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CHAPTER 1
General Introduction
and outline of the thesis

General introduction

General Introduction and outline of the thesis
Colorectal cancer is the third most common cancer in men and the second in women
worldwide, accounting for 8% of all cancer deaths.1 Approximately 50% of the colorectal
cancer patients will develop metastatic disease. For patients with unresectable metastatic
disease palliative systemic treatment prolongs overall survival and may improve quality of
life. The available drugs with proven efficacy in metastatic colorectal cancer can be classified as cytotoxic (chemotherapy) and targeted drugs. The cytotoxic drugs that are the
backbone of systemic treatment in metastatic colorectal cancer include fluoropyrimidines,
oxaliplatin, and irinotecan. Retrospective studies have shown that the exposure to these
three cytotoxics during the course of disease appears more important than their upfront
combined use.2-4. Recently, a new cytotoxic drug has shown clinical activity in colorectal
cancer. TAS-102, a combination of trifluridine and tipiracil hydrochloride, improved overall
survival in refractory metastatic colorectal cancer patients.5
Targeted agents that have shown efficacy in metastatic colorectal cancer include the
anti-vascular endothelial growth factor (VEGF) monoclonal antibody bevacizumab6-9, the
anti-epidermal growth factor receptor (EGFR) monoclonal antibodies cetuximab and panitumumab10, 11, the human recombinant fusion protein against VEGF aflibercept12, the
multikinase inbitor regorafenib13, and the monoclonal antibody against VEGR receptor 2
ramucirumab14. Due to only modest clinical benefit, aflibercept, regorafenib and ramucirumab are currently not part of standard of care in the Netherlands.
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Optimal duration of systemic treatment
Due to the improvement of systemic treatment options the survival of metastatic colorectal cancer patients has increased significantly over the past 20 years, with median overall
survival times of around 30 months currently achieved in randomised trials.15-18 With
the prolonged period of time that patients receive systemic treatment, questions rose
whether “drug holidays” can be a safe option. If this would not compromise survival, this
obviously could increase the quality of life of patients and would reduce healthcare costs.
The feasibility of chemotherapy-free intervals has been the topic of several studies in
metastatic colorectal cancer. Studies with oxaliplatin-containing regimens have shown that
this drug can be safely discontinued after six cycles with continuation of the fluoropyrimidine-backbone in order to reduce sensory neuropathy, but current data do not allow a
firm conclusion on the safety of a full treatment break.19-23
For treatment with targeted agents, a continuous inhibition of a signal that suppresses
tumour growth may theoretically be superior to a therapy-break, due to the possibility of
switching the signal on. Until recently, only data from one prospective study24 and indirect
data from the NO16966 trial7 supported the continuous use of bevacizumab. Preplanned
subgroup analysis of the NO16966 showed inferior survival results for the patients who
did not receive bevacizumab until disease progression or death. Hereafter, several studies have focused on the optimal duration of treatment with bevacizumab, with different
treatment regimens and trial designs.25-28 The results of these studies are summarized
in chapter 2, which concerns a review on the optimal duration of systemic treatment in
metastatic colorectal cancer. In 2007 the Dutch Colorectal Cancer Group (DCCG) initiated
a phase III study, the CAIRO3 study, to investigate the effect of maintenance treatment
with capecitabine and bevacizumab versus observation in metastatic colorectal cancer
patients.28 Following the successful CAIRO and CAIRO2 study, enthusiastic participation
of 64 Dutch hospitals resulted in the inclusion of 558 patients with metastatic colorectal
cancer in the CAIRO3 study. Patients with stable disease or better after six cycles of initial
therapy with capecitabine, oxaliplatin and bevacizumab were randomised between observation or maintenance therapy with continuous low dose capecitabine and bevacizumab.
The results of this study are described in chapter 3. Differences in trial design and outcome between CAIRO3 and the AIO 0207 trial are pointed out in chapter 3.1.
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Predictive and prognostic factors for systemic
treatment in metastatic colorectal cancer
There is an increasing need to identify predictive markers for targeted therapy such as bevacizumab. The survival benefits of targeted therapies are relatively modest and eventually
all patients develop resistant disease.29 Identifying markers to select the subset of patients
who will benefit most from a certain targeted agent is important to improve outcome in metastatic colorectal cancer patients, to prevent unnecessary exposure to potential toxic effects
in non-responding patients, and to reduce healthcare costs. The only available predictive
biomarker to date in metastatic colorectal cancer, the RAS mutation status of the tumour,
is used to select patients who will not respond to anti-EGFR therapy (cetuximab or panitumumab).30-32 Recently, a clinical predictive factor was discovered in metastatic colorectal
cancer patients: tumour sidedness.33 In RAS wt patients poor-prognosis right-sided tumours
do not benefit from the addition of cetuximab to FOLFIRI chemotherapy treatment, in contrary to left-sided tumours, that have a profound benefit from cetuximab. As for targeted
therapy in general, antiangiogenic therapy is characterized by the inhibition of intracellular
signal transduction pathways that are relevant for tumour growth. Until now, no predictive (bio)marker has been found for antiangiogenic treatment. Targets that play a role in
blood vessel growth and remodeling have been investigated as potential markers, so far
without any success.34 Circulating endothelials cells (CECs) may play a role as a marker for
response to antiangiogenic treatment with bevacizumab. CECs are shed from vessel walls
and enter the circulation reflecting endothelial damage or dysfunction. In a phase I/II study
with advanced rectal cancer patients treated with neoadjuvant fluorouracil, radiation therapy, and bevacizumab baseline CEC levels showed significant correlation with outcome.35
Furthermore, it has been shown that bevacizumab administration reduced CECs in rectal
cancer patients.36 In chapter 4 we describe the results on the predictive and prognostic
value of CECs in metastatic colorectal cancer patients treated with first-line chemotherapy
and targeted therapy including bevacizumab within the CAIRO2 study of the DCCG.
Hypertension during treatment with bevacizumab
Hypertension is a common side-effect of treatment with antiangiogenic therapy including
bevacizumab, by a largely unknown mechanism that may involve inhibition of nitric oxide
generation which leads to vasoconstriction, decreased sodium ion renal excretion, and
microvascular rarefaction (a decreased density of microvessels).37-41 Hypertension has
been studied as a biomarker for response to bevacizumab treatment in several studies
with conflicting results.42-44 In most studies hypertension has been graded according to the
National Cancer Institute Common Toxicity Criteria (NCI-CTC), which are largely based on
the need for a therapeutic intervention and do not concern differences in absolute blood
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pressure. The risk of hypertension by bevacizumab is considered to be dose-dependent,
and therefore patients that respond well and, as a consequence, receive a higher cumulative dose bevacizumab are at increased risk for hypertension (selection bias). In chapter 5
we investigated the prognostic value of early bevacizumab-induced hypertension for outcome in metastatic colorectal cancer patients in two different ways, using both NCI-CTC
and absolute blood pressure values.
Statins and EGFR antibody therapy
Statins inhibit cholesterol synthesis and lower protein prenylation. Prenylation is the addition of hydrophobic (a farnesyl or a geranyl-geranyl moiety) to a target protein, and is
crucial for several cancer cell growth related proteins, such as KRAS. After prenylation
the KRAS protein becomes lipophilic and translocates to the cellular membrane to exerts
its function.45 An oncogenic mutation in KRAS results in permanent activation of the RAS/
RAS signaling pathway leading to proliferation independent from EGFR activation by binding of the ligand. A RAS (KRAS or NRAS) mutation is a predictive marker for resistance to
the EGFR-antibodies cetuximab and panitumumab in patients with metastastic colorectal cancer.10, 30-32 Statins may inhibit the expression of the mutant KRAS phenotype by
preventing the prenylation of the KRAS protein and normalize the phenotype into KRAS
wild type.46 Therefore we hypothesized that KRAS mutant cetuximab treated metastatic
colorectal cancer patients with concurrent statin use could have a favourable outcome
from EGFR therapy compared to non-users. In Chapter 6 we retrospectively evaluated
the effect of statin use in KRAS mutant metastatic colorectal cancer patients treated with
CAPOX-bevacizumab and cetuximab within the CAIRO2 study.
Peritoneal carcinomatosis as prognostic factor
Peritoneal carcinomatosis is associated with poor prognosis in patients with metastatic
colorectal cancer. For patients with peritoneal metastasis in the absence of metastases at
other sites a HIPEC procedure, consisting of hyperthermic intraperitoneal chemotherapy,
in combination with cytoreductive surgery is the preferred treatment and may result in
prolonged survival and even cure in a minority of patients. Otherwise, palliative systemic
treatment can be given. However, there are no data on the effect of systemic treatment
from randomised trials in patients with peritoneal carcinomatosis. Data from non-randomised studies of these patients treated with fluoropirimidines show disappointing
results, with median overall survival times of 5 to 7 months.47-50 Little is known about the
effect of systemic treatment with targeted agents on patients with peritoneal carcinomatosis. Therefore we analysed the outcome of the subgroup of patients with peritoneal
carcinomatosis treated with chemotherapy in the CAIRO study and with chemotherapy
and targeted therapy in the CAIRO2 study (chapter 7).
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Body mass index and prognosis
Obesity is a risk factor for the development of colorectal cancer.51 Furthermore, body
mass index (BMI) is an independent prognostic factor in patients with early stage disease
treated with surgery and adjuvant chemotherapy with curative intent, with high BMI associated with worse survival and time to recurrence rates.52-54 The mechanisms by which
obesity influences cancer development and survival are complex and largely unknown, but
may involve hyperinsulinemia, effects on angiogenesis, chronic inflammation, and dietary
habits. Whether BMI is a prognostic factor in metastatic colorectal cancer is unknown. In
chapter 8 we examined the association between BMI and survival in systemically treated
metastatic colorectal cancer patients in the CAIRO and CAIRO2 study. Recently, results of
a large pooled analysis of 21149 metastatic colorectal cancer patients enrolled in first-line
clinical trials showed that a low BMI is associated with worse survival, and that patient
outcomes are not worsened by high BMI.55
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Abstract
Purpose of review
With the currently available cytotoxic and targeted drugs, metastatic colorectal cancer
(mCRC) may be controlled by systemic treatment for a significant period of time. However,
many questions remain about the optimal use of drugs and duration of treatment. We
reviewed the data from clinical trials on the optimal duration of systemic treatment with
chemotherapy and targeted therapy in mCRC patients.
Recent findings
The feasibility of chemotherapy-free intervals has been studied in mCRC patients treated
with chemotherapy alone, but the results are conflicting. Current data show that oxaliplatin
may be safely interrupted, but do not allow a firm conclusion on the safety of a full treatment break of chemotherapy. For targeted therapy, continuous inhibition of intracellular
signalling by prolonged administration would theoretically be beneficial for efficacy of
treatment, and has been suggested by retrospectively collected data. Recent data from
a prospective study show a clinical benefit for maintenance treatment with chemotherapy and bevacizumab with acceptable toxicity and preservation of quality of life. Survival
benefits were seen in selected patient subgroups. No data on the optimal duration of
treatment with anti-EGFR agents are currently available.
Summary
There are no definite data on the safety of chemotherapy-free intervals. Data on targeted
therapy support the use of maintenance treatment of chemotherapy plus bevacizumab.
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Introduction
Colorectal cancer is the second most common cause of cancer deaths worldwide, and
its incidence is still increasing. Approximately 50% of the patients will eventually develop
distant metastasis, which may be treated with either surgical resection and/or systemic
treatment. The systemic treatment for metastatic colorectal cancer (mCRC) has changed
significantly over the past 20 years. Currently available drugs with proven efficacy can be
classified as cytotoxic (classic chemotherapy) and targeted drugs.
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Chemotherapy
The cytotoxic drugs include the fluoropyrimidines, irinotecan, and oxaliplatin. These drugs
are the backbone of systemic treatment in mCRC. There is no outright preference for
either oxaliplatin or irinotecan in first-line combination schedules.1 Retrospective studies
have shown that the exposure to these three drugs during the course of disease appears
more important than their upfront combined use.2,3 This has been confirmed by the results
of subsequent prospective studies, of which the results showed no benefit for upfront
combination treatment over sequential treatment starting with fluoropyrimidine monotherapy.4,5 The choice between combination or sequential therapy depends on several
factors, such as tumour-related symptoms, potential resectability of metastases, and performance status.6 With the improved efficacy of chemotherapy, an increasing number of
patients continue to do well on chemotherapy. Objective responses are usually achieved
within the first 4-6 months of treatment, which is evaluated by RECIST criteria.7 The optimal
duration of treatment is still a matter of debate, with no consensus on whether chemotherapy should be continued until disease progression or that a “chemotherapy-break” is
justified after the maximal response has been achieved. Furthermore, in case of intermittent treatment, it is unknown whether treatment should be resumed after a predefined
interval or at disease progression. Treatment intervals may allow patients to recover from
contracted toxicities, may improve their quality of life (QoL), and may reduce healthcare
costs. However, a therapy break may also reduce tumour control and promote resistance
to treatment, resulting in a detrimental effect on clinical outcome.
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Targeted therapy
Targeted drugs with efficacy in mCRC include bevacizumab, an antibody against vascular
endothelial growth factor A (VEGF), and cetuximab and panitumumab, antibodies against
the epidermal growth factor receptor (EGFR).8 More recently, aflibercept, a recombinant
fusion protein that blocks the activity of VEGF and placental growth factor (PlGF)9, and
regorafenib, a multikinase inhibitor that blocks the activity of several protein kinases
involved in tumour angiogenesis, oncogenesis and the tumour microenvironment10 have
shown efficacy in mCRC patients. Bevacizumab and aflibercept are used in combination
with chemotherapy, the anti-EGFR antibodies may also be used as monotherapy, and for
regorafenib only data as monotherapy are available. Bevacizumab has shown significant
survival benefits in combination with fluoropyrimidine-containing chemotherapy and is
currently considered as a standard first-line treatment option for patients with mCRC.11-15
In second line, bevacizumab also improved the progression-free survival and overall survival in combination with 5-fluorouracil/leucovorin (5-FU/LV) plus oxaliplatin (FOLFOX).16
This latter study showed no benefit for bevacizumab monotherapy. The benefit of the
anti-EGFR antibodies panitumumab and cetuximab is restricted to patients with a RAS
wild type tumour.17 These antibodies have shown survival benefits with chemotherapy in
first-line18-20, and second-line21, as well as monotherapy in late-line22,23. Bevacizumab should
not be combined with an anti-EGFR antibody.24,25 In mCRC patients who progressed on
these standard therapies, regorafenib increased overall survival compared to best supportive care.10 Aflibercept has shown efficacy in combination with 5-FU/LV plus irinotecan
(FOLFIRI) in mCRC patients previously treated with an oxaliplatin-containing regimen, with
or without bevacizumab.9
Targeted therapy is characterized by the inhibition of intracellular signal transduction
pathways that are relevant for tumour growth. RECIST criteria appear to be less suited to
evaluate its effects.26 Theoretically, discontinuation of a drug that inhibits growth signals
could result in tumour regrowth. This would favour its prolonged administration, which is
however associated with a higher risk for toxicity and increased healthcare costs.
We here review the available data from clinical trials on the optimal duration of systemic
treatment with chemotherapy and targeted therapy for mCRC.
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Optimal duration of chemotherapy
The feasibility of chemotherapy-free intervals has been studied, but the results are conflicting. In a Medical Research Council (MRC) study patients with stable disease or better after
initial 12 weeks of chemotherapy were randomised between continuous and intermittent
treatment, with resumption of the initial treatment upon progression.27 No survival difference was observed between the continuous and intermittent treatment arm. However, a
significant number of eligible patients refused to be randomised or received unplanned
treatment upon progression. The availability of oxaliplatin introduced the problem of
handling its most relevant toxic effect, the sensory neuropathy. The question rose whether
intermittent treatment with oxaliplatin could reduce neurotoxicity without a detrimental
effect on efficacy. The OPTIMOX1 study randomised previously untreated mCRC patients
to oxaliplatin in combination with 5-FU/LV (FOLFOX4) until progression or six cycles of
FOLFOX7, followed by maintenance treatment with FU/LV for 12 cycles, and then reintroduction of FOLFOX7 until progression.28 There was no significant difference in median
progression-free survival (9.0 versus 8.7 months, HR 1.06, p=0.47) or overall survival (19.3
versus 21.2 months, HR 0.93, p=0.49). In the intermittent treatment arm a decreased incidence of toxicity was observed. Upon disease progression, oxaliplatin 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 6 cycles. Next, the
OPTIMOX2 trial was conducted to evaluate the strategy of discontinuation of all oxaliplatin-based chemotherapy versus maintenance with 5-FU/LV after induction treatment with
FOLFOX7.29 In both arms FOLFOX was reintroduced upon disease progression, which, different from RECIST criteria, was defined as the time point at which tumours had regained
their initial pre-treatment size. The median progression-free survival was significantly prolonged in the maintenance arm as compared to the chemotherapy-free interval arm (8.6
versus 6.6 months, respectively; HR 0.61, p=0.0017), but there was no significant difference
in median overall survival (23.8 versus 19.5 months; HR 0.88, p=0.42). However, the trial
was discontinued early due to the registration of bevacizumab, and therefore no definite
conclusions can be drawn. QoL was not evaluated in either OPTIMOX1 or OPTIMOX2.
Intermittent versus continuous chemotherapy was also investigated in the COIN trial.30
Patients were randomised between continuous oxaliplatin plus FU/LV (FOLFOX) or capecitabine (CAPOX) or the same regimen given for 12 weeks with resumption of treatment upon
progressive disease. Patients on intermittent treatment spend less time on treatment, had
significantly less toxicity, and scored better on several QoL symptom scales (but not on
QoL global scales). Median overall survival in the continuous and the intermittent group
was 15.8 and 14.4 months, respectively (HR 1.08, 95% CI 0.97-1.21). Patients with elevated
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baseline platelet counts did perform poorly on intermittent treatment. The authors concluded that despite the fact that non-inferiority was not shown for intermittent treatment,
chemotherapy-free intervals may be a treatment option for some patients.
For irinotecan-based chemotherapy, two studies investigated whether continuous treatment was superior to a defined period of treatment. In a study by Lal et al. patients
with stable disease or better after 8 cycles of irinotecan in second line were randomised
between continuation or discontinuation of irinotecan until disease progression.31 Only
17% of the patients who received second line irinotecan were eligible for randomisation,
leaving 55 evaluable patients. There was no difference in median progression-free survival
or overall survival between the two treatment arms. Furthermore, QoL was comparable
in both arms. Although these results suggest that irinotecan can be safely discontinued
after 8 cycles, this study was underpowered. In the GISCAD study a total of 337 patients
were randomised between intermittent treatment, with FOLFIRI given in a two-months-on
two-months-off schedule, and continuous treatment with FOLFIRI, both until disease progression.32 The intermittent schedule was neither inferior to continuous treatment for the
primary endpoint of overall survival, nor for progression-free survival or response rate.
Furthermore, toxicity profiles were comparable, which is not surprising as the toxicities
of irinotecan are usually not cumulative. QoL was not evaluated in this study. The authors
concluded that the intermittent use of FOLFIRI does not decrease its efficacy compared
to its continued use.
These data show that QoL has been investigated in only few studies that address the
benefit of intermittent versus continuous treatment. Although palliative chemotherapy
by definition should primarily aim at the relief or the delay of symptoms, it has been
shown that prolongation of life rather than improvement of QoL is the main incentive
of patients to accept palliative chemotherapy in trials on advanced colorectal cancer.33,34
With the observed small or absent differences between the treatment strategies in the
abovementioned trials, data on QoL would however be of value to discuss these strategies
with patients.
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Optimal duration of targeted therapy
The first data that support the prolonged use of bevacizumab come from the NO16966
trial.13 In this study first-line bevacizumab in combination with oxaliplatin-based chemotherapy showed only a modest increase in progression-free survival compared to
chemotherapy alone (9.4 versus 8.0 months; HR 0.83, p=0.0023), and no difference
in median overall survival was observed. However, compared to the initial registration
study11, in this 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, 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 bevacizumab was increased, with
a HR of 0.63. Further support for the benefit of prolonged use of bevacizumab comes
from observational studies in which investigators could decide whether or not to continue bevacizumab after disease progression on first-line treatment, with a switch in the
chemotherapy regimen.35 Patients who continued bevacizumab beyond progression had
increased overall survival. In an experimental model, bevacizumab beyond progression
resulted in significant changes in the tumour proliferation and microenvironment compared to discontinuation of bevacizumab.36 The clinical observation was confirmed, albeit
with a smaller benefit, in a prospective randomised study.37 In this study, mCRC patients
progressing up to 3 months after discontinuing first-line chemotherapy plus bevacizumab
were randomly assigned to second-line chemotherapy with or without bevacizumab.
Median overall survival (primary endpoint) was significantly better in patients treated
with bevacizumab (HR 0.81, p=0.0062). In the first-line treatment with bevacizumab, one
trial prospectively investigated the use of maintenance treatment of bevacizumab monotherapy. In the MACRO trial patients were randomised after 6 cycles of capecitabine,
oxaliplatin and bevacizumab to either the continuous administration of this schedule or
to bevacizumab monotherapy.38 Non-inferiority was not confirmed. The primary endpoint,
progression-free survival, was median 10.4 versus 9.7 months for the continuous and the
monotherapy bevacizumab arm, respectively (HR 1.10, p=0.38). Of note, patients were
randomised at the start of first-line treatment, and therefore the inclusion of patients who
did not complete the first 6 cycles of pre-randomisation therapy may have influenced the
outcome. Furthermore, the efficacy of bevacizumab monotherapy may be questioned.39,16
The efficacy of continuing treatment with single agent bevacizumab after induction therapy with chemotherapy and bevacizumab was assessed in the SAKK 41/06 study.40 In this
phase III trial mCRC patients without disease progression after 4-6 months of standard
first-line chemotherapy plus bevacizumab were randomised between bevacizumab mono-
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therapy or observation. Non-inferiority of the primary endpoint time to progression (TTP)
could not be demonstrated for treatment holidays versus continuation of bevacizumab.
Median TTP was 4.1 months for bevacizumab continuation versus 2.9 months for no continuation (HR 0.74, 95%CI 0.58-0.96). 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
(DCCG) provides prospectively collected data on the optimal duration of treatment with
chemotherapy and bevacizumab.41 This study randomised patients with stable disease
or better after 6 cycles of initial therapy with capecitabine, oxaliplatin and bevacizumab
between observation or maintenance therapy with continuous low dose capecitabine and
bevacizumab. Maintenance treatment significantly improved the time to first progression
(HR 0.43, p<0.0001), to second progression (primary endpoint) after reintroduction of
capecitabine, oxaliplatin and bevacizumab (HR 0.67, p<0.0001), and second progression
after any treatment following first progression (HR 0.68, p<0.0001). Toxicity of maintenance treatment was acceptable, and quality of life did not deteriorate. Median overall
survival was also improved by maintenance treatment, however this difference was not significantly different (HR 0.89, p=0.22). Significant survival benefits were observed in selected
patient subgroups, e.g. patients with a complete or partial response as best response
to induction treatment, and patients with synchronous metastatic disease and resected
primary tumour. Of note, the results of these subgroup analyses should be confirmed and
currently do not allow definite conclusions. The AIO 0207 trial compared maintenance
treatment with a fluoropyrimidine plus bevacizumab versus bevacizumab alone versus
observation after induction treatment of 6 months with a fluoropyrimidine, oxaliplatin
and bevacizumab.42 Maintenance treatment with bevacizumab alone was non-inferior
compared to chemotherapy plus bevacizumab for the primary endpoint “time to failure of
treatment strategy”. Non-inferiority could not be demonstrated for no treatment. Although
there was a difference in design and studypopulation43, the AIO 0207 data support the
use of fluoropyrimidine plus bevacizumab maintenance treatment. The SAKK 41/06 study
also investigated maintenance treatment with bevacizumab in mCRC patients after stop
of first-line treatment. Patients with non-progressive disease after 4-6 months of standard
first-line chemotherapy and bevacizumab were randomised between continuing bevacizumab or no treatment.43 Non-inferiority could not be demonstrated, which confirms that
monotherapy bevacizumab is not effective.
For anti-EGFR treatment, only data from the NORDIC trial provide some insight in its
optimal duration of treatment. This trial investigated treatment with first-line cetuximab
with continuous or intermittent chemotherapy (fluorouracil, leucovorin, and oxaliplatin
–FLOX) versus FLOX alone.44 Cetuximab did not add a significant benefit to FLOX chemotherapy, neither given continuously nor intermittently. No difference was found within
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subsets of patients with KRAS wild-type or mutant tumours, however the study was not
sufficiently powered for these subgroup analyses. Together with the now established use
of RAS mutation status for the selection of patients for anti-EGFR therapy17, the results
of the NORDIC trial are difficult to interpret. The GERCOR DREAM study showed positive results for maintenance treatment with erlotinib, an EGFR tyrosine kinase inhibitor,
in combination with bevacizumab.45 After initial treatment with chemotherapy (FOLFOX,
XELOX or FOLFIRI) and bevacizumab, mCRC patients were randomised between maintenance treatment with bevacizumab with or without erlotinib. The primary endpoint of
progression-free survival showed a difference in favour of maintenance treatment with
bevacizumab plus erlotinib of only 0.5 months (HR 0.78, p=0.019). Median overall survival
for patients treated with both drugs was 24.9 months compared to 22.1 months in the
bevacizumab monotherapy group (HR 0.79, p=0.035). The NORDIC ACT trial had a similar
design, randomising patients between maintenance treatment with bevacizumab with or
without erlotinib after induction treatment with chemotherapy (CAPIRI, CAPOX, FOLFIRI or
FOLFOX).46 The primary endpoint of PFS was not significantly different between the two
arms, 5.7 versus 4.2 months (HR 0.79, p=0.19). Given the fact that the value of erlotinib
has not been demonstrated in mCRC and that the efficacy of bevacizumab monotherapy
in not supported by other trials, the implications of the DREAM and NORDIC ACT trail
results for general practice are difficult to assess.47
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Conclusion
For the palliative treatment of mCRC patients with chemotherapy alone, current data
do not allow a firm conclusion on the safety of a full treatment break. The benefit of a
drug holiday with a possible detrimental effect on outcome must be weighed against the
toxicity and possibly decreased QoL that is associated with continuous treatment. Data
from the CAIRO3 study and the AIO 207 support the use of maintenance treatment with
chemotherapy and bevacizumab. No data are available that support the intermittent use
of anti-EGFR antibody treatment. With targeted drugs being part of the standard first-line
treatment schedules, current data support the use of maintenance treatment with the
targeted drug in combination with chemotherapy. In case of the use of a targeted drug
with combination chemotherapy, the chemotherapy may be reduced to fluoropyrimidine
monotherapy during the maintenance phase, with reintroduction of the initial schedule
upon progression.

