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Abstract
Background Older or frail patients are often underrepresented in clinical trials for metastatic colorectal cancer (mCRC). We 
here assessed the efficacy and safety of 5-fluorouracil (5-FU)–leucovorin plus bevacizumab in such patients.
Methods The study (OGSG 0802) was designed as a single-arm, open-label, multicenter phase II trial. Eligible patients had 
mCRC and at least one of the following: an age of ≥ 65 years, an Eastern Cooperative Oncology Group performance status 
of 1 or 2, a serum albumin level of ≤ 3.5 g/dL, incompatibility with oxaliplatin or irinotecan, and a history of abdominal or 
pelvic radiotherapy. Patients received 5-FU (600 mg/m2) and l-leucovorin (200 mg/m2) on days 1, 8, and 15 together with 
bevacizumab (5 mg/kg) on days 1 and 15 every 4 weeks. The primary end point was objective response rate (ORR), and 
secondary end points were progression-free survival (PFS), overall survival (OS), and safety.
Results Forty-one patients were enrolled and eligible. Median age was 76 years (range 56–90 years), and 51% of patients had 
a performance status of 0. The ORR was 36.6% [95% confidence interval (CI) 22.1–53.1%], median PFS was 9.4 months (95% 
CI 7.4–17.7 months), and median OS was 24.0 months (95% CI 19.9 months—not reached). The most common treatment-
related adverse events of grade ≥ 3 were neutropenia (24%), anorexia (10%), leukopenia (7%), and mucositis/stomatitis (7%). 
There were no treatment-related deaths.
Conclusion Weekly 5-FU–leucovorin with biweekly bevacizumab may be a tolerable and effective treatment option for older 
or frail patients with mCRC.
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Abbreviations
UFT  Uracil-tegafur
LV  Leucovorin
5-FU  5-Fluorouracil
NA  Not available
ECOG PS  Eastern Cooperative Oncology Group perfor-

mance status

ORR  Objective response rate
PFS  Progression-free survival
OS  Overall survival
AE  Adverse event

Introduction

Colorectal cancer is the third most common malignancy 
worldwide, with more than 1.8 Mio. new cases in 2018 
alone, and it is also the second most common cause of 
cancer-related deaths, with more than 880,000 deaths [1]. 
Attempts to improve the prognosis of metastatic colorectal 
cancer (mCRC) have led to the development of numerous 
treatment regimens consisting of chemotherapy combined 
with molecularly targeted agents [2–11]. Bevacizumab, a 
neutralizing antibody to vascular endothelial growth factor 
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(VEGF), has been shown to extend the survival of patients 
with mCRC in association with limited toxicity and is 
thus considered a standard agent for the treatment of this 
condition.

At least 70% of patients with mCRC are thought to be 65 
years or older, indicating that the disease arises predomi-
nantly in the older patients. This age distribution raises a 
practical problem in the treatment of mCRC, given that older 
patients are often not suitable for aggressive chemotherapy 
with 5-fluorouracil (5-FU) in combination with oxaliplatin 
and/or irinotecan because of age-related comorbidities and 
poor functional status [12]. A similar situation exists for so-
called “frail” patients, who have a poor performance status 
(PS) as a result of disease progression or serious comorbidi-
ties. Despite the concerns with regard to chemotherapy in 
older or frail patients with mCRC, several studies [13–18] 
have demonstrated both the efficacy and safety of bevaci-
zumab in combination with oral or infusional fluoropyrimi-
dine in such patients. We have now conducted a single-arm 
phase II study to evaluate the efficacy and safety of beva-
cizumab plus weekly administration of the combination of 
5-FU and leucovorin (known as the modified Roswell Park 
Memorial Institute [mRPMI] regimen) in chemotherapy-
naïve older or frail patients with mCRC.

Materials and methods

Study design and treatment

This study by the Osaka Gastrointestinal Cancer Chemo-
therapy Study Group (OGSG 0802) was designed as a non-
randomized, multicenter, open-label phase II trial. Patients 
received the mRPMI regimen (5-FU at 600 mg/m2 and 
l-leucovorin at 200 mg/m2, each administered as a bolus, on 
days 1, 8, and 15) plus bevacizumab (5 mg/kg on days 1 and 
15) every 4 weeks until disease progression or withdrawal 
from the study.

