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OVERVIEW

With the currently available cytotoxic and targeted drugs, metastatic colorectal cancer (mCRC) may be controlled by systemic treatment for
a substantial period of time. However, many questions remain about the optimal use of drugs and duration of treatment. The feasibility of
chemotherapy-free intervals has been studied in patients with mCRC treated with chemotherapy alone, but the results are conflicting. Current
data show that oxaliplatin may be safely interrupted, but they do not allow a firm conclusion on the safety of a full treatment break of
chemotherapy. For targeted therapy, continuous inhibition of intracellular signaling by prolonged administration would theoretically be
beneficial for efficacy of treatment. Recent data support the use of maintenance treatment with chemotherapy and bevacizumab. No data on
the optimal duration of treatment with anti-epidermal growth factor receptor (EGFR) agents are currently available.

Colorectal cancer is the second most common cause of
cancer deaths worldwide, and its incidence is still in-

creasing. Approximately 50% of the patients will eventually
develop distant metastases, which may be treated with surgi-
cal resection and/or systemic treatment. The systemic treat-
ment for mCRC has changed substantially over the past 20
years. Currently available drugs with proven effıcacy can be
classifıed as cytotoxic (i.e., classic chemotherapy) and tar-
geted drugs (e.g., antibodies, small molecules). A large num-
ber of patients respond well to treatment, and many patients
often ask for drug holidays. If this would not compromise
survival, a drug holiday could increase quality of life (QoL)
and would reduce health care costs. This paper will review the
data on the optimal duration of treatment.1

CHEMOTHERAPY
Effective cytotoxic drugs in mCRC include the fluoropyrimi-
dines, irinotecan, and oxaliplatin. These drugs are the back-
bone of systemic treatment of mCRC. There is no outright
preference for either oxaliplatin or irinotecan in fırst-line
combination schedules.2 Retrospective studies have shown
that the exposure to these three cytotoxics during the course
of disease appears more important than their up-front com-
bined use.3-5 This has been confırmed by the results of sub-
sequent prospective studies, of which the results showed no
benefıt for up-front combination treatment over sequential
treatment starting with fluoropyrimidine monotherapy.6,7

The choice between combination or sequential therapy may
depend on several factors, such as tumor-related symptoms,
potential resectability of metastases, and performance sta-

tus.8 As a result of the improved outcome of treatment, an
increasing number of patients continue to do well on chemo-
therapy. Objective responses are usually achieved within the
fırst 4 to 6 months of treatment.

Optimal Duration of Chemotherapy
The optimal duration of treatment is still a matter of debate,
with no consensus on whether chemotherapy should be con-
tinued until disease progression or that a chemotherapy
break is justifıed after the maximum response has been
achieved. Furthermore, in case of intermittent treatment, it is
unknown whether treatment should be resumed after a pre-
defıned interval or at disease progression. The feasibility of
chemotherapy-free intervals has been studied, but the results
are conflicting. In a Medical Research Council study, patients
with stable disease or better after initial 12 weeks of chemo-
therapy were randomly selected to receive continuous or
intermittent treatment, with resumption of the initial treat-
ment on progression.9 No survival difference was observed
between the continuous and intermittent treatment arm.
However, a large number of eligible patients refused to be
randomly assigned or received unplanned treatment on pro-
gression. The availability of oxaliplatin introduced the prob-
lem of handling its most relevant toxic effect: the sensory
neuropathy. The question arose whether intermittent treat-
ment with oxaliplatin could reduce neurotoxicity without a
detrimental effect on effıcacy. The OPTIMOX1 study ran-
domly selected previously untreated patients with mCRC to
receive oxaliplatin in combination with 5-fluorouracil (5-
FU)/leucovorin (LV; FOLFOX4) until progression or six cy-
cles of FOLFOX7, followed by maintenance treatment with
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5-FU/LV for 12 cycles and then reintroduction of FOLFOX7
until progression.10 There was no signifıcant difference in
median progression-free survival (9.0 vs. 8.7 months, hazard
ratio [HR] 1.06, p � 0.47) or overall survival (19.3 vs. 21.2
months, HR 0.93, p � 0.49). In the intermittent treatment
arm, a decreased incidence of toxicity was observed. Oxalip-
latin was reintroduced in this treatment arm in 40% of the
patients, in whom disease control was achieved in 70%. The
authors concluded that oxaliplatin can be safely discontinued
after six cycles. Next, the OPTIMOX2 trial was conducted to
evaluate the strategy of discontinuation of all oxaliplatin-
based chemotherapy compared with maintenance with
5-FU/LV after induction treatment with FOLFOX7.11 In
both arms, FOLFOX was reintroduced on disease progres-
sion, which, different from RECIST criteria, was defıned as
the time point at which tumors had regained their initial pre-
treatment size. The median progression-free survival was sig-
nifıcantly prolonged in the maintenance arm as compared to
the chemotherapy-free interval arm (8.6 vs. 6.6 months, re-
spectively; HR 0.61, p � 0.017), but there was no signifıcant
difference in median overall survival (23.8 vs. 19.5 months;
HR 0.88, p � 0.42). However, the trial was discontinued early
because of the registration of bevacizumab, and therefore, no
defınite conclusions could be drawn. QoL was not evaluated
in either OPTIMOX1 or OPTIMOX2.

