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Abstract

Introduction: Previous prospective studies suggest that the
sequential use of cytotoxic agents, such as oxaliplatin, in pa-
tients with metastatic colorectal cancer (mCRC) has the
potential to improve prognosis and maintain quality of life
than combination chemotherapy. The purpose of this study
was to investigate the feasibility and effectiveness of a se-
quential treatment strategy consisting of an initial therapy
(capecitabine, S-1, or 5-fluorouracil with leucovorin [LV/5-FU]
plus bevacizumab) and subsequent therapy (i.e., initial thera-
py plus oxaliplatin) for mCRC. Methods: The primary end-
point was second progression-free survival (2nd PFS) be-
tween the start of initial therapy and tumor progression after

sequential therapy; secondary endpoints were PFS after ini-
tial treatment, overall survival (OS), objective response rate
(ORR), and safety. Results: Sixty-six patients were planned
to berecruited. However, owing to a slow accrual rate, recruit-
ment was terminated when only 19 patients were enrolled
between 2011 and 2015; 4, 10, and 5 patients were adminis-
tered capecitabine plus bevacizumab, S-1 plus bevacizumab,
and LV/5-FU plus bevacizumab, respectively. The proportions
of those with a KRAS status (wild-type/mutant/unknown)
were 26%, 21%, and 53%, respectively. The median 2nd PFS
and OS were 19.1 months and not reached, respectively. The
ORR was 45.5% in the initial therapy and 16.7% in the subse-
quent therapy. Grade 3/4 toxicities included neutropenia
(5%), proteinuria (5%), and hypertension (47%). Conclusion:
Although our data are limited and preliminary, the sequential
treatment strategy may provide a survival benefit in patients
with mCRC. Further investigation of this treatment approach

is warranted. © 2022 The Author(s).
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Introduction

Advanced metastatic colorectal cancer (mCRC) is the
second most common cause of death due to cancer world-
wide, after lung cancer [1]. The treatment of mCRC has
significantly advanced in the last 20 years, mainly through
the introduction of novel, active agents in clinical prac-
tice. However, for most patients with mCRC, the aim of
chemotherapy is not to cure the disease but to prolong
survival or at least to preserve the quality of life. There-
fore, minimizing the side effects of chemotherapy is im-
portant.

In the therapeutic development of chemotherapy for
mCRGC, the continuous infusion of 5-fluorouracil (5-FU)
was found to improve the median overall survival (OS)
from 12 to 15 months in clinical trials [2-4], leading to
the use of 5-FU as a standard of care for patients with
mCRC for over decades. Subsequently, combination
therapies of 5-FU with leucovorin (LV/5-FU) and either
irinotecan (FOLFIRI) or oxaliplatin (FOLFOX) were
found to further improve survival, with a median OS of
30 months, and became the main chemotherapeutic
treatment option for mCRC [5-7]. However, compared
with LV/5-FU, combination regimen such as FOLFOX
are more likely to be associated with more frequent tox-
icities, such as bone marrow toxicity, diarrhea, and pe-
ripheral neuropathy in patients with mCRC; thus, cau-
tion must be exercised for maintaining quality of life and
toxicity management [4, 5].

Bevacizumab, a monoclonal antibody against vascular
endothelial growth factor, has been shown to extend the
survival of patients with mCRC, particularly in combina-
tion with cytotoxic chemotherapy. Several previous stud-
ies demonstrated the efficacy and safety of bevacizumab
in combination with either oral or infusion 5-FU in pa-
tients with mCRC [8-12].