Patients

Eligible patients had histologically proven unresectable or 
metastatic colorectal cancer with measurable lesions and 
were not suitable for intensive chemotherapy. Individu-
als who had previously undergone adjuvant chemotherapy 
were eligible if the therapy had been completed > 180 days 
before initiation of the study treatment. Other eligibility 
criteria included a life expectancy of at least 3 months; 
adequate baseline hematologic function (hemoglobin 
level of ≥ 9.0 g/dL, white blood cell count of ≥ 3000/mm3 
and < 12,000/mm3, neutrophil count of ≥ 1500/mm3, plate-
let count of ≥ 100,000/mm3), hepatic function (serum total 
bilirubin concentration of ≤ 1.5 mg/dL, serum aspartate 

aminotransferase (AST) and alanine aminotransferase 
(ALT) levels of ≤ 100 U/L, or ≤ 200 U/L in the presence 
of liver metastasis), and renal function (serum creatinine 
concentration of ≤ 1.2 mg/dL); a normal electrocardiogram 
within the previous 28 days; and at least one of the fol-
lowing conditions: (1) an age of ≥ 65 years, (2) an Eastern 
Cooperative Oncology Group (ECOG) PS of 1 or 2, (3) a 
serum albumin concentration of ≤ 3.5 g/dL, (4) unsuitabil-
ity for oxaliplatin or irinotecan treatment, or (5) a history 
of abdominal or pelvic radiotherapy. Exclusion criteria 
included an ECOG PS of 3 or 4; brain metastasis, intersti-
tial pneumonia, or pulmonary fibrosis; carcinoma in situ of 
the portio or digestive tract treated with curative intent; a 
cerebral vascular disorder within the previous 12 months; 
surgery, open biopsy, or suturing of an injury within the 
previous 4 weeks; planned surgery during the trial; high 
susceptibility to bleeding or a coagulation disorder; his-
tory of thrombosis; uncontrollable peptic ulcer, hyperten-
sion, diarrhea, or infection; inflammation of abdominal 
organs; and severe allergy to 5-FU or levofolinate calcium.

End points and assessments

The primary end point of the study was objective response 
rate (ORR) based on the binominal distribution in the 
full analysis set (FAS), which was defined as all enrolled 
patients excluding those who were found to be ineligible 
after enrollment. Secondary end points were progression-
free survival (PFS), overall survival (OS), and safety. 
Whereas efficacy outcomes were assessed in the FAS, 
toxicity was evaluated in the per protocol set (PPS), which 
was defined as all patients in the FAS who received at 
least one dose of protocol treatment and had no major 
protocol violations. Physical examinations and laboratory 
tests were performed at the time of each drug administra-
tion. Tumor response was evaluated by computed tomog-
raphy or magnetic resonance imaging (abdomen and chest) 
every 8 weeks after initiation of the protocol treatment. 
Measurable lesions were assessed according to Response 
Evaluation Criteria in Solid Tumors (RECIST) version 
1.0. No independent radiologic review was performed. 
The ORR was evaluated according to these response 
criteria. Adverse events were graded according to the 
National Cancer Institute Common Terminology Criteria 
for Adverse Events (NCI-CTCAE) version 3.0. PFS was 
defined as the interval from the start of treatment to death 
from any cause or radiologic progression, as judged by 
the investigators. OS was defined as the interval from the 
start of treatment to death from any cause. Patients without 
progressive disease who were alive at the data cutoff date 
and those who were lost to follow-up were censored at the 
date of last evaluation.
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Statistical analysis

The expected ORR was set at 35%, with 15% being assumed 
to be the minimum efficacy threshold, given that the ORR 
for the RPMI regimen was previously found to be 15.2% or 
17.0% and that for the RPMI regimen plus bevacizumab to 
be 26.0%, 34.1%, or 40.0% in patients with mCRC [16–18]. 
The total required sample size was then calculated as 36 
patients, with a one-sided alpha error of 0.05 and beta error 
of 0.10. Taking into account the possibility of patient with-
drawal and ineligibility, we planned to include 40 patients 
in the study. The planned duration of accrual was 1 year, 
and the planned follow-up time was 1 year after registra-
tion of the last patient. Survival results were calculated by 
Kaplan–Meier analysis for estimation of incomplete data. 
All statistical analysis was performed with R software ver-
sion 3.5.1 (R Foundation for Statistical Computing, Vienna, 
Austria; https ://www.R-proje ct.org).