35

2

Chapter 2

References
1.

Punt CJ: Irinotecan or oxaliplatin for first-line treatment of advanced colorectal cancer? Ann Oncol. 2005;
16:845-6.

2.

Koopman M, Punt CJ: Chemotherapy, which drugs and when. Eur J Cancer. 2009; 45 Suppl 1:50-6.

3.

Grothey A, Sargent D: Overall survival of patients with advanced colorectal cancer correlates with availability
of fluorouracil, irinotecan, and oxaliplatin regardless of whether doublet or single-agent therapy is used first
line. J Clin Oncol. 2005; 23:9441-2.

4.

Koopman M, Antonini NF, Douma J et al: Sequential versus combination chemotherapy with capecitabine,
irinotecan, and oxaliplatin in advanced colorectal cancer (CAIRO): A phase III randomised controlled trial.
Lancet. 2007; 370:135-42.

5.

Seymour MT, Maughan TS, Ledermann JA et al: Different strategies of sequential and combination chemotherapy for patients with poor prognosis advanced colorectal cancer (MRC FOCUS): A randomised controlled
trial. Lancet. 2007; 370:143-52.

6.

Koopman M, Seymour MT, Punt CJ: The cairo and focus studies: Which lesson is to be learned? Oncologist.
2009; 14:192-193; author reply 194-6.

7.

Therasse P, Arbuck SG, Eisenhauer EA et al: New guidelines to evaluate the response to treatment in solid
tumors. European organization for research and treatment of cancer, national cancer institute of the united
states, national cancer institute of canada. J Natl Cancer Inst. 2000; 92:205-16.

8.

Cunningham D, Atkin W, Lenz HJ et al: Colorectal cancer. Lancet. 2010; 375:1030-47.

9.

Van Cutsem E, Tabernero J, Lakomy R et al: Addition of aflibercept to fluorouracil, leucovorin, and irinotecan
improves survival in a phase III randomized trial in patients with metastatic colorectal cancer previously treated
with an oxaliplatin-based regimen. J Clin Oncol. 2012; 30:3499-506.

10.

Grothey A, Van Cutsem E, Sobrero A et al: Regorafenib monotherapy for previously treated metastatic colorectal cancer (CORRECT): An international, multicentre, randomised, placebo-controlled, phase 3 trial. Lancet.
2013; 381:303-12.

11.

Hurwitz H, Fehrenbacher L, Novotny W et al: Bevacizumab plus irinotecan, fluorouracil, and leucovorin for
metastatic colorectal cancer. N Engl J Med. 2004; 350:2335-42.

12.

Kabbinavar FF, Hambleton J, Mass RD et al: Combined analysis of efficacy: The addition of bevacizumab to
fluorouracil/leucovorin improves survival for patients with metastatic colorectal cancer. J Clin Oncol. 2005;
23:3706-12.

13.

Saltz LB, Clarke S, az-Rubio E, et al: Bevacizumab in combination with oxaliplatin-based chemotherapy as
first-line therapy in metastatic colorectal cancer: A randomized phase III study. J Clin Oncol. 2008; 26:2013-9.

14.

Cunningham D, Lang I, Marcuello E et al: Bevacizumab plus capecitabine versus capecitabine alone in elderly
patients with previously untreated metastatic colorectal cancer (AVEX): An open-label, randomised phase 3
trial. Lancet Oncol. 2013; 14:1077-85.

15.

Tebbutt NC, Wilson K, Gebski VJ et al: Capecitabine, bevacizumab, and mitomycin in first-line treatment of
metastatic colorectal cancer: Results of the Australasian gastrointestinal trials group randomized phase III
MAX study. J Clin Oncol. 2010; 28:3191-8.

16.

Giantonio BJ, Catalano PJ, Meropol NJ et al: Bevacizumab in combination with oxaliplatin, fluorouracil, and
leucovorin (FOLFOX4) for previously treated metastatic colorectal cancer: Results from the eastern cooperative
oncology group study e3200. J Clin Oncol. 2007; 25:1539-44.

17.

36

Douillard JY, Rong A, Sidhu R: Ras mutations in colorectal cancer. N Engl J Med. 2013; 369:2159-60.

Optimal duration of systemic treatment

18.

Van Cutsem E, Peeters M, Siena S et al: Open-label phase III trial of panitumumab plus best supportive care
compared with best supportive care alone in patients with chemotherapy-refractory metastatic colorectal
cancer. J Clin Oncol. 2007; 25:1658-64.

19.

Douillard JY, Siena S, Cassidy J et al: Randomized, phase III trial of panitumumab with infusional fluorouracil,
leucovorin, and oxaliplatin (FOLFOX4) versus FOLFOX4 alone as first-line treatment in patients with previously
untreated metastatic colorectal cancer: The PRIME study. J Clin Oncol. 2010; 28:4697-705.

20.

Bokemeyer C, Bondarenko I, Makhson A et al: Fluorouracil, leucovorin, and oxaliplatin with and without cetuximab in the first-line treatment of metastatic colorectal cancer. J Clin Oncol. 2009; 27:663-71.

21.

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

22.

Karapetis CS, Khambata-Ford S et al: K-ras mutations and benefit from cetuximab in advanced colorectal
cancer. N Engl J Med. 2008; 359:1757-65.

23.

Amado RG, Wolf M, Peeters M et al: Wild-type kras is required for panitumumab efficacy in patients with
metastatic colorectal cancer. J Clin Oncol. 2008; 26:1626-34.

24.

Tol J, Koopman M, Cats A et al: Chemotherapy, bevacizumab, and cetuximab in metastatic colorectal cancer.
N Engl J Med. 2009; 360:563-72.

25.

Hecht JR, Mitchell E, Chidiac T et al: A randomized phase III trial of chemotherapy, bevacizumab, and panitumumab compared with chemotherapy and bevacizumab alone for metastatic colorectal cancer. J Clin Oncol.
2009; 27:672-80.

26.

Jain RK, Duda DG, Willett CG et al: Biomarkers of response and resistance to antiangiogenic therapy. Nat Rev
Clin Oncol. 2009; 6:327-38.

27.

Maughan TS, James RD, Kerr DJ et al: Comparison of intermittent and continuous palliative chemotherapy for
advanced colorectal cancer: A multicentre randomised trial. Lancet. 2003; 361:457-64.

28.

Tournigand C, Cervantes A, Figer A: OPTIMOX1: a randomized study of FOLFOX4 or FOLFOX7 with oxaliplatin
in a stop-and-Go fashion in advanced colorectal cancer-a GERCOR study. J Clin Oncol. 2006; 24:394-400.

29.

Chibaudel B, Maindrault-Goebel, F, Lledo G et al G: Can chemotherapy be discontinued in unresectable
metastatic colorectal cancer? The GERCOR OPTIMOX2 Study. J Clin Oncol. 2009; 27:5727-33.

30

Adams, R, Meade AM, Seymour MT et al: Intermittent versus continuous oxaliplatin and fluoropyrimidine
combination chemotherapy for first-line treatment of advanced colorectal cancer: results of the randomised
phase 3 MRC COIN trial. Lancet Oncol. 2011; 12:642-53.

31.

Lal R, Dickson J, Cunningham D et al: A randomized trial comparing defined-duration with continuous irinotecan until disease progression in fluoropyrimidine and thymidylate synthase inhibitor-resistant advanced
colorectal cancer. J Clin Oncol. 2004; 22:3023-31.

32.

Labianca R, Sobrero A, Isa L et al: Intermittent versus continuous chemotherapy in advanced colorectal cancer:
a randomised ‘GISCAD’ trial. Ann Oncol. 2010; 22:1236-42.

33.

de Kort SJ, Willemse PH, Habraken JM et al: Quality of life versus prolongation of life in patients treated with
chemotherapy in advanced colorectal cancer: A review of randomized controlled clinical trials. Eur J Cancer.
2006; 42:835-45.

34.

Koedoot CG, de Haan RJ, Stiggelbout AM et al: Palliative chemotherapy or best supportive care? A prospective
study explaining patients’ treatment preference and choice. Br J Cancer. 2003; 89:2219-26.

35.

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

37

2

Chapter 2

36.

Heijmen L, Punt CJ, Ter Voert EG et al: Monitoring the effects of bevacizumab beyond progression in a murine
colorectal cancer model: a functional imaging approach. Invest New Drugs. 2013; 31:881-90.

37.

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

38.

Diaz-Rubio E, Gomez-Espana A, Massuti B et al: First-line XELOX plus bevacizumab followed by XELOX plus
bevacizumab or single-agent bevacizumab as maintenance therapy in patients with metastatic colorectal
cancer: the phase III MACRO TTD study. Oncologist. 2012; 17:15-25.

39.

Strickler JH, Hurwitz HI. Maintenance therapy for first-line metastatic colorectal cancer: activity and sustainability. Oncologist. 2012; 17:9-10.

40.

Koeberle D, Betticher DC, Von Moos R et al: Bevacizumab continuation versus no continuation after firstline chemotherapy plus bevacizumab in patients with metastatic colorectal cancer: a randomized phase III
non-inferiority trial (SAKK 41/06). Ann Oncol. 2015; 26:709-14.

41.

Simkens LHJ, van Tinteren H, May A et al: Maintenance treatment with capecitabine and bevacizumab in metastatic colorectal cancer, the phase 3 CAIRO3 study of the Dutch Colorectal Cancer Group (DCCG). Lancet.
2015; 385:1843-52

42.

Hegewisch-Becker S, Graeven U, Lerchenmüller CA et al: Maintenance strategies after first-line oxaliplatin plus
fluoropyrimidine plus bevacizumab for patients with metastatic colorectal cancer (AIO 0207): a randomised,
non-inferiority, open-label, phase 3 trial. Lancet Oncol. 2015; 16:1355-69.

43.

Simkens LHJ, van Tinteren H, Punt CJA , Koopman: Maintenance treatment in metastatic colorectal cancer.
Lancet Oncol. 2015; 16:e582-3.

44.

Tveit KM, Guren T, Glimelius B et al: Phase III trial of cetuximab with continuous or intermittent fluorouracil,
leucovorin, and oxaliplatin (Nordic FLOX) versus FLOX alone in first-line treatment of metastatic colorectal
cancer: the NORDIC-VII study. J Clin Oncol. 2012; 30: 1755-62.

45.

Tournigand C, Chibaudel B, Samson B et al: Bevacizumab with or without erlotinib as maintenance therapy in
patients with metastatic colorectal cancer (GERCOR DREAM; OPTIMOX3): a randomised, open-label, phase 3
trial. Lancet Oncol. 2015; 16:1493-505.

46.

Johnsson A, Hagman H, Frödin JE et al: A randomized phase III trial on maintenance treatment with bevacizumab
alone or in combination with erlotinib after chemotherapy and bevacizumab in metastatic colorectal cancer:
the NordicACT Trial. Ann Oncol. 2013; 24:2335-41.

47.

Punt CJA, Simkens LHJ, Koopman M. Systemic treatment: maintenance compared with holiday. Am Soc Clin
Oncol Educ Book. 2015; 85-90.

38

CHAPTER 3
Maintenance treatment with capecitabine
and bevacizumab in metastatic colorectal
cancer, the phase 3 CAIRO3 study of the
Dutch Colorectal Cancer Group (DCCG)

L.H.J. Simkens, H. van Tinteren, A. May, A.J. ten Tije, G.J.M Creemers, O.J.L. Loosveld,
F.E. de Jongh, F.L.G. Erdkamp, Z. Erjavec, A.M.E. van der Torren, J. Tol, H.J.J. Braun, P.
Nieboer, J.J.M. van der Hoeven, J.G. Haasjes, R.L.H. Jansen, J. Wals, A. Cats, V.A. Derleyn,
A.H. Honkoop, L. Mol, C.J.A. Punt, M. Koopman

Lancet 2015;385:1843-52

Chapter 3

Summary
Background
The optimal duration of first-line treatment with chemotherapy in combination with bevacizumab in patients with metastatic colorectal cancer is unknown. The CAIRO3 study
was designed to determine the efficacy of maintenance treatment with capecitabine plus
bevacizumab versus observation.
Methods
In this open-label, phase 3, randomised controlled trial, we recruited patients in 64 hospitals in the Netherlands. We included patients older than 18 years with previously untreated
metastatic colorectal cancer, with stable disease or better after induction treatment with
six 3-weekly cycles of capecitabine, oxaliplatin, and bevacizumab (CAPOX-B), WHO performance status of 0 or 1, and adequate bone marrow, liver, and renal function. Patients were
randomly assigned (1:1) to either maintenance treatment with capecitabine and bevacizumab (maintenance group) or observation (observation group). Randomisation was done
centrally by minimisation, with stratification according to previous adjuvant chemotherapy,
response to induction treatment, WHO performance status, serum lactate dehydrogenase
concentration, and treatment centre. Both patients and investigators were aware of treatment assignment. We assessed disease status every 9 weeks. On first progression (defined
as PFS1), patients in both groups were to receive the induction regimen of CAPOX-B until
second progression (PFS2), which was the study’s primary endpoint. All endpoints were
calculated from the time of randomisation. Analyses were done by intention to treat. This
trial is registered with ClinicalTrials.gov, number NCT00442637.
Findings
Between May 30, 2007, and Oct 15, 2012, we randomly assigned 558 patients to either
the maintenance group (n=279) or the observation group (n=279). Median follow-up was
48 months (IQR 36–57). The primary endpoint of median PFS2 was significantly improved
in patients on maintenance treatment, and was 8.5 months in the observation group
and 11.7 months in the maintenance group (HR 0.67, 95% CI 0.56–0.81, p<0.0001). This
difference remained significant when any treatment after PFS1 was considered. Maintenance treatment was well tolerated, although the incidence of hand-foot syndrome was
increased (64 [23%] patients with hand-foot skin reaction during maintenance). The global
quality of life did not deteriorate during maintenance treatment and was clinically not
different between treatment groups.
Interpretation
Maintenance treatment with capecitabine plus bevacizumab after 6 cycles of CAPOX-B in
metastatic colorectal cancer patients is effective and does not compromise quality of life.
42

Maintenance treatment versus observation, the CAIRO3 study

Introduction
The availability of new drugs has improved the prognosis of patients with metastatic
colorectal cancer.1 The addition of bevacizumab, a humanised monoclonal antibody
against the vascular endothelial growth factor (VEGF), to fluoropyrimidine-containing
chemotherapy has resulted in significant benefits in overall or progression-free survival,2-6
and is deemed a standard first-line treatment option for patients with metastatic colorectal
cancer.
Since metastatic disease can be controlled by systemic treatment for a substantial period
of time, strategies that reduce time on treatment and associated side-effects without compromising survival are highly desirable. However, questions remain about the optimum
use of drugs and duration of treatment. For chemotherapy, making all effective drugs
available during the course of disease (ie, sequentially) was shown to be more important
than their combined use,7 which we and others subsequently confirmed in prospective
randomised trials.8, 9 The feasibility of chemotherapy-free intervals has been studied. 10-14
The results from the MRC, COIN and GISCAD trials did not show a clear benefit in terms of
survival for continuous versus intermittent chemotherapy10,11,14, whereas those from OPTIMOX2 were less straightforward.13 In the OPTIMOX1 trial the intermittent use of oxaliplatin
did not compromise survival.12 The optimum duration of chemotherapy in combination
with targeted therapy has not been investigated in a prospective trial. Theoretically, discontinuation of a drug that inhibits the transduction of growth signals could result in tumour
regrowth. For chemotherapy plus bevacizumab, this theory is supported by data from
the NO16966 trial (FOLFOX/CAPOX with or without bevacizumab), in which a preplanned
subgroup analysis showed inferior survival results for patients in whom treatment was discontinued earlier than 28 days from disease progression or death.4 The positive outcome
of the ML18147 trial (bevacizumab continuation beyond first progression) also supports
the value of a continued use of targeted drugs.15
In the CAIRO3 trial, we aimed to determine the value of maintenance treatment with
capecitabine plus bevacizumab versus observation until disease progression in patients
with metastatic colorectal cancer without disease progression after 6 cycles of capecitabine, oxaliplatin, and bevacizumab.
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Methods
Study design and participants
This open-label, randomised, phase 3 trial was done by the Dutch Colorectal Cancer
Group (DCCG) in 64 centres in the Netherlands. Eligible patients were older than 18 years,
had histologically proven colorectal cancer with distant metastases, had stable disease
(SD), partial response (PR) or complete response (CR) as defined by Response Evaluation
Criteria in Solid Tumours (RECIST, version 1.1) criteria after induction treatment of six
cycles with capecitabine 1000 mg/m2 orally twice daily on days 1-14, oxaliplatin 130 mg/
m2 intravenously on day 1, and bevacizumab 7.5 mg/kg intravenously on day 1 (CAPOX-B),
had World Health Organization (WHO) performance status 0 or 1, and adequate bone
marrow, liver, and renal function. Patients were excluded when they had experienced any
toxic effects from capecitabine, oxaliplatin, or bevacizumab during the pre-randomisation
induction treatment that would prevent its safe continuation or reintroduction, clinically
significant cardiovascular disease within 1 year before randomisation, planned radical
resection of all metastatic disease, concomitant (or within 4 weeks before randomisation) administration of any other experimental drug, or other malignancies in the past 5
years with the exception of adequately treated carcinoma in situ of the cervix and squamous or basal cell carcinoma of the skin. We obtained written informed consent from all
patients before study entry. The study was approved by the Committe on Human-Related
Research Arnhem-Nijmegen and by the local institutional review boards. The Netherlands
Comprehensive Cancer Organisation did the data monitoring, and an independent data
monitoring committee (IDMC) assessed all serious adverse events and data. All patient files
were reviewed centrally when death occurred within 30 days of the last administration of
study drugs and was accompanied by any event other than disease progression.16
Randomisation and masking
Patients with SD or better according to RECIST criteria after six cycles of CAPOX-B (a treatment which was not a prospective part of the study protocol) were randomly assigned
(at a 1:1 ratio) to observation (observation group) or maintenance treatment (maintenance group) within 2 weeks after completion of the last induction cycle. Randomisation
was done centrally by a minimisation technique with stratification according to previous
adjuvant chemotherapy (yes vs no), response to induction treatment (SD vs PR/CR), WHO
performance status (0 vs 1), serum lactate dehydrogenase (LDH) level (normal vs abnormal), and treatment centre. Both patients and investigators were aware of treatment
assignment. An independent radiologist reviewed masked CT scans of a random selection
of patients.
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Procedures
Maintenance treatment consisted of capecitabine 625 mg/m2 orally twice daily continuously, plus bevacizumab 7.5 mg/kg intravenously every 3 weeks. Patients in both study
groups were followed up every 3 weeks and assessed for disease status by CT scan
every 9 weeks according to RECIST criteria, or at any time when disease progression
was suspected based on clinical symptoms, or when study treatment was prematurely
discontinued. Patients who had progressive disease (defined as progression-free survival
1 [PFS1]) in either the observation or the maintenance group were to receive the same
systemic treatment as during induction treatment (ie, CAPOX-B). This treatment regimen
was to be continued until progression, death or an unacceptable adverse event, whichever
came first. Dose reductions, if any, during previous administration of CAPOX-B had to be
continued. In case of persisting sensory neuropathy, grade 2 or higher, or any other reason
preventing the reintroduction of CAPOX-B, the choice of treatment was left to the discretion of the local investigator. Adverse effects were graded according to the National Cancer
Institute Common Toxicity Criteria, version 3.0. Dose modifications because of adverse
events, for every drug, were made as specified in the study protocol. We assessed quality
of life (QoL) by the QLQ-C30 questionnaire of the European Organisation for Research
and Treatment of Cancer (EORTC) before randomisation and every 9 weeks thereafter.17
Outcomes
We calculated all survival endpoints from the time of randomisation. The primary endpoint
was progression-free survival (PFS2). Secondary endpoints were time from randomisation
until first progression after observation or maintenance treatment (PFS1), time to second
progression on any treatment (TT2PD), overall survival (OS), QoL, response rate, and toxic
effects. We defined PFS2 as the interval between randomisation date of and the date of
second progression (for those who had a first progression), while under treatment with
reintroduction of CAPOX-B (no matter whether patients had been randomly assigned to
maintenance or observation), or the date of first progression while under maintenance
or observation for patients in whom CAPOX-B was subsequently not reintroduced, or
until death or discontinuation or end of trial for patients who did not have a second
progression. We defined PFS1 as the interval between randomisation date and the date
of first progression while under maintenance or observation, or until death or discontinuation or end of trial for patients who did not progress. We defined TT2PD as the interval
between randomisation date and the date of second progression (for those who had a
first progression), while under any treatment including reintroduction of CAPOX-B (no
matter whether patients had been randomly assigned to maintenance or observation). In
patients for whom no further treatment was registered beyond PFS1, TT2PD was similar
to OS (ie, death as endpoint or censored if still alive).
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Statistical analysis
We estimated that with 525 events (progression or death), a two-sided log-rank test at
a significance level of 5% would have 80% power to detect a difference in PFS2 of 9 to
11.5 months (hazard ratio [HR] 0.78). We did an interim analysis when 260 events of the
planned events were observed. We used the alpha spending approach proposed by Lan
and De Mets18 to guide the assessment of the difference in the PFS2, with O’Brien and
Fleming boundaries.19 The p-values used at the interim and final analysis for the two-sided
log-rank tests were 0.003 and 0.047. We did all analyses according to the intention-to-treat
principle. We estimated overall and progression-free survival curves with the Kaplan-Meier
method and compared them with the log-rank test. We assessed differences over time
in QoL between and within treatment groups using linear mixed-effects models adjusted
for baseline and stratification factors.
We did preplanned subgroup analysis for location of primary tumour (colon vs rectum),
dose reduction during induction therapy (yes vs no), number of sites of metastatic disease
(primary tumour not included, 1 vs > 1), WHO performance status (0 vs 1), serum LDH
(normal vs abnormal), sex (male vs female), age (continuous and categorised by < 70 vs ≥ 70
years), response to induction treatment (SD vs CR or PR), stage of disease (synchronous vs
metachronous, with synchronous disease defined as distant metastases occurring within,
and metachronous disease beyond six months of the primary diagnosis of colorectal
cancer),20 and primary tumour in situ (yes vs no). Stage of disease and primary tumour
in situ were combined in the current analysis, since resection of the primary tumour is
suggested to be of prognostic value in patients with synchronous disease,21 which is not
relevant in patients with metachronous disease who all underwent resection of the primary tumour. We used Cox proportional hazard regression models to estimate HRs and
to investigate whether the effect of primary treatment was modified by adjustments for
various covariates, including interaction of all factors with treatment. All analyses were
done with SAS version 9.2 and R version 3.02. This trial is registered with ClinicalTrials.
gov, number NCT 00442637.
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Results
Between May 30, 2007 and October 15, 2012, 558 patients were randomly assigned to
either the observation group (n=279) or maintenance group (n=279; Figure 1). One patient
in the maintenance group withdrew informed consent before the initiation of treatment,
and was therefore not included in the analysis. Baseline characteristics were well balanced
between the two treatment groups (Table 1), apart from stage of disease (synchronous vs
metachronous), with fewer patients with synchronous disease in the observation group
than in the maintenance group (Table 1).
Figure 1. Trial profile
558 patients randomised

279 allocated to observation
279 received observation

279 allocated to maintenance
278 received maintenance
1 patient withdrew informed consent

13 ongoing maintenance

7 ongoing observation
266 discontinued maintenance
221 progression
27 adverse events not
associated with progression
4 patient refusal
3 died
11 other

272 discontinued observation
270 progression
1 died
1 other

133 received no CAPOX-B
16 CAP-B or 5FU-B
57 irinotecan
8 anti-EGFR
1 anti-EGFR + irinotecan
45 no systemic treatment
5 resection metastases
1 other

104 received no CAPOX-B
51 CAP-B or 5FU-B
19 irinotecan
31 no systemic treatment
3 resection metastases

168 received CAPOX-B
163 progression/died
5 ongoing

279 included in primary efficacy analysis
(intention-to-treat population)

132 received CAPOX-B
129 progression/died
3 ongoing

278 included in primary efficacy analysis
(intention-to-treat population)
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Table 1. Baseline characteristics
Observation
(n = 279 )

Maintenance
(n =278 )

64 ( 31-81 )

63 (26 -81 )

Male

197 (64%)

182 (65%)

Female

100 (36%)

96 (35%)

Age
Median (years [IQR])
Sex

WHO performance status
0

173 (62%)

172 (62%)

1

106 (38%)

106 (38%)

Serum LDH
Normal

122 (44%)

123 (44%)

Above normal

157 (56%)

155 (56%)

Prior adjuvant chemotherapy
Yes

95 (34%)

93 (33%)

No

184 (66%)

185 (67%)

Best response to induction treatment
Stable disease

95 (34%)

96 (35%)

Partial/complete response

184 (66%)

182 (65%)

144 (52%)

134 (48%)

Site of primary tumour
Colon
Rectum

76 (27%)

84 (30%)

Rectosigmoid

59 (21%)

60 (22%)

Number of metastatic sites
1

111 (40%)

118 (42%)

>1

152 (54%)

150 (54%)

16 (6%)

10 (4%)

Synchronous

191 (68%)

219 (79%)

Metachronous

88 (32%)

