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Optimal Maintenance Strategy for First-Line Oxaliplatin-Containing Therapy
with or without Bevacizumab in Patients with Metastatic Colorectal Cancer:

A Meta-Analysis
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Purpose Maintenance therapy after oxaliplatin withdrawal is useful in patients with metastatic colorectal cancer (mCRC). This study
aimed to investigate the timing of discontinuation or reintroduction of oxaliplatin and the optimal maintenance therapy regimen for
survival.

Materials and Methods PubMed and conference abstracts were searched to select phase Il and Il trials of first-line oxaliplatin-
containing therapy with or without bevacizumab using maintenance therapy for mCRC. Correlations of median overall survival (OS)
with induction therapy regimens, induction therapy duration, maintenance therapy regimens (fluoropyrimidine plus bevacizumab
[FP+Bev], FP/Bev alone, and no treatment), and oxaliplatin reintroduction were investigated using correlation and weighted multivari-
ate regression analyses.

Results Twenty-two treatment arms were analyzed, including 2,581 patients. The maintenance therapy regimen FP+Bev showed the
strongest correlation with a prolonged OS (Spearman’s partial correlation coefficient=0.42), and the other three variables correlated
weakly with the OS. The maintenance therapy regimen significantly interacted with the induction chemotherapy duration (p=0.019).
The predicted OS for FP+Bev crossed the lines of FP/Bev alone at 18 weeks of induction therapy, and of no treatment at 23 weeks.
The corresponding OS at 12 and 27 weeks of induction therapies were 28.6 and 24.2 months for FP+Bev, 25.9 and 28.8 months for
FP/Bev alone, and 20.5 and 27.5 months for no treatment.

Conclusion The optimal maintenance therapy regimen for the OS is a continuous induction therapy as long as possible followed by

FP/Bev alone and switching to FP+Bev within approximately 4 months if induction therapy is discontinued.
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Introduction

Oxaliplatin combined with fluoropyrimidine (FP) is rec-
ognized as one of the standard first-line chemotherapies
in patients with metastatic colorectal cancer (mCRC) [1-4].
The current recommendation is to add targeted agents such
as bevacizumab or anti-epidermal growth factor receptor
(EGFR) antibody to the oxaliplatin-containing therapy regi-
men [5-7]. Prolonged use of oxaliplatin is problematic because
it induces chronic and cumulative peripheral neuropathy.
Despite clinical trials examining prophylactic or therapeutic
agents for treating oxaliplatin-induced acute/chronic peri-
pheral neuropathy, no agent has been found to prevent or
improve peripheral neuropathy [8-11], except duloxetine
which has promising effects [12]. Another treatment strategy
of oxaliplatin-containing therapy, the oxaliplatin stop-and-go
strategy, was studied in the OPTIMOX1 trial [13]. This strat-
egy comprised a sequence of an induction therapy, a main-

tenance therapy, oxaliplatin withdrawal, and a possible oxa-
liplatin reintroduction. Infusional 5-fluorouracil /folinic acid
(LV5FU) combined with oxaliplatin (FOLFOX), followed by
LV5FU and later oxaliplatin reintroduction showed a favora-
ble disease control duration and decreased the occurrence of
peripheral neuropathy in patients with mCRC, compared to
FOLFOX alone which continued until disease progression.
Several studies have reported various durations of induction
therapy and various maintenance therapy regimens includ-
ing a chemotherapy-free interval with or without oxaliplatin
reintroduction. In a meta-analysis, such intermittent strate-
gies in patients with mCRC showed no clinically significant
reduction in overall survival (OS) when compared with a
continuous strategy [14]. However, the optimal maintenance
treatment strategy remains unclear.

In this study, we aimed to investigate the optimal duration
of both induction and maintenance therapy regimens, includ-
ing the necessity of oxaliplatin reintroduction as first-line
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oxaliplatin-containing therapy in patients with mCRC, using
a trial-level meta-analysis.