The results of previous clinical trials indicated that the
median progression-free survival (PFS) and OS in pa-
tients treated with the fluoropyrimidines plus bevacizum-
ab regimen were comparable with those in patients treat-
ed with FOLFOX plus bevacizumab or irinotecan, bolus
fluorouracil, and leucovorin (IFL) plus bevacizumab,
among which the 5-FU plus bevacizumab regimen was
better tolerated, with a lower incidence of adverse events
[12-14]. In another key trial (N9741 trial), FOLFOX was
superior to IFL, and the addition of bevacizumab to IFL
significantly improved efficacy when compared with that
of IFL alone (trial AVF2107g) [13, 15]. However, the ef-
fect of bevacizumab on tumor response was relatively
smaller than that on PFS and OS, particularly in compar-
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ison with conventional chemotherapy. A meta-analysis of
the AVF2107g and N9741 trials demonstrated survival
benefits of bevacizumab as a first-line treatment for
mCRC and identified that the tumor response was not a
predictive factor for PES and OS [16]. Moreover, several
randomized prospective trials have indicated that combi-
nation chemotherapy for mCRC did not significantly im-
prove OS when compared with the sequential use of cy-
totoxic agents [17, 18].

On the basis of these data, we hypothesized that non-
intensive or sequential therapy could be a treatment op-
tion for mCRC patients with low tumor volume, no im-
minent tumor symptoms, and in whom conversion sur-
geryis nota primary treatment goal, to achieve long-term
survival with minimal side effects caused by chemother-
apy. To test this hypothesis, we conducted a multicenter
phase II study to evaluate the effectiveness of a sequential
therapy consisting of initial therapy (capecitabine or S-1
or LV/5-FU plus bevacizumab) and subsequent therapy
(initial therapy plus oxaliplatin) for mCRC.

Patients and Methods

Study Design and Treatment

This study was conducted by the Osaka Gastrointestinal Can-
cer Chemotherapy Study Group (OGSG 1107), and it was designed
as a nonrandomized, multicenter, open-label phase II trial. Figure
1 presents the study design of the sequential treatment strategy
consisting of initial therapy (fluoropyrimidine plus bevacizumab)
and subsequent therapy (addition of oxaliplatin to the initial regi-
men) for mCRC.

Initial Therapy

The initial therapy regimen was decided by each investigator.
Initial therapy consisted of capecitabine (1,000 mg/m? orally twice
a day on days 1-14) with bevacizumab (7.5 mg/kg intravenously
on day 1) every 3 weeks (C-group), S-1 (40-60 mg/m? orally twice
daily on days 1-14) with bevacizumab (7.5 mg/kg intravenously
on day 1) every 3 weeks (S-group), and LV/5-FU2 (200 mg/m? of
leucovorin administered via continuous intravenous infusion over
2 h, followed by 400 mg/m? of 5-FU administered via a bolus injec-
tion, delivered at an initial loading dose of 2,400 mg/m? over 46 h)
with bevacizumab (5 mg/kg intravenously on day 1) every 2 weeks
(F-group). The protocol therapy was repeated until the onset of
first disease progression (1st PD) or any severe adverse events. In
this study protocol, if first-line capecitabine/S-1/5-FU plus beva-
cizumab combination therapy (initial therapy) required dose re-
duction due to adverse events, subsequent treatments (after the
first PD) were recommended to be started at the same reduction
dose. Protocol treatment with bevacizumab was withdrawn if the
patients developed bevacizumab-induced uncontrolled bleeding,
hypertension, proteinuria, thrombosis, or hypersensitivity of >
grade 3 (Fig. 1).
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Fig. 1. Study design of the sequential treatment strategy. Bmab, bevacizumab; PD, progressive disease; SAE, se-

vere adverse event.

Subsequent Therapy (after 1st PD)

The C-group was treated with capecitabine (1,000 mg/m? oral-
ly twice a day on days 1-14) plus oxaliplatin (130 mg/m? intrave-
nously on day 1) with bevacizumab (7.5 mg/kg intravenously on
day 1) every 3 weeks; S-group, S-1 (40-60 mg/m? orally twice dai-
ly on days 1-14) plus oxaliplatin (130 mg/m? intravenously on day
1) with bevacizumab (7.5 mg/kg intravenously on day 1) every 3
weeks; and F-group, mFOLFOX6 (200 mg/m? of leucovorin ad-
ministered via continuous intravenous infusion over 2 h, followed
by 400 mg/m? of 5-FU administered via a bolus injection, delivered
at an initial loading dose of 2,400 mg/m? over 46 h, 85 mg/m? of
oxaliplatin intravenously on day 1) with bevacizumab (5 mg/kg
intravenously on day 1) every 2 weeks. This protocol therapy was
repeated until either the onset of second disease progression (2nd
PD) or any severe adverse events. Bevacizumab was recommended
unless the patients developed bevacizumab-induced uncontrolled
bleeding, thrombosis, bleeding, thrombosis, or hypersensitivity of
>grade 3.