59 (21%)

Yes

172 (62%)

155 (56%)

No

107 (38%)

123 (44%)

unknown
Stage of disease*

Resection primary tumour

* Covariate of which the difference is statistically significant
WHO World Health Organization
LDH lactate dehydrogenase

Median time between primary diagnosis and randomisation was 6.9 months (IQR 5.6-23.4)
in the observation group and 6.4 months (5.3-11.4) in the maintenance group.
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The median duration of follow-up at time of this analysis was 48 months (IQR 36-57).
By Jan 6, 2014, 468 (84%) of the 557 patients had died (239 [51%] in the observation
group and 229 [49%] in the maintenance group. In the maintenance group, the median
number of cycles of capecitabine was nine (IQR 5-18) and the median number of cycles
of bevacizumab was ten (5-18). Maintenance treatment significantly prolonged median
PFS1 compared with observation: 4.1 months (95% CI 3.9-4.2) in the observation group
versus 8.5 months (95% CI 6.5-10.3) in the maintenance group (Figure 2A). 20 (4%) of 557
patients had not progressed as of Jan 6, 2014 (seven patients in the observation group
and 13 in the maintenance group).
Disease progression or death was the reason for discontinuation of observation or maintenance treatment in 270 (97%) patients in the observation group and 220 (79%) patients
in the maintenance group. After PFS1, 168 (60 %) of the 279 patients in the observation
group and 132 (47%) of the 278 patients in the maintenance group received CAPOX-B
(Figure 1). In both groups, the main reasons for not reintroducing CAPOX-B were poor
clinical condition, patient refusal, early disease progression that according to the local
investigator did not justify reintroduction of CAPOX-B, and persisting neuropathy, as well
as other toxic effects in the maintenance group (Table 2). 31 (11%) of the 279 patients in
the observation group and 45 (16%) of the 278 patients in the maintenance group received
no further systemic treatment after PFS1.
Table 2. Reasons for not re-introducing CAPOX-B following first progression with ≥ 5% incidence
Observation
n = 104

Maintenance
n = 133

28 (27%)

21 (16%)

Other toxicities

6 (6%)

38 (28%)

Poor clinical condition

8 (8%)

9 (7%)

Patient refusal

11 (10%)

13 (10%)

Early disease progression*

16 (15%)

25 (19%)

Other

35 (34%)

27 (20%)

Persisting neurotoxicity

*which according to the local investigator did not justify re-introduction of CAPOX-B

Median PFS2 was 8.5 months (95% CI 7.4-10.4) in the observation group 11.7 months (95%
CI 10.1-13.3) in the maintenance group (Figure 2B). The major reason for discontinuation
of CAPOX-B in both groups was disease progression or death (112 [67%] patients in the
observation group and 104 [79%] in the maintenance group). Patients received a similar
median number of cycles of CAPOX-B after PFS1 in the observation group (six cycles, IQR
5-10) and the maintenance group (six cycles, IQR 3-7). The objective response rate of

49

3

Chapter 3

reintroduction treatment was 17% in the observation group and 0% in the maintenance
group. Stable disease as best response was achieved in 104 (62%) in the observation
group and 91 (69%) in the maintenance group.
The median TT2PD was 11.1 months (95% CI 10.3-12.6) in the observation group and
13.9 months (12.3-15.6) in the maintenance group (Figure 2C). Treatments other than
CAPOX-B given on PFS1 are shown in Figure 1. Median OS was 18.1 months (95% CI 16.320.2) in the observation group and 21.6 months (19.3-23.8) in the maintenance group
(Figure 2D). Overall, the number of effective regimens or drugs that patients received
during the course of their metastatic disease did not differ between groups (143 [51%]
patients in the observation group and 141 [51%] in the maintenance group received four
drugs [fluorouracil, oxaliplatin, bevacizumab, and irinotecan), and 37 [13%] patients in the
observation group and 34 [12%] patients in the maintenance group received five drugs
[fluorouracil, oxaliplatin, bevacizumab, irinotecan, and anti-EGFR antibody). We calculated
all survival data from the time of randomisation (ie, after six cycles of CAPOX-B). Median
OS, as calculated from the date of the first treatment cycle for metastatic disease given
before randomisation was 22.4 months (95% CI 20.8-24.9) in the observation group and
25.9 months (23.7-28.4) in the maintenance group.
Figure 3 shows the results of prespecified subgroup analyses for PFS2 and OS. We noted
a benefit of maintenance treatment in all subgroups for the primary endpoint PFS2, PFS1,
and TT2PD. In a multivariate model on OS, the following subcategories differed significantly: treatment group, response to induction treatment, WHO performance status, site
of primary tumour, and stage of disease. In an exploratory backward downstep model we
noted a significant interaction for OS and metachronous disease, synchronous disease
with or without resection of the primary tumour, WHO performance status, and site of
primary tumour. Furthermore, we noted a significant interaction with OS and maintenance
treatment for CR or PR as best response on induction treatment before randomisation
(Table 3) and synchronous disease and a resected primary tumour (Table 4). Median PFS2
in patients with CR or PR on induction treatment was 10.2 months (95% CI 8.1-11.4) in
the observation group compared with 12.6 months (10.3-14.5) in the maintenance group,
and OS in those patients was 18.8 months (17.6-22.1) in the observation group and 24.1
months (22.4-27.5) in the maintenance group. In patients with synchronous disease and a
resected primary tumour observation resulted in a median PFS2 of 7.9 months (95%CI 6.711.1) and OS of 18.0 months (14.6-21.7) in the observation group, compared with a PFS2 of
13.9 months (12.5-17.6) and an OS of 25.0 months (21.2-31.7) in the maintenance group.
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Table 3. Outcome according to response after six cycles of treatment given before randomisation
Complete or partial response
(n = 366)
Observation
(n = 184)

Maintenance
(n = 182)

Stable disease
(n = 191 )
Observation
(n = 95)

Log-rank p value

Maintenance
(n = 96)

PFS2 (months)
Median

10.2

12.6

6.8

10.4

95% CI

(8.1-11.4)

(10.3-14.5 )

(6.4-9.8)

(7.2-12.5)

Median

18.8

24.1

15.2

16.9

95% CI

(17.6-22.1 )

(22.4-27.5)

(13.1-18.8 )

(14.2-19.3)

<0.0001

3

OS (months)
0.0002

PFS2 progression-free survival after reintroduction with CAPOX-B
OS overall survival
CI confidence interval

Table 5 shows treatment-related adverse events with an incidence of five percent or more
during observation and maintenance treatment. These events might have been ongoing
since induction treatment with CAPOX-B. More patients in the maintenance group had
adverse events of grades 3 and 4 than did those in the observation group (Table 5). During
maintenance treatment, patients had significantly more grade 3 hand-foot syndrome than
did patients in the observation group. 27 (10%) patients in the maintenance group discontinued treatment because of toxic effects.
492 patients were included in the QoL analysis, 249 in the observation group and 243 in
the maintenance group. Baseline QoL was similar between patients of the study groups
apart from insomnia, which was higher in the observation group. During maintenance
treatment global QoL (mean change 0.03, 95% CI -0.35 to 0.41), and functioning and
symptom subscales of QoL did not deteriorate. During observation, small but significant
improvements were found for global QoL (1.4, 0.8-2.1) and 4 functioning subscales. During
observation or maintenance treatment, we noted a significant between-group difference
in global QoL of 4.2 points (95% CI 1.5-6.8), which is well below the threshold of ten points
that is considered to be clinically relevant.22
As a quality control, an independent blinded review of CT scans was done in a random
sample of 91 patients who participated in the study, and the results were concordant with
the original reports in 94% of patients in the observation group and in 99% of patients in
the maintenance group.
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Figure 2. Kaplan-Meier analysis for progression-free and overall survival: PFS1 (a), PFS2 (b), TT2PD
(c), and OS (d)
Figure 2a. Progression-free survival (PFS1) by treatment arm
1.0

Observation 4.1m (95% CI:3.9− 4.2)
Maintenance 8.5m (95% CI:6.5−10.3)

Stratified HR=0.43 (95% CI:0.36−0.52)
Stratified log−rank p = <0.0001
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Figure 2b. Progression-free survival (PFS2) by treatment arm
1.0

Observation 8.5m (95% CI:7.4− 10.4)
Maintenance 11.7m (95% CI:10.1−13.3)
Stratified HR=0.67 (95% CI:0.56−0.81)
Stratified log−rank p = <0.0001

Survival Probability
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Figure 2. Continued
Figure 2c. Time to second progression (TT2PD) by treatment arm
1.0

Observation 11.1m (95% CI:10.3− 12.6)
Maintenance 13.5m (95% CI:12.3−15.6)
Stratified HR=0.68 (95% CI:0.57−0.82)
Stratified log−rank p = <0.0001
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Figure 2d. Overall survival by treatment arm
1.0

Observation 18.1m (95% CI:16.3− 20.2)
Maintenance 21.6m (95% CI:19.3−23.8)
Stratified HR=0.89 (95% CI:0.73−1.07)
Stratified log−rank p = 0.08
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Figure 3. Subgroup analyses for PFS2 (a), and OS (b)
Figure 3a.

Maintenance Observation

Subgroup
Prior therapy
No
Yes

Events/N

168/185
88/93
(0)

178/184
88/95
(0)

0.68 ( 0.51 − 0.90 )
0.75 ( 0.50 − 1.11 )

161/182
95/96
(0)

174/184
92/95
(0)

0.66 ( 0.49 − 0.87 )
0.76 ( 0.51 − 1.12 )

159/172
97/106
(0)

165/173
101/106
(0)

0.72 ( 0.54 − 0.96 )
0.68 ( 0.47 − 0.98 )

114/123
142/155
(0)

115/122
151/157
(0)

0.64 ( 0.45 − 0.90 )
0.76 ( 0.56 − 1.03 )

203/219
53/59
(0)

184/191
82/88
(0)

0.62 ( 0.47 − 0.81 )
0.83 ( 0.52 − 1.30 )

58/65
198/213
(0)

86/91
180/188
(0)

0.79 ( 0.51 − 1.23 )
0.63 ( 0.48 − 0.83 )

168/182
88/96
(0)

174/179
92/100
(0)

0.64 ( 0.48 − 0.85 )
0.78 ( 0.53 − 1.15 )

197/217
59/61
(0)

195/203
71/76
(0)

0.70 ( 0.53 − 0.91 )
0.73 ( 0.46 − 1.15 )

123/134
78/84
55/60
(0)

138/144
73/76
55/59
(0)

0.59 ( 0.42 − 0.82 )
0.84 ( 0.55 − 1.29 )
0.84 ( 0.51 − 1.38 )

118/123
138/155
(0)

104/107
162/172
(0)

0.74 ( 0.52 − 1.05 )
0.65 ( 0.48 − 0.88 )

144/158
112/120
(0)

147/153
119/126
(0)

0.71 ( 0.52 − 0.96 )
0.70 ( 0.50 − 0.99 )

108/118
139/150
(10)

107/111
147/152
(16)

0.72 ( 0.51 − 1.03 )
0.59 ( 0.43 − 0.81 )

256/278

266/279

0.70 (0.59 − 0.83)

Response to Induction
CR/PR
SD
WHO Performance
0
1
LDH elevated
No
Yes
Synch−Metach
Synchronous
Metachronous
Stage
I−III
IV
Sex
Male
Female
Age
< 70
>= 70
Site
colon
rectum
rectumsigmoid
Resection primary
No
Yes
Dose reduction
No
Yes
Nr of sites
1
>1

Overall result

Maintenance Observation
better
better

HR

Events/N

0

Subgroups at 99%, overall at 95% confidence

0.5
1.5
1
Hazard Ratio

2

Table 4. Outcome according to stage of disease
Metachronous
(n = 147)
Observation
(n = 88)

Synchronous with resected primary tumour
(n = 180 )

Maintenance
(n = 59)

Observation
(n = 84)

Maintenance
(n = 96)

PFS2 (months)
Median

11.5

12.0

7.9

13.9

95% CI

(8.9-13.6)

(9.9-16.2 )

(6.7-11.1)

(12.5-17.6)

OS (months)
Median

25.8

24.5

18.0

25.0

95% CI

(19.2-31.4 )

(22.0-30.4)

(14.6-21.7 )

(21.2-31.7)

PFS2 progression-free survival after reintroduction with CAPOX-B
OS overall survival, CI confidence interval
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Figure 3. Continued
Figure 3b.

Maintenance Observation

Subgroup
Prior therapy
No
Yes

Events/N

148/185
81/93
(0)

161/184
78/95
(0)

0.79 ( 0.59 − 1.06 )
1.02 ( 0.67 − 1.54 )

141/182
88/96
(0)

156/184
83/95
(0)

0.77 ( 0.57 − 1.04 )
1.03 ( 0.69 − 1.53 )

141/172
88/106
(0)

146/173
93/106
(0)

0.88 ( 0.65 − 1.19 )
0.80 ( 0.54 − 1.17 )

100/123
129/155
(0)

103/122
136/157
(0)

0.79 ( 0.55 − 1.14 )
0.91 ( 0.66 − 1.25 )

181/219
48/59
(0)

167/191
72/88
(0)

0.74 ( 0.56 − 0.98 )
1.06 ( 0.65 − 1.73 )

52/65
177/213
(0)

76/91
163/188
(0)

1.05 ( 0.66 − 1.68 )
0.75 ( 0.57 − 0.99 )

152/182
77/96
(0)

153/179
86/100
(0)

0.95 ( 0.70 − 1.27 )
0.71 ( 0.47 − 1.07 )

175/217
54/61
(0)

174/203
65/76
(0)

0.87 ( 0.66 − 1.14 )
0.81 ( 0.50 − 1.31 )

112/134
64/84
53/60
(0)

130/144
63/76
46/59
(0)

0.69 ( 0.49 − 0.96 )
1.16 ( 0.73 − 1.85 )
1.06 ( 0.63 − 1.80 )

108/123
121/155
(0)

93/107
146/172
(0)

1.03 ( 0.72 − 1.49 )
0.72 ( 0.53 − 0.99 )

124/158
105/120
(0)

131/153
108/126
(0)

0.85 ( 0.61 − 1.17 )
0.86 ( 0.61 − 1.23 )

100/118
120/150
(10)

93/111
134/152
(16)

0.95 ( 0.65 − 1.37 )
0.71 ( 0.52 − 0.99 )

229/278

239/279

0.85 (0.71 − 1.02)

Response to Induction
CR/PR
SD
WHO Performance
0
1
LDH elevated
No
Yes
Synch−Metach
Synchronous
Metachronous
Stage
I−III
IV
Sex
Male
Female
Age
< 70
>= 70
Site
colon
rectum
rectumsigmoid
Resection primary
No
Yes
Dose reduction
No
Yes
Nr of sites
1
>1

Overall result

Maintenance Observation
better
better

HR

Events/N

3

0

Subgroups at 99%, overall at 95% confidence

Synchronous without resected primary tumour
(n = 230)
Observation
(n = 107)

0.5
1.5
1
Hazard Ratio

2

Log-rank
p value

Maintenance
(n = 123)
6.6

8.6

(5.7-10.0)

(6.8-10.9)

16.3

14.9

(14.1-18.3 )

(11.8-19.0)

<0.0001

<0.0001
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Table 5. Treatment-related adverse events during observation or maintenance treatment with an incidence of ≥5%
Observation (n = 279)

Maintenance (n = 278)

Grade 3

Grade 3

Any grade 3 or 4 clinical event1

Grade 4

95 (34%)

p

Grade 4

167 (60%)

<0.0001

Clinical adverse event
Hypertension
Hand-foot skin reaction
Sensory neuropathy

49 (18%)

0

68 (24%)

0

0.0582

0

0

64 (23%)

0

<0.0001

13 (5%)

1 (<1%)

27 (10%)

0

0.0501

0

1 (<1%)

14 (5%)

0

0.0016

Laboratory abnormalities
Hyperbilirubinaemia

Includes events that were ongoing since induction treatment.
Pearson’s Chi-squared test with Yates’ continuity correction.

1
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Discussion
We explored the optimum treatment strategy in patients with previously untreated metastatic colorectal cancer, and randomly assigned patients achieving stable disease or
better on six cycles of CAPOX-B between observation and maintenance treatment with
capecitabine and bevacizumab, with reintroduction of CAPOX-B on progression. Our
results show that maintenance treatment with capecitabine plus bevacizumab is effective
with acceptable toxic effects and preservation of quality of life in patients with metastatic colorectal cancer. Compared with observation, maintenance treatment significantly
improved progression-free survival, and in exploratory analyses yielded overall survival
benefits in selected patient subgroups.
We chose to randomly assign patients to treatment groups after an initial treatment period
of 18 weeks, at which time some patients were still responding. In previous so-called
stop and go trials of chemotherapy, a shorter initial treatment period of 12-weeks has
been used.10-14 In none of these trials was a significant or clinically relevant detrimental
effect of observation shown on outcome, with the possible exception of the OPTIMOX2
trial.13 However, this trial was underpowered and applied an uncommon definition of disease progression. More recent trials that investigated the role of maintenance treatment
including targeted drugs also applied similar or shorter initial treatment periods23,24 with
the only exception being the AIO207 trial.25 In this latter trial, the longer initial treatment
period of 24-weeks with a fluoropyrimidine, oxaliplatin, and bevacizumab resulted in a
lower proportion of patients in whom oxaliplatin could be reintroduced compared with
our trial. Therefore, our prestudy treatment period of 18 weeks does not seem to be
in contradiction to clinical practice. However, a possible benefit for the continuation of
CAPOX-B treatment after six cycles in patients with an ongoing response and good tolerance to treatment cannot be excluded.
The design of our study does not allow assessment of the relative contribution of the
individual components of maintenance treatment to benefit - ie, chemotherapy and
antiangiogenic therapy. Since the efficacy of bevacizumab monotherapy in metastatic
colorectal cancer has not been demonstrated,26,27 we chose to compare observation to a
combination of chemotherapy and bevacizumab and not to bevacizumab alone. We preferred the combination of capecitabine plus bevacizumab in view of its superior efficacy
and good tolerability compared with capecitabine alone, as shown in randomised trials.
5,6

The attractiveness of a continuous administration of low-dose chemotherapy might lie

in its anti-angiogenic effects.28 The feasibility of a continuous capecitabine schedule has
been shown,29 and it has been used successfully in combination schedules.30 In our study
maintenance treatment was well tolerated, and the increased incidence of sensory neu-
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ropathy and hand-foot syndrome compared with the observation group did not impair
quality of life. Sensory neuropathy can persist, however, and sometimes even worsens
after discontinuation of oxaliplatin, and neuropathy and hand-foot syndrome are sometimes difficult to discriminate in patients receiving capecitabine. Maintenance treatment
significantly prolonged PFS1, whereas mean quality of life scores remained similar between
groups during the course of the study, without any clinically relevant differences. The
observed preservation of quality of life in the maintenance group supports the good
tolerability of this treatment. PFS2, which was the primary study endpoint, was also significantly prolonged in patients receiving maintenance treatment. The preliminary results
of the AIO207 trial25 confirm our observation of a benefit for maintenance treatment with
a fluoropyrimidine and bevacizumab, although differences in treatment schedule and
statistical design do not allow a direct comparison.25
A lower than expected number of patients received reintroduction of CAPOX-B treatment
on PFS1, despite the fact that patients who did not tolerate CAPOX-B as induction treatment before randomisation were excluded in our study. This finding shows the difficulty of
predicting the possibility of treatment reintroduction, as has also been shown by others.10
Therefore, the secondary endpoint of time to second progression on any treatment might
better portray routine clinical practice, since this endpoint included any treatment that
was given after PFS1. This analysis showed that the benefit of maintenance treatment was
evident irrespective of treatment given on PFS1. Of the patients who did receive CAPOX-B
reintroduction as planned, toxic effects were acceptable and similar in both treatment
groups. Maintenance treatment also resulted in a nonsignificant absolute increase in
median overall survival of 3.5 months, from 18.1 to 21.6 months. However, our trial was
not designed to show a difference in overall survival. Median overall survival as calculated
from time of starting induction treatment was 22.4 months in the observation group and
25.9 months in the maintenance group. Of note, the results of our study are obviously
affected by patient selection, since patients with progressive disease after induction treatment and patients with previous intolerance of capecitabine, oxaliplatin, or bevacizumab
were excluded. On the other hand, we also excluded the favourable prognostic group of
patients with (planned) radical resection of all metastatic disease31,32 The number of effective drugs that patients received during the course of their disease was similar between
treatment groups, and therefore the results on overall survival do not seem to be influenced by an imbalance in the use of effective salvage treatments. When adjusting for
confounders in a multivariable model, treatment group was a significant factor for overall
survival strengthening the evidence for existence of a treatment effect. A model including
interaction of treatment with all confounders suggests an interaction with best response
to induction treatment, site of primary tumour, stage of disease, and resection of the pri-
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mary tumour. Our finding that patients with a complete or partial response to induction
treatment experienced a greater benefit from maintenance treatment than did patients
with stable disease might be explained by a difference in the sensitivity to systemic treatment. We noted a better overall survival for patients with metachronous metastases than
for those with synchronous metastases, and exploratory subgroup analyses showed that
patients with synchronous disease and resected primary tumour did benefit most from
maintenance treatment. The results of these subgroup analyses should be confirmed and
do not allow definite conclusions. Maintenance treatment with capecitabine and bevacizumab should be deemed the preferred strategy in patients with metastatic colorectal
cancer with stable disease or after initial treatment with combination chemotherapy and
bevacizumab.
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Maintenance treatment in metastatic
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Maintenance treatment in metastatic colorectal cancer

Susanna Hegewisch-Becker and colleagues reported the results of a randomised trial (AIO
0207)1 comparing maintenance strategies in metastatic colorectal cancer patients without
disease progression after first-line induction treatment with oxaliplatin, a fluoropyrimidine
and bevacizumab. The authors concluded that maintenance with a fluoropyrimidine plus
bevacizumab might be the preferable option compared with bevacizumab alone or no
treatment. As mentioned by the authors, their findings support the results of our phase
3 trial (CAIRO3),2 which showed a significant benefit in the primary endpoint of progression-free survival for maintenance treatment with capecitabine plus bevacizumab compared
with observation after induction treatment with capecitabine, oxaliplatin and bevacizumab
in patients with metastatic colorectal cancer. However, some important differences exist
between these two trials: CAIRO3 was a superiority trial whereas the AIO 0207 was a non-inferiority trial; the length of induction treatment in CAIRO3 was 18 weeks compared with
24 weeks in the AIO 0207; and CAIRO3 excluded intolerant to oxaliplatin during induction
treatment whereas AIO 0207 did not. We believe a superiority design is more appropriate
for a trial that compares active treatment with observation than a non-inferiority design.
The other two differences between the trials are probably the reason for the higher rate
of oxaliplatin reintroduction in CAIRO3 compared with AIO 0207 in both the maintenance
group with fluoropyrimide plus bevacizumab (CAIRO3: 47% vs AIO 0207: 19%) and the
observation group (CAIRO3: 60% vs AIO 0207: 46%). In CAIRO3, we did not think that using a
strategy that included the reintroduction of oxaliplatin in patients who clearly were not able
to tolerate it was appropriate. In their Discussion, Hegewisch-Becker and colleagues state
that median overall survival was not improved in CAIRO3. The primary endpoint of CAIRO3
was progression-free survival after reintroduction of induction treatment. We would like to
emphasise that trials should not be judged on endpoints that were not part of the primary
analysis. Despite this, the median overall survival in CAIRO3, although not significantly longer
in patients in the maintenance treatment group, showed a clinically meaningful absolute
benefit for maintenance treatment compared with observation of 3.5 months. Furthermore,
the authors of the AIO 0207 study suggest that the slightly longer median overall survival in
their study compared with the CAIRO3 study could be attributed to a difference in the use of
anti-EGFR antibodies as salvage treatment. We believe that this suggestion is too simplistic,
and caution against such cross-study comparison. In CAIRO3, the poor prognostic group of
patients with disease progression before completion of induction treatment was excluded,
as well as the probably larger group of patients with a good prognosis in whom resection
of metastases was either planned or likely to be achieved. Therefore, the study population
of CAIRO3 is a subset of patients with metastatic colorectal cancer and cannot be directly
compared with other trials. Finally, Hegewisch-Becker and colleagues mention that CAIRO3
does not have information about censoring of patients. However, all primary and secondary
endpoints are clearly described in our Article,2 in which the censoring is defined.
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Circulating endothelial cells

Currently, the use of bevacizumab in combination with fluoropyrimidine-containing chemotherapy is the standard first line treatment for patients with advanced colorectal cancer
(ACC). However, only a subset of ACC patients will respond to treatment, and to date there
is no biological marker that may predict the benefit of this treatment. Recently, Ronzoni
et al. reported on the correlation between the baseline levels of both total circulating
endothelial cells (CECs) and their subsets and the response to bevacizumab-based firstline treatment in ACC patients. They suggested significant correlations between the CEC
baseline levels and the antitumour efficacy.1
We assessed the prognostic and predictive value of CECs in 473 ACC patients treated in
a randomised phase III trial with first-line chemotherapy and targeted therapy including
bevacizumab (CAIRO2 trial of the Dutch Colorectal Cancer Group).2 Peripheral blood was
collected at baseline, and at three time points after the start of treatment (1-2 weeks, 3-5
weeks, and 6-12 weeks). Samples were collected into 10-ml evacuated tubes (CellSave
tubes, Veridex, LLC, Raritan, NJ) and processed in a central laboratory within 72 hours. The
CellSearchTM System (Veridex LLC, Raritan, NJ) was used for CEC enumeration.3 The criteria
for CEC included round-to-oval morphology, a visible nucleus (DAPI positive), expression
of CD146 as well as CD105, and absence of CD45.
The median number of CECs at baseline was 6.8 CEC/ml, which is comparable with that
found in other studies using the automated immunomagnetic separation system.3,4 In our
study population, 17% had a CEC count at baseline above the upper reference limit of 24
CECs/ml, which is comparable with that of Rowand et al.3 To define the prognostic value
of CECs, the correlation of baseline CEC count and progression-free survival (PFS) and
overall survival (OS) was analyzed. In univariate Cox regression analysis the hazard ratio
(95% confidence interval) of progression was 0.99 (0.90-1.08) and of death 0.95 (0.87-1.05).
A significant increase in CECs was observed after 1-2 weeks of treatment compared with
baseline (p≤0.001). Hereafter, no further increase in CEC count was observed. However,
we could not predict PFS or OS by changes in CEC levels at any time point during therapy
(Table 1).
Our results are in contrast to the findings of Ronzoni et al. which are based on a considerable smaller number of patients. Ronzoni et al. only observed a correlation between
baseline total and resting CEC counts and PFS, and no correlation was found regarding activated CECs or circulating progenitor cells and outcome. The lack of correlation
of CECs with outcome in our study may be due to the different technique used for CEC
enumeration. So far, there is no consensus on the phenotypic characterization of CECs
and technique for CEC enumeration, and conflicting results concerning the role of CECs
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as a marker for prognosis and/or response to treatment have been reported. The most
commonly used techniques for CEC evaluation are flowcytometry or microscopic evaluation after immunomagnetic separation. We used the CellSearch System, which is an
automated system based on immunomagnetic enrichment targeting the CD146 antigen
and detection by fluorescent microscopy of DAPI+, CD105+, CD45- cells, that has shown
to be a reproducible and accurate method.3 Our technique also included morphology in
classification of CECs, which allows to discriminate CECs from endothelial microparticles,
conglomerates, and/or anuclear cells. In the study by Ronzoni staining with a nucleic acid
dye was not included in the definition, which may lead to the inclusion of large platelets
rather than endothelial cells into the CEC definition.5
In conclusion, our study demonstrated that CEC counts at baseline were not prognostic
for PFS or OS in a subset of ACC patients. Neither was change in CEC counts at baseline
and during treatment predictive for outcome. To our knowledge, this is the first study that
investigates the correlation between CECs and bevacizumab-based treatment in a large
number of ACC patients. However, different subsets of CEC exist and consensus on phenotypic characterization and enumeration technique is the first step to make comparison
of different studies concerning CEC evaluation possible.

