: Response Evaluation Criteria in Solid Tumors; WBC: white blood cells.

Declarations
Acknowledgments

We thank WJOG for giving us the opportunity to connect the collaborating institutions. This research did
not receive any speci�c grant from funding agencies in the public, commercial, or not-for-pro�t sectors.

Author`s contributions

All authors were involved design of this study. SY contributed to coordinating this study and writing the
�rst manuscript. KN contributed to analyzing the data of this study. TK, SM, MK, YT, NI, KK, YY, AM, KY,
TM, TE, TT, HO, TM contributed to collecting the data at each hospital and reviewing this manuscript. NB
contributed to supervising this study and revising this manuscript. All authors read and approved the �nal
manuscript.

Funding

No funding

Availability of data and materials

The datasets generated during this study are not publicly available due to ethical restrictions, but these
are available from the corresponding author on reasonable request.

Ethical approval and consent to participate



Page 15/19

This study was approved by all the participating institutional review boards (National Cancer
Center:2017-494, Shizuoka Cancer Center: T30-21-30-1-5, Aichi Cancer Center:2018-1-036, National
Hospital Organization Kyushu Cancer Center:2018-8, Tonan Hospital:341, St. Marianna University School
of Medical Hospital:4005, Keiyukai Sapporo Hospital:H30-4, University of Tsukuba:H30-234, Japan
Community Healthcare Organization Kyushu Hospital:568). It was determined to be a retrospective study
of de-identi�ed data, and thus was determined to be exempt from requiring written informed consent.

Consent for publication

This manuscript contains no additional individual person’s data.

Competing interests

NI and MK, KK, YY, TT, HO, TM have nothing to declare. SY has received honoraria from Ono
Pharmaceuticals. KN has received honoraria from P�zer R&D Japan G.K. TK has received honoraria from
Chugai, Takeda Pharmaceutical, Taiho. SM has received research funding and honoraria from Taiho,
honoraria from Takeda Pharmaceutical, Ono Pharmaceuticals. YT has received honoraria from Bayer,
Merck Serono, Lilly, Chugai, Taiho, Ono Pharmaceuticals, Takeda Pharmaceutical, Medicon, Sawai
Pharmaceutical. AM has received honoraria from Lilly, Chugai, Takeda Pharmaceutical. KY has received
research funding and honoraria from Taiho, honoraria from Chugai, Daiichi Sankyo, Yakult Honsha,
Takeda Pharmaceutical, Bayer, Merck Serono, Lilly, Sano�, Ono Pharmaceuticals, MSD, Bristol-Myers
Squibb. TM has received research funding from Ono Pharmaceuticals, MSD, Daiichi Sankyo, and
honoraria from Takeda Pharmaceutical, Chugai, Merck Bio Pharma, Taiho, Bayer, Lilly, Yakult Honsha,
Sano�, Ono Pharmaceuticals. TE has received research funding from MSD, Novartis, Ono
Pharmaceuticals, Daiichi Sankyo, Astellas, Astellas Amgen Biopharma, BeiGene, Pierre Fabre
Medicament, Ignyta, Array BioPharma, Merck Serono, Dainippon Sumitomo, Taiho, honoraria from
Chugai, Lilly. TN has received research funding from Chugai, Takeda Pharmaceutical, Sano�, Daiichi
Sankyo, Lilly, Nippon Kayaku, Ono Pharmaceuticals, MSD, Astellas, Sumitomo Dainippon Pharma, Eisai,
Solasia Pharma, honoraria from Mochida Pharmaceutical, Celltrion Healthcare Japan, Taiho, Merck
Serono, Chugai, Takeda Pharmaceutical, Sano�, Daiichi Sankyo, Lilly, Nippon Kayaku, Ono
Pharmaceutical, MSD, Sawai Pharmaceutical, Bayer, Bristol-Myers Squibb, Teijin Pharma, P�zer, Novartis,
Yakult Honsha, Nipro Co. NB has received research funding from Taiho, Ono Pharmaceuticals, honoraria
from Taiho, Ono Pharmaceuticals and Bristol-Myers Squibb.

References
1 Van Custem E, Cervantes A, Adam R, et al. ESMO consensus guidelines for the management of patients
with metastatic colorectal cancer. Ann Oncol 2016; 27:1386-422.

2 National Comprehensive Care Network. Clinical practice guidelines in oncology (NCCN guideline®).
http://www.nccn.org/professionals/physician_gls/default.aspx(accessd June 13, 2019)



Page 16/19

3 Yoshino T, Arnold D, Taniguchi H, et al. Pan-Asian adapted ESMO consensus guidelines for the
management of patients with metastatic colorectal cancer: a JSMO-ESMO initiative endorsed by CSCO,
KACO, MOS, SSO and TOS. Ann Oncol 2018; 29:44-70.