Patients

The mCRC patients with histologically confirmed adenocarci-
noma with evaluable lesions were eligible for the study. Patients
who had received postoperative adjuvant fluoropyrimidine-based
chemotherapy drugs were eligible if they had remained disease-
free for at least 6 months after the completion of adjuvant therapy.
Patients who had previously received radiotherapy and chemo-
therapy for mCRC were excluded. Other eligibility criteria were as
follows: Eastern Cooperative Oncology Group (ECOG) perfor-
mance status of 0-2, age 20-75 years, adequate baseline bone mar-
row function (white cell count, >3,000/mL; neutrophil count,
21,500/mL; hemoglobin concentration, 29.0 g/dL; and platelet
count, 2100,000/mL), adequate renal function (serum creatinine,
=1.2 mg/dL), and adequate hepatic function (serum total bilirubin
level, 1.2 mg/dL; serum aspartate alanine aminotransferase, and
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aminotransferase levels: within 3 times of normal range of the hos-
pital). The main exclusion criteria were as follows: open biopsy or
surgical procedures performed <4 weeks before study, severe drug
allergy, infection, severe pleural effusion or ascites, and symptoms
due to brain tumor.

Endpoints and Assessments

The primary endpoint of the study was PFS between the start
of enrollment and progression of second-line treatment (2nd PFS)
based on the full analysis set. The secondary endpoints were PFS
of first-line treatment, overall response rate, OS, and safety.

Safety was evaluated in the per-protocol set. The physical ex-
aminations and laboratory data were performed at the first proto-
col treatment. Measurable lesions were assessed according to the
Response Evaluation Criteria in Solid Tumors version 1.0. Tumor
response was evaluated using either computed tomography every
8 weeks after the protocol treatment. No independent radiologic
review was performed. Toxicity was assessed according to the
Common Terminology Criteria for Adverse Events version 4.03.
PES is defined as the time from assignment in a clinical trial to dis-
ease progression or death from any cause. OS is defined as the in-
terval from the start of treatment to death. The patients with loss
of follow-up were defined as a censored case.

Statistical Analysis

We calculated the sample size for the present study based on
Ist plus 2nd PFS of 13 months and minimum 2nd PFS of 8 months,
with a one-sided of 0.05, a power of 0.8, and estimated that we
needed 59 patients. OS and PFS were analyzed using the Kaplan-
Meier method. The planned duration of accrual and follow-up
time were 2 years. All statistical analyses were performed using the
SWOG statistical tool.
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Table 1. Patient characteristics

All C-group S-group F-group
(n=19) (n=4) (n=10) (n=15)

Age, median (range), years 65 (35-73) 67.5 (58-71) 65 (47-73) 65 (35-72)
Sex, n (%)

Male 8(42) 3 4 1

Female 11(58) 1 6 4
ECOG PS, n (%)

0 13 (68) 3 7 3

1 6(32) 1 3 2

2 0 0 0 0
Histology, n (%)

Intestinal 15 (79) 4 8 3

Diffuse 4(21) 0 2 2
Location, n (%)

Colon 11 (58) 5 3

Rectal 7(37) 1 5 1

Multiple 1(5) 0 0 1
Metastasis site, n (%)

Liver 7 (37) 2 4 1

Lung 4(21) 0 2 2

Other 8(42) 2 4 2
Primary tumor site, n (%)

Absent 17 (90) 4 9 4

Present 2(10) 0 1 1
Post-adjuvant chemotherapy, n (%)

Absent 14 (74) 1 9 4

Present 5(26) 3 1 1
Post-adjuvant chemotherapy regimens

Capecitabine 1 0 0 1

TS-1 1 0 1 0

UFT/LV 3 3 0 0
Comorbidities, n (%)

Hypertension 6(32) 1 3 2

Diabetes 7 (37) 1 4 2

Thrombosis 0 0 0 0

Other 7 (37) 1 4 2
KRAS status, n (%)

Wild-type 5(26) 0 4 1

Mutant 4(21) 2 2 0

Unknown 10 (53) 2 4 4

ECOG, Eastern Cooperative Oncology Group; C-group, capecitabine plus bevacizumab; S-group, S-1 plus bevaci-
zumab; F-group, sLV/5-FU2 plus bevacizumab; UFT/LV, uracil and tegafur/leucovorin; PS, performance status.