Table 1. Univariate cox regression analysis for prediction of PFS and OS of CEC at different time points
Patients
(n)

Median number
CEC/ml

PFS risk
Baseline

Change from baseline

HR (95% CI)

P value

HR (95% CI)

P-value

Baseline

435

6.8

0.99 (0.90-1.08)

0.768

-

-

1-2 weeks

388

10.0

-

-

0.96 (0.89-1.03)

0.240

3-5 weeks

353

9.5

-

-

1.01 (0.93-1.10)

0.781

6-12 weeks

239

10.5

-

-

0.97 (0.88-1.07)

0.555

CEC, circulating endothelial cells; PFS, progression-free survival; OS, overall survival; HR, hazard ratio;
CI, confidence interval
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OS risk
Baseline

Change from baseline

HR (95% CI)

P-value

HR (95% CI)

0.95(0.87-1.05)

0.333

-

P-value
-

0.96 (0.89-1.05)

0.375

0.97 (0.89-1.06)

0.528

0.91 (0.81-1.02)

0.094
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Summary
Background
Hypertension (HT) is a common side-effect of bevacizumab. We investigated the incidence
of HT over time according to the National Cancer Institute Common Toxicity Criteria (NCICTC) in metastatic colorectal cancer (mCRC) patients during treatment with bevacizumab,
and the prognostic value of early bevacizumab-induced HT for progression-free survival
(PFS) and overall survival (OS) for both the NCI-CTC and absolute blood pressure (BP)
values.
Patients and methods
We evaluated 340 mCRC patients treated with chemotherapy plus bevacizumab in a randomised phase 3 trial (arm A of the CAIRO2 study). BP values were evaluated during the
first 3 cycles, and patients were classified in 2 ways: according to NCI-CTC as having HT
((grade 2-3 HT, CTC-HT+) or no HT (grade ≤ 1 HT, CTC-HT-); and according to absolute BP
values as having HT rise in diastolic or systolic BP ≥ 20 mm Hg, BP-HT+) or no HT (rise <
20 mm Hg, BP-HT-).
Results
The incidence of HT (according to NCI-CTC) increased with the cumulative number of bevacizumab cycles. During the first 3 cycles, 55 (16%) of 340 patients developed grade 2-3 HT
and 93 (30%) of 311 patients developed a rise in BP (≥20 mmHg). Median PFS and OS were
not significantly different between the CTC-HT+ and CTC-HT- group. No effect of CTC-HT+
was seen on OS in multivariate analysis. Patients in the BP-HT+ group had a non-significant
increase in median PFS, and a significantly better median OS compared to patients in the
BP-HT- group (28.2 versus 19.8 months, respectively, P < 0.01). In multivariate analysis
BP-HT+ was an independent prognostic factor for OS (HR 0.59, 95%CI 0.44-0.80).
Conclusions
The incidence of grade 2-3 HT increases during time on treatment with chemotherapy and
bevacizumab. In contrast to CTC HT, HT defined by an absolute increase of ≥20 mmHg
in diastolic or systolic BP within the first three cycles was associated with a better OS in
mCRC patients treated with chemotherapy plus bevacizumab. Using absolute BP values
may be more useful in daily clinical practice than NCI-CTC for assessing HT.
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Introduction
Bevacizumab is a humanized monoclonal antibody targeting vascular endothelial growth
factor (VEGF), an important regulator of physiologic and pathologic angiogenesis.1 By binding to VEGF, bevacizumab prevents the interaction with the VEGF receptor and thereby
inhibits angiogenesis. Currently, a fluoropyrimidine-containing chemotherapy in combination with bevacizumab is a standard first line treatment for patients with metastatic
colorectal cancer (mCRC). No validated (bio)markers that predict the efficacy of bevacizumab are available.2
Hypertension (HT) is a common side-effect of treatment with bevacizumab, with an overall
incidence of grade ≥3 (National Cancer Institute Common Toxicity Criteria, NCI-CTC) in
5-16% of patients, requiring intensive therapy with multiple drugs.3-8 The mechanism by
which bevacizumab causes HT is largely unknown, but may involve inhibition of nitric oxide
generation which leads to vasoconstriction, and decreased sodium ion renal excretion.4,9,10
Furthermore, blocking VEGF may lead to microvascular rarefaction (a decreased density
of microvessels), which is a consistent finding in patients with HT.11,12 Bevacizumab-induced HT is a causative factor for reversible posterior leukoencephalopathy syndrome,
a rare complication of treatment with bevacizumab.13 Furthermore, HT is a risk factor for
coronary heart disease, stroke, heart failure, and renal disease and must be managed in
order to prevent these events.
The risk of HT is considered to be dose-dependent and could therefore be a biomarker
of VEGF signalling inhibition.14,15 Previous studies in mCRC patients showed a correlation
between occurrence of HT and improved outcome.16,17 However, in most studies HT was
only graded according to the NCI-CTC, which is partly classified based on the need for a
therapeutic intervention, and thus not necessary reflects a raise in absolute blood pressure (BP).
We investigated the incidence of HT over time in mCRC patients during first line treatment
with chemotherapy and bevacizumab and the prognostic value of early bevacizumab-induced HT for outcome in mCRC patients in two different ways, using both NCI-CTC and
absolute BP values.
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Patients and methods
Study population
For this analysis prospectively collected data were used from mCRC patients participating
in arm A of the CAIRO2 study of the Dutch Colorectal Cancer Group (ClinicalTrials.gov
NCT00208546).18,19 In this phase 3 study patients were randomly assigned between first
line treatment with capecitabine, oxaliplatin and bevacizumab without (arm A) or with (arm
B) cetuximab. Stratification parameters included prior adjuvant chemotherapy, number
of affected organs, serum lactate dehydrogenase level (LDH), and participating institution.
Patients with uncontrolled HT (consistently >150/100mmHg) or patients who used more
than three antihypertensive drugs were not eligible. Further details of this study have been
reported previously.18,19 Because of the possible negative interaction between cetuximab
and bevacizumab we excluded patients treated in arm B from this analysis.
We restricted our analysis to patients in arm A who received at least three cycles of therapy
and who had at least one baseline BP measurement and one follow up BP measurement.
BP was measured according to protocol at baseline and before the start of each treatment
cycle. HT was graded according to the NCI-CTC, version 3.0 (Table 1).
Table 1. Hypertension according to Common Terminology Criteria for Adverse Events v3.0 (CTCAE)
Grade
1
Asymptomatic,
transient
(<24 hrs) increase
by >20
mmHg (diastolic)
or to
>150/100 if
previously
WNL; intervention
not
indicated

2
Recurrent or
persistent
(>24 hrs) or
symptomatic
increase by >20
mmHg
(diastolic) or to
>150/100
if previously WNL;
monotherapy may
be
indicated

3
Requiring more
than one drug or
more intensive
therapy than
previously

4
Life-threatening
consequences
(e.g.,hypertensive
crisis)

5
Death

In the first analysis patients were divided in two groups according to the maximal grade
HT according to NCI-CTC during the first three cycles: those that did not develop HT grade
≤1 (CTC-HT-) and those who did develop HT grade ≥2 (CTC-HT+). In patients using antihypertensive medication with controlled HT (<150/100mmHg) at randomisation, baseline
HT was graded as 0.
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For the second analysis, patients were divided in two groups according to a rise in systolic
and/or diastolic blood pressure of ≥20 mmHg during the first three cycles (group without
(BP-HT-) and with (BP-HT+) rise in BP), according to cut-off values in previous studies with
anti-VEGF treatment.20,21
Statistical evaluation
Differences between patient characteristics between the groups with and without HT/
rise in BP were calculated using χ2 test for categorical variables and the Kruskal-Wallis test
for numerical variables. We also used χ2 and Kruskal-Wallis test to analyse differences in
median number of cycles. Overall survival (OS) and progression-free survival (PFS) curves
were estimated using the Kaplan-Meier method and compared with the log-rank test. PFS
was defined as the interval from randomisation to first documented progression, death,
or last follow-up, whichever came first. OS was defined as the interval from randomisation to death or last follow-up. In order to determine whether early HT/rise in BP was an
independent prognostic factor for survival and to adjust for the impact of potential confounders, a Cox proportional hazard model was used including gender, WHO performance
status, serum LDH level, and number of metastatic sites. Survivors were censored at the
date of last follow up. SAS version 8.2 was used for statistical analysis. All tests were twosided, and P values of less than 0.05 were considered as statistically significant.
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Results
Patient characteristics and incidence of HT
NCI-CTC data
Of the 368 eligible patients treated with chemotherapy and bevacizumab in arm A of the
CAIRO2 study, 28 patients were excluded from this analysis because they received less
than three cycles of treatment. 55 (16%) out of 340 patients developed grade 2 or 3 HT
during the first three cycles of therapy (CTC-HT+). None of the patients developed grade
4 HT.
We constructed a cumulative incidence curve to estimate the probability of developing
grade 2-3 HT over time (Figure 1). The incidence of grade 2-3 HT increased with the cumulative number of administered cycles of chemotherapy and bevacizumab, e.g. 26% after
10 cycles and 55% after 30 cycles.
Figure 1. NCI-CTC data: risk of grade 2-3 HT during treatment
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Baseline characteristics of the patients were comparable between the CTC-HT+ and CTCHT- groups, except for history of HT which was observed more often in the CTC-HT+ group
(Table 2a).
Absolute BP values
Absolute BP values were available of 311 patients, of whom 93 (30%) developed a rise in
BP ≥20 mmHg (BP-HT+). Baseline characteristics of the patients were comparable between
the two arms, except for median age, which was higher in the BP-HT+ group compared to
the BP-HT- group (65 versus 60 years, p=0.03). No difference in history of HT was observed
between the BP-HT+ and BP-HT- group (Table 2b).

Table 2a. NCI-CTC data: patient baseline characteristics
Characteristic

CTC-HTN = 285

CTC-HT+
N = 55

P value

61
(28-84)

65
(34-76)

0.08

157 (55%)

33 (60%)

0.55

46 (16%)

22 (40%)

9 (3%)

1 (2%)

0

171 (60%)

32 (58%)

1

114 (40%)

23 (42%)

Normal

157 (55%)

36 (65%)

abnormal

128 (45%)

19 (35%)

42 (15%)

6 (11%)

1

113 (41%)

28 (51%)

2

105 (38%)

15 (27%)

>2

61 (22%)

12 (22%)

7

0

5

Age
Median (years)
(Range)
Sex
Male
History hypertension
yes
unknown

<0.001

Performance status
0.88

Serum LDH
0.18

Prior adjuvant chemotherapy
Yes

0.53

No of metastatic sites

unknown

0.28
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Table 2b. Absolute BP values: patient baseline characteristics
Characteristic

BP-HTN = 218

BP-HT+
N = 93

P value

60
(28-84)

65
(33-76)

0.03

125 (57%)

51 (55%)

0.68

39 (19%)

24 (27%)

8

3

0

155 (57%)

61 (66%)

1

93 (43%)

32 (34%)

Normal

126 (58%)

53 (57%)

abnormal

92 (42%)

40 (43%)

35 (16%)

9 (10%)

1

93 (44%)

41 (44%)

2

76 (36%)

32 (34%)

>2

43 (20%)

20 (22%)

6

0

Age
Median (years)
(Range)
Sex
Male
History hypertension
yes
unknown

0.11

Performance status
0.17

Serum LDH
0.89

Prior adjuvant chemotherapy
Yes

0.14

No of metastatic

unknown

0.96

Correlation of hypertension with outcome
NCI-CTC data
The median number of cycles was comparable in the CTC-HT+ and CTC-HT- group (12
versus 13, p=0.50, Table 3a). Median PFS was not significantly different between patients
in these two groups with 12.8 months (95%CI 10.1-15.5) versus 10.7 months (95%CI 9.612.6), p=0.32), respectively. Median OS in the CTC-HT+ group was 26.5 months (95%CI
21.1-30.8) compared to 20.7 months (95%CI 17.9-25.0) in the CTC-HT- group (p=0.14)
(Table 3a, Figure 2). The percentage of patients that received subsequent treatments was
comparable in the CTC-HT+ and the CTC-HT- group. A multivariate analysis for OS including
hypertension, gender, performance status, serum LDH, and number of metastatic sites
showed a HR for death for CTC-HT+ of 0.71 (95% CI 0.50-1.02; p=0.06) (Table 3b).
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Table 3a. NCI-CTC data: outcome
CTC-HTN = 285

CTC-HT+
N = 55

P value

Median

10.7

12.8

95% CI

(9.6-12.6)

(10.1-15.5)

0.32
( HR 0.86;
0.63-1.16)

Median

20.7

26.5

95% CI

(17.9-25.0)

(21.1-30.8)

PFS (months)

OS (months)
0.14
(HR 0.77;
0.55-1.09)

No. of treatment cycles with bevacizumab
Median
Range

13
4-47

12
4-37

0.50

26 (47%)

0.99

HR (95% CI)

P value

Patients that received subsequent treatment
2nd-3rd line

135 (47%)

5

Table 3b. NCI-CTC data: multivariate analysis OS
Hypertension
No

R

Yes

0.71 (0.50-1.02)

0.06

Sex
Male
Female

R
1.00 (0.77-1.28)

0.97

Perfomance status
0

R

1

1.33 (1.03-1.71)

0.03

Serum LDH
Normal
Abnormal

R
1.68 (1.30-2.17)

<0.0001

Number of metastatic sites
1

R

2

1.28 (0.96-1.71)

0.09

>2

1.87 (0.34-2.60)

<0.001
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Overall survival

Figure 2. NCI-CTC data: Kaplan-Meier estimates of OS according HT

CTC-HT +
CTC-HT -

Time from randomisation (months)

Absolute BP values
There was no difference in the median number of cycles with bevacizumab between the
BP-HT+ and BP-HT- groups (12 versus 13, respectively, p=0.24, Table 4a). Median PFS
was 14.0 (95% CI 10.8-14.9) for BP-HT+ patients and 10.6 months (95%CI 9.5-12.6) for
BP-HT- patients (p=0.11). Patients who developed a 20 mmHg rise in BP within the first
three cycles (BP-HT+) had a significantly better median OS compared to patients who
did not (BP-HT-): 28.2 months (95% CI 24.1-34.1) versus 19.8 months (95% CI 16.9-22.1),
respectively, with a HR of 0.60 (p<0.001) (Table 4a, Figure 3). The percentage of patients
that received subsequent treatment after progression on study treatment was comparable between the two groups (Table 4a). In multivariate Cox regression analysis, a rise
in BP during the first 3 cycles was a strong prognostic factor for better OS with a HR for
death of 0.59 (95%CI 0.44-0.80; p<0.001). Independent negative predictors for OS were
abnormal serum LDH and >2 affected organs (Table 4b).
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Table 4a. Absolute BP values: outcome
BP-HTN = 218

BP-HT+
N = 93

P value

Median

10.6

14.0

95% CI

(9.5-12.6)

(10.8-14.9)

0.11
(0.81;
0.63-1.05)

Median

19.8

28.2

95% CI

(16.9-22.1)

(24.1-34.1)

PFS (months)

OS (months)
<0.001
(0.60;
0.45-0.80)

No. of treatment cycles with bevacizumab
Median
Range

12
4-42

13
4-47

0.24

47 (51%)

0.45

HR (95% CI)

P value

Patients that received subsequent treatment
2nd-3rd line

100 (46%)

5

Table 4b. Absolute BP values: multivariate analysis OS
Hypertension
No

R

Yes

0.59 (0.44-0.80)

<0.001

Sex
Male
Female

R
1.05 (0.81-1.37)

0.71

Perfomance status
0

R

1

1.29 (0.99-1.69)

0.06

Serum LDH
Normal
Abnormal

R
1.88 (1.44-2.46)

<0.001

Number of metastatic sites
1

R

2

1.32 (0.98-1.78)

0.07

>2

1.87 (1.32-2.66)

<0.001
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Figure 3. Absolute BP data: Kaplan-Meier estimates of OS according to rise in BP

BP-HT +
BP-HT -

Time from randomisation (months)
(months)
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Discussion
This is the first study investigating the prognostic role of HT according to both NCI-CTC
and absolute BP values in mCRC patients treated with chemotherapy plus bevacizumab.
We chose to analyse the effect of HT in two ways, because NCI-CTC are mainly based on
the need for a therapeutic intervention, and thus not necessary reflect a raise in absolute blood pressure (BP). Although the more recent version 4.0 of the NCI-CTC includes
absolute blood pressure values in more detail, patients who have a rise in BP within the
normal range are not taken into account when evaluating bevacizumab-induced HT using
NCI-CTC. Furthermore, the clinical cut-off values of the NCI-CTC have not been established.
We found that 16% of patients treated with chemotherapy and bevacizumab developed
grade 2-3 HT during the first three cycles. Previous studies observed an incidence of grade
2-3 HT of 30%, 20%, and 16%, respectively, in patients treated with chemotherapy and
bevacizumab.16,17,22 However, in these studies the overall incidence of HT during the full
treatment period was taken into account, whereas we chose to analyse the effect of early
HT (development of HT during the first 3 cycles) to exclude a time-dependent bias. We
observed an increase of the incidence of grade 2-3 HT with the cumulative administered
dosage of bevacizumab. After a median number of 10 cycles of chemotherapy and bevacizumab during first-line therapy, the estimated risk of developing grade 2-3 HT is 26%,
and is 55% after 30 cycles of treatment. This suggests a dose-dependent effect.
In our study the incidence of HT according to absolute BP values is almost twice as high
compared to HT according to NCI-CTC data. This can be explained by the fact that NCI-CTC
criteria are mainly based on therapeutical intervention, and therefore underestimates the
number of patients who experience a rise in BP. Furthermore, we and others

16,17

may

have underestimated the incidence of HT since BP measurements were usually carried
out once every 21 days. More frequent measurements of BP may increase the incidence
rate of HT as shown in a previous study.23 However, this was only the case for detecting
grade 1 HT. Measuring 3-weekly seems sufficient for detecting grade 2-3 HT.
A study by Scartozzi et al.16 demonstrated that mCRC patients who developed grade 2-3 HT
had a better PFS compared to patients who did not. This analysis was performed in only
39 patients with a possible bias caused by the time-dependent definition of HT. Österlund
et al.17 found improved survival in mCRC patients who developed grade ≥1 HT, but 29%
of the included patients received bevacizumab as third to seventh line of treatment, for
which there is no evidence of efficacy. A possible predictive effect was demonstrated in a
study with mCRC patients who experienced grade ≥ 2 HT.22 None of these studies scored
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hypertension according to absolute BP data. Comparable with our data, Mir et al. 23 found
that early hypertension (≤ 42 days) according to absolute BP data graded according to
European Society of Hypertension (EHS) criteria was predictive of outcome in patients
with non-small cell lung cancer, colorectal cancer, and ovarian cancer receiving bevacizumab.23 However, only the association with response at first evaluation was investigated,
no data on progression-free or overall were available. Contrary to our results, they found
that grading according to the absolute BP data (ESH) did not detect more cases of HT as
compared to NCI-CTC. This can be explained by the elevation in BP within normal range,
which is not taken into account in the ESH criteria.
In a retrospective analysis by Hurwitz et al. of 7 trials performed in patients with colorectal,
breast and renal-cell carcinoma, treatment-induced early HT defined by absolute BP data
was predictive for survival in only one study with mCRC patients, using slightly different
criteria for HT.24 In this one positive study, BP was measured more frequently (weekly)
than all of the other trials, which may have influenced these results. The addition of bevacizumab to different standard of care regimens and different tumour types, may have
caused variation in BP response to treatment among the trials.
According to NCI-CTC, we found no significant difference in median OS or PFS between
patients who developed grade 2-3 HT during the first 3 cycles and those who did not.
We found that patients with a rise in systolic and/or diastolic blood pressure of at least
20mmHg during the first three cycles of treatment had a significantly better OS with an
absolute difference in median OS of 8.4 months. Median PFS was not significantly different
between the patients with and without a rise in BP. In a multivariate analysis, this rise in
BP was an independent prognostic factor for OS. The different outcome of analysis by
NCI-CTC or absolute BP values cannot not be explained by imbalances in patient baseline
characteristics. The only differences in patient characteristics between the two analyses
are a difference in patients with a history of HT and age. Patients in the CTC-HT + group
more often had a history of HT compared to patients in the CTC-HT- group, and this was
not observed in patients who developed HT according to absolute BP values. This discrepancy is probably partly due to the classification of HT by the NCI-CTC and the usage of
antihypertensive medication in patients with a history of HT, though we tried to diminish
this effect by grading toxicity at 0 when patients had controlled HT at baseline. Remarkably,
patients with a history of HT did not have a higher risk of developing a high BP during the
first 3 cycles compared to patients with no history of HT. In a previous study, pre-existing
HT requiring medication did not appear to increase the risk for developing worsening
HT associated with bevacizumab use.25 Since patients with a history of HT have a worse
survival in general26 this may have influenced the results of this analysis.
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Remarkably, the association between a rise in absolute BP and outcome only concerns
OS and not PFS. This cannot be explained by an imbalance in subsequent treatments
between patients with and without HT, since this was comparable in both groups. A possible explanation may be that traditional volume-based radiologic criteria (RECIST) do not
adequately capture the benefit of bevacizumab-containing treatment27,28,29, by which the
outcome of PFS may be underestimated. However this remains speculative.
Some studies have shown a beneficial effect of antihypertensive medication on cancer
mortality.30,31 It has been suggested that beta-blockers as well as angiotensin-converting
enzyme inhibitors may be associated with improved outcome in different types of cancer.
Data on duration of pre-study medication were not available.
In conclusion, we found that the incidence of grade 2-3 HT increases during time on
treatment with chemotherapy and bevacizumab, which suggests a dose-dependent effect.
Furthermore, HT defined as an absolute increase of at least 20 mmHg during the first 3
cycles is an independent prognostic factor for overall survival in patients treated with
chemotherapy and bevacizumab, whereas HT defined according to NCI-CTC is not. Absolute BP counts may be more useful in clinical practice for evaluating HT during treatment
with systemic therapy than using NCI-CTC.
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Abstract
Introduction
Statins may inhibit the expression of the mutant KRAS phenotype by preventing the prenylation and thus the activation of the KRAS protein. This study was aimed at retrospectively
evaluating the effect of statin use on outcome (PFS) in KRAS mutant metastatic colorectal
cancer patients (mCRC) treated with cetuximab.
Method
Treatment data were obtained from mCRC patients who were treated in the phase III
CAIRO2 study. These patients were treated with capecitabine, oxaliplatin and bevacizumab, study arm A, or the same regimen plus cetuximab, study arm B. Kaplan Meier
Curves stratified for KRAS status and statin use and Cox proportional hazard models
were used to determine whether the statin use in KRAS mutant CRC patient treated with
cetuximab was a significant predictor of PFS or OS. Instead of a subgroup analysis based
on KRAS status and treatment arm, we used a Cox proportional hazard model. The following covariates were used in the model: statin use, KRAS mutation status, treatment arm,
allowing for a different effect of statins between KRAS mutant and wildtype tumours by
means of an effect modifier in the model.
Results
A total of 529 patients were included in this study, of whom 78 patients were on statin
therapy. In patients with a KRAS wild type tumour (n=321) the median PFS was 10.3 vs.
11.4 months for non-users compared to statin users and in patients with a KRAS mutant
tumour (n=208) this was 7.6 vs. 6.2 months, respectively. The hazard ratio (HR) for PFS
for statin users was 1.12 (95% confidence interval 0.78 - 1.61) and was not influenced by
treatment arm, KRAS mutation status or the KRAS*statin interaction. Statin use adjusted
for covariates was not associated with increased PFS (HR 1.01, 95% confidence interval
0.71 – 1.54). In patients with a KRAS wild type tumour the median OS for non-users compared to statin users was 22.4 vs. 19.8 months and in the KRAS mutant tumour group the
OS was 18.1 vs. 14.5 months. OS was significantly shorter in statin users versus non-users
(HR 1.54; 95% confidence interval 1.06 - 2.22). However, statin use, adjusted for covariates
was not associated with decreased OS (HR 1.41, 95% confidence interval 0.95 – 2.10).
Conclusion
The use of statins at time of diagnosis was not associated with an improved PFS in KRAS
mutant mCRC patients treated with combination chemotherapy and bevacizumab plus
cetuximab.
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Introduction
Statins are widely prescribed to lower blood cholesterol concentration and have shown
to reduce the risk of cardiovascular events and mortality.1 In addition, the use of statins
has been associated with a reduced risk of malignancies in a variety of organ sites, such
as colon, rectum, lungs and liver.2 Statins inhibit cholesterol synthesis via inhibition of the
mevalonate pathway but also lower protein prenylation (Figure 1). As a posttranscriptional
process, protein prenylation is crucial for several cancer cell growth related proteins, such
as KRAS. The KRAS protein is activated by post-translational prenylation by binding farnesyl
(C15) and geranylgeranyl (C17) moieties, both products of the mevalonate pathway. After
prenylation the KRAS protein becomes lipophilic and translocates to the cellular membrane to exerts its function.3
Epidermal Growth Factor Receptor (EGFR) inhibitors, such as cetuximab and panitumumab,
have shown survival benefit in combination with chemotherapy and as monotherapy in
metastatic colorectal cancer (mCRC) patients.4 Their benefit is restricted to patients with a
KRAS exon 2 wild type tumour5, which recently was further narrowed to RAS wildtype exon
2-4 tumours.6 In patients with a KRAS mutated tumour, the RAS pathway is permanently
activated, leading to constant cell signalling and proliferation independent of the EGFR.
Statins may inhibit the expression of the mutant KRAS phenotype by preventing the prenylation of the KRAS protein and normalize the phenotype into KRAS wild type and therefore
render KRAS mutant colorectal cancers sensitive to EGFR antibodies7. We hypothesize that
KRAS mutant cetuximab treated CRC patients with concurrent statin use have a favourable
outcome from EGFR therapy compared to non-users. This study was aimed at retrospectively evaluating the effect of statin use in KRAS mutant mCRC patients treated with
cetuximab.
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Figure 1. Overview of the mevalonate pathway and the inhibition of HMG-CoA by statins