The COIN trial also investigated intermittent compared
with continuous chemotherapy.12 Patients were randomly
assigned to continuous oxaliplatin plus 5-FU/LV (FOLFOX)
or capecitabine (CAPOX) or the same regimen given for 12
weeks with resumption of treatment on disease progression.
Patients on intermittent treatment did spend less time on
treatment, had substantially less toxicity, and scored better
on several QoL symptom scales (but not on QoL global
scales). Median overall survival in the continuous and the in-
termittent group was 15.8 and 14.4 months, respectively (HR
1.08, p � 0.60). Patients with elevated baseline platelet counts
did perform poorly on intermittent treatment. The authors
concluded that although noninferiority was not shown for
intermittent treatment, chemotherapy-free intervals may be
a treatment option for selected patients.

For irinotecan-based chemotherapy, two studies investi-
gated whether continuous treatment was superior to a de-
fıned period of treatment. In a study by Lal et al, patients with

stable disease or better after eight cycles of irinotecan in sec-
ond line were randomly assigned to continuation or discon-
tinuation of irinotecan until disease progression.13 Only 17%
of the patients who received second-line irinotecan were eli-
gible for randomization, leaving 55 evaluable patients. There
was no difference in median progression-free survival or
overall survival between the two treatment arms. Further-
more, QoL was comparable in both arms. Although these re-
sults suggest that irinotecan can be safely discontinued after
eight cycles, this study was underpowered. In the GISCAD
study,14 a total of 337 patients were randomly selected to receive
intermittent treatment with FOLFIRI given in a 2-months-on
2-months-off schedule or continuous treatment with FOLFIRI—
both until disease progression. The intermittent schedule was
not inferior to continuous treatment for the primary endpoint
of overall survival nor for progression-free survival or response
rate. Furthermore, toxicity profıles were comparable, which is
not surprising, as the toxicities of irinotecan are usually not cu-
mulative. QoL was not evaluated in this study. The authors con-
cluded that the intermittent use of FOLFIRI does not decrease
its effıcacy compared to its continued use.

These data show that QoL has been investigated in only a few
studies that address the benefıt of intermittent compared with
continuous treatment. Although palliative chemotherapy by
defınition should primarily strive for the relief or the delay of
symptoms, it has been shown that patients’ main incentive to
accept palliative chemotherapy in advanced CRC trials is pro-
longation of life rather than improvement of QoL.15,16 With the
observed small or absent differences between the treatment
strategies in the aforementioned trials, data on QoL would
therefore be helpful to discuss these strategies with patients.