Ethical Conduct of the Study

The study was registered with the University Hospital Medical
Information Network Clinical Trials Registry (no. 000008190),
performed in accordance with the Declaration of Helsinki and Jap-
anese Good Clinical Practice Guidelines, and approved by the In-
stitutional Review Board at each participating center. An indepen-
dent committee monitored the safety of the patients throughout
the study period. All patients provided written informed consent
to participate in the study.
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Results

Patient Characteristics

From December 2, 2011, to February 18, 2015, a total
of 19 patients from three Japanese institutions were en-
rolled in the study. Although the planned number of pa-
tients was 66, recruitment was terminated, owing to slow
accrual when 19 patients were enrolled. Among these, 4
patients were allocated to the C-group, 10 to the S-group,

Yamaguchi et al.
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Fig. 2. Waterfall plot of initial therapy (a) and subsequent therapy (b).

and 5 to the F-group. All 19 patients were eligible, and
their characteristics are shown in Table 1. Other comor-
bidities were prostatic hypertrophy (n = 1, C-group),
rheumatoid arthritis (n = 1, S-group), bronchial asthma
(n=1, S-group), hyperlipidemia (n = 1, F-group), and ar-
rhythmia and osteoporosis (n = 1, S-group).

Efficacy

At the data cutoff date (May 1, 2017), 14 of 19 (73%)
patients experienced disease progression (1st PD), and 9
(47%) were administered an oxaliplatin-containing regi-
men as the subsequent therapy after the 1st PD. After the

Treatment Strategy for Metastatic
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Ist PD, 2 patients (11%) were administered other regi-
mens outside the protocol such as second-line chemo-
therapy, 2 patients were not administered subsequent
chemotherapy because they refused, and 1 patient re-
ceived best supportive care. Of the 19 patients, 11 had
measurable lesions in the initial treatment phase. The ob-
jective response rate (ORR) for the initial treatment was
45.5% (5/11) (Fig. 2a). The other 6 patients showed stable
disease, yielding a disease control rate of 100%. Of the 9
patients who were administered oxaliplatin-containing
treatment, six had measurable lesions. The ORR for the
follow-up treatment was 16.7% (1/6). Five patients
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Table 2. Principal adverse events based on laboratory data and
symptoms during the initial therapy (n = 19)

Table 3. Principal adverse events based on laboratory data and
symptoms during the subsequent therapy (n =9)

Adverse event Any, n (%) Grade =3, n (%) Adverse event Any, n (%) Grade =3, n (%)
Leukopenia 2(10) 0 Leukopenia 2(22) 1(11)
Neutropenia 12 (63) 1(5) Neutropenia 6 (66) 1(11)
Anemia 14 (73) 0 Anemia 7 (78) 0
Thrombocytopenia 9 (47) 1(5) Thrombocytopenia 6 (66) 0
Hypoalbuminemia 18 (95) 0 Hypoalbuminemia 8(89) 0
AST increased 2(10) 0 AST increased 6 (66) 0