Materials and Methods

1. Search strategy

This study was registered in the PROSPERO database
(CRD42015019077) and was conducted according to the Pre-
ferred Reporting Items for Systemic Reviews and Meta-Anal-
ysis (PRISMA) statement [15]. Trials involving mCRC that
were published up to March 2018 were identified through
a systematic search of the PubMed database using the key-
words [“colorectal cancer” (All Fields) OR “colorectal can-
cers” (All Fields) OR “colorectal neoplasm” (All Fields) OR
“colorectal neoplasms” (All Fields)] AND [“maintenance”
(All Fields) OR “stop and go” (All Fields) OR “no treatment”
(All Fields) OR “holiday” (All Fields) OR “reintroduction”
(All Fields) OR “intermittent” (All Fields) OR “OPTIMOX”
(All Fields)] OR “oxaliplatin” (All Fields) OR “XELOX”
(All Fields) OR “CAPOX” (All Fields) OR “FOLFOX” (All
Fields)]. A manual search was also performed for abstracts
presented at annual meetings of the American Society of
Clinical Oncology, Gastrointestinal Cancers Symposium,
European Society of Medical Oncology, and World Congress
of Gastrointestinal Cancer up to March 2018.

2. Selection criteria

Inclusion criteria were formed using the participants, inter-
vention, control, outcomes, and study design (PICOS) strat-
egy as follows: P (participants), mCRC patients; I (interven-
tion), maintenance strategy for oxaliplatin-containing ther-
apy as first-line treatment; C (control), no control; O (out-
comes), the OS from induction therapy; and S (study design),
phase II and III trials. The following studies were excluded:
anti-EGFR antibody-containing induction therapy; no infor-
mation on duration of induction therapy; no details on the
maintenance therapy, oxaliplatin reintroduction, or OS; com-
bination therapy with irinotecan; combination therapy with
targeted agents, except bevacizumab; maintenance therapy
with a drug that had not been used for induction therapy; a
specific group of patients, such as the elderly (described in
the title or text as targeting elderly or older patients) or pati-
ents with only liver metastasis; and non-English reports. In
trials where patients were randomized at the start of mainte-
nance therapy, the duration of induction therapy when pre-
defined in the protocol was added to the reported median
0s.

3. Data extraction
Two authors (T.M., A.S.) independently extracted infor-
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mation from the selected literature using predefined data
extraction forms. The following details were extracted: the
year of publication or presentation, number of patients
enrolled or analyzed, primary endpoint, induction therapy
regimen, and maintenance therapy regimen with or with-
out oxaliplatin reintroduction. The following information
was collected: the trial start year, median OS, median pro-
gression-free survival (PFS), defined duration of induction
and maintenance therapies, and proportion of patients who
underwent maintenance therapy and oxaliplatin reintroduc-
tion. The induction therapy regimens were classified as com-
bination with and without bevacizumab. Maintenance thera-
py regimens were classified as no treatment (supportive care
only), FP/bevacizumab alone, and FP plus bevacizumab.

4. Statistical analysis

Our primary endpoint was the OS. There were four explor-
atory variables: the induction therapy regimen, duration of
induction therapy, maintenance therapy regimen, and oxa-
liplatin reintroduction rate. These variables were necessary
to construct the model for the oxaliplatin stop-and-go strat-
egy. In addition, two variables, the maintenance therapy rate
(defined as the proportion of patients who switched from
the induction therapy to the maintenance therapy) and trial
start year, were used to adjust for in the analysis as affecting
factors of the OS. The relationships between the median OS
and these variables were assessed using correlation analysis
and weighted multivariate regression analysis. Spearman’s
partial correlation coefficients (pR) were used to evaluate
the correlations between the median OS and these variables.
Pearson’s pR were used in sensitivity analyses of Spearman’s
pR. Median OS was predicted using the multiple regression
model with these variables weighted according to the sam-
ple size of the treatment arms. An OS prediction model was
developed using interaction terms between each variable (the
induction therapy regimen, duration of induction therapy,
and maintenance therapy regimen) that was adjusted. Vari-
ables with the largest p-values of interaction were excluded
from the model, and the analysis was repeated until the
p-value of all the interacting terms was less than 0.1. Vari-
ables related to significant interaction terms were finally
included in the model. The adaptability of the model was
evaluated using the coefficient of determination and adju-
sted for the degrees of freedom (adjusted R?). We consid-
ered that the model was well fitted if the adjusted R* was
above 0.50. To establish the validity and generalizability of
the prediction model, the model was applied to some extra
trials to evaluate the discrepancy between the predicted and
observed OS. Treatment arms, which were excluded from
this analysis because of the lack of information on the main-
tenance therapy rate, were included in the extra-validation
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Fig. 1. Study selection according to the PRISMA diagram. ASCO, American Society of Clinical Oncology; ESMO, European Society of
Medical Oncology; PRISMA, Preferred Reporting Items for Systemic Reviews.