Mevalonate pathway causes prenylation of ras, N-glycosylation of EGFR and membrane and steroidsynthesis. Statins have inhibitory effects on the mevalonate pathway and thus on prenylation of k-ras.
Abbreviations: Acetyl-CoA, Acetyl coenzyme A ; EGFR, epidermal growth factor receptor; FTase, farnesyltransferase; GTase, geranylgeranyltransferase; HMG-CoA (reductase), 3-hydroxy-3-methyl-glutaryl-CoA
reductase; -PP, -pyrophosphate.
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Materials and methods
Patients
For this analysis prospectively collected data were obtained from mCRC patients participating in the CAIRO2 study of the Dutch Colorectal Cancer Group (DCCG). Patients were
randomised between capecitabine plus oxaliplatin (CAPOX) and bevacizumab, study arm
A, and the same regimen plus cetuximab, study arm B (ClinicalTrials.gov NCT002085468).
Cetuximab was administered at a dose of 400 mg/m2 on the first day followed by 250 mg/
m2 weekly thereafter. Details of eligibility criteria and results have been reported elsewhere.8 Patients with a tumour with an unknown KRAS mutation status were excluded
from this analysis.
Drug exposure
Statin use was defined as the use of a statin at visit 0, the randomisation or at visit 1, 3
weeks after start of treatment. All statins (ATC-codes C10AAXX), commercially available in
The Netherlands within the study period were included: simvastatin, pravastatin, atorvastatin, rosuvastatin and fluvastatin.
Potential confounders
Use of drugs related to progression and development of colorectal carcinoma such as
non-steroidal anti-inflammatory drugs (NSAID’s), aspirin, fibrates and bisphosphonates
at visit 0 or 1 were considered as potential confounders. The use of these drugs was
recorded. If the use of these drugs in the study population was less then <1%, the drug
was excluded from the further analysis. The use of fibrates was excluded, from the analysis
because of the low prevalence (<1%).
Outcome measures
The primary outcome measure in this study was to assess the influence of statin use
during chemotherapy with CAPOX-bevacizumab and cetuximab on progression-free survival (PFS) in patients with KRAS mutant CRC. Furthermore, we examined the influence on
overall survival (OS).
Statistical analysis
Baseline characteristics were compared between statin users and nonusers using a χ2 test
for categorical comparisons and for continuous variables the Student’s t-test was used.
PFS was calculated as time from randomisation to the first documented progression, death
or last follow up, whichever came first. OS was calculated as time from randomisation to
death or last follow up. Kaplan-Meier survival estimates were calculated to determine the
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effect of statin use on PFS and OS in the cetuximab treated group by stratifying the study
population into two groups according to KRAS status. For comparison between the statin
users and non-users a log-rank test was used. Cox proportional hazard models were
used to determine whether the statin use in patients with KRAS mutant tumours treated
with cetuximab was a significant predictor of PFS and OS. Instead of a subgroup analysis
based on KRAS status and treatment arm, we used a Cox proportional hazard model, to
study the effects of statins in cetuximab treated patients and compare it to non-cetuximab
users to exclude a general statin effect. The following parameters were used in the model,
statin use, KRAS mutation status, treatment arm, allowing for a different effect of statins
between KRAS mutant and wildtype tumours by means of an effect modifier in the model.
In the multivariate analysis we included potential confounders with a p-value of <0.10
from the baseline univariate analysis, between statin user and non-users. The deviating
baseline characteristics between statin users and non-users with a p-value of <0.1 were
also included in the multivariate analysis, e.g. prior adjuvant therapy, number of affected
organs, and age. The data are expressed as hazard ratios (HR), 95% CI intervals and P
values. All statistical tests were two sided and p values <0.05 were considered statistically
significant unless stated otherwise. All statistical analyses were performed using SPSS
version 20 (SPSS for Windows, SPSS Inc., Chicago,IL, USA).
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Results
Baseline patient characteristics according to statin use
A total of 529 patients from the CAIRO2 study were included in this study, 266 patients
were excluded based on unknown KRAS mutation status, due to retrospective genotyping
of the KRAS mutation status of the tumour. A total of 78 patients were on statin therapy,
of whom 43 patients were classified in treatment group A CAPOX-B and 35 in group B,
CAPOX-B with cetuximab. 451 patients did not use a statin, of whom 225 patients were in
group A and 226 to group B. The study population is described in Table 1. It is noteworthy
that patients in the statin group were older (67.1 vs. 61.9 p<0.001), more likely to be an
aspirin user (44.9% vs. 6.4% p<0.001) and had a lower number of affected organs ( >1
organ: 48.7% vs. 60.3% p=0.049) compared to patients who were not on statins. These
deviating baseline characteristics between statin users and non-users with a p-value of
<0.1 were included in the multivariate analysis.

6

Table 1. Patient Characteristics
Parameter

Statin users

Non-statin users

N (%)

N (%)

78 (14.0)

451 (86.0)

P value

Patients
total
KRAS status

0.112

Wild type

41 (52.6)

280 (62.1)

Mutant

37 (47.4)

171 (37.9)

Sex

0.269

Male

50 (64.1)

259 (57.4)

female

28 (35.9)

192 (42.6)

Arm

0.393

CAPOX-B

43 (55.1)

225 (49.9)

CAPOX-B + cetuximab

35 (44.9)

226 (50.1)

Serum LDH

0.624

Normal

48 (61.5)

288 (63.9)

Above normal

30 (38.5)

159 (35.3)
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Table 1. Continued
WHO
status

performance

0.467
29 (62.8)

306 (67.8)

28 (35.9)

145 (32.2)

0
1
Prior adjuvant therapy

0.055

No

70 (89.7)

364 (80.7)

Yes

8 (10.3)

87 (19.3)

Number of affected
organs

0.049

1 organ
40 (51.3)

177 (39.2)

38 (48.7)

272 (60.3)

> 1 organ
Site of primary tumour

0.871

Colon

34 (43.6)

209 (46.3)

Rectum

19 (24.4

115 (25.5)

Recto sigmoid

25 (32.1)

126 (27.9)

Age

<0.001

Mean

67.1

61.9

Range

46.1 – 83.6

27.6 -80.0

NSAID user

6 (7.7)

45 (10.0)

0.528

Aspirin user

35 (44.9)

29 (6.4)

<0.001

Bisphosphonate user

2 (2.6)

5 (1.1)

0.299

Fibrate user

1 (1.3)

1 (0.2)

-

Effect of statin use on progression -free survival
Statin use alone did not have a statistically significant effect on PFS of cetuximab treated
patients with a KRAS mutant tumour (Figure 2). In patients with a KRAS wild type tumour,
the median PFS was 10.3 vs. 11.4 months (p=0.882) for nonusers compared to statin
users, and in the KRAS mutant group 7.6 vs. 6.2 months (p=0.291), respectively. The hazard
ratio (HR) of PFS was 1.12 (95% confidence interval 0.78 -1.61) and was not influenced by
treatment arm, KRAS mutation status or the KRAS*statin interaction. In the multivariate
analysis, the covariate adjusted HR for PFS was 1.01 (95%CI 0.71-1.54) for statin users.
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Figure 2. Kaplan-Meier plots for progression-free survival for patients with KRAS wild type (19 statin-users
and 145 nonusers) and KRAS mutant (16 statin-users and 83 nonusers) tumours treated with capecitabine,
oxaliplatin, bevacizumab and cetuximab.

Effect of statin use on overall survival
Among patients with a KRAS wild type tumour, the median OS for non-users compared to
statin users was 22.4 vs. 19.8 months (p=0.650), in patients with a KRAS mutant tumour
the median OS was 18.1 vs. 14.5 months (p=0.125) (Figure 3), respectively. The OS was
different between statin users and non-users (HR 1.54 for statin users 95% confidence
interval 1.06-2.22) in the crude analysis. However, the covariate adjusted hazard ratio for
OS was not associated with decreased survival in the statin users (HR 1.41 for statin users,
95% confidence interval 0.95 – 2.10).
Figure 3. Kaplan-Meier plots for overall survival for patients with KRAS wild type (19 statin-users and
145 nonusers) and KRAS mutant tumours (16 statin-users and 83 nonusers) treated with capecitabine,
oxaliplatin, bevacizumab and cetuximab.
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Discussion
The results of this cohort study of patients diagnosed with metastatic CRC show that the
use of statins is not associated with an improved progression-free survival in patients with
KRAS mutant tumours treated with cetuximab.
To the best of our knowledge, this is the first study investigating the effects of statin use on
outcome in metastatic CRC patients in relation to KRAS mutation status and use of cetuximab. Preclinical studies have shown the antitumour effect of statins in CRC by a variety
of mechanisms on cell proliferation. The leading hypothesized mechanism of statins is
the inhibition of farnesylation of the KRAS protein7,9. We hypothesized that KRAS mutant
CRC treated with cetuximab benefit from statin use, because statins may phenoconvert
the overactive KRAS protein to a more wildtype KRAS phenotype and thereby render
these tumours sensitive to cetuximab treatment. Instead of stratifying for KRAS status and
treatment arm and performing a subgroup analysis, a Cox proportional hazard model in
the complete cohort of 529 patients was used, allowing for a different effect of statins
between KRAS mutant and wildtype tumours by means of an effect modifier. This study
design allows to exclude a possible “generic” effect of statins on survival, because patients
with a KRAS wildtype tumour and patients in the arm without cetuximab were also included
in the analysis. We did not observe an effect of statin use on the wildtype KRAS tumours
and thus no effect on cetuximab sensitivity. Moreover, we found no association between
statin use and progression-free or overall survival in patients with a mutant KRAS tumour
and therefore our study results do not support our hypothesis.
A possible explanation for the lack of effect of statins is that the cohort existed of patients
with CRC with metastatic disease and hence a relatively short progression-free survival
to demonstrate a modulating effect of statins on the efficacy of cetuximab. Secondly, in
preclinical studies high doses of statins are used to treat cancers, aiming at inducing a
cytotoxic treatment effect. The high concentrations used in those in vitro cell cultures
are most likely not reached if the registered dose of statin for cardiovascular prevention
is prescribed.10 On the other hand, the registered doses decrease cholesterol levels and
subsequently, the formation of prenylgroups, is reduced and as a consequence the prenylation of KRAS is inhibited.11
This retrospective cohort study has some limitations. We did not analyse the type, duration or dose of statin given, so we were unable to access the individual effect of these
characteristics on the endpoints of the study. However, we may expect that patients were
adequately treated for hypercholesterolemia as it is common practice to titrate patients
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based upon monitoring of their cholesterol levels. We presumed that the doses used in
this patient lowered their cholesterol and consequently also formation of farnesyl- and
geranylgeranylgroups. We thoroughly screened the patients’ co-medication to minimize
the exposure misclassifications, nonetheless, the uncertainty of patients’ compliance to
the prescribed regimen and the lack of prescription information may influence the study
results. Patients with statin use at randomisation or first visit were included in the statin
user group. We did neither record patients with prior statin use, nor new users after randomisation. Therefore, no cumulative statin dose could be calculated, which might be an
important factor, because it gives more information about the potential dose relationships
and causality. The effect of different statins was not studied, because of the limited number
of patients per subgroup. Differences between statins may exist since the hydrophilic statins, rosuvastatin and atorvastatin, have a decreased ability to penetrate cell membranes.12
Another important limitation of this study is that patients were treated with the combination of chemotherapy, bevacizumab and cetuximab. Hypertension, a common site
effect of bevacizumab is correlated with a better survival in CRC patients treated with
bevacizumab.13 A possible negative interaction between bevacizumab and cetuximab may
have caused less hypertension in the cetuximab treated group, which contributed to the
negative outcome of the CAIRO2 study.8 So, for this study it means that the outcomes in the
cetuximab treated group may have been influenced by the negative interaction between
bevacizumab and cetuximab.
Obviously, progression-free survival may be confounded by many factors. However, in our
study outcomes were controlled for the main potential drug confounders, NSAID’s, aspirin
and bisphosphonates as well as for prior adjuvant therapy, number of organs effected and
age. Nonetheless, confounding from unknown variables is still possible.
For testing a difference in effect on treatment between statin user and nonuser, progression-free survival is the preferred primary endpoint. By studying progression-free
survival, a direct drug effect of statins on the cetuximab efficacy can be determined. A
pronounced disadvantage of overall survival as an endpoint for this study is that this endpoint is less closely related to the drug effects. In the secondary analysis the use of statins
in the unadjusted model was associated with a decrease of overall survival in the statin
user group. A feasible explanation for the observed effect is that the statin users tend to
be older and seemed to be less healthy, with a higher incidence of comorbidities then
non-statin users, a confounding by indication. In the covariate adjusted cox regression this
decrease of survival was not significant. To date, a number of studies have investigated
statin use, CRC risk and clinical outcomes with inconclusive findings. Numerous studies
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and meta-analysis have investigated whether statin use reduces the risk of developing
CRC.14;15 Fewer studies focus on effects of statin after diagnosis during treatment.16-21 The
study of Mace et al.16 showed that rectal cancer patients in the statin cohort treated with
neo-adjuvant chemoradiation had a better response (65.7% versus 48.7%, p = 0.004) and
lower median regression rate (1 versus 2, p = 0.01). Two other studies19,20 in patients with
rectal cancer treated with neo-adjuvant chemoradiation showed similar results indicating
an association between statin use and response. However, in a study of Ng et al.17, statin
use during and after adjuvant chemotherapy among patients with stage 3 colon cancer
was not associated with improved disease free survival, recurrent free survival or overall
survival. In a prospective study of Lee et al.18 the addition of simvastatin 40 mg, daily, to
irinotecan, 5-fluorouracil, and leucovorin (FOLFORI) to first-line treatment in metastatic
CRC patients showed promising antitumour activity and no additional adverse effects.
These studies show that statin use in combination with systemic treatment for CRC may
have some effect, but do not allow definite conclusions. However, all the above mentioned
studies addressed the general cytotoxic effects of statins regardless of the KRAS status of
the tumours. In our cohort we had the unique opportunity to study the effect of statins
on cetuximab efficacy in CRC in relation to KRAS mutation status.
In conclusion, the use of statins at time of diagnosis was not associated with an improved
progression-free or overall survival in metastatic colorectal cancer patients with a KRAS
mutant tumour treated with combination chemotherapy bevacizumab and cetuximab.
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Abstract
Background
Although systemic therapies have shown to result in survival benefit in patients with metastatic colorectal cancer (mCRC), outcomes in patients with peritoneal carcinomatosis (PC)
are poor. No data are available on outcomes of current chemotherapy schedules plus
targeted agents in mCRC patients with PC.
Methods
Previously untreated mCRC patients treated with chemotherapy in the CAIRO study and
with chemotherapy and targeted therapy in the CAIRO2 study were included and retrospectively analysed according to the presence or absence of PC at randomisation. Patient
demographics, primary tumour characteristics, progression-free survival (PFS) and overall
survival (OS), and occurrence of toxicity were evaluated.
Results
Thirty-four patients with PC were identified in the CAIRO study, and 47 patients in the
CAIRO2 study. Median OS was decreased for patients with PC compared to patients without PC (CAIRO: 10.4 versus 17.3 months, respectively (p≤0.001); CAIRO2: 15.2 versus 20.7
months, respectively, p<0.001).
Median number of treatment cycles did not differ between patients with or without PC in
both studies. Occurrence of major toxicity was more frequent in patients with PC treated
with sequential chemotherapy in the CAIRO study as compared to patients without PC.
This was not reflected in the reasons to discontinue treatment. In the CAIRO2 study, no
differences in major toxicity were observed.
Conclusion
Our data demonstrate a decreased efficacy of the current standard chemotherapy with
and without targeted agents in mCRC patients with PC. This suggests that the poor outcome cannot be explained by undertreatment or increased susceptibility to toxicity, but
rather by relative resistance to treatment.
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Introduction
Peritoneal carcinomatosis (PC) is frequently observed in patients with colorectal cancer
and is notorious for its poor prognosis.1-3 PC is found in approximately 5% of patients
diagnosed with colorectal cancer, representing 24% of patients with synchronous metastasis at the time of diagnosis.4 Another 8% of colorectal cancer patients develop PC during
their course of disease.1
Peritoneal spread is present in up to 15% of patients included in randomised trials investigating new palliative systemic treatment strategies for metastatic colorectal cancer
(mCRC).5-9 Yet little is known about the effects of modern chemotherapy treatment and
the effect of targeted agents in patients with PC, in contrast to patients with hepatic or
pulmonary metastases.10
There are no randomised trials evaluating the effect of systemic treatment in patients with
PC. In retrospective studies investigating clinical determinants of outcome in patients with
mCRC treated with chemotherapy, the presence of PC appears to be a negative prognostic factor.11,12 Possible explanations for the reported poor median survival outcomes of
patients with PC from these retrospective studies1,3,12-14 include an increased susceptibility
to chemotherapy-induced toxicity causing an early discontinuation of treatment, or an
unfavourable biological profile of tumours spreading to the peritoneal cavity. However,
detailed data are scarce and no clear explanation is currently available. The chemotherapy regimens used in these studies mainly concern 5-fluorouracil and leucovorin (5FU/
LV), which was the standard of care at that time. With the development of novel cytotoxic
agents and targeted antibodies the systemic treatment has changed over the years, and
its outcome has significantly improved.15,16 Therefore we analysed the outcome of mCRC
patients with PC treated with current standard systemic treatments.
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Methods
Patients
Data were obtained from mCRC patients enrolled in two phase III studies of the Dutch
Colorectal Cancer Group (DCCG). In the CAIRO study,17,18 820 patients were randomised
between sequential treatment (first-line: capecitabine, second-line: irinotecan, and thirdline: oxaliplatin plus capecitabine, arm A) and combination treatment (first-line: irinotecan
plus capecitabine, second-line: oxaliplatin plus capecitabine, arm B) (ClinicalTrials.gov
NCT00312000). In the CAIRO2 study,19,20 755 patients were randomised between capecitabine, oxaliplatin, and bevacizumab (CB regimen), and the same regimen plus weekly
cetuximab (CBC regimen) (ClinicalTrials.gov NCT00208546).
Eligibility criteria of both randomised trials were: age >18 years, histologically proven diagnosis of colon or rectum carcinoma, presence of metastatic disease not amendable to
curative surgery, measurable or assessable disease parameters, no previous systemic
chemotherapy for metastatic disease, World Health Organization (WHO) performance
status 0-2 (CAIRO) or 0-1 (CAIRO2), and adequate bone marrow, liver and renal function.
Tumour response was assessed every 3 cycles (9 weeks) according to Response Evaluation
Criteria in Solid Tumors (RECIST) criteria.21
For the current analysis patients were analysed according to the presence of PC at randomisation. Presence of PC was defined as reported presence of PC at previous laparotomy,
the presence of ascites, or documented peritoneal tumour deposits by CT scanning at
randomisation.
Statistical analysis
Overall survival (OS) and progression-free survival (PFS) were determined according to
the methods described in the original study reports17-20 and were estimated using the
Kaplan–Meier method and compared with the log-rank test. The comparison of baseline
patient characteristics between patients with and without PC was done using Wilcoxon’s
rank sum test or Chi square test where appropriate.
SAS 8.2 software was used for the analyses. All tests were two-sided and p-values of less
than 0.05 were considered statistically significant.
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Results
Baseline patient characteristics
In total, 803 eligible patients were enrolled in the in the CAIRO study and 736 patients in
the CAIRO2 study. Thirty-four patients (4%) with PC at randomisation were identified in
the CAIRO study cohort and 47 patients (6%) in the CAIRO2 study cohort. Baseline patient
characteristics are shown in Table 1. In the CAIRO2 study patients with PC more often had
a WHO performance status of 1 than patients without PC (as compared to WHO performance status 0). There were no other differences in patient characteristics between the
patients with and without PC.
Survival and toxicity outcomes
CAIRO
The median OS was significantly decreased for patients with PC compared to patients
without PC, with 10.4 versus 17.3 months (p<0.001) respectively (Figure 1). These differences were maintained when data were analysed per treatment arm. Detailed results on
outcome are shown in Table 2.
No significant differences in OS were observed between treatment arms for patients with
PC (Arm A vs Arm B, p=0.5499). In the sequential treatment arm patients with PC had a
decreased median PFS on first-line treatment as compared to patients without PC (4.6
months vs 5.8 months, respectively, p=0.0443).
The median number of treatment cycles given in the first line of treatment did not differ
between patients with or without PC (Table 3a). In the combination arm, the occurrence
of grade 3 or 4 toxicity did not differ between patients with and without PC (75% vs 59%
respectively, p=0.19). In the sequential arm major toxicity was observed in 67% of the
patients with PC and in 43% of patients without PC (p=0.0489). This higher incidence of
grade 3 or 4 toxicity was not reflected in the reason to discontinue treatment.
In the combination arm, the most frequent reason to discontinue treatment was no further believed benefit or a poor performance status in patients with PC, and progression
in patients without PC. In the sequential arm, acknowledgement of no further benefit was
the main reason to discontinue treatment in both patients with and without PC (Table 3a).
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Table 1. Patient characteristics
CAIRO
No PC

PC

n (%)

n (%)

769

34

Mean age (SD)

62.5 (9.5)

60.6 (13.0)

0.500

Female

283 (37)

13 (38)

0.857

0

481 (63)

20 (59)

1

257 (33)

11(32)

2

31 (4)

3 (9)

Overall

P value

WHO performance score
0.397

Prior adjuvant therapy
Yes

107 (14)

4 (4)

No

662 (86)

30 (88)

Colon

451 (59)

27 (79)

Rectum

255 (33)

5 (15)

Rectosigmoid

58 (8)

2 (6)

Multiple
tumours

4 (1)

0 (0)

Normal

489 (64)

24 (71)

>UNL

280 (36)

10 (29)

0.175

No of organs affected
1
>1
Site of primary tumour

0.722

LDH
0.406

Unknown
Primary tumour in situ
No

161 (21)

8 (24)

Yes

608 (79)

26 (74)

Unknown
Site of metastasis

116

PC only

4 (12)

PC plus other
sites

30 (88)

0.717
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CAIRO2
No PC

PC

n (%)

n (%)

689

47

61.9 (9.4)

59.6 (10.0)

0.133

276 (40)

21 (45)

0.532

438 (64)

22 (47)

250 (36)

25(53)

95 (14)

9 (81)

594 (86)

38 (20)

242 (35)

10 (21)

445 (65)

37 (79)

273 (45)

21 (48)

172 (28)

11 (26)

167 (27)

11 (26)

0 (0)

0 (0)

383 (56)

26 (55)

302 (44)

21 (45)

P value

0.021

0.307

0.051

7

0.863

0.937

4
542 (79)

36 (77)

141 (20)

10 (21)

6 (1)

1 (2)

0.859

5 (11)
42 (89)
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Figure 1. Kaplan-Meier curve for overall survival of metastatic CRC with and without PC at time of inclusion in the CAIRO trial.
Patients without PC
Patients with PC

Median overall survival was 10.4 months for patients with PC versus 17.3 months in patients without PC (p≤0.001).

CAIRO2
OS of patients with PC treated in the CAIRO2 study was significantly decreased as compared to the OS of patients without PC (15.2 vs 20.7 months, respectively (p<0.001))(Figure
2). PFS was also significantly decreased in patients with PC as compared to patients without
PC in both treatment arms. These differences were maintained when data were analysed
per treatment arm (Table 2). No significant differences in OS were observed between
treatment arms for patients with PC (Arm A vs Arm B, p=0.981).
No differences were observed in the median number of cycles given. A summary of the
main reasons for discontinuation of treatment is shown in Table 3b. Progression of disease was the most frequently reported reason for discontinuation of therapy in both
treatment arms for patients with and without PC (75% vs 55% in arm A, and 64 vs 49 %
in arm B, respectively).
The incidence of grade 3-4 toxicity in both treatment arms did not differ between the
patients with and without PC (40% vs 24 % in the CB arm p=0.073 and 77% vs 84% in the
CBC arm, p=0.400), respectively).
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Figure 2. Kaplan-Meier curve for overall survival of metastatic CRC with and without PC at time of inclusion in the CAIRO2 trial.
Patients without PC
Patients with PC

Median overall survival was 15.2 months for patients with PC versus 20.7 months in patients without PC (p≤0.001).