ALT increased 7 (37) 1(5) ALT increased 3(33) 0
Hyperkalemia 7(37) 1(5) Hyperkalemia 1(11) 0
Hyponatremia 3(16) Hypernatremia 1(11) 0
Anorexia 13(10) 4(21) Anorexia 9(100) 2(22)
Nausea 12 (63) 1(5) Nausea 5(55) 0
Vomiting 5(26) 0 Febrile neutropenia 1(11) 1(11)
Diarrhea 8(42) 1(5) Diarrhea 1(11) 0
Fatigue 10 (53) 1(5) Fatigue 7(77) 0
Stomatitis 13 (10) 2(10) Stomatitis 7(77) 0
Hand-foot syndrome 16 (84) 0 Hand-foot syndrome 3(33) 0
Hypertension 17 (89) 9(47) Hypertension 6 (66) 2(22)
Thrombosis 2(10) 1(5) Thrombosis 1(11) 0
Neuropathy 2(10) 0 Neuropathy 6 (66) 1(11)
Proteinuria 8 (42) 4(21) Proteinuria 2(22) 0

AST, aspartate aminotransferase; ALT, alanine aminotransferase.

AST, aspartate aminotransferase; ALT, alanine aminotransferase.

(54.5%) showed stable disease, yielding a disease control
rate of 100% (Fig. 2b).

The median 1st PFS and 2nd PFS were 12.8 months
(95% confidence interval [CI] 10.4-26.7) and 19.1 months
(95% CI: 16.1 - not reached [NR] months) (Fig. 3a, b),
respectively. The median 1st PFS was 17.2 months (95%
CI: 11.1 - NR) in the C-group, 10.8 months (95% CI: 10.4
- NR) in the S-group, and 11.2 months (95% CI: 7.8 - NR)
in the F-group. The median 2nd PFS was 20.2 months
(95% CI: 15.3 - NR) in the C-group, 20.5 months (95%
CI: 14.3 - NR) in the S-group, and 18.9 months (95% CI:
11.7 - NR) in the F-group. The median OS was NR in all
patients. Two-year and 3-year OS rates were 84.2% (95%
CI: 69.3-100.0) and 52.2% (95% CI: 32.6-83.8), respec-
tively (Fig. 4).

Safety

Initial Therapy

Toxicities associated with the initial therapy are listed
in Table 2. Neutropenia and thrombocytopenia of all
grades were observed in 63% and 47%, respectively. The
hematologic toxicities of grade >3 included thrombocy-
topenia (5%) and neutropenia (5%). The nonhematolog-
ic toxicities of grade >3 included anorexia (21%), pro-
teinuria (21%), diarrhea (5%), nausea (5%), fatigue (5%),
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hypertension (47%), skin ulceration (5%), and thrombo-
embolic events (5%). There were no treatment-related
deaths.

Subsequent Therapy

Toxicities with subsequent therapy are listed in Ta-
ble 3. Anemia, neutropenia, and thrombocytopenia of
any grades were observed in 78, 66, and 66%, respective-
ly. The hematologic toxicities of grade >3 included leu-
kopenia (11%) and neutropenia (11%). Nonhematologic
toxicities of grade >3 included anorexia (22%), hyperten-
sion (22%), febrile neutropenia (11%), and peripheral
neuropathy (11%). There were no treatment-related
deaths.

Post-Study Treatment

While 2 patients had received only the best supportive
care after the study treatment, post-study chemotherapy
was administered to 13 patients (68%), including reintro-
duction of 5-FU-based therapy in 3 cases, an oxaliplatin-
containing regimen in 2 cases, an irinotecan-containing
regimen in 6 cases, TAS-102 in 1 case, and unknown in 1
case. Beyond bevacizumab use after the protocol therapy
in 6 patients (31%), antibodies of the epidermal growth
factor receptor were received in 2 patients (10%).
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Discussion

The present phase II study investigated the efficacy
and safety of sequential treatment strategies consisting of
initial therapy (fluoropyrimidine plus bevacizumab) and
subsequent therapy (addition of oxaliplatin to initial ther-
apy) for mCRC. Overall, 19 patients were enrolled from
2011 to 2015. The toxicity was tolerable, and efficacy out-
comes in terms of ORR and PFS were comparable to those
of previous reports in which, fluorouracil-based combi-
nation therapy with bevacizumab was administered [19-
21].