set. The maintenance therapy rate was assumed to be the
weighted mean maintenance therapy rate among trials in
the original set. As exploratory analysis, the median PFS
was analyzed using similar methods used for the OS. The
relationship between the median PFS and variables (except
oxaliplatin reintroduction rate) were assessed in the treat-
ment arms which continued the maintenance therapy until
disease progression. The maintenance therapy rate was used
to adjust for in the analysis as an affecting factor of PFS. Sta-
tistical tests were two-sided with a 5% significance level.
Analyses were performed using SAS software ver. 9.4 (SAS
Institute Inc., Cary, NC).

Results

Among the 4,551 studies retrieved up to March 2018, 22
treatment arms in 15 trials were identified; we included 2,581
patients in the analysis (Fig. 1) [16-30]. Characteristics of
the treatment arm are summarized in Table 1 (details of the
respective treatment arms are listed in S1 Table). Uracil-
tegafur as maintenance therapy after FOLFOX was adopted
in one treatment arm [17]; this was included in our meta-
analysis because it is an FP-based drug. Regarding the two

treatment arms in which the duration of induction thera-
py was defined as 18 to 24 weeks, 18 weeks was adopted
because 88% of patients received an induction therapy of 18
weeks [28]. Eighteen treatment arms were recommended
to continue maintenance therapy until disease progression.
Oxaliplatin reintroduction was predefined in 15 treatment
arms. In 11 treatment arms, oxaliplatin reintroduction was
recommended after failure of maintenance therapy. In ano-
ther four treatment arms, it was recommended after a fixed
maintenance therapy period or after an earlier disease pro-
gression during maintenance therapy. In all of them, the
duration of oxaliplatin reintroduction therapy was until dis-
ease progression. The median oxaliplatin reintroduction rate
was 31.0% (range, 0.0% to 76.9%). Although the study began
with a maintenance therapy in five treatment arms, the me-
dian OS from the induction therapy was reported in only two
treatment arms.

1. Correlations between OS and variables

Correlations between the OS and the variables examined
are listed in S2 Table and shown in Fig. 2. The maintenance
therapy regimen showed the highest correlation with the
OS (Spearman’s pR=0.42). The induction therapy regimen,
duration of induction therapy, and oxaliplatin reintroduc-
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Table 1. Characteristics of 22 treatment arms in 15 trials
No. (%) (n=2,581)
120 (30-279)

Patients per treatment arm

Phase
II 12 treatment arms
I 10 treatment arms
Trial start year (yr) 2008 (2002-2011)
Induction therapy
Regimen
Cytotoxic drugs alone 11
Cytotoxic drugs+bevacizumab 11
Duration of treatment (wk)
12 6
15 1
16 1
18 3
24 6
27 3
18-24 2
Maintenance therapy
Rate 80.6 (11.6-100)
66.7 (11.6-90.7)
Regimen
No treatment 7
Fluoropyrimidine alone 6
Bevacizumab alone 1

Fluoropyrimidine+bevacizumab
Duration of treatment

Until disease progression 18
15 wk 1
16 wk 1
24 wk

Oxaliplatin reintroduction therapy
Recommended by protocol

Yes 15
Rate 31.0 (0.0-76.9)
45.0 (19.1-76.9)
Follow-up time (mo) 36.2 (9.3-60.0)
Overall survival (mo) 23.6 (15.8-31.0)
Progression-free survival (mo) 9.5 (6.0-13.9)
8.5 (6.0-13.9)