4 Grothey A, Sugrue MM, Purdie DM, et al. Bevacizumab beyond �rst progression is associated with
prolonged overall survival in metastatic colorectal cancer: results from a large observational cohort study
(BRiTE). J Clin Oncol 2008; 26:5326-34.

5 Grothey A, Flick ED, Cohn AL, et al. Bevacizumab exposure beyond �rst disease progression in patients
with metastatic colorectal cancer: analyses of the ARIES observational cohort study. Pharmarcoepidemiol
Drug Saf 2014; 23:726-34.

6 Bennoua J, Sastre J, Arnold D, et al. Continuation of bevacizumab after progression in metastatic
colorectal cancer (ML18147): a randomised phase 3 trial. Lancet Oncol 2013; 14:29-37.

7 Kerbel RS. Inhibition of tumor angiogenesis as a strategy to circumvent acquired resistance to anti-
cancer therapeutic agents. Bioessays 1991; 13:31-6.

8 Köhne CH, Cunningham D, Di Costanzo F, et al. Clinical determinants of survival in patients with 5-
�uorouracil-based treatment for metastatic colorectal cancer: results of a multivariate analysis of 3825
patients. Ann Oncol 2002; 13:308-17.

9 De Roock W, Jonker DJ, Di Nicolantonio F, et al. Association of KRAS p.G13D mutation with outcome in
patients with chemotherapy-refractory metastatic colorectal cancer treated with cetuximab. JAMA 2010;
304:1812-20.

10 Tejpar S, Celik I, Schlichting M, et al. Association of KRAS G13D tumor mutations with outcome in
patients with metastatic colorectal cancer treated with �rst-line chemotherapy with or without cetuximab.
J Clin Oncol 2012; 30:3570-7.

11 De Roock W, Claes B, Bernasconi D, et al. Effects of KRAS, BRAF, NRAS, and PIK3CA mutations on the
e�cacy of cetuximab plus chemotherapy in chemotherapy-refractory metastatic colorectal cancer: a
retrospective consortium analysis. Lancet Oncol 2010; 11: 753-62.

12 Venook AP, Niedzwiecki D, Innocenti F, et al. Impact of primary (1º) tumor location on overall survival
(OS) and progression-free survival (PFS) in patients (pts) with metastatic colorectal cancer (mCRC):
Analysis of CALGB/SWOG 80405 (Alliance). J Clin Oncol 2016; 34(Suppl) (abstract 3504).

13 Venook AP, Ou FS, Lenz HJ, et al. Primary tumor location as an independent prognostic marker from
molecular features for overall survival in patients with metastatic colorectal cancer: analysis of
CALGB/SWOG 80405 (Alliance). J Clin Oncol 2017; 35(Suppl) (abstract 3503).

14 Arnold D, Lueza B, Douillard JY, et al. Prognostic and predictive value of primary tumour side in
patients with RAS wild-type metastatic colorectal cancer treated with chemotherapy and EGFR directed



Page 17/19

antibodies in six randomized trials. Ann Oncol 2017; 28:1713-1729.

15 Sobrero AF, Maurel J, Fehrenbacher L, et al. EPIC: phase III trial of cetuximab plus irinotecan after
�uoropyrimidine and oxaliplatin failure in patients with metastatic colorectal cancer. J Clin Oncol 2008;
26:2311-9.

16 Peeters M, Price TJ, Cervantes A, et al. Randomized phase III study of panitumumab with �uorouracil,
leucovorin, and irinotecan (FOLFIRI) compared with FOLFIRI alone as second-line treatment in patients
with metastatic colorectal cancer. J Clin Oncol 2010; 28:4706-13.

17 Shitara K, Yonesaka K, Denda T, et al. Randomized study of FOLFIRI plus either panitumumab or
bevacizumab for wild‐type KRAS colorectal cancer‐WJOG 6210G. Cancer Sci 2016; 107:1843-1850.

18 Yamazaki K, Nagase M, Tamagawa H, et al. Randomized phase III study of bevacizumab plus FOLFIRI
and bevacizumab plus mFOLFOX6 as �rst-line treatment for patients with metastatic colorectal cancer
(WJOG4407G). Ann Oncol 2016; 27:1539-46.

19 Yamada Y, Denda T, Gamoh M, et al. S-1 and irinotecan plus bevacizumab versus mFOLFOX6 or
CapeOX plus bevacizumab as �rst-line treatment in patients with metastatic colorectal cancer
(TRICOLORE): a randomized, open-label, phase III, noninferiority trial. Ann Oncol 2018; 29:624-631.

20 Nixon A, Sibley A, Hatch AJ, et al. Blood-based biomarkers in patients (pts) with metastatic colorectal
cancer (mCRC) treated with FOLFOX or FOLFIRI plus bevacizumab (Bev), cetuximab (Cetux), or bev plus
Cetux: Results from CALGB 80405 (Alliance). J Clin Oncol 2016; 34(Suppl) (abstract 3597).