Table 2. Overall survival (OS) and progression-free survival (PFS) of patients with and without PC in the
CAIRO and CAIRO2 studies
No PC

P value
(PC vs no PC)

PC

Median
survival
(months)

95% CI

Median
survival
(months)

95% CI

CAIRO
OS

Arm A: Sequential chemotherapy

16.8

14.8-18.5

10.4

5.7-12.0

<0.001

Arm B: Combination chemotherapy

17.9

15.4-19.3

7.8

5.3-11.8

0.001

PFS

Arm A: Sequential chemotherapy

5.8

5.1-6.3

4.6

3.2-6.0

0.044

Arm B: Combination chemotherapy

7.7

7.0-8.3

5.7

2.0-9.9

0.301

Arm A: CB

21.4

18.9-24.8

15.2

7.2-17.9

0.002

13.9

10.220.2

0.035

CAIRO2
OS

PFS

Arm B: CBC

20.4

18.4-21.7

Arm A: CB

10.8

9.8-12.5

6.6

5.3-12.8

0.048

Arm B: CBC

9.7

8.6-10.7

7.2

6.2-10.3

0.028

95% CI = 95% Confidence Interval CB = Capecitabine + Oxaliplatin + Bevacizumab CBC = Capecitabine + Oxaliplatin
+ Bevacizumab+ Cetuximab
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Table 3a. Number of treatment cycles given during the first line of treatment and primary reasons for
treatment discontinuation for patients in the CAIRO trial, by treatment arm and presence of PC.
Arm A: Sequential chemotherapy arm
No PC

PC

median (range)

median (range)

6.0 (0-53)

6.0 (1-14)

n (%)

n (%)

Progression

103 (27)

3 (17)

Toxicity

51 (13)

4 (22)

Patients refusal

46 (12)

2 (11)

Intercurrent death

32 (8)

3 (17)

Major protocol violation

3 (1)

0 (0)

107 (28)

5 (28)

Resection of metastases

2 (1)

0 (0)

Other

30 (8)

1 (6)

Missing data

0 (0)

0 (0)

Number of treatment cycles given
in 1st line of treatment
Reasons for treatment
discontinuation

No further benefit/poor PS/other
illness

P value
(PC vs no PC)

0.158

0.873

Table 3b: Number of treatment cycles given and primary reasons for treatment discontinuation for
patients in the CAIRO2 trial, by treatment arm and presence of PC.
Arm A: CB
No PC

PC

median
(range)

median
(range)

9.0 (9-48)

8.5 (3-24)

n (%)

n (%)

Progression

175 (55)

18 (75)

Toxicity

76 (24)
18 (6)

4 (17)

Intercurrent death

7 (2)

0 (0)

Major protocol violation

2 (1)

0 (0)

Number of treatment cycles given

Reasons for treatment
discontinuation

Patient refusal

Lost to follow-up

p value
(PC vs no PC)

0.388

0 (0)

1 (0)

0 (0)

Other

40 (13)

2 (8)

Missing data

24 (7)

1 (0)

0.606

CB = Capecitabine + Oxaliplatin + Bevacizumab CBC = Capecitabine + Oxaliplatin + Bevacizumab + Cetuximab
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Arm B: Combination chemotherapy arm
No PC

PC

median
(range)

median
(range)

7.0 (0-42)

6.5 (1-18)

n (%)

n (%)

134 (35)

2 (13)

91 (24)

1 (6)

40 (10)

3 (19)

25 (6)

2 (13)

2 (1)

0 (0)

53 (14)

5 (31)

8 (2)

0 (0)

28 (7)

1 (6)

5 (1)

2 (13)

P value
(PC vs no PC)

0.918

0.008

7
Arm B: CBC
No PC

PC

median (range)

median (range)

9.0 (1-52)

9.0 (0-34)

n (%)

n (%)

164 (49)

14(64)

92 (28)

5 (23)

17 (5)

2 (9)

2 (1)

0 (0)

12 (4)

1 (5)

1 (0)

0 (0)

44 (13)

0 (0)

14 (4)

0 (0)

p value
(PC vs no PC)

0.732

0.571
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Discussion
We demonstrate that with the currently available standard systemic regimens the outcome
for mCRC patients with PC remains poor as compared to patients without PC. Franko et al.22
also found that in patients with PC treated with chemotherapy had a significantly shorter
PFS and OS than that of patients with metastases on other locations. However, no targeted
agents were added to this treatment.
Chua et al. recently reported that modern chemotherapy improves the survival of
patients with PC.23 In this study, 32 out of 184 patients treated with palliative intend
received targeted agents. Median OS of patients receiving modern chemotherapy with
targeted agents was 23 months (95% CI 12.4-33.6). In patients receiving palliative systemic treatment without targeted therapy, median OS was 15 months (95% CI 9.8-19.5).
This difference was not significant (log rank, p=0.294), but this was attributed to the
relatively small number of patients included in the targeted therapy group. Similar findings were recently published in a retrospective study investigating the effect of targeted
agents on survival in PC-patients.24
The results of our analysis also show a longer median OS of patients in the CAIRO2 than the
median OS in the CAIRO study. However, caution is warranted with cross-study comparisons
and a formal comparison between the trials cannot be made due to differences in patient
selection criteria. Our data do not support inadequate treatment due to an increased susceptibility to systemic treatment-induced toxicity as an explanation for the poor outcome in
mCRC patients with PC. Therefore a difference in biological behaviour of tumours spreading
to the peritoneal cavity is more likely.
Surgical treatment options
In the 1980s new treatment strategies have been introduced for patients presenting with PC
in the absence of systemic metastases. These treatment strategies combine an aggressive
surgical cytoreduction with the application of intraperitoneal chemotherapy, usually under
hyperthermic conditions. In a randomised trial, the performance of cytoreductive surgery
and hyperthermic intraperitoneal chemotherapy (HIPEC) has shown to result in a significant
survival benefit as compared to systemic chemotherapy treatment with 5-FU/LV.25,26 With the
availability of novel chemotherapy regimens and targeted therapies, it may be questioned
whether an aggressive surgical approach still prolongs survival as compared to systemic
treatment. Elias et al. reported a median OS of 24 months in 48 patients with isolated and
potentially resectable peritoneal carcinomatosis treated with modern chemotherapy.27 However, in this study targeted therapy (cetuximab) was only used in the fourth line of treatment
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in 3 patients. The authors report a significantly increased median survival of 62.7 months
in patients undergoing HIPEC, as compared to 23.9 months in patients receiving systemic
chemotherapy.
Diagnosis of peritoneal carcinomatosis
Another explanation for the scarce availability of data on outcomes of PC patients treated
with chemotherapy is the lack of diagnostic tools. Despite technological developments, the
accuracy of the currently available imaging techniques is insufficient for quantifying peritoneal tumour deposits. The small size of the tumour deposits, typically well below 1 cm, and
the characteristic appearance of peritoneal spread that layers the outline of normal structures in the abdomen negatively influences the sensitivity of abdominopelvic ultrasound
and CT-scans.28-30 Consequently, radiological findings often do not correlate with observations during surgery.31 This also implies that a number of patients in the present study
who were included in the group without macroscopic PC may have had peritoneal tumour
deposits which have not been identified with radiological examination. Laparotomy or laparoscopy was not routinely performed. Furthermore, patients without measurable lesions
were excluded from this trial, thereby possibly excluding PC patients as peritoneal implants
are often too small to be detectable on CT scans. Therefore, the incidence of peritoneal
carcinomatosis may be underestimated in this trial. Furthermore, since peritoneal lesions
are usually qualified as “non-measurable disease”, patients do not meet the inclusion criteria
for response evaluation in randomised trials evaluating systemic treatment.
Conclusions
This subanalysis of two randomised controlled trials demonstrates a negative impact of the
presence of PC on overall and progression-free survival in patients treated with currently
available palliative chemotherapy with or without targeted therapy for mCRC. This study
also suggests that the observed effect cannot be explained by undertreatment or increased
susceptibility to toxicity. With the availability of both surgical and medical treatment options
in this group of patients, a careful consideration of all options and an individual approach
for each patient should be advocated. Further research should provide explanations for
the different biologic behaviour of PC, and novel treatment approaches are warranted to
improve the outcome in this subgroup of patients.
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Abstract
Purpose
Obesity is associated with an increased risk of development and recurrence of colorectal cancer. However, the role of obesity in advanced colorectal cancer (ACC) patients is
unknown. We investigated the effect of body mass index (BMI) on overall survival (OS)
in ACC patients receiving systemic treatment in two large phase III studies (CAIRO and
CAIRO2).
Patients and methods
Treatment data were obtained and analysed from 796 ACC patients who were treated
with chemotherapy in the CAIRO study, and from 730 ACC patients who were treated with
chemotherapy plus targeted therapy in the CAIRO2 study. Baseline height and weight were
used to assign patients to one of the following BMI categories: A (<18.5 kg/m2), B (18.5-24.9
kg/m2), C (25.0-29.9 kg/m2) and D (≥30.0 kg/m2).
Results
In 796 patients of the CAIRO study a high BMI was associated with better median OS
(8.0, 14.9, 18.4 and 19.5 months for BMI categories A, B, C, and D, respectively; p=0.001),
and was an independent prognostic factor for OS in a multivariate analysis. BMI was not
associated with OS in 730 patients who participated in the CAIRO2 study, although a trend
was observed.
Conclusions
These results show that BMI is an independent prognostic factor for survival in patients
receiving chemotherapy, but not in patients receiving chemotherapy and targeted therapy. The possible decreased efficacy of bevacizumab in obese patients may explain this
discrepant result. The role of BMI in patients receiving targeted therapy should be further
tested.
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Introduction
Obesity is associated with serious comorbidities, and its prevalence is increasing worldwide.1 Increased body mass index (BMI) is a risk factor for the development of several
types of cancer, including colorectal cancer.2,3 Furthermore, several studies have shown
an association between obesity and colon cancer recurrence and/or colon cancer specific mortality.4-7 However, results are ambiguous and may differ per class of obesity and
gender. For example, in a study among patients receiving adjuvant chemotherapy for colon
cancer, very obese patients (BMI > 35kg/m2) had a statistically significant increase of 27%
in cancer recurrence or death due to colon cancer compared to normal weight patients.5
Also in patients with stage II or III rectal cancer, obese men were more likely to have local
recurrence.8 However, Meyerhart et al. found that in patients with stage III colon cancer,
BMI was not associated with an increased risk of cancer recurrence and death.9
The mechanisms by which obesity induces or promotes tumourgenesis vary by cancer site
and may include insulin resistance, bioavailability of endogenous sex steroids, and localized
inflammation.10 In obese patients receiving chemotherapy pathophysiological modifications may affect parameters such as volume distribution and drug clearance.11 Whether
these mechanisms also influence survival in advanced tumour stage is unknown. The role
of obesity in patients with advanced colorectal cancer (ACC) has not been established.
Therefore we examined the influence of BMI on outcome in ACC patients participating in
two large randomised phase III studies.
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Patients and methods
Study population
For this analysis prospectively collected data were obtained from ACC patients participating in the CAIRO and CAIRO2 study. Both studies were performed by the Dutch Colorectal
Cancer Group (DCCG). The CAIRO study is a randomised phase III study with 820 patients
in which the sequential versus the combined use of capecitabine, irinotecan, and oxaliplatin was investigated (ClinicalTrials.gov NCT00312000).12,13 Patients were randomised to
receive either first-line treatment with capecitabine, second-line irinotecan, and third-line
capecitabine plus oxaliplatin (sequential treatment) or first-line treatment capecitabine
plus irinotecan and second-line capecitabine plus oxaliplatin (combination treatment).
In the CAIRO2 study 755 patients were randomly assigned between first line treatment
with capecitabine, oxaliplatin and bevacizumab with (arm B) or without (arm A) cetuximab
(ClinicalTrials.gov NCT00208546).14,15 In both studies, assessment of tumour response
was scheduled every three cycles (nine weeks) according to Response Evaluation Criteria
in Solid Tumors (RECIST).16 Details of eligibility criteria and results have been reported
elsewhere.12,14
BMI
Patient’s length and bodyweight were measured by the local investigator at baseline. BMI
was calculated as weight (in kilograms) divided by height squared (in meters). Patients were
assigned to one of the following BMI categories: A (< 18.5 kg/m2, underweight), B (18.5
to 24.9 kg/m2, normal weight), C (25 to 29.9 kg/m2, overweight) and D (>30 kg/m2, obese),
according to international guidelines.17 For each of the different BMI groups the incidence
of grade 3-4 toxicities according to the National Cancer Institute Common Toxicity Criteria
version 2.0 (CAIRO) and version 3.0 (CAIRO2) and progression-free survival (PFS) in first line
treatment, and overall survival (OS) were analysed. PFS was defined as the interval from
randomisation to first documented progression, death, or last follow-up, whichever came
first. Overall survival (OS) was defined as the interval from randomisation to death or last
follow-up. To assess the influence of dose capping in obese patients, patients with a body
surface area (BSA) of ≥2.10m2 who were dosed according to their actual body weight and
height and patients who were given a maximum dose (a capping dose of chemotherapy
based on a BSA of 2.00m2) were analysed separately for toxicity.
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Statistical Evaluation
Differences between patient characteristics among the four BMI categories were calculated
using χ2 test for categorical variables and the Kruskal-Wallis test for numerical variables.
We also used χ2 and Kruskal-Wallis test to analyse differences in toxicity and median
number of cycles, respectively. OS and PFS curves were estimated using the Kaplan-Meier
method and compared with the log-rank test. In order to determine whether BMI was an
independent prognostic factor and to adjust for the impact of potential confouders, a Cox
proportional hazard model was used including treatment arm, gender, WHO performance
status, serum LDH level, leucocytes, and number of metastastic sites. Survivors were censored at the date of last follow up. SAS version 8.2 was used for statistical analysis. All tests
were two-sided, and P values of less than 0.05 were considered as statistically significant.
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Results
BMI baseline characteristics
The distribution over the four different BMI categories was comparable between the two
study populations and was representative for the general Dutch population.18 The study
population of the CAIRO2 study was comparable to the CAIRO study population, except for
age and performance status, since patients with a performance status of 2 were excluded
in the CAIRO2 study.
Seven out of the 803 eligible patients in the CAIRO study were excluded because they
never started with first line treatment. Of the 796 patients who were eligible for analysis,
14 (2%) patients were assigned to BMI category A, 380 (48%) to category B, 306 (38%) to
category C and 96 (12%) to category D. Overweight patients were slightly older compared
to the normal weight patients (p=0.006). Baseline characteristics of the patients were
comparable between the different BMI groups for gender, performance status (0-1 versus
2), LDH at randomisation (normal versus abnormal), leucocytes (<10 versus ≥10 *109/l),
prior adjuvant chemotherapy (yes versus no), and number of metastatic sites (Table 1).
In the CAIRO2 study, 730 out of the 736 eligible patients were included in this analysis; 6
patients were excluded because they never started with first line treatment and/or no data
on baseline height and weight were available. Twelve (2%) patients were underweight, 359
(49%) had a normal weight, 274 (37%) were overweight and 85 (12%) patients were obese.
Patient characteristics of the CAIRO2 study population are shown in Table 2. Although the
numbers in category A and D are low, patients with low BMI were of younger age, more
likely to be female, and more often had a worse performance status. Patients with high
BMI more often had received adjuvant chemotherapy. Other baseline characteristics were
well balanced between the different BMI categories.
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Table 1. Patient characteristics according to BMI in the CAIRO study cohort
BMI category
Characteristic

A (<18.5)
n=14 (2%)

B (18.5-24.9)
n=380 (48%)

C (25.0-29.9)
n=306 (38%)

D (≥30.0)
n=96 (12%)

Total
n=796

Age

<0.006

Median (years)
(Range)

61
(40-83)

62
(27-84)

65
(31-82)

63
(34-78)

63
(27-84)

Sex

0.102

Male

6 (43%)

229 (60%)

206 (67%)

62 (65%)

503 (63%)

Female

8 (57%)

151 (40%)

100 (33%)

34 (35%)

293 (37%)

Treatment

0.517

Sequential

9 (64%)

195 (51%)

149 (49%)

44 (46%)

397 (50%)

Combination

5 (36%)

185 (49%)

157 (51%)

52 (54%)

399 (50%)

Performance status

0.337

0

6 (46%)

214 (56%)

205 (67%)

69 (73%)

494 (62%)

1

6 (46%)

148 (39%)

90 (29%)

24 (26%)

268 (34%)

2

1 (8%)

19 (5%)

12 (4%)

1 (1%)

33 (4%)

Normal

7 (50%)

239 (63%)

198 (65%)

67 (70%)

511 (64%)

abnormal

7 (50%)

141 (37%)

108 (35%)

29 (30%)

285 (36%)

LDH

0.415

Prior adjuvant chemotherapy

0.052

Yes

0

49 (13%)

41 (13%)

21 (22%)

111 (14%)

No

14 (100%)

331 (87%)

265 (87%)

75 (78%)

685 (86%)

Number of metastastic sites

8

0.833

1-2

6 (43%)

173 (46%)

129 (42%)

43 (45%)

351 (44%)

>2

7 (50%)

204 (54%)

174 (57%)

50 (52%)

435 (55%)

Unknown

1 (7%)

3 (<1%)

3 (<1%)

3 (3%)

9 (1%)

10 (71%)

237 (62%)

184 (60%)

54 (56%)

485 (61%)

≥10 (109/l)

1 (7%)

85 (22%)

64 (21%)

16 (17%)

166 (21%)

Unknown

3 (21%)

58 (15%)

58 (19%)

26 (27%)

45 (7%)

Leucocytes
<10 (109/l)

P value

0.580
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Table 2. Patient characteristics according to BMI in the CAIRO2 study cohort
BMI category
Characteristic

A (<18.5)
n=12 (2%)

B (18.5-24.9)II
n=359 (49%)

C (25.0-29.9)
n=274 (37%)

D (≥30.0)
n=85 (12%)

Total
n=730

Age

P value
0.016

Median (years)
(Range)

57
(47-78)

61
(31-83)

63
(33-78)

66
(34-78)

62
(31-83)

Sex

<0.001

Male

2 (17%)

198 (55%)

187 (68%)

48 (56%)

435 (60%)

Female

10 (83%)

161 (45%)

87 (32%)

37 (44%)

295 (40%)

Treatment

0.997

Arm A

6 (50%)

181 (50%)

136 (50%)

42 (49%)

365 (50%)

Arm B

6 (50%)

178 (50%)

138 (50%)

43 (51%)

365 (50%)

Performance status

0.003

0

4 (33%)

211 (59%)

192 (70%)

50 (59%)

457 (63%)

1

8 (67%)

148 (41%)

82 (30%)

35(41%)

272 (37%)

LDH

0.060

Normal

6 (50%)

184 (51%)

168 (62%)

46 (55%)

404 (56%)

abnormal

6 (50%)

175 (49%)

103 (38%)

38(45%)

322(44%)

Prior adjuvant chemotherapy

0.010

Yes

2(17%)

37 (10%)

44 (16%)

20 (24%)

103 (14%)

No

10 (83%)

322 (90%)

230 (84%)

65 (76%)

627 (80%)

Number of metastatic sites

0.926

1

4 (33%)

127 (35%)

90 (33%)

30 (34%)

251 (34%)

>1

8 (67%)

232 (65%)

184 (67%)

55 (65%)

477 (66%)

Leucocytes

0.116

<10 (10 /l)

6 (50%)

263 (73%)

212 (77%)

64 (75%)

545 (75%)

≥10 (109/l)

6 (50%)

95 (26%)

60 (22%)

19 (25%)

180 (25%)

Unknown

0

1 (<1%)

2 (<1%)

0

5 (<1%)

9

BMI and outcome in CAIRO study
An increasing BMI was significantly associated with a better median OS (8.0, 14.9, 18.4 and
19.5 months for BMI category A, B, C and D, respectively; p=0.001) (Table 3, Figure 1). At
time of analysis, 719 of the 796 eligible patients had died, 367 in the sequential arm and
352 in the combination arm, the remainder was censored at the last date of follow-up.
There was no difference in PFS between four BMI categories (4.4, 6.2, 7.2 and 7.0 months
for category A, B, C, and D, respectively; p=0.153). The median number of treatment cycles
increased with increasing BMI, although this was not significantly different (p=0.392). The
percentage of patients that received all three cytotoxic drugs, second line treatment, and
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third line treatment was comparable between the four different groups. The incidence
of first line grade 3-4 toxicity did not differ between the four BMI categories (p=0.363).
Furthermore, patients who received a capping dose experienced an equivalent amount
of grade 3-4 toxicity compared to patients who did not receive a capping dose (sequential
arm 25% versus 30%, p=0.708; combination arm 60% versus 66%, p=0.793).
A multivariate analysis including treatment arm, gender, serum LDH, leucocytes, number of
metastatic sites, and performance status showed that BMI was an independent prognostic
factor for OS with a hazard ratio (HR) for death of 1.644 (95% CI 0.893-3.025; p=0.110),
0.807 (95% CI 0.675-0.963; p=0.018) and 0.728 (95% CI 0.551-0.961; p=0.025) for BMI
category A, C and D, respectively, compared to category B (Table 5). HR for death was
0.42 (95% CI 0.24-0.75; p=0.002) for underweight patients compared to obese patients
in a test across categories.

Table 3. Efficacy and toxicity results according to BMI in the CAIRO study cohort
BMI category
Outcome

A (<18.5)
(n=14)

B (18.5-24.9)
(n=380)

C (25.0-29.9)
(n=306)

D (≥30.0)
(n=96)

P value

9
0-55

11
0-48

12
1-66

169
44%

141
46%

49
51%

0.648

No. of treatment cycles
Median
Range

9
0-27

0.392

8

Patients that received all drugs
No.
Percentage

7
50%

Patients that received subsequent treatment
Second line

9 (64%)

210 (55%)

183 (60%)

61 (64%)

0.256

Third line

3 (21%)

66 (17%)

64 (21%)

17 (18%)

0.678

14.9
13.4- 16.2

18.4
16.3- 20.4

19.5
17.3- 24.6

0.001

Overall survival (months)
Median
95% CI

8.0
5.7- 21.0

Progression-free survival after first treatment line (months)
Median
95% CI

4.4
2.5- 8.7

6.2
5.9- 6.5

7.2
6.7- 8.2

7.0
5.5- 8.3

0 .153

198
52%

162
53%

50
52%

0.363

Any grade 3 or 4 toxicity
Event
Percentage

4
29%
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Figure 1. Kaplan-Meier estimates of overall survival rates by BMI category in the CAIRO study cohort

BMI category: A < 18.5 kg/m2, B 18.5 to 24.9 kg/m2, C 25 to 29.9 kg/m2, D >30 kg/m2

BMI and outcome in CAIRO2 study
In the CAIRO2 study population, a total of 518 patients had died, 249 in arm A and 269 in
arm B. The remainder was censored at the last date of follow-up. BMI was not associated
with median OS, although a trend for better OS was observed in higher BMI categories
(16.6, 17.8, 21.0, and 21.4 months for BMI category A, B, C, and D, respectively; p=0.807)
(Table 4, Figure 2). The median PFS, median number of cycles, and incidence of grade 3-4
toxicity was comparable among the four BMI categories. Normal weight patients less often
received second line treatment compared with the other BMI categories. In a multivariate
analysis including treatment arm, gender, serum LDH, leucocytes, number of metastatic
sites and performance status, BMI was not associated with OS. HR for death was 1.092
(95% CI 0.575-2.073; p=0.788), 0.996 (95% CI 0.819-1.211; p=0.965) and 0.992 (95% CI
0.740-1.331; p=0.959) for BMI category A, C and D, respectively, compared to category B
(Table 6).
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Table 5. Multivariate analysis CAIRO study cohort
Hazard Ratio (95% CI)

P value

Gender
Male
Female

R
0.795 (0.669-0.944)

0.009

Treatment
Sequential
Combination

R
0.867 (0.747-1.006)

0.061

Performance status
0-1
2

R
2.212 (1.530-3.197)

<0.001

LDH
Normal
abnormal

R
1.905 (1.605-2.261)

<0.001

Leucocytes
10 (109/l)

R

≥10 (109/l)

1.367 (1.127-1.657)

0.002

Number of metastatic sites
1-2

R

>2

1.470 (1.244-1.738)

<0.001
0.110

BMI
A

1.644 (0.893-3.025)

B

R

C

0.807 (0.675-0.963)

0.018

D

0.728 (0.551-0.961)

0.025

8
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Table 4. Efficacy and toxicity results according to BMI in the CAIRO2 study cohort
BMI category
Outcome

A (<18.5)
(n=12)

B (18.5-24.9)
(n=359)

C (25.0-29.9)
(n=274)

D (≥30.0)
(n=85)

P value

9.0
1-56

9.5
1-58

10.0
1-60

0.417

146 (41%)

137 (50%)

46 (54%)

0.017

17.8
(16.2-20.2 )

21.0
( 18.8-22.2)

21.4
(15.1-25.4)

0.807

9.7
8.7-10.7

9.7
8.7-10.8

9.5
7.5-12.2

0.528

288
80%

216
79%

66
78%

0.924

No. of treatment cycles
Median
Range

9.5
1-20

Patients that received subsequent treatment
Second line

8 (67%)

Overall survival (months)
Median
95% CI

16.6
(14.1-24.7)

Progression-free survival (months)
Median
95% CI

10.1
7.8-11.4

Any grade 3 or 4 toxicity
Event
Percentage

10
83%

Figure 2. Kaplan-Meier estimates of overall survival rates by BMI category in the CAIRO2 study cohort