Values are presented as number or median (range). “In 15 treat-
ment arms eligible in the original set, except studies with 100%
maintenance therapy rate, YIncludes one maintenance therapy
with uracil-tegafur, 9For 15 treatments arms except for seven
treatment arms not recommending oxaliplatin reintroduction,
9As reported in 10 studies, “For 18 treatment arms recommend-
ed to continue maintenance therapy until disease progression.
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tion rate weakly correlated with the OS (pR=0.09, pR=0.06,
and pR=0.15, respectively). In the multivariate regression
analysis for OS, there was no significant association with
any variable except with the maintenance therapy rate (S3
Table). According to the multiple regression model includ-
ing interaction terms, the maintenance therapy regimen and
rate were significantly associated with the OS (p=0.007 and
p < 0.001, respectively), and a significant interaction term
was observed between the duration of induction therapy
and maintenance therapy regimen (p=0.019) (Table 2). Based
on the results of the multiple regression analysis including
the interaction term, an OS prediction model was built using
the duration of induction therapy, maintenance therapy rate,
and maintenance therapy regimen (adjusted R?=0.80). Thus,
the OS prediction model was given as
Predicted OS (months)=2.90+0.46X+87X+17.3Xx
+1.20X5-0.27X:X2-0.76 X1 X2,

where X is the induction therapy (weeks), Xxu=1 for the
maintenance therapy with FP/bevacizumab alone and Xz1=0
for others, X»=1 for the maintenance therapy with FP+beva-
cizumab and X»=0 for the others, and Xs is the maintenance
therapy rate (10%).

2. Extra-validation

Ten treatment arms were included in the extra-validation
set (Fig. 3, 54 Table) [13,31-37]. The temporary maintenance
therapy rate was 74%. The observed median OS in most
extra-validation treatment arms was included within the
95% confidence interval (CI) of the predicted median OS,
except for three treatment arms.

3. Predicted OS according to the duration of induction ther-
apy and maintenance therapy regimen

Based on the assumption that a patient received mainte-
nance therapy after induction therapy, the lines to predict
the median OS were derived by applying the duration of
induction therapy of 12 to 27 weeks and the maintenance
therapy regimens (Fig. 4). When FP plus bevacizumab was
used in the maintenance therapy, the longest and short-
est predicted median OS were 28.6 months (95% CI, 25.6 to
31.7) at 12 weeks and 24.2 months (95% CI, 20.7 to 27.6) at 27
weeks, respectively. In contrast, the predicted OS for mainte-
nance therapy with no treatment or with FP or bevacizumab
became longer as the duration of induction therapy was pro-
longed. The shortest predicted median OS was 20.5 months
(95% CI, 17.7 to 23.3) and 25.9 months (95% CI, 22.8 to 29.0)
for maintenance therapy with no treatment or with FP or
bevacizumab, respectively, at 12 weeks. The longest predict-
ed median OS was 27.5 months (95% CI, 24.4 to 30.5) and 28.8
months (95% CI, 26.0 to 31.6) for maintenance therapy with
no treatment or with FP or bevacizumab, respectively, at 27
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Table 2. Multivariate regression analysis with interaction terms

Outcome

Independent variable

Analysis of Multivariate regression

variance analysis

Regression

-val
coefficient (95% CI) prvatue

p-value

Overall survival Duration of induction therapy?  1-week 1.61  0.220 0.46 (0.13 to 0.80) 0.009
Maintenance therapy regimen  FP or Bev 718  0.007 8.72 (-0.07 to 17.50)  0.052
Control: no treatment FP+Bev 17.31 (7.53 to 27.09) 0.002
Maintenance therapy rate 10% 63.8 <0.001 1.20 (-0.88to 1.52) < 0.001
Interaction between duration of  1-weekxFP 5.27 0.019 -0.27 (-0.68 to 0.14) 0.180

induction therapy and or Bev

maintenance therapy regimen
1-weekxFP+Bev -0.76 (-1.26 to -0.26)  0.005
Progression-free Maintenance therapy regimen ~ FP or Bev 242 <0.001 1.52 (0.4 to 2.60) 0.009
survival

Control: no treatment FP+Bev 3.84 (2.66 to 5.02) <0.001
Maintenance therapy rate 10% 247  <0.001 0.34 (0.20 to 0.49) <0.001

Bev, bevacizumab; CI, confidence interval; FF, fluoropyrimidine. ?Included in the model because the interaction between duration of
induction therapy and maintenance therapy regimen was statistically significant.

weeks. The predicted median OS for maintenance therapy
with FP plus bevacizumab crossed the line for that with FP
or bevacizumab between 17 and 18 weeks of induction ther-
apy, whereas that for maintenance therapy with no treatment
crossed between 22 and 23 weeks.