Ethical conduct of the study

The study was registered with the University Hospital 
Medical Information Network Clinical Trials Registry (no. 
000002182), was performed in accordance with the Dec-
laration of Helsinki and Japanese Good Clinical Practice 
Guidelines, and was approved by the Institutional Review 
Board at each participating center. An independent commit-
tee monitored the safety of the patients throughout the study 
period. All patients provided written informed consent to 
participation in the study.

Results

Patients

From 7 July 2009 to 24 December 2010, a total of 41 
patients from 13 institutions was enrolled in the study. All 
patients were eligible for analysis of efficacy (FAS) and 
safety (PPS), and their principal clinical characteristics are 
shown in Table 1. The patients included 18 men and 23 
women, with a median age of 76 years and age range of 56 
to 90 years. KRAS mutation status was determined for 27 
of the 41 patients, with 18 of these individuals being wild 
type and 9 harboring a KRAS mutation. Most patients had an 
ECOG PS of 0 or 1, and 19 of them had at least one comor-
bidity including hypertension, diabetes mellitus, Parkinson’s 
disease, chronic hepatitis, asthma, and cerebral infarction. 
The most frequent conditions associated with older or frail 
was an age of ≥ 65 years (n = 40), followed by an ECOG PS 
of 1 or 2 (n = 20), unsuitability for oxaliplatin or irinotecan 
treatment (n = 9), a serum albumin concentration of ≤ 3.5 g/
dL (n = 4), and a history of abdominal or pelvic radiotherapy 

(n = 2). As a result, 23 patients harbored two or more dis-
advantageous conditions. Metastatic sites included lymph 
nodes (43.9%), lung (39.0%), liver (29.3%), peritoneum 
(12.2%), and other (4.9%).

Efficacy

The ORR for the FAS was 36.6% (15/41). Twenty patients 
(48.8%) showed stable disease, whereas 3 patients (7.3%) 
progressed, yielding a disease control rate of 85.4% 
(35/41) (Table 2). With a median follow-up period of 
730 days (range 62–1036 days), the median PFS was 9.4 
months [95% confidence interval (CI) 7.4–17.7 months] 

Table 1  Characteristics of the study patients (n = 41)

Data are n values unless indicated otherwise
ECOG Eastern Cooperative Oncology Group, CEA carcinoembryonic 
antigen

Median age (range), years 76 (56–90)
Sex, male/female 18/23
Median height (range), cm 154.8 (134–173)
Median weight (range), kg 51.8 (31–72)
ECOG performance status, 0/1/2 21/19/1
Primary tumor site
 Cecum 2
 Colon 26
 Rectum 13

Metastatic/recurrent sites
 Lymph node 18
 Peritoneum 5
 Liver 12
 Lung 16
 Bone 1
 Local recurrence 1
KRAS status
 Unknown 14
 Wild type 18
 Mutant 9

Primary tumor site
 Present 6
 Absent 35

Serum CEA (ng/mL), median (range) 15.5 (1.4–648.5)
Serum CA19-9 (U/mL), median (range) 25.3 (2.0–5471.9)
History of medical condition
 None 22
 Cancer pain 1
 Hypertension 10
 Diabetes mellitus 8
 Parkinson’s disease 1
 Chronic hepatitis 1
 Asthma 3
 Cerebral infarction 1

https://www.R-project.org
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(Fig. 1) and the median OS was 24.0 months (95% CI 
19.9 months to not reached) (Fig. 2). One patient showed 
a response to the study treatment consistent with conver-
sion therapy.