BMI category: A < 18.5 kg/m2, B 18.5 to 24.9 kg/m2, C 25 to 29.9 kg/m2, D >30 kg/m2
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Table 6. Multivariate analysis CAIRO2 study cohort
Hazard Ratio (95% CI)

P value

Gender
Male
Female

R
1.103 (0.932-1.304)

0.254

Treatment
Arm A

R

Arm B

1.116 (0.949-1.312)

0.186

Performance status
0

R

1

1.117 (0.938-1.329)

0.215

LDH
Normal
abnormal

R
1.284 (1.086-1.518)

0.003

Leucocytes
10 (109/l)

R

≥10 (109/l)

1.093 (0.896-1.334)

0.378

Number of metastatic sites
1-2

R

>2

1.514 (1.246-1.839)

<0.001

A

1.451 (0.808-2.603)

0.213

B

R

C

1.114 (0.933-1.331)

0.232

D

1.057 (0.810-1.379)

0.683

BMI

8
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Discussion
We observed that BMI was an independent prognostic factor for OS in the study cohort
of ACC patients treated with chemotherapy. However, this finding was not confirmed in
a second cohort of ACC patients treated with chemotherapy plus targeted therapy with
comparable baseline characteristics who participated in a subsequent study.
In obese patients hyperinsulinemia may increase the risk of colorectal cancer by increased
levels of unbound insulin-like growth factor 1, which increases proliferation and metastasis of cancer cells.19,20 Furthermore, adipose tissue-derived hormones may play a role
in tumourgenesis.10 Though obesity has also shown to contribute to cancer-related mortality7, a high BMI has been associated with a favourable prognosis in various tumour
types, including cervical cancer21, head and neck cancer, oesophageal cancer22 and clear
cell renal cell carcinoma.23 However, these studies concerned all tumour stages, and BMI
was associated with cofactors, such as age and tumour grading. It is assumed that underweight cancer patients have a worse survival because cachexia may be a reflection of
advanced stage and an aggressive type of tumour. However, in the CAIRO study, not only
a decreased OS was found in underweight patients compared to normal weight patients,
but also a better OS was found in overweight and obese patients. Maybe obese patients
have better nutritional resources to withstand the devastating effect of cancer itself. Of
note, and no difference in known prognostic factors was observed between the different
BMI categories.
Several other hypotheses have been presented. In obese patients pathophysiological
modifications may affect parameters such as volume distribution and drug clearance.
Therefore the efficacy and toxicity of chemotherapy may be altered in obese patients. For
example, the more lipophilic an agent, the more likely the volume of distribution will be
affected.11 Miya et al. reported that BMI was an independent prognostic predictor of peak
plasma concentrations of irinotecan.24 However, in our study the incidence of toxicities was
comparable between the obese and normal weight patients, and between the patients
who had dose capping and those who were dosed according to their actual body weight.
This does not support that a relative overdosing of obese patients of lipid insoluble drugs
such as irinotecan might explain the difference in median OS.
BMI was not associated with OS in a multivariate analysis in the study cohort of patients
treated with chemotherapy and targeted therapy, although a trend for better OS was
observed in higher BMI categories. Patient characteristics were comparable in the two
study cohorts. However, in the second cohort, age and performance status were signifi-
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cantly different among the four BMI categories, with patients in the higher BMI categories
having a better performance status. The differences in age are of a magnitude that is
unlikely to be clinically relevant. Possible potential confounders of both studies have to be
taken into account. Data on smoking habits were not collected. The influence of cardiovascular disease as potential confounder is probably limited, since patients with significant
cardiovascular disease were excluded in both studies. We did analyse the use of statins
in the CAIRO and CAIRO2 study, since statins may have a beneficial effect on colorectal
cancer prognosis.25 In both studies, no difference in statin use was observed among the
four BMI categories and in univariate and multivariate analysis the use of statins was not
correlated with OS (data not shown).
A major difference between the two study cohorts is that targeted therapy, including
bevacizumab, was used in the CAIRO2 study but not in the CAIRO study, due to the fact
that bevacizumab was not yet approved for use at that time. Guiu et al. showed that ACC
patients with a high BMI who received first line bevacizumab-based therapy had a shorter
time to progression compared to normal weight patients. Furthermore, a high visceral
fat area was an independent negative predictor for survival. This association of body
fatness with outcomes was not observed in patients treated with chemotherapy without
bevacizumab. The authors explained these results by a larger volume of distribution of
bevacizumab in obese patients or increased levels of vascular endothelial growth factor
produced by visceral fat, which may be associated with resistance to bevacizumab.26 This
hypothesis is supported by our results which show a larger survival benefit for the addition of targeted therapy to chemotherapy in patients with BMI categories A and B versus
patients with BMI categories C and D. However, this concerns a cross-study comparison
(CAIRO versus CAIRO2), and therefore this should be interpreted with caution.
In conclusion, we found that BMI is an independent prognostic factor for OS in ACC
patients receiving chemotherapy. However, this was not confirmed in a second cohort
of ACC patients with comparable patient characteristics receiving chemotherapy plus
targeted therapy, although a non-significant trend towards improved OS with higher BMI
was observed. These results may be explained by a decreased efficacy of bevacizumab in
obese patients. Further studies should confirm this finding.
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CHAPTER 9
Summary
Optimisation of systemic treatment
in metastatic colorectal cancer