4. Exploratory analysis for PFS

Correlations between the PFS and the variables examined
are listed in S2 Table and shown in Fig. 2. The maintenance
therapy regimen showed the highest correlation with PFS
(Spearman’s pR=0.82). The induction therapy regimen and
duration of induction therapy weakly correlated with the
PFS (pR=0.15 and pR=-0.03, respectively). In the multivari-
ate regression analysis for PFS, it was significantly associated
with the maintenance therapy regimen and maintenance
therapy rate (S3 Table). Finally, the maintenance therapy reg-
imen and rate were selected, and no significant interaction
term was observed (Table 2). Based on the results, the PFS
prediction model was given as

Predicted OS (months)=4.97+1.52X1+3.78 X1,+0.34X,,
where Xu=1 for the maintenance therapy with FP/bevaci-
zumab alone and X;=0 for the others, X1,=1 for maintenance
therapy with FP+bevacizumab and X1,=0 for the others, and
Xz is the maintenance therapy rate (10%). The adjusted R* of
the model was 0.83.

Eight treatment arms were included in the extra-validation
set (Fig. 3, S4 Table) [31-35,37]. The observed median PFS
in all extra-validation treatment arms was included within
95% CI of the predicted median PFS. The predicted PFS was
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calculated based on the assumption that a patient received
maintenance therapy after an induction therapy (Fig. 4).
The predicted median PFS for maintenance therapy with no
treatment, with FP or bevacizumab, and with FP plus bevaci-
zumab was 8.4 months (95% CI, 7.6 to 9.2), 9.9 months (95%
CI, 8.9 to 11.0), and 12.2 months (95% CI, 11.2 to 13.2), respec-
tively.

Discussion

We studied the optimal maintenance strategy of oxalipl-
atin-containing therapy in patients with mCRC in this trial-
level meta-analysis and found that the maintenance therapy
regimen correlated highest with the OS, while the oxaliplatin
reintroduction rate weakly correlated with OS. Moreover, we
were able to build an OS prediction model with high accu-
racy.

Although the maintenance therapy regimen showed the
highest correlation with OS in our meta-analysis, the impact
of the duration of induction therapy should also be consid-
ered. The predicted OS on maintenance therapy with FP plus
bevacizumab was superior to that with FP or bevacizumab
for up to 17 weeks of induction therapy. This boundary week
(17 to 18 weeks from the start of induction therapy) is known
to be the usual time when grade 2 or more oxaliplatin-
related peripheral neuropathy develops [38,39]. Considering
that most patients would have discontinued oxaliplatin by
that time, it is better that patients who have grade 2 or more
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Fig. 3. Relationships between observed and predicted survival times in the extra-validation treatment arms: overall survival (A) and pro-
gression-free survival (B). Predicted progression-free survival was calculated in treatment arms recommended to continue maintenance
therapy until disease progression. Bev, bevacizumab; CAPOX, capecitabine and oxaliplatin; CI, confidence interval; FOLFOX, infusional
5-fluorouracil, folinic acid, and oxaliplatin; mFOLFOX, modified infusional 5-fluorouracil, folinic acid, and oxaliplatin.

oxaliplatin-related peripheral neuropathy until 17 weeks of
induction therapy switch from induction therapy to mainte-
nance therapy with FP plus bevacizumab as soon as possible.
In contrast, some patients who can continue oxaliplatin for a
long time without related toxicities might be able to obtain
survival benefits with the continuation of induction therapy.
According to our OS prediction model, maintenance therapy
with FP or bevacizumab was adequate when the duration
of induction therapy was over 18 weeks. Patients who have
grade 1 or less oxaliplatin-related toxicities including long-
standing peripheral neuropathy should continue the induc-

tion therapy for as long as possible.