Treatment exposure and safety

The median number of treatment cycles was 7 (range 0–24). 
During the study period, 41 patients discontinued the study 
treatment for the following reasons: progressive disease in 
22 patients (54%), severe or uncontrollable adverse events 
in 5 (12%), refusal by the patient or family in 7 (17%), inves-
tigator judgment in 6 (15%), and conversion surgery in 1 
(2.4%). The severe or uncontrollable adverse events included 
diarrhea; depressed level of consciousness and febrile neu-
tropenia; mucositis, anorexia, and hand–foot syndrome; ano-
rexia; and seizure in one patient each.

Toxicities associated with treatment are listed in Tables 3 
and 4. Leukopenia, neutropenia, anemia, and thrombocyto-
penia of all grades were apparent in 68%, 61%, 68%, and 
39% of patients, respectively (Table 3). Hematologic tox-
icities of grade ≥ 3 included leukopenia (7%), neutropenia 
(24%), anemia (2%), and thrombocytopenia (2%). Nonhe-
matologic toxicities of all grades included proteinuria (29%), 
anorexia (32%), nausea (32%), vomiting (12%), mucositis/
stomatitis (29%), diarrhea (34%), fatigue (49%), rash (34%), 
hyperpigmentation (17%), hypertension (24%), alopecia 
(7%), epistaxis (29%), and seizure (2%) (Table 4). Nonhema-
tologic toxicities of grade 3 or 4 included proteinuria (2%), 
anorexia (10%), mucositis/stomatitis (7%), diarrhea (5%), 
fatigue (5%), hypertension (5%), and seizure (2%). There 
were no treatment-related deaths.

Table 2  Tumor response rate in 
the full analysis set

CR complete response, PR partial response, SD stable disease, PD progressive disease, NE not evaluable, 
ORR objective response rate (CR + PR), DCR disease control rate (CR + PR + SD), CI confidence interval

Total CR PR SD PD NE ORR (95% CI) DCR (95% CI)

Confirmed response 41 2 13 20 3 3 36.6%
(22.1%–53.1%)

85.4%

Best response 41 2 21 12 3 3 56.1%
(39.7%–71.5%)

85.4%

Fig. 1  Kaplan–Meier estimation of progression-free survival (PFS) in 
the full analysis set. Median PFS was 9.4 months (95% confidence 
interval, 7.4–17.7 months)

Fig. 2  Kaplan–Meier estimation of overall survival (OS) in the full 
analysis set. Median OS was 24.0 months (95% confidence interval, 
19.9 months to not reached)

Table 3  Principal adverse events based on the laboratory data for the 
per protocol set (n = 41)

AST aspartate aminotransferase

n (%)

Adverse event Any Grade ≥ 3

Leukopenia 28 (68) 3 (7)
Neutropenia 25 (61) 10 (24)
Anemia 28 (68) 1 (2)
Thrombocytopenia 16 (39) 1 (2)
Hypoalbuminemia 15 (37) 0 (0)
AST increased 10 (24) 0 (0)
Creatinine increased 13 (32) 0 (0)
Hyper/Hypokalemia 9 (22) 0 (0)
Hyponatremia 4 (10) 0 (0)
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Poststudy treatment

Whereas 12 patients received only best supportive care after 
the study treatment, poststudy chemotherapy was admin-
istered in 28 patients (68%), including reintroduction of 
5-FU-based therapy in 21 cases, an oxaliplatin-containing 
regimen in 12 cases, and an irinotecan-containing regimen 
in 11 cases. Bevacizumab was continued after the study 
treatment in 15 patients (37%), whereas antibodies to the 
epidermal growth factor receptor were administered in 5 
patients (12%).