TARGETED THERAPY
Targeted drugs with effıcacy in mCRC include bevaci-
zumab—an antibody against vascular endothelial growth
factor A (VEGF)—and cetuximab and panitumumab—anti-
bodies against the EGFR.17 More recently, aflibercept—a
recombinant fusion protein that blocks the activity of VEGF
and placental growth factor18—and regorafenib—a multiki-
nase inhibitor that blocks the activity of several protein ki-
nases involved in tumor angiogenesis, oncogenesis, and the
tumor microenvironment— have shown effıcacy in patients
with mCRC.19 Bevacizumab and aflibercept are used in com-
bination with chemotherapy, and the anti-EGFR antibodies
may also be used as monotherapy. The currently available
data support use of regorafenib only as monotherapy. Bev-
acizumab has shown survival benefıts with fluoropyrimidine-
containing chemotherapy and is currently considered as a
standard fırst-line treatment option for patients with mCRC.20-24

In second line, bevacizumab also improved progression-free
survival and overall survival in combination with FOLFOX
chemotherapy.25 This latter study showed no benefıt for be-
vacizumab monotherapy. The benefıt of the anti-EGFR anti-
bodies panitumumab and cetuximab is restricted to patients
with a RAS wild-type tumor.26 These antibodies have shown
survival benefıts with chemotherapy in fırst line27-29 and

KEY POINTS

� Maintenance treatment with capecitabine plus bevacizumab
is effective.

� Current data do not support the use of bevacizumab
monotherapy.

� The optimal treatment duration of anti-EGFR therapy is unknown.
� For chemotherapy, current data do not allow a firm

conclusion on the safety of a full treatment break.
� Oxaliplatin can be safely discontinued and re-introduced at

progression of disease.
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second line,30 as well as monotherapy in late line.31,32 Bevaci-
zumab should not be combined with an anti-EGFR anti-
body.33,34 In patients with RAS wild-type tumors, there
appears no outright benefıt for either bevacizumab or anti-
EGFR antibody treatment in combination with fırst-line che-
motherapy, although some studies show a yet unexplained
survival benefıt for starting with anti-EGFR treatment.35-37

Aflibercept has shown effıcacy in combination with FOLFIRI
for patients with mCRC previously treated with an oxaliplatin-
containing regimen, with or without bevacizumab.18 For pa-
tients with mCRC whose disease progressed on these standard
therapies, regorafenib increased overall survival compared with
best supportive care.19

Optimal Duration of Targeted Therapy
Targeted therapy is characterized by the inhibition of intra-
cellular signal transduction pathways that are relevant for tu-
mor growth. RECIST criteria appear to be less suitable to
evaluate its effects.38,39 Theoretically, discontinuation of a
drug that inhibits growth signals could result in tumor re-
growth. This would favor its prolonged administration,
which is, however, associated with a higher risk for toxicity
and increased health care costs. The fırst data that supported
the prolonged use of bevacizumab came from the NO16966
study.22 In this study, fırst-line bevacizumab in combination
with oxaliplatin-based chemotherapy showed only a modest
increase in the primary endpoint of progression-free survival
compared to chemotherapy alone (9.4 vs. 8.0 months; HR
0.83, p � 0.0023). However, compared to the initial registra-
tion study,20 in the NO16966 study, a much lower percentage
of patients received bevacizumab until disease progression or
death. The relevance of this was shown by the results of a
planned subset analysis of NO16966, taking into account
only progression or death events occurring within 28 days
from the last dose of any component of the study. In this
analysis, the results of the chemotherapy-alone treatment
were comparable with the overall analysis, but the median
progression-free survival for chemotherapy plus bevaci-
zumab was increased (HR 0.63). Further support for the
benefıt of prolonged use of bevacizumab comes from obser-
vational studies in which investigators could decide whether
or not to continue bevacizumab after disease progression on
fırst-line treatment, with a switch in the chemotherapy regi-
men.40 Patients who continued bevacizumab beyond pro-
gression had increased overall survival. In an experimental
model, bevacizumab beyond progression resulted in measur-
able changes in the tumor proliferation and microenviron-
ment compared to discontinuation of bevacizumab.41 The
clinical observation was confırmed, albeit with a smaller ben-
efıt, in a prospective randomized study.42 In this study, pa-
tients with mCRC with disease progression up to 3 months
after discontinuing fırst-line chemotherapy plus bevaci-
zumab were randomly assigned to second-line chemother-
apy with or without bevacizumab. Median overall survival
(primary endpoint) was signifıcantly better in patients
treated with bevacizumab (HR 0.81, p � 0.0062). The
MACRO trial prospectively investigated the use of mainte-