In the days before the development of bevacizumab,
three pivotal randomized phase III trials for sequential
treatment strategy were conducted. The CApecitabine,
IRinotecan, and Oxaliplatin in advanced CRC (CAIRO),
FFCD-2000-05, and FOCUS trials were conducted to de-
termine the efficacy of sequential treatment strategies [17,
18, 22]. These trials showed that the combination treat-
ment did not significantly improve OS when compared
with the sequential use of cytotoxic drugs in mCRC, sug-
gesting the utility of sequential treatment strategy.

For the development of sequential treatment strategies
with bevacizumab, the XELAVIRI (AIO KRK0110) trial
and C-cubed trials were conducted [23, 24]. The XELA-
VIRI study investigated the efficacy of sequential treat-
ment with a fluoropyrimidine plus bevacizumab, fol-
lowed by the addition of irinotecan compared with the
upfront use of fluoropyrimidine plus irinotecan plus bev-
acizumab. Noninferiority was not observed for a sequen-
tial treatment strategy when compared with the upfront
use of combination therapy. In contrast, C-cubed trials
investigated the efficacy and safety of fluoropyrimidine
plus bevacizumab, followed by the addition of oxaliplatin
compared with the upfront use of combination therapy
for the first-line treatment of mCRC. The study showed
that the sequential strategy was comparable to the up-
front combination strategy.

Our data demonstrated a good antitumor activity of
fluoropyrimidine (S1, capecitabine, and 5-FU) plus bev-
acizumab as the initial treatment for patients with mCRC
with an ORR 0f 45.5%, which was similar to or even high-
er than that previously reported in clinical trials [19-21].
The high antitumor efficacy of this combination also
translated into prolonged PES, with the median PFS of
first-line treatment and 2nd PFS of 12.8 months (95% CI:
10.4-26.7) in 1st PD and 19.1 months (95% CI: 16.1 —
NR), respectively. Furthermore, the most frequent grade
3/4 hematologic toxicities in the initial treatment were
neutropenia and thrombocytopenia, with an incidence
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of 5% (1/19), which was comparable with that reported
in a similar previous study of fluoropyrimidine plus bev-
acizumab [19-21]. Febrile neutropenia and peripheral
neuropathy were not observed in the induction treat-
ment. In contrast, 11% of grade 3/4 nonhematological
toxicities, including febrile neutropenia and peripheral
neuropathy, were observed in a subsequent treatment
with oxaliplatin.

These findings thus suggest that the sequential treat-
ment strategy for mCRC was well tolerated, especially in
the initial period, and that more careful attention to the
patients may be needed during the subsequent therapy
phase. The advantage of sequential treatment strategy is
that patients with no tumor-related symptoms and a low
risk of rapid tumor progression can be treated without
accumulating toxicities such as peripheral neuropathy or
severe bone marrow suppression. In contrast, rapid dis-
ease progression or severe side effects may prevent the
patients from being treated with oxaliplatin, the key drug
for mCRC treatment. Our data also suggest that the ben-
efit of sequential strategy is potentially limited to patients
without tumor-related symptoms and a risk of rapid tu-
mor progression. Indeed, 5 of the 14 patients failed to be
treated with second-line oxaliplatin, owing to the follow-
ing reasons: 1 patient received best supportive care, two
denied treatment, and two selected other regimens.
Therefore, in sequential treatment, the timing of treat-
ment escalation according to tumor progression and ad-
verse events might be important.

Limitations of the present study include the small
sample size and nonrandomized single-arm design.
Each treatment was selected according to the physician’s
choice, which may have introduced a selection bias. Sec-
ond, the RAS/BRAF status was not known in all patients,
which may have affected the prognosis in each treat-
ment group. Third, the information of the primary tu-
mor site was limited to the colon and rectum, which was
unable to the collection of information on the sidedness.
Fourth, the dose intensity could not be calculated due to
the lack of detailed medication records. Finally, the du-
ration of treatment-related adverse events was not col-
lected.

In conclusion, although our data were limited and pre-
liminary, the sequential treatment strategy that consists
of induction therapy (fluoropyrimidine plus bevacizum-
ab) and subsequent therapy (initial therapy plus oxalipla-
tin) may provide a survival benefit in patients with mCRC.
Further investigation of the efficacy and safety of this
treatment approach is warranted.

Yamaguchi et al.
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