Discussion

Evidence suggests that older patients may be more prone 
than younger patients to the development of chemotherapy-
related toxicities secondary to existing comorbidities, to the 
incompatibility of chemotherapy with other medications, 
and to a decline in the detoxification and elimination poten-
tial of the liver and kidneys. In addition, older patients rep-
resent a more heterogeneous population [19]. Chemotherapy 
regimens that can achieve a reasonable response rate with 
low toxicity are thus desirable for this subset of patients. To 
select such population, we adopted the eligibility criteria of 
this study mostly from that of AVF2192g trial [16] which 
has been known as the pivotal study for older and frail CRC 
patients. On the other hand, clinical trials including J-BLUE 
[13], AVEX [14], and XELAVIRI [15] took more moder-
ate criteria compared with ours as shown in Supplementary 
Table 1. These suggest the difficulties to define the older 
and frail CRC patients in the clinical protocol as well as to 
interpret the data of these clinical trials.

In the present study, the most frequent severe nonhema-
tologic toxicity was anorexia, with an incidence of 10%, 
which is higher than that reported in a similar previous 
study of fluoropyrimidine plus bevacizumab [13], as shown 
in Table 5. The frequencies of other 5-FU-induced gastroin-
testinal toxicities (such as nausea and vomiting) in the pre-
sent study were similar to those of fluoropyrimidine-induced 
toxicities in previous studies of regimens including bevaci-
zumab [13–16]. The incidence of mucositis/stomatitis and of 
diarrhea was lower in the present study than in comparator 
trials conducted in Western countries [14–16], consistent 
with previous findings [20]. Furthermore, whereas hand–foot 
syndrome of grade ≥ 3 developed in 16% of patients in clini-
cal trials of capecitabine plus bevacizumab regimens [14, 
15], no cases of this condition were observed in the present 
study, which may be an advantage of the mRPMI regimen 
plus bevacizumab for older patients in terms of their quality 
of life. With regard to bevacizumab-induced nonhematologic 
toxicities, the frequency of severe hypertension or fatigue 
was 5% and that of proteinuria was 2% in the present study. 
These findings thus suggest that the combination of bevaci-
zumab with the mRPMI regimen was well tolerated in the 
study cohort, despite its high-risk nature.

There were no cases of treatment discontinuation due to 
hematologic toxicity in the present study, suggesting that 
the combination of bevacizumab plus the mRPMI regimen 
is feasible. However, neutropenia of grade ≥ 3 was apparent 
in 24% of patients, an incidence higher than that in previous 
studies of oral fluoropyrimidine plus bevacizumab [13, 14] 
(Table 5). This higher rate of neutropenia might has been 
attributable to a difference in the schedule of hospital visits 
between regimens. Whereas the mRPMI regimen requires 
weekly administration and a weekly blood examination, the 
other regimens consisting of fluoropyrimidine are adminis-
tered bi- or triweekly. The weekly checkup required for the 
mRPMI regimen may actually be advantageous in the care 
of older or frail patients because it affords the opportunity 
for the early detection of toxicity and timely intervention, 
which may explain in part the lower rates of nonhematologic 
toxicities in the present study when compared with the other 
studies. Our data thus suggest that the careful monitoring 
associated with the weekly mRPMI regimen might contrib-
ute to the tolerability of the chemotherapy in older or frail 
patients with severe comorbidities.

Our data highlight the antitumor activity of the mRPMI 
regimen plus bevacizumab, with an ORR of 36.6%, which is 
similar to or even higher than that reported in the comparator 
trials [13–16] (Table 5). Of note, one patient underwent con-
version surgery as a result of pronounced tumor shrinkage. 
The high antitumor efficacy of this combination also trans-
lated into survival, with the median PFS and OS being 9.4 
months (95% CI 7.4–17.7 months) and 24.0 months (95% 
CI 19.9 months to not reached), respectively.

Table 4  Principal adverse events based on the symptoms for the per 
protocol set (n = 41)

n (%)

Adverse event Any Grade ≥ 3

Proteinuria 12 (29) 1 (2)
Anorexia 13 (32) 4 (10)
Nausea 13 (32) 0 (0)
Vomiting 5 (12) 0 (0)
Mucositis/stomatitis 12 (29) 3 (7)
Diarrhea 14 (34) 2 (5)
Fatigue 20 (49) 2 (5)
Rash 14 (34) 0 (0)
Hyperpigmentation 7 (17) 0 (0)
Hypertension 10 (24) 2 (5)
Alopecia 3 (7) 0 (0)
Epistaxis 12 (29) 0 (0)
Seizure 1 (2) 1 (2)
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Of course, careful attention is needed for the cross-trial 
comparison above, especially for clinical trials for older 
or frail patients, as the differences in safety and efficacy 
potentially arise from those in the patient background 
including ethnic differences, which warrants further evalu-
ation. Nonetheless, together with the mild toxicities, the 
efficacy results thus suggest that the mRPMI regimen 
plus bevacizumab is potentially suitable for older or frail 
patients with mCRC as a first-line treatment.