nance treatment of bevacizumab monotherapy in fırst line.43

After six cycles of capecitabine, oxaliplatin, and bevacizumab,
patients were randomly selected to receive either the continuous
administration of this schedule or bevacizumab monotherapy.
Noninferiority was not confırmed. The primary endpoint—me-
dian progression-free survival—was 10.4 compared with 9.7
months for the continuous and the monotherapy bevacizumab
arm, respectively (HR 1.10, p � 0.38). Of note, patients were
randomly selected at the start of fırst-line treatment, and there-
fore, the inclusion of patients who did not complete the fırst six
cycles of induction therapy may have influenced the outcome.
Furthermore, the effıcacy of bevacizumab monotherapy may be
questioned.25,44 The SAKK 41/06 study assessed the effıcacy of
continuing treatment with single-agent bevacizumab after in-
duction therapy with chemotherapy and bevacizumab.45 In this
phase III trial, patients with mCRC without disease progression
after 4 to 6 months of standard fırst-line chemotherapy plus be-
vacizumab were randomly assigned to bevacizumab mono-
therapy or observation. Noninferiority of the primary endpoint
time to progression (TTP) could not be demonstrated for treat-
ment holidays compared with continuation of bevacizumab.
Median TTP was 4.1 months for bevacizumab continuation
compared with 2.9 months for no continuation (HR 0.74; 95%
CI, 0.58 to 0.96). There was no difference in median OS between
the treatment arms (HR 0.83, p � 0.2).

The CAIRO3 study of the Dutch Colorectal Cancer Group
provided prospectively collected data on the optimal dura-
tion of treatment with chemotherapy and bevacizumab.46

This study randomly selected patients with stable disease or
better after six cycles of initial therapy to receive capecit-
abine, oxaliplatin, and bevacizumab and observation or
maintenance therapy with continuous low-dose capecitabine
and bevacizumab. Maintenance treatment signifıcantly im-
proved the fırst TTP (HR 0.43, p � 0.0001), the second TTP
(primary endpoint) after reintroduction of capecitabine, ox-
aliplatin, and bevacizumab (HR 0.67, p � 0.0001), and the
second TTP after any treatment following fırst progression
(HR 0.68, p � 0.001). Toxicity of maintenance treatment was
acceptable, and QoL did not deteriorate. Median overall sur-
vival was also improved by 3.5 months with maintenance
treatment, but this was not statistically signifıcant (HR 0.83,
p � 0.06). However, the trial was not powered to demon-
strate a benefıt in overall survival. Notable survival benefıts
were observed in selected patient subgroups (e.g., patients
with a complete or partial response as best response to induc-
tion treatment, and patients with synchronous metastatic
disease and resected primary tumor). The main conclusion of
CAIRO3 is that maintenance treatment with capecitabine
plus bevacizumab is effective. The AIO 207 trial compared
(1) maintenance treatment with a fluoropyrimidine plus be-
vacizumab, (2) bevacizumab alone, and (3) observation after
induction treatment of 6 months with a fluoropyrimidine,
oxaliplatin, and bevacizumab.47 Maintenance treatment with
bevacizumab alone was noninferior compared to chemo-
therapy plus bevacizumab for the primary endpoint: time to
failure of treatment strategy. Noninferiority could not be
demonstrated for no treatment. The main characteristics of
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CAIRO3 and AIO 207 are shown in Table 1. Although the
design of AIO 207 was less straightforward than CAIRO3, the
AIO 207 data support the use of fluoropyrimidine plus bev-
acizumab maintenance treatment.