21 Van Cutsem E, Paccard C, Chiron M, et al. Impact of Prior Bevacizumab Treatment on VEGF-A and
PlGF Levels and Outcome Following Second-Line A�ibercept Treatment: Biomarker Post Hoc Analysis of
the VELOUR Trial. Clin Cancer Res 2019; Nov 14. [Epub ahead of print]

22 Lieu CH, Tran H, Jiang ZQ, et al. The association of alternate VEGF ligands with resistance to anti-
VEGF therapy in metastatic colorectal cancer. PLoS One 2013; 8:e77117.

23 Tang PA, Moore MJ. A�ibercept in the treatment of patients with metastatic colorectal cancer: latest
�ndings and interpretations. Therap Adv Gastroenterol 2013; 6:459-473.

24 Bruns CJ, Liu W, Davis DW, et al. Vascular endothelial growth factor is an in vivo survival factor for
tumor endothelium in a murine model of colorectal carcinoma liver metastases. Cancer 2000; 89:488-99.

25 Tonra JR, Tomasek J, Yong CJ, et al. Synergistic antitumor effects of combined epidermal growth
factor receptor and vascular endothelial growth factor receptor-2 targeted therapy. Clin Cancer Res 2006;
12:2197-207.

26 Tabernero J, Hozak RR, Yoshino T, et al. Analysis of angiogenesis biomarkers for ramucirumab
e�cacy in patients with metastatic colorectal cancer from RAISE, a global, randomized, double-blind,



Page 18/19

phase III study. Ann Oncol 2018; 29:602-609.

27 Obermannova R, Van Custem E, Yoshino T, et al. Subgroup analysis in RAISE: a randomized, double-
blind phase III study of irinotecan, folinic acid, and 5-�uorouracil (FOLFIRI) plus ramucirumab or placebo
in patients with metastatic colorectal carcinoma progression. Ann Oncol 2016; 27:2082-2090.

28 Tang PA, Moore MJ. A�ibercept in the treatment of patients with metastatic colorectal cancer: latest
�ndings and interpretations. Therap Adv Gastroenterol 2013; 6:459-473.

29 Van Custem E, Joulain F, Hoff PM, et al. A�ibercept Plus FOLFIRI vs. Placebo Plus FOLFIRI in Second-
Line Metastatic Colorectal Cancer: a Post Hoc Analysis of Survival from the Phase III VELOUR Study
Subsequent to Exclusion of Patients who had Recurrence During or Within 6 Months of Completing
Adjuvant Oxaliplatin-Based Therapy. Target Oncol 2016; 11:383-400.

30 Derangère V, Fumet JD, Boidot R, et al. Does bevacizumab impact anti-EGFR therapy e�cacy in
metastatic colorectal cancer? Oncotarget. 2016; 9:9309-21.

31 Mésange P, Poindessous V, Sabbah M, et al. Intrinsic bevacizumab resistance is associated with
prolonged activation of autocrine VEGF signaling and hypoxia tolerance in colorectal cancer cells and
can be overcome by nintedanib, a small molecule angiokinase inhibitor. Oncotarget. 2014; 5:4709-21.

32 Keith B, Johnson RS, Simon MC. HIF1α and HIF2α: sibling rivalry in hypoxic tumour growth and
progression. Nat Rev Cancer. 2011; 12:9-22.

33 Van Custem E, Kohne CH, Lang I, et al. Cetuximab plus irinotecan, �uorouracil, and leucovorin as �rst-
line treatment for metastatic colorectal cancer: updated analysis of overall survival according to tumor
KRAS and BRAF mutation status. J Clin Oncol 2012; 29:2011-9.

34 Bokemeyer C, Bondarenko I, Hartmann JT, et al. E�cacy according to biomarker status of cetuximab
plus FOLFOX-4 as �rst-line treatment for metastatic colorectal cancer: the OPUS study. Ann Oncol 2011;
22:1535-46.

35 Peeters M, Oliner KS, Parker A, et al. Massively parallel tumor multigene sequencing to evaluate
response to panitumumab in a randomized phase III study of metastatic colorectal cancer. Clin Cancer
Res 2013; 19:1902-1912.

36 Tabernero J, Hozak RR, Yoshino T, et al. Analysis of angiogenesis biomarkers for ramucirumab
e�cacy in patients with metastatic colorectal cancer from RAISE, a global, randomized, double-blind,
phase III study. Ann Oncol 2018; 29:602-609.

Figures



Page 19/19

Figure 1

Kaplan-Meier survival curves of progression-free survival and overall survival in the BBP group (n = 36)
and in the non-BBP group (n = 25).