Regarding the subsequent therapy, only 5 out of 18 
KRAS wild type patients were treated with anti EGFR anti-
body. In Japan, cetuximab, an anti-EGFR antibody was 
approved in July 2008 and mostly utilized in the 3rd line 
as shown in the Japanese treatment guideline at that time 
(https ://www.jsccr .jp/guide line/2009/parti cular .html#no2). 
Given our study population, it is natural that only a limited 
number of patients could safely receive cetuximab contain-
ing treatment as the subsequent therapy.

Limitations of our phase II trial include the relatively 
small number of patients and the nonrandomized design. 
Furthermore, the study patients were all Japanese, which 
may limit the generalizability of our findings, especially with 
regard to toxicity. In addition, the information of primary 
tumor site was limited to colon vs. rectum, and not avail-
able for the sidedness. Moreover, oral fluoropyrimidines 
including capecitabine and S-1 have been widely adopted 
for older or frail CRC patients with high convenience and 
safety. However, we could not assess these agents in this set-
ting as these oral fluoropyrimidines were not recommended 
in the 1st line treatment according to the treatment guideline 
at that time (https ://www.jsccr .jp/guide line/2009/parti cular 
.html#no5).

In summary, bevacizumab plus weekly 5-FU and leuco-
vorin (mRPMI regimen) was found to be safe and to show 
marked antitumor activity for older or frail patients with 
mCRC in the first-line setting. Together with the results of 

Table 5  Summary of and results for trials of first-line treatment with a fluoropyrimidine plus bevacizumab for older or frail patients with meta-
static colorectal cancer

J-BLUE study [13]
(n = 52)

AVEX study [14]
(n = 140)

XELAVIRI trial [15]
(n = 212)

AVF2192g trial [16]
(n = 104)

OGSG 0802 (present 
study)
(n = 41)

Regimen UFT-LV + bevaci-
zumab

Capecitabine + bevaci-
zumab

(Capecitabine or 
5-FU/LV) + bevaci-
zumab

5-FU/LV + bevaci-
zumab

5-FU/LV + bevaci-
zumab

Age (years)
Median 80 76 71 71.3 76
Range 75–87 70–87 NA NA 56–90
ECOG PS (%)
 0 73 50 60 29 51
 1 27 41 40 64 46
 2 0 7 0 8 2

ORR (%) 40 19 36.8 26 36.6
Median PFS (months) 8.2 9.1 8 9.2 9.4
Median OS (months) 23 20.7 21.9 16.6 24
Discontinuation due to 

AE (%)
25 25 NA 10 17

Subsequent treatment 
(%)

65 37 63.2  ~ 50 71

AEs of grade 3 or 4 
(%)

 Leukopenia 0 NA 5.1 5 7
 Neutropenia 2 1 15.5 NA 24
 Febrile neutropenia 0 NA 0.9 NA 2
 Anorexia 0 NA NA NA 10
 Nausea 6 1 3.8 NA 0
 Diarrhea 6 7 11.3 39 5
 Hypertension 12 2 31.2 16 5
 Proteinuria 0 1 NA 1 2
 Hand–foot syndrome 0 16 16 NA 0

https://www.jsccr.jp/guideline/2009/particular.html#no2
https://www.jsccr.jp/guideline/2009/particular.html#no5
https://www.jsccr.jp/guideline/2009/particular.html#no5
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previous trials, our data provide evidence that bevacizumab 
plus either infusional or oral 5-FU therapy is a potential 
standard option for the initial treatment of older or frail 
patients with mCRC.
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