For anti-EGFR treatment, only data from the NORDIC
trial provide some insight on its optimal duration of treat-
ment. This trial investigated treatment with fırst-line ce-
tuximab with continuous or intermittent chemotherapy
(fluorouracil, leucovorin, and oxaliplatin [FLOX]) compared
with FLOX alone.48 Cetuximab did not add a notable benefıt
to FLOX chemotherapy, neither given continuously nor
given intermittently. No difference was found within subsets
of patients with KRAS wild-type or mutant tumors; however,
the study was not suffıciently powered for these subgroup
analyses. The GERCOR DREAM study showed positive re-
sults for maintenance treatment with erlotinib—an EGFR
tyrosine kinase inhibitor—in combination with bevacizumab.49

After initial treatment with chemotherapy (FOLFOX, CAPOX,
or FOLFIRI) and bevacizumab, patients with mCRC were
randomly assigned to maintenance treatment with bevaci-
zumab with or without erlotinib. The primary endpoint was
progression-free survival on maintenance treatment, which
was signifıcantly better for patients treated with both drugs.
However, the absolute benefıt in median progression-free

survival was only 1.1 month (HR 0.76, p � 0.010). Median OS
was also signifıcantly better for patients treated with mainte-
nance treatment with bevacizumab plus erlotinib compared
to bevacizumab monotherapy, 24.9 compared with 22.1
months, respectively (HR 0.79, p � 0.035). The NORDIC
ACT trial had a similar design, randomly selecting patients to
receive maintenance treatment with bevacizumab with or
without erlotinib after induction treatment with chemo-
therapy (CAPIRI, CAPOX, FOLFIRI, OR FOLFOX).50

The primary endpoint progression-free survival was not sig-
nifıcantly different between the two arms, 5.7 compared with
4.2 months, respectively (HR 0.79, p � 0.12). Also median
overall survival was comparable in both arms (HR 0.88, p �
0.51). Given the fact that the value of erlotinib has not been
demonstrated in mCRC and that the effıcacy of bevacizumab
monotherapy is not supported by results of other trials, the
implications of the DREAM and NORDIC ACT trial results
for general practice are diffıcult to assess.

CONCLUSION
For the palliative treatment of patients with mCRC with chemo-
therapy alone, current data do not allow a fırm conclusion on
the safety of a full treatment break. The benefıt of a drug holiday
with a possible detrimental effect on outcome must be weighed
against the toxicity and possibly decreased QoL that is associ-
ated with continuous treatment. In case of the use of combina-
tion chemotherapy with oxaliplatin, the chemotherapy may be
reduced to fluoropyrimidine monotherapy during the mainte-
nance phase, with reintroduction of oxaliplatin on progression.
As to the use of targeted therapy, current data do not support the
use of maintenance treatment with bevacizumab monotherapy.
No data are available on the optimal duration of anti-EGFR an-
tibody treatment. Data from the CAIRO3 and AIO 207 study
support the use of maintenance treatment with chemotherapy
and bevacizumab. Therefore, with bevacizumab being part of
standard fırst-line treatment schedules, current data support the
use of maintenance treatment with bevacizumab in combina-
tion with chemotherapy. Further studies should provide data on
specifıc subgroups in which maintenance treatment is most
effective.
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TABLE 1. Main Differences in Design of CAIRO3 and
AIO 207 Trials

CAIRO3 AIO 207

Patients 556 476

Design Two-arm
superiority

Three-arm
noninferiority

Primary Endpoint PFS2 TFS

Treatment Period Prior to Randomization 4.5 mo 6 mo

Exclusion of Patients Who Did Not
Tolerate (Part of) Induction Treatment

Yes No

Reintroduction of Oxaliplatin (%) 47%-60% 21%-45%

Abbreviations: PFS2, progression-free survival as measured by disease progression or death
after reintroduction of capecitabine, oxaliplatin, and bevacizumab following either
maintenance treatment with capecitabine plus bevacizumab or observation; TFS, time to
failure of strategy, progression, or death after reintroduction of fluoropyrimidine,
oxaliplatin, and bevacizumab following either maintenance treatment with fluoropyrimidine
plus bevacizumab, bevacizumab alone, or observation.
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