Summary and general discussion

Summary
Colorectal cancer is the second most common cause of cancer deaths worldwide, and its
incidence is still increasing. Approximately 50% of the patients will eventually develop distant metastases, which may be (initially or potentially) resectable or unresectable. Radical
resection of metastases offers a chance for cure. For patients with permanently unresectable disease, survival benefit can be achieved by systemic treatment. The systemic
treatment for metastatic colorectal cancer has changed significantly over the past 20 years
and currently consists of cytotoxic (chemotherapy) and targeted drugs (anti-VEGF and
anti-EGFR agents). Since metastatic disease can be controlled by systemic treatment for
a substantial period of time, many patients often ask for drug holidays. If this would not
compromise survival, this obviously could increase their quality of life, and would reduce
healthcare costs. Furthermore, predictive markers for response are warranted to select
patients that respond to these potentially toxic and expensive agents.
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Optimal duration of systemic treatment
In chapter 2 the results of clinical studies on the optimal duration of systemic treatment
in metastatic colorectal cancer are reviewed. The benefit of a drug holiday with a possible detrimental effect on outcome must be weighed against the toxicity and possibly
decreased quality of life that is associated with continuous treatment. For the palliative
treatment with chemotherapy alone, current data do not allow a firm conclusion on the
safety of a full treatment break. In case of the use of combination chemotherapy with
oxaliplatin, chemotherapy may be reduced to fluoropyrimidine monotherapy during the
maintenance phase, with reintroduction of oxaliplatin upon progression. As to the use of
targeted therapy, until recently no data were available on the optimal duration of treatment. Data from the randomised phase 3 CAIRO3 study support the use of maintenance
treatment with bevacizumab in combination with chemotherapy, which was confirmed by
the results from the AIO 0207 study. Toxicity of maintenance treatment was acceptable,
and quality of life did not deteriorate during maintenance treatment. No data are currently
available on the optimal duration of anti-EGFR antibody treatment.
The results of the CAIRO3 study are presented in chapter 3. The CAIRO3 study, performed
by the Dutch Colorectal Cancer Group (DCCG), is a phase III clinical trial in which 558 metastatic colorectal cancer patients with stable disease or better after initial treatment with six
3-weekly cycles of capecitabine, oxaliplatin, and bevacizumab (CAPOX-B), were randomised
between either maintenance treatment with capecitabine and bevacizumab or observation. Upon first progression (PFS1), patients in both arms were scheduled to receive
CAPOX-B again until second progression, which was the primary endpoint (PFS2). After
a median follow-up of 48 months, CAPOX-B was reintroduced to 61% of the observation
arm, compared to 47% of the maintenance arm. The median duration from randomisation
until PFS1 was 4.1 months in the observation arm and 8.5 months in the maintenance arm,
a 57% reduction in risk of progression (p < 0.0001). The primary endpoint of median PFS2
was significantly improved in patients on maintenance treatment, and was 8.5 months
in the observation group and 11.7 months in the maintenance group (HR 0.67, 95% CI
0.56–0.81, p < 0.0001). This difference remained significant when any treatment after
PFS1 was considered. Maintenance treatment also resulted in a clinically relevant benefit
in median overall survival, however this difference was statistically not significant (p=0.06),
which is probably due to the fact that the trial was not powered to detect a benefit in
overall survival. The greatest benefit for maintenance therapy was observed for patients
with synchronous metastases whose primary tumours were resected, and patients who
achieved a complete or partial response on initial treatment before randomisation. However, since these are retrospective subgroup analyses these results should be confirmed
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and currently do not allow definite conclusions. Maintenance treatment was well tolerated,
although the incidence of hand-foot syndrome was increased (23% patients with handfoot skin reaction during maintenance). The global quality of life did not deteriorate during
maintenance treatment and was clinically not different between treatment groups. The
results of the CAIRO3 study show that patients with metastatic colorectal cancer receiving
initial treatment with CAPOX-B do benefit from maintenance treatment with capecitabine
plus bevacizumab. Differences with the AIO 0207 trial, which also investigated maintenance
strategies in patients with metastatic colorectal cancer, are discussed in chapter 3.1.
Although the results of the AIO 0207 also show an advantage from maintenance treatment
of a fluoropyrimidine with bevacizumab, the results of the CAIRO3 trial cannot be directly
compared with this and other trials on maintenance therapy due to differences in trial
design and patient selection criteria.
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Predictive and prognostic factors for systemic
treatment in metastatic colorectal cancer
Circulating endothelial cells
In chapter 4 we present the predictive and prognostic role of circulating endothelial cells
(CECs) in metastatic colorectal cancer patients receiving first-line chemotherapy and targeted therapy including bevacizumab within the randomised phase III CAIRO2 trial of
the DCCG. Peripheral blood was drawn from 473 patients at baseline, and at three time
points after the start of treatment. We used the CellSearchTM System (Veridex LLC, Raritan,
NJ) for CEC enumeration. The median number of CECs at baseline was 6.8 CEC/ml and
there was no correlation between baseline CEC count and progression-free survival and
overall survival. A significant increase in CECs was observed after 1-2 weeks of treatment
compared with baseline, but we could not predict progression-free or overall survival by
changes in CEC levels. So far, there is no evidence for using CEC count as a predictor for
outcome in metastatic colorectal patients treated with chemotherapy and bevacizumab.
Consensus on phenotypic characterization and enumeration technique is the first step
to make comparison of different studies concerning CEC evaluation possible. One of the
problems in identifying prognostic/predictive biomarkers for the efficacy of bevacizumab,
is that bevacizumab is always administered in combination with chemotherapy, and not
as monotherapy. Different chemotherapy backbones may differentially affect tumour vasculature and influence CEC levels.
Hypertension during treatment with bevacizumab
Hypertension is a common side effect of treatment with bevacizumab. In chapter 5 the
results of a study investigating the predictive value of early bevacizumab-induced hypertension for outcome of treatment are presented. We evaluated 340 metastatic colorectal
cancer patients treated with chemotherapy plus bevacizumab in a randomised phase III
trial (arm A of the CAIRO2 study of the DCCG). Patients with and without hypertension
during the first 3 cycles were evaluated separately by two different criteria: 1) the National
Cancer Institute Common Toxicity Criteria (NCI-CTC; group with hypertension defined
as grade 2-3, group without hypertension defined as grade 0-1), and 2) absolute blood
pressure values (group with and without rise in diastolic or systolic blood pressure of
≥20 mmHg). Our results show that the incidence of grade 2-3 hypertension increases
during time on treatment with chemotherapy and bevacizumab. During the first three
cycles, 55 (16%) of 340 evaluable patients developed grade 2-3 hypertension and 93
(30%) of 311 patients developed a rise in blood pressure (≥20 mmHg). Patients with an
absolute rise in blood pressure had a significantly better median overall survival compared
to patients without a rise in blood pressure (28.2 versus 19.8 months, respectively, P <
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0.01). There was a non-significant increase in median progression-free survival. A rise in
blood pressure was an independent prognostic factor for overall survival in multivariate
analysis with a Hazard ratio of 0.59 (95%CI 0.44-0.80), and a trend towards significance of
grade 2-3 hypertension was observed (HR 0.71, 95% CI 0.50-1.02, p=0.06). The increase
in incidence of hypertension during time suggests a dose-dependent effect. We chose
to analyse the effect of early hypertension (development of hypertension during the first
three cycles) to exclude a time-dependent bias. We conclude that absolute blood pressure
measurements may be more useful in clinical practice for evaluating hypertension during
treatment with systemic therapy than using NCI-CTC. The NCI-CTC is mainly based on the
need for a therapeutic intervention, and thus not necessary reflects a raise in absolute
blood pressure, which implies that a rise in blood pressure within the normal range is
not taken into account.
Statins and EGFR antibody therapy
In chapter 6 we present the results of a retrospective analysis of the effect of statin use
on outcome in metastatic colorectal cancer patients with KRAS mutant tumours treated
with cetuximab. The rationale behind this study is that statins may inhibit the expression
of the mutant KRAS phenotype by preventing the prenylation and thus the activation of
the KRAS protein. Data were obtained from metastatic colorectal cancer patients who
were treated with capecitabine, oxaliplatin and bevacizumab with or without cetuximab
in the phase III CAIRO2 study. A total of 529 patients were included in this study, of whom
78 patients were on statin therapy. There was no difference in median progression-free
survival between non-users compared to statin users in patients with a KRAS wild type
tumour (10.3 vs. 11.4 months), or in patients with a KRAS mutant tumour (7.6 vs. 6.2
months), respectively. The hazard ratio for progression-free survival for statin users was
1.12 (95% confidence interval 0.78-1.61) and was not influenced by treatment arm, KRAS
mutation status or the KRAS-statin interaction. Overall survival was significantly shorter
in statin users versus non-users (HR 1.54; 95% confidence interval 1.06-2.22), however,
statin use, adjusted for covariates was not associated with decreased overall survival
(HR 1.41, 95% confidence interval 0.95-2.10). We conclude that the use of statins at time
of diagnosis was not associated with progression-free survival in metastatic colorectal
cancer patients with KRAS mutant tumours treated with combination chemotherapy and
bevacizumab plus cetuximab. Since CAIRO2 data showed that the addition of cetuximab to
CAPOX-B had an unexpected detrimental effect on survival, a possible negative interaction
between cetuximab and bevacizumab may have confounded the results. Furthermore, no
cumulative statin dose could be calculated.
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Peritoneal carcinomatosis as prognostic factor
In chapter 7 we describe the results of a retrospective analysis on the prognostic role
of peritoneal carcinomatosis on outcomes of up-to-date chemotherapy schedules plus
bevacizumab and cetuximab in metastatic colorectal cancer patients. Patient demographics, primary tumour characteristics, progression-free survival and overall survival, and
occurrence of toxicity were evaluated in the subset of patients included in de two randomised phase III studies (CAIRO and CAIRO2) with peritoneal carcinomatosis at the time
of randomisation. Thirty-four patients with peritoneal carcinomatosis were identified in the
CAIRO study, and 47 patients in the CAIRO2 study. Median overall survival was decreased
for patients with peritoneal carcinomatosis compared to patients without peritoneal carcinomatosis (CAIRO: 10.4 versus 17.3 months, respectively, p≤0.001; CAIRO2: 15.2 versus
20.7 months, respectively, p<0.001). Median number of treatment cycles did not differ
between patients with or without peritoneal carcinomatosis in both studies. Major toxicity occurred more frequently in patients with peritoneal carcinomatosis treated with
sequential chemotherapy in the CAIRO study as compared to patients without peritoneal
carcinomatosis. However, this was not reflected in the reasons to discontinue treatment.
In the CAIRO2 study, no differences in the incidence of major toxicity were observed.
Our data demonstrate a decreased efficacy of current standard chemotherapy with and
without targeted agents in metastatic colorectal cancer patients with peritoneal carcinomatosis. Our results on toxicity suggest that the poor outcome cannot be explained by
undertreatment or increased susceptibility to toxicity, but rather by relative resistance
to treatment/different biological behaviour of tumour spreading to the peritoneal cavity.
However, some patients with peritoneal carcinomatosis may have been missed because
the currently available imaging techniques are insufficient for quantifying (small) peritoneal
tumour deposits. Furthermore, patients without measurable lesions, as may be the case
especially in patients with peritoneal carcinomatosis, were excluded from the CAIRO and
CAIRO2 trials, as in many other trials. Therefore, the incidence of peritoneal carcinomatosis may have been underestimated. In conclusion, we demonstrated that patients with
peritoneal carcinomatosis treated with chemotherapy as well as treated with chemotherapy and targeted therapy have less benefit of systemic treatment compared to patients
without peritoneal carcinomatosis.
Body mass index and prognosis
Obesity is an established risk factor for colorectal cancer and is also associated with an
increased risk of recurrence. However, the role of obesity in the metastatic setting is less
clear. In chapter 8 we investigate the effect of body mass index (BMI) on outcome in
metastatic colorectal cancer patients. Treatment data were obtained from 796 patients
with metastatic colorectal cancer who were treated with chemotherapy in the CAIRO
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study, and from 730 patients with metastatic colorectal cancer who were treated with
chemotherapy plus targeted therapy in the CAIRO2 study, and analysed according to
their BMI: <18.5, 18.5-24.9, 25.0-29.9, and ≥30.0 kg/m2. In patients of the CAIRO study a
high BMI was associated with better median OS (8.0, 14.9, 18.4 and 19.5 months for BMI
categories <18.5, 18.5-24.9, 25.0-29.9, and ≥30.0 kg/m2 respectively; p=0.001), and was an
independent prognostic factor for overall survival in a multivariate analysis. BMI was not
associated with overall survival in patients receiving chemotherapy and targeted therapy
in the CAIRO2 study, although a trend towards better survival was observed. A possible
decreased efficacy of bevacizumab in obese patients may explain the discrepant results
between CAIRO and CAIRO2. The mechanism by which obesity influences cancer development and survival are complex and largely unknown, but may involve hyperinsulinemia,
effects on angiogenesis, chronic inflammation, and dietary habits. A low bodyweight may
be a reflection of a more aggressive disease, with cancer-related cachexia as a result. We
observed a better survival of patients with high BMI compared to normal weight patients
treated with chemotherapy. This is a remarkable finding, since the effect of BMI on survival in the general population as well as in patients with stage II or III colorectal cancer is
“U-shaped” in the risk curve across the BMI spectrum (with the worst survival for patients
at both ends of the spectrum). Confounders (e.g. socioeconomic status, medication) that
were not taken into account may have influenced our results. Also BMI may not be the
best parameter when evaluating the relation between obesity and cancer. Visceral fat and/
or “abdominal obesity” and sarcopenia may be more important than BMI. More recent
data on the impact of muscle loss and sarcopenia on outcome and toxicity show that
muscle loss is significantly associated with shorter overall survival and an increased risk
of experiencing dose limiting toxicity. Whether a low BMI also concurs with more muscle
loss is important to investigate when interpreting the data on the role of BMI in metastatic
colorectal cancer patients receiving systemic treatment.
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General conclusion and future perspectives
This thesis focuses on the optimalisation of palliative systemic treatment in metastatic
colorectal cancer. We demonstrated that maintenance therapy with capecitabine and bevacizumab after initial treatment with capecitabine, oxaliplatin and bevacizumab resulted
in a better clinical outcome compared to observation in 558 metastatic colorectal cancer
patients (CAIRO3 study of the DCCG). Our results show that this maintenance treatment
is effective with acceptable toxic effects and preservation of quality of life. On an individual basis, drug-free intervals are often valued. Individual patient preferences should be
taken in account, such as hospital visits for treatment and potential side effects, which
should be weighed against the benefit of treatment. Besides the results on efficacy and
toxicity of maintenance treatment, these data are also of importance from an economic
perspective. With the increasing availability of new cancer drugs and increasing costs of
systemic treatment, this area is becoming a growing economic concern in health care.
Cost-effectiveness analyses are becoming more important in the decision of implementation of new drugs and treatment strategies. A recent cost-effectiveness analysis
of capecitabine and bevacizumab maintenance treatment based on the CAIRO3 study
showed that this maintenance treatment may not be considered cost-effective. From this
point of view and to help patients in their decision on systemic treatment it is important
to provide information that can predict which individual patient benefits the most from
maintenance therapy. Post hoc analysis of the CAIRO3 study of the known biomarkers
RAS, BRAF mutation status, mismatch repair (MMR) status, and tumour sidedness showed
that maintenance treatment is effective across all mutational subgroups and in left-sided
as well as right-sided tumours. The effect was most pronounced in patients with RAS/BRAF
wild-type and V600EBRAF-mutant tumours.
Future strategies must focus on further identifying (bio)markers and predictive factors to
help us select which patients benefit most from systemic treatment including maintenance
therapy. We studied several other possible predictive and prognostic factors in metastatic
colorectal cancer patients treated with systemic treatment: CEC counts, hypertension, statins, peritoneal carcinomatosis, and body mass index. Before further investigation on the
value of CEC counts, consensus on the phenotypic characterisation and enumeration technique for using CEC is the first step. More recently, it became possible to obtain circulating
tumour DNA (ctDNA) from the blood. This novel method of measuring tumour-derived
fragmented DNA shows promising results in assessment of tumour burden and response
to treatment in primary and metastatic disease. Although our data do not show a correlation between the use of statins and outcome of anti-EGFR treatment, more data on this
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topic are warranted due to the possible confounding effect of bevacizumab co-medication
and the fact that currently not only patients with KRAS mutated tumours but with KRAS,
NRAS,BRAFV600E mutated tumours are excluded from anti-EGFR treatment.
Our results show that patients with peritoneal carcinomatosis have a poor prognosis, also
when treated with up-to-date systemic treatment. A locoregional treatment of cytoreductive surgery with hyperthermic intraperitoneal chemotherapy (HIPEC) is increasingly used
worldwide in patients with peritoneal carcinomatosis and offers the only chance of longterm survival or even cure in selected patients. The recently enrolled CAIRO6 study of the
DCCG investigates the role of perioperative systemic therapy in patients with colorectal
peritoneal metastases who are candidate for cytoreductive surgery with hyperthermic
intraperitoneal chemotherapy (HIPEC).
Results on hypertension and body mass index show promising results for further investigation to validate their importance in a larger subset of patients. The effect of body mass
index on outcome should be further investigated in relation to other body parameters,
such as muscle loss and sarcopenia.
With the increasing heterogeneity in patient and tumour characteristics, it is becoming
more difficult to represent all subgroups in randomised controlled trials. Joint analysis of
data is necessary to obtain more specific data on prognostic and predictive factors that
can be used in daily clinical practice for each individual patient. The differences in inclusion criteria and trial designs must be taken into account when performing these kind of
analyses. Obtaining real-life data and tumour material (biobanks) of individual patients
is be of important value and also includes the patients that do not meet trial inclusion
criteria. In The Netherlands, the Prospective Dutch Colorectal Cancer Cohort (PLCRC) is a
prospective multidisciplinary nationwide observational cohort that registers longitudinal
clinical data on colorectal cancer patients, including tumour tissue, blood samples, and
patient-reported outcomes. This large real-life data set allows the validation of the efficacy
of maintenance treatment in subgroups (complete/partial response on induction treatment, resected tumour, tumour sidedness) as well as predictive and prognostic factors
as explored in this thesis.
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Samenvatting
Dikkedarmkanker, of colorectaalcarcinoom, is de op één na meest voorkomende
doodsoorzaak van kankergerelateerde sterfte wereldwijd en de incidentie ervan
neemt toe. Ongeveer 50% van de patiënten met een colorectaalcarcinoom ontwikkelt
uitzaaiingen (metastasen) tijdens het beloop van de ziekte, die onderverdeeld worden in
(potentieel) resectabele en niet-resectabele metastasen. Voor patiënten met (potentieel)
resectabele metastasen kan lokale behandeling van metastasen leiden tot langdurige
overleving of zelfs genezing. Voor patiënten met niet-resectabele metastasen is een winst
in overleving aangetoond van behandeling met palliatieve systemische therapie. Deze
systemische behandeling bestaat uit cytotoxische middelen (klassieke chemotherapie) en
signaaltransductieremmers (zogenoemde “targeted” therapie; de anti-VEGF en anti-EGFR
antilichamen). Met de inzet van deze middelen kan de ziekte steeds langer onder controle
worden gehouden, waardoor patiënten vaak een verzoek hebben tot een “therapiepauze”.
Mits dit niet ten koste gaat van effectiviteit, kan dit de kwaliteit van leven verbeteren en de
kosten van de gezondheidszorg reduceren. Het onderzoek naar onderhoudsbehandeling
versus therapiepauze is onderdeel van dit proefschrift. Omdat maar een deel van de
patiënten uiteindelijk baat heeft bij behandeling met palliatieve systemische therapie
waaronder targeted therapie is er voorts behoefte aan voorspellende (predictieve en
prognostische) factoren. In het tweede deel van het proefschrift wordt de voorspellende
waarde van een aantal van deze factoren onderzocht.
Hoofdstuk 1 bevat een algemene inleiding waarin een overzicht wordt gegeven van de
huidige vraagstukken omtrent de systemische behandeling van het gemetastaseerd
colorectaalcarcinoom die in het proefschrift onderzocht worden.
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Optimale behandelingsduur van
systemische therapie
In hoofdstuk 2 geven wij een overzicht van de gepubliceerde data van de optimale duur
van behandeling met systemische therapie. Dit is onderverdeeld in behandelingsduur
met chemotherapie alleen en chemotherapie in combinatie met targeted therapie. Ten
aanzien van studies met chemotherapie zijn er geen data die een volledige therapiepauze
tijdens de behandeling ondersteunen. Wel zijn er aanwijzingen dat het veilig is om tijdens
behandeling met oxaliplatin-bevattende chemotherapie de oxaliplatin te onderbreken,
waarbij er gecontinueerd wordt met 5-FU bevattende chemotherapie. De oxaliplatin wordt
dan weer hervat indien er sprake is van progressie van ziekte. Voor behandeling met
targeted therapie hebben de CAIRO3 en AIO 0207 studie aangetoond dat er een voordeel
is voor onderhoudsbehandeling met bevacizumab in combinatie met chemotherapie. De
bijwerkingen waren acceptabel en er werd geen verslechtering in de kwaliteit van leven
waargenomen tijdens onderhoudsbehandeling. Er zijn nog geen data over de optimale
behandelingsduur van behandeling met anti-EGFR antilichamen.
De resultaten van de CAIRO3 studie worden gepresenteerd in hoofdstuk 3. De CAIRO3
studie, geïnitieerd door de Dutch Colorectal Cancer Group (DCCG), is een gerandomiseerde
fase III klinische studie waarin 558 patiënten met gemetastaseerd colorectaalcarcinoom die
stabiele ziekte of respons hadden op zes 3-wekelijkse kuren met capecitabine, oxaliplatin
en bevacizumab(CAPOX-B), gerandomiseerd werden tussen onderhoudsbehandeling met
capecitabine en bevacizumab dan wel observatie (therapiepauze). Bij eerste progressie
van ziekte was, indien haalbaar, een herintroductie van CAPOX-B therapie gepland, die
vervolgens gegeven moest worden tot aan tweede progressie (PFS2), het primaire eindpunt
van de studie. Herintroductie van CAPOX-B bleek mogelijk bij 61% van de patiënten in de
observatie arm en bij 47% van de patiënten die onderhoudsbehandeling kregen. De tijd tot
aan eerste progressie was significant langer bij patiënten in de onderhoudsbehandeling
en ook het primaire eindpunt van de studie, PFS2, was significant beter bij patiënten die
onderhoudsbehandeling kregen ten opzicht van de patiënten met een therapiepauze
(11.7 versus 8.5 maanden; HR 0.67, p<0.0001). Er was ook een relevante winst voor
onderhoudsbehandeling in de totale overleving, maar het verschil was statistisch net niet
significant. De studie was echter niet ontworpen om op dit eindpunt een verschil aan te
tonen. De winst van onderhoudsbehandeling was het grootst onder de patiënten met
een objectieve respons op de initiële behandeling voor randomisatie en bij patiënten
met synchrone metastasen waarbij er een resectie van de primaire tumor had plaats
gevonden. Onderhoudsbehandeling werd goed verdragen, hoewel er wel een hogere
incidentie van het hand-voet syndroom werd waargenomen (23% van de patiënten tijdens
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onderhoudsbehandeling). De algemene kwaliteit van leven nam echter niet af tijdens
onderhoudsbehandeling en was ook niet verschillend tussen de twee behandelarmen.
Concluderend laten de resultaten van de CAIRO3 studie een klinisch relevant voordeel
zien voor onderhoudsbehandeling ten opzichte van observatie na inductiebehandeling
met CAPOX-B.
Onderhoudsbehandeling was ook het onderwerp van de fase III AIO 0207 studie, waarbij
ook een voordeel werd gevonden voor onderhoudsbehandeling met fluoropyrimidine
monochemotherapie en bevacizumab. De resultaten van deze studie kunnen echter niet
direct vergeleken worden met de resultaten van de CAIRO3 studie doordat er verschillen
zijn in studieopzet en de selectie van patiënten. Dit wordt verder uitgelegd in hoofdstuk 3.1.
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Predictieve en prognostische factoren voor
systemische behandeling bij het gemetastaseerd
colorectaalcarcinoom
Circulerende endotheelcellen
In hoofdstuk 4 worden de resultaten getoond van een studie naar de predictieve en
prognostische waarde van circulerende endotheelcellen (CECs) bij patiënten met
gemetastaseerd colorectaalcarcinoom die worden behandeld met chemotherapie en
targeted therapie waaronder bevacizumab. Van 473 patiënten werd bloed afgenomen
bij start van de studie en op 3 tijdstippen tijdens de behandeling. Het CellSearchTM System
(Veridex LLC, Raritan, NJ) werd gebruikt om het aantal CECs in het bloed te meten. Het
mediaan aantal CECs bij aanvang bedroeg 6.8 CEC/ml; er werd geen verband gezien tussen
deze uitgangswaarde en de progressie-vrije of totale overleving. Er werd een significante
stijging in het aantal CECs waargenomen 1-2 weken na start van de behandeling, maar
er was geen verband tussen de verandering in aantal CECs tijdens de behandeling en
de progressie-vrije of totale overleving. Tot op heden is er geen bewijs dat CECs een
predictieve waarde hebben voor behandeling met chemotherapie en bevacizumab. Er is in
de literatuur geen consensus over de karakterisering van CECs, waardoor de verschillende
studies niet met elkaar vergeleken kunnen worden. Het is moeilijk om biomarkers voor
bevacizumab te identificeren, omdat dit middel bij patiënten met gemetastaseerd
colorectaalcarcinoom altijd gecombineerd wordt met chemotherapie. Deze laatste kan
de tumorvaten en de hoeveel CECs op verschillende manieren beïnvloeden.
Hypertensie tijdens behandeling met bevacizumab
Hypertensie is een veel voorkomende bijwerking van behandeling met bevacizumab. In
hoofdstuk 5 onderzoeken we de predictieve waarde van vroege bevacizumab-geïnduceerde
hypertensie. We onderzochten 340 patiënten met gemetastaseerd colorectaalcarcinoom
die behandeld werden met chemotherapie plus bevacizumab in een gerandomiseerde
fase III studie (arm A van de CAIRO2 studie van de DCCG). Patiënten zonder en met
hypertensie tijdens de eerste drie cycli van de behandeling werden geanalyseerd op basis
van zowel internationale toxiciteitcriteria (NCI-CTC; hypertensie, graad 2-3 versus geen
hypertensie, graad 0-1) als mede op basis van absolute bloeddruk gegevens (groep met
en zonder ≥ 20 mmHg stijging in de diastolische of systolische bloeddruk). We toonden
aan dat de incidentie van graad 2-3 hypertensie steeg tijdens de behandeling, er lijkt dus
een dosis-afhankelijk effect te bestaan. Tijdens de eerste drie cycli trad bij 55 (16%) van
de 340 evalueerbare patiënten graad 2-3 hypertensie op en kregen 93 (30%) van de 311
patiënten een hoge bloeddruk (≥ 20 mmHg stijging). Patiënten met deze laatste stijging van
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de bloeddruk hadden een significant betere overleving ten opzichte van patiënten zonder
een hoge bloeddruk (respectievelijk 28.2 versus 19.8 maanden, p<0.01). Er werd een nietsignificante verbetering in de progressie-vrije overleving gezien. Een bloeddrukstijging van
≥ 20 mmHg was een onafhankelijke voorspeller voor overleving in een multivariate analyse,
en een trend voor significantie van graad 2-3 hypertensie werd eveneens waargenomen.
Absolute bloeddrukwaarden lijken dus meer bruikbaar te zijn voor het predictieve
effect van hypertensie voor de effectiviteit van bevacizumab-bevattende systemische
therapie dan de NCI-CTC. Deze laatste criteria zijn o.a. gebaseerd op het gebruik van
antihypertensiva en een stijging van bloeddruk binnen de normaalwaarden wordt hierin
niet meegenomen bij het evalueren van bevacizumab-geïnduceerde hypertensie.
Statines en anti-EGFR antilichamen
In hoofdstuk 6 presenteren we de resultaten van een retrospectieve analyse naar
het effect van statines op de uitkomsten van patiënten met een KRAS gemuteerd
colorectaalcarcinoom die hiervoor behandeld werden met cetuximab. Statines zouden
de expressie van het mutante KRAS fenotype kunnen remmen door de prenylatie en
daarmee de activatie van het KRAS eiwit te voorkomen. Data van gemetastaseerde
colorectaalcarcinoom patiënten die behandeld werden met capecitabine, oxaliplatin en
bevacizumab met of zonder cetuximab werden geanalyseerd. Van de 529 geïncludeerde
patiënten gebruikten 78 patiënten een statine bij aanvang van de behandeling. Zowel in
de groep patiënten met als zonder een KRAS gemuteerde tumor was er geen verschil in
mediane progressie-vrije overleving tussen de patiënten met en zonder gebruik van een
statine. De hazard ratio voor progressie-vrije overleving van patiënten die een statine
gebruikten was 1.12 (95% BI 0.78-1.61), dit werd ook niet beïnvloed door behandelarm,
KRAS mutatie status of KRAS-statine interactie. De totale overleving was significant slechter
bij patiënten die een statine gebruikten versus de patiënten die dat niet gebruikten.
(HR 1.54; 95% BI 1.06-2.22). Echter na correctie voor andere relevante factoren was
statinegebruik niet geassocieerd met een slechtere overleving. We concluderen dat het
gebruik van een statine niet geassocieerd is met een betere progressie-vrije overleving in
patiënten met een KRAS gemuteerd colorectaalcarcinoom die hiervoor behandeld worden
met chemotherapie en cetuximab. Gezien het feit dat in de CAIRO2 studie de toevoeging
van cetuximab een onverwachts nadelig effect had op de overleving kan het zijn dat een
negatieve interactie tussen cetuximab en bevacizumab hierin een rol speelt.
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Peritoneale metastasen als prognostische factor
In hoofdstuk 7 beschrijven we de resultaten van een retrospectieve analyse naar de
prognostische rol van peritoneale metastasen (metastasen in de buikholte) bij patiënten
met gemetastaseerd colorectaalcarcinoom die behandeld werden met palliatieve
systemische therapie. Patiëntkarakteristieken, tumorkarakteristieken en uitkomstdata
werden geanalyseerd bij de patiënten met peritoneale metastasen die hadden
deelgenomen aan twee gerandomiseerde fase III studies (CAIRO en CAIRO2). Dit waren 34
patiënten in de CAIRO studie en 47 in de CAIRO2 studie. In beide studies was de mediane
totale overleving slechter voor patiënten met een peritoneale metastasen vergeleken
met de patiënten zonder peritoneale metastasen, zonder dat er een verschil was in het
mediaan aantal cycli behandeling. In de CAIRO studie werd vaker ernstige toxiciteit gezien
bij de patiënten met peritoneale metastasen die sequentiële behandeling kregen ten
opzichte van de patiënten zonder peritoneale metastasen, wat overigens niet vaker als
reden werd gezien om de behandeling te staken. In de CAIRO2 studie werd geen verschil
in ernstige toxiciteit waargenomen. Onze resultaten laten een lagere effectiviteit zien
van behandeling met chemotherapie met of zonder targeted therapie bij patiënten met
peritoneale metastasen ten opzichte van patiënten zonder peritoneale metastasen. Een
analyse van de bijwerkingen suggereert dat dit niet komt door onderbehandeling of hogere
kans op toxiciteit, maar meer wijst op een relatieve resistentie voor behandeling dan wel
een ander biologisch gedrag van tumoren die naar de buikholte metastaseren. Een deel
van patiënten met peritoneale metastasen zou gemist kunnen worden omdat we met de
huidige beeldvormende technieken onvoldoende (kleine) peritoneale deposities in beeld
kunnen brengen. Daarnaast werden patiënten zonder meetbare ziekte uitgesloten voor
deelname aan de CAIRO en CAIRO2 studies, zoals in veel andere studies. De incidentie
van peritoneale metastasen kan hiermee onderschat worden, waarmee het verschil in
uitkomsten mogelijk nog groter is. Concluderend vonden we dat patiënten met peritoneale
metastasen minder baat hebben van huidige systemische behandeling ten opzichte van
de patiënten zonder peritoneale metastasen, uitend in een slechtere overleving.
Body mass index en prognose
Obesitas is een risicofactor voor colorectaalcarcinoom en is ook geassocieerd met een
verhoogd risico op recidief ziekte. De rol van obesitas in de gemetastaseerde setting is
echter minder duidelijk. In hoofdstuk 8 onderzoeken we de relatie tussen body mass index
(BMI) en de uitkomsten van patiënten met een gemetastaseerd colorectaalcarcinoom.
Hiertoe werden gegevens geanalyseerd van 796 patiënten met gemetastaseerd
colorectaalcarcinoom die werden behandeld met chemotherapie in de CAIRO studie en
van 730 patiënten met gemetastaseerd colorectaalcarcinoom die werden behandeld met
chemotherapie en targeted therapie in de CAIRO2 studie. Ze werden op basis van hun
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BMI in 4 verschillende categorieën ingedeeld: <18.5, 18.5-24.9, 25.0-29.9, and ≥30.0 kg/
m2. Bij de patiënten in de CAIRO studie was een hogere BMI geassocieerd met een betere
totale overleving (8.0, 14.9, 18.4 en 19.5 maanden voor BMI categorieën <18.5, 18.524.9, 25.0-29.9, en ≥30.0 kg/m2 respectievelijk; p=0.001) en was BMI een onafhankelijke
prognostische factor voor totale overleving in een multivariate analyse. BMI was niet
geassocieerd met totale overleving bij de patiënten die chemotherapie en targeted
therapie kregen in de CAIRO2 studie, hoewel er wel een trend werd waargenomen. Een
mogelijke verminderde werkzaamheid van bevacizumab bij obese patiënten zou deze
discrepantie in resultaten tussen de studies kunnen verklaren. Het mechanisme waarmee
obesitas de ontwikkeling en groei van kanker beïnvloedt is complex en grotendeels
onbekend, waarbij hyperinsulinisme, effecten op angiogenese, chronische ontsteking en
eetgewoonten betrokken zouden kunnen zijn. In patiënten met ondergewicht kan het lage
lichaamsgewicht een afspiegeling zijn van een agressievere ziekte en de invloed van kankergerelateerde cachexie. We vonden echter ook een betere overleving van patiënten met een
hoog BMI ten opzichte van de patiënten met een normaal gewicht. Dit is een opvallende
bevinding, omdat de relatie tussen overleving en BMI altijd gedacht werd “U-vormig”
te zijn in de risico curve van het BMI spectrum (slechtere overleving voor patiënten
met een laag en hoog BMI). Mogelijke confounders, bijvoorbeeld sociaaleconomische
status, en co-medicatie, zouden onze resultaten beïnvloed kunnen hebben. Andere
parameters kunnen mogelijk belangrijker zijn dan BMI in de relatie tot de prognose bij het
gemetastaseerd colorectaalcarcinoom, zoals visceraal vet en/of “abdominale obesitas, of
sarcopenie. Recente onderzoeken naar de impact van spiermassaverlies en sarcopenie op
de uitkomst en toxiciteit van patiënten met gemetastaseerd colorectaalcarcinoom tonen
aan dat spiermassaverlies geassocieerd is met kortere overleving en een verhoogd risico
op het ontwikkelen van dosislimiterende toxiciteit. Daarentegen is BMI wel makkelijk te
meten in de dagelijkse praktijk. Gezien onze resultaten dient de rol van BMI op overleving
bij patiënten met een gemetastaseerd colorectaalcarcinoom verder uitgezocht te worden
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in grotere datasets, tezamen met andere lichaamsparameters, zoals sarcopenie.
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Algemene conclusie
Het onderzoek zoals beschreven in dit proefschrift richt zich op de optimalisatie
van palliatieve systemische behandeling van patiënten met een gemetastaseerd
colorectaalcarcinoom. Wij vonden dat onderhoudsbehandeling met capecitabine en
bevacizumab na inductiebehandeling met capecitabine, oxaliplatin en bevacizumab
resulteerde in een betere uitkomst ten opzichte van therapiepauze (CAIRO3 studie van
de DCCG). Onze resultaten laten zien dat deze onderhoudsbehandeling effectief is en
gepaard gaat met acceptabele bijwerkingen en behoud van kwaliteit van leven. Door
veel patiënten wordt een therapie-vrij interval gewaardeerd. De individuele voorkeuren
van de patiënt moeten meegenomen worden in de beslissing een behandeling wel
of niet te onderbreken, waarbij frequente ziekenhuisbezoeken voor chemotherapie,
mogelijke bijwerkingen en andere factoren afgewogen moeten worden tegen de winst
van de behandeling. Daarnaast zijn de resultaten van onze studie van belang vanuit
een economisch perspectief gezien. Met de snelle ontwikkeling van nieuwe middelen
tegen kanker en de toegenomen kosten die hiermee gepaard gaan, is de betaalbaarheid
van systemische behandeling een knelpunt aan het worden voor de gezondheidszorg.
Een recent uitgevoerde kosteneffectiviteit analyse van onderhoudsbehandeling met
capecitabine en bevacizumab gebaseerd op de resultaten van de CAIRO3 studie toonde
dat deze onderhoudsbehandeling waarschijnlijk niet kosteneffectief is. Vanuit dit oogpunt
en om patiënten te kunnen helpen bij het maken van een beslissing is het belangrijk om
informatie te verstrekken die op de individuele patiënt van toepassing is, zodat een betere
inschatting gemaakt kan worden wie baat heeft bij onderhoudsbehandeling. Wij vonden
dat patiënten met een objectieve respons op behandeling en/of patiënten met synchrone
metastasen met een resectie van de primaire tumor een grotere winst hadden van de
onderhoudsbehandeling. Dit zijn echter subgroepanalyses waaruit nog geen definitieve
conclusies getrokken kunnen worden.
We onderzochten meerdere mogelijke predictieve en prognostische factoren bij patiënten
met een gemetastaseerd colorectaalcarcinoom die hiervoor behandeld worden met
palliatieve systemische therapie, te weten CECs, hypertensie, statines, peritoneale
metastasen en BMI. We vonden dat het aantal CECs bij start of gedurende de behandeling
geen prognostische of predictieve waarde had voor progressie-vrije of totale overleving
van patiënten met een gemetastaseerd colorectaalcarcinoom die behandeld werden met
chemotherapie en targeted therapie. Consensus over de karakterisering en identificatie
techniek van CECs is de eerste stap die genomen moet worden bij vervolgonderzoek.
Tegenwoordig is het ook mogelijk om circulerend tumor DNA (ctDNA) middels een
bloedafname te verkrijgen. Deze techniek is specifieker dan het bepalen van CECs of CTCs en
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laat veelbelovende resultaten zien voor het bepalen van de aanwezigheid van tumorcellen
in het lichaam en respons op behandeling bij zowel primaire als gemetastaseerde ziekte.
Het effect van statines zou onderzocht moeten worden bij patiënten die behandeld
worden met anti-EGFR therapie zonder bevacizumab en in een grotere dataset.
We toonden aan dat patiënten met peritoneale metastasen die behandeld werden met
zowel chemotherapie als chemotherapie plus targeted therapie een slechtere overleving
hadden in vergelijking met patiënten zonder peritoneale metastasen. Locoregionale
behandeling bestaande uit cytoreductieve chirurgie in combinatie met verwarmde
intraperitoneale chemotherapie (HIPEC) wordt steeds meer toegepast bij patiënten met
peritoneale metastasen en geeft de enige kans op langere termijn overleving en soms
genezing bij bepaalde patiënten. Recent is de CAIRO6 studie van de DCCG van start
gegaan, waarin de waarde van perioperatieve systemische behandeling wordt onderzocht
bij de patiënten die in aanmerking komen voor behandeling met HIPEC.
Resultaten van onze studies met betrekking tot hypertensie en BMI laten veelbelovende
resultaten zien die gevalideerd zouden moeten worden in grotere datasets. Het effect van
BMI moet daarbij verder onderzocht worden in combinatie met andere lichaamsparameters,
zoals spiermassaverlies en sarcopenie. Met de steeds grotere variatie in patiënt- en
tumorkarakteristieken wordt het overigens steeds moeilijker om alle subgroepen van
patiënten in gerandomiseerde studies te vertegenwoordigen. Gezamenlijke data-analyse
is nodig om meer specifieke en betrouwbare data te verkrijgen die gebruikt kunnen
worden in de dagelijkse praktijk voor beslissingen ten aanzien van elke individuele patiënt.
Echter, hierbij moeten verschillen in inclusiecriteria als mede verschillen in studieopzet in
acht worden genomen. Het verkrijgen van zogenoemde “real-life” data, waarbij klinische
gegevens, alsmede bloed en tumorweefsel (biobanken) van patiënten worden verzameld
kan hierbij van groot belang zijn, waarbij ook de patiënten meegenomen worden die
niet voldoen aan inclusiecriteria van studies. In Nederland is het Prospectief Landelijk
Colorectaal Carcinoom cohort (PLCRC) opgezet, dat een infrastructuur biedt voor het
verzamelen van klinische gegevens, patiëntgerapporteerde uitkomsten en het opslaan
van bloed en tumorweefsel van patiënten met colorectaalcarcinoom. De effectiviteit
van onderhoudsbehandeling in eerder genoemde specifieke subgroepen, evenals de
predictieve en prognostische factoren onderzocht in dit proefschrift, zouden hierin verder
gevalideerd kunnen worden.
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heb bewondering voor de patiënten die dankzij de vrijwillige deelname aan onderzoek
een bijdrage leveren om de behandeling voor anderen in de toekomst beter te krijgen.
Dank aan de onderzoekers van de 64 ziekenhuizen voor hun enthousiaste deelname aan
de CAIRO3 studie:
C.H. Smorenburg, Alkmaar; R. Hoekstra, Almelo; C. Rodenburg, Amersfoort; G.J. Timmers,
Amstelveen; A. Cats, M. Geenen, W.G van Leeuwen-Breuk, O. Leeksma, J.M.M.B Otten, C.J.A.
Punt, Amsterdam; J. Douma, Arnhem; P. Nieboer, Assen; F.A.A. Valster, Bergen op Zoom;
P.H. van den Berg, Blaricum; O. Loosveld, A.J. Ten Tije, Breda; D. Kehrer, Capelle a/d IJssel;
M.M.E.M Bos, Delft; Z. Erjavec, Delfzijl; H. Sinnige, ’s-Hertogenbosch; H.P. Sleeboom, Den
Haag; J.C. Berends, Den Helder; A.L.Th Imholz, Deventer; S. Hovenga, Drachten; E. Balk,
Ede; G.J.M. Creemers, M.W. Dercksen, Eindhoven; M.C.J.C. Legdeur, D.J. Richel, Enschede;
A.E.M. Smals, Geldrop; M.B. van Hennik, Gorinchem; A.M.E. van der Torren, Gouda; G.A.P.
Hospers, R.S. de Jong, Groningen; M. Temizkan, Harderwijk; J. Wals, Heerlen; V.A. Derleyn,
Helmond; E.J.M. Siemerink, Hengelo; J.G. Schrama, Hoofddorp; J.G. Haasjes, Hoogeveen;
M.B. Polée, Leeuwarden; E. Batman, A.J. Gelderblom, Leiden; R.L.H. Jansen, Maastricht;
M. Los, Nieuwegein; C. Mandigers, J. van der Hoeven, Nijmegen; A.H. Vos, Oss; M.O. den
Boer, Roermond; F.E. de Jongh, Rotterdam; J.J. Braun, Schiedam; F.L.G. Erdkamp, Sittard;
G.J. Veldhuis, Sneek; C.M.F. Kruijtzer, Tiel; H.T.J. Roerdink, J.M.G.H. van Riel, Tilburg; S.G.L.
van der Vegt, M. Koopman, Utrecht; G. Vreugdenhil, Veldhoven; M.J.B.P Werter, Venlo;
P.P.J.B.M. Schiphorst, Winterswijk; A. van Bochove, Zaandam; H.Seinen, Zevenaar; A.H.
Honkoop, Zwolle.
Daarnaast ben ik veel dank verschuldigd aan alle medewerkers van de afdelingen pathologie, de research-verpleegkundigen, de research-analisten en medewerkers van de
afdeling pathologie van het RadboudUMC, de collega-onderzoekers van het CAIRO-team,
Linda Mol en alle overige medewerkers van het IKNL trialbureau en de statistici van het
Radboudumc en het NKI-AVL. Dankzij de goede samenwerking hebben de CAIRO studies
mooie resultaten opgebracht en is er een bijdrage geleverd aan een betere behandeling
van de patiënten met gemetastaseerd colorectaalcarcinoom. Dank aan alle co-auteurs
voor hun bijdrage aan de manuscripten.
Dank aan de onafhankelijke data monitoringcommissie (IDMC): Prof. E.G.E. de Vries, Prof.
K.C. Roes, Dr. M. Buyse, Prof. J.W. Nortier en Prof. E.E. van der Wall.
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Prof. C. J. A. Punt, beste Kees, ik heb veel waardering voor de manier waarop jij de CAIRO
studies hebt opgezet en daarmee klinisch onderzoek in Nederland op de kaart hebt gezet.
Jouw kennis en kritische blik, maar ook je persoonlijke benadering en altijd snelle reactie
op mijn vragen en artikelen heb ik zeer gewaardeerd. Dank voor alle mogelijkheden die
je me hebt geboden.
Prof. M. Koopman, beste Miriam, jouw enthousiasme voor het onderzoek heeft mij veel
energie gegeven tijdens dit promotietraject. Je kunt snel onderzoeksresultaten interpreteren en hierbij de link naar de praktijk leggen, daarmee ben je een voorbeeld voor mij.
Veel dank voor je begeleiding tijdens mijn promotietraject.
De leden van de promotiecommissie wil ik hartelijk danken voor het kritisch doorlezen en
beoordelen van mijn proefschrift: prof. dr. W.A. Bemelman, prof. dr. H.J. Guchelaar, prof.
dr. G.A.P. Hospers, prof. dr. H.W.M. van Laarhoven en prof. dr. S. Middeldorp.
Ik ben dankbaar voor de lieve vriendinnen en vrienden, collega’s, schoonfamilie en familie
die ik om me heen heb. In het bijzonder pap en mam, dankzij jullie heb ik dit bereikt. Dit
boekje draag ik op aan jullie. Ik denk speciaal aan Quirine en Jantien die ik zo mis. Leontine
en Violet, lieve paranimfen, dank voor alle steun en jullie vriendschap, op naar nog veel
mooie momenten! Lieve Alexander en Puck, dank voor alles, jullie zijn mijn grootste geluk!
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