When oxaliplatin is discontinued despite being effective,
its sensitivity in such patients is maintained. The oxalipl-
atin reintroduction rate correlated with a prolonged OS in
a retrospective analysis of the OPTIMOXI trial [40]. A pre-
vious meta-analysis of alternative endpoints to evaluate a
therapeutic strategy comprising oxaliplatin reintroduction in
mCRC showed a good correlation between the time to failure
of treatment strategy and OS. However, this meta-analysis
was conducted in only three randomized trials including the
OPTIMOX1 trial, which had the largest number of patients
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[41]. The duration of maintenance therapy was 12 weeks in
this trial and not until disease progression. This means that
the sensitivity to FP was maintained in many patients. In
most trials, including our meta-analysis, maintenance thera-
py was continued until disease progression, and the oxalipl-
atin reintroduction rate correlated moderately with the time
to failure of treatment strategy (pR=0.32; data not shown),
but weakly with the OS (pR=0.15). Therefore, most patients
failed to achieve survival benefits from oxaliplatin reintro-
duction. It might also be important that patients are sensitive
to FP when oxaliplatin reintroduction is being considered.
Our meta-analysis could not answer this hypothesis because
we used only four corresponding treatment arms.

Although an OS prediction model with a high accuracy
was built, it did not include the observed median OS within
the predicted OS in three extra-validation treatment arms.
The OS with chronomodulated capecitabine plus oxaliplatin
was shorter than that with the standard treatment schedule
in a study by Qvortrup et al. [32]. In half of the patients who
received capecitabine plus oxaliplatin combined with beva-
cizumab, the regimen was discontinued because of reasons
other than disease progression as reported by Tol et al. [31]
and Diaz-Rubio et al. [35]. These reasons might not apply to
our OS prediction model.

We exploratory analyzed the relationship between the PFS
and related variables. PFS was analyzed among trials recom-
mended to continue maintenance therapy until disease pro-
gression, since the definition of PFS differed between trials
recommended to continue maintenance therapy until dis-
ease progression and trials with fixed maintenance therapy
periods, even if no disease progression was observed dur-
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ing the maintenance therapy. The maintenance therapy regi-
men showed the highest correlation with the PFS, and a PFS
prediction model with high accuracy was built. The impor-
tance of maintenance therapy with FP plus bevacizumab in
the analysis of the PES also supports our results for the OS.
According to this predicted PFS model, the PFS was long-
est in the maintenance therapy with FP plus bevacizumab,
regardless of the duration of induction therapy. Therefore,
switching to this maintenance therapy early might not be
disadvantageous to the patients.

This meta-analysis had several limitations. First, this study
was not analyzed based on individual patient data, and the
correlation between efficacy outcomes and oxaliplatin-relat-
ed adverse events could not be identified. Second, three treat-
ment arms had information only on the OS from the start
of maintenance therapy. The accuracy might be decreased
in those treatment arms because the defined duration of
induction therapy was added. Third, although a mainte-
nance strategy was conducted in anti-EGFR antibody-con-
taining induction therapy studies, these studies were not
included in this meta-analysis because they involved analy-
sis of patients solely with wild-type KRAS/NRAS. Fourth,
not all trials zincluded in the analysis had an OS as the pri-
mary endpoint. However, the event of death might suffice
because the median follow-up time in these trials was 36.2
months as the median OS from first-line chemotherapy has
reached 30 months in recent years [7]. Last, treatment arms
on maintenance therapy with a drug that was not used in the
induction therapy, called the switch maintenance strategy,
were excluded. This strategy is not common in patients with
mCRC but has been proven effective in patients with lung
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cancer [42].

In conclusion, the maintenance therapy regimen showed
the strongest correlation with median OS, and the correlation
between the OS and oxaliplatin reintroduction was weak.
This meta-analysis suggests that in most patients with mCRC,
the optimal maintenance strategy of oxaliplatin-containing
therapy is an induction therapy of up to 17 weeks (approxi-
mately 4 months) followed by a maintenance therapy with
FP plus bevacizumab. In patients with mild oxaliplatin-
induced toxicities, the induction therapy should be contin-
ued for as long as possible, and FP or bevacizumab alone is
adequate as maintenance therapy. Further randomized trials
to study the duration of induction therapy and oxaliplatin
reintroduction are needed.
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