Review article 737

Targeted therapy in advanced colorectal cancer: more data,

more questions

Sebastian L. Ochenduszko and Krzysztof Krzemieniecki

Colorectal cancer (CRC) remains the third most common
malignancy and the third leading cause of cancer death
worldwide. The introduction of new chemotherapeutics and
monoclonal antibodies into the treatment protocols for
advanced CRC has significantly improved the outcomes.
Nowadays, oncologists have a wide range of agents to
choose for the treatment of advanced CRC; however,
their optimal administration remains unclear. This article
presents recently published data from the trials evaluating
the use of monoclonal antibodies in advanced CRC with
a particular emphasis on the predictive and prognostic
factors of response to targeted therapy. The results from
the CRYSTAL and OPUS studies indicate that the benefit
from the addition of cetuximab to first-line chemotherapy is
restricted to patients with the wild-type KRAS gene, with
the best outcomes observed among those with unmutated
forms of both the KRAS and BRAF genes. However, that
has not been confirmed in the preliminary data from the
COIN trial. Panitumumab has been shown to improve the
outcomes when combined with first-line and second-line
chemotherapy, but again mostly in patients with wild-type
KRAS. The article also describes the detrimental effect of
combined anti-vascular endothelial growth factor and

Introduction

Colorectal cancer (CRC) remains the third most common
malignancy and the third leading cause of cancer death
worldwide. Early detection of CRC results in radical
resection of the tumour in the majority of cases; however,
about 40-50% of the patients will present local recurrence
and/or distant metastases [1]. Palliative chemotherapy
remains the only option for the majority of these patients.
Introduction of new chemotherapeutics in recent years has
significantly improved their survival. Apart from the typical
cytotoxic agents, monoclonal antibodies, such as bevaci-
zumab, cetuximab and panitumumab, are being used in
the treatment of advanced CRC, which have significantly
improved the efficacy of standard chemotherapy regimens.
Results from recent clinical trials deliver new information
on their efficacy and optimal administration. Moreover,
these data confirm the rightness of personalized therapy in
onclogy, wherein not only clinical and anatomo-pathologi-
cal but also molecular tumour characteristics undoubtedly
predict the efficacy of antineoplastic therapy.

Cetuximab in the first-line treatment

of metastatic colorectal cancer

Several clinical trials evaluating the combination of
cetuximab with the standard first-line and second-line
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anti-epidermal growth factor blockade in the first-line
setting observed in the PACCE and the CAIRO-2 trials.
Finally, results from the BRITE registry indicating benefit
from continuation of bevacizumab after progression on
the first-line regimen are discussed in the context of
maintenance therapy. Modern treatment for advanced CRC
is based not only on clinical and anatomo-pathological but
also molecular tumour characteristics. Our knowledge of
the optimal administration of monoclonal antibodies in
advanced CRC has extended significantly over the last
few years; however, there are still many questions that
have to be answered in future trials. Anti-Cancer Drugs
21:737-748 © 2010 Wolters Kluwer Health | Lippincott
Williams & Wilkins.
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chemotherapy in metastatic CRC (mCRC) showed
improvement in treatment efficacy without significant
increase in toxicity. In the BOND trial [2], it has been
shown that addition of cetuximab to second-line irinote-
can-based chemotherapy in patients resistant to this
regimen in the first-line setting, significantly improves
the outcome. The efficacy of cetuximab as monotherapy
in patients treated earlier with fluoropyrimidines, irinote-
can and oxaliplatin was observed in the CO.17 study [3].
On the other hand, preliminary data from the CALGB
80203 trial [4] presented at the ASCO meeting in 2006
confirmed improvement in the efficacy of the first-line
FOLFIRI and FOLFOX regimens when combined with
cetuximab [response rates (RRs) 52% for chemother-
apy with cetuximab vs. 38% for chemotherapy without
cetuximab; P =0.029]. It is important to notice that in
all these studies cetuximab was administered regardless
of the KRAS gene status. The additional analysis [5]
evaluating the relationship between RR and KRAS status
in the population of patients from the CO.17 trial showed
that the clinical benefit of cetuximab was restricted to
patients with the wild-type KRAS gene; in this group, the
median progression-free survival (PFS) was 3.7 months
in the case of treatment with cetuximab compared with
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1.9 months in the group treated with the best supportive
care only (P <0.001). Median overall survival (OS) was
9.5 months and 4.8 months, respectively (P < 0.001).
There were no statistically significant differences in
median PFS (P =0.96) and OS (P = 0.89) among patients
with mutated KRAS. Recently published data from other
phase III trials confirm earlier observations and add new
information on cetuximab use in the first-line treatment
of mCRC.

The CRYSTAL study (Cetuximab Combined with
Irinotecan in First-Line Therapy for mCRC) [6] enrolled
1198 patients with CRC without earlier treatment for
metastatic disease with epidermal growth factor receptor
(EGFR) expression and primarily not eligible for curative
surgery. Patients were randomized to treatment with the
FOLFIRI regimen alone or in combination with cetux-
imab (599 patients in each group). The aim of the study
was to evaluate the efficacy and safety of the combina-
tion of cetuximab with the FOLFIRI regimen, also in
relation to KRAS status. Median PFS was 8.9 months in
the FOLFIRI + cetuximab arm and 8.0 months in the
FOLFIRI alone arm (P =0.048), which means a 15%
reduction in the risk of disease progression. Median OS
was 19.9 months in the FOLFIRI + cetuximab group and
18.6 months in the FOLFIRI alone group; hazard ratio
(HR) for death in the FOLFIRI + cetuximab group was
0.93 (P =0.31). Addition of cetuximab to the FOLFIRI
regimen significantly improved both the complete and
partial RRs (46.9% in the group with cetuximab vs. 38.7%
in the group without cetuximab; P =0.004) (Table 1).
Consequently, the metastasectomy rate was significantly
improved in the FOLFIRI + cetuximab arm (7.0 vs. 3.7%,
respectively), including the RO resections with curative
intent (4.8 vs. 1.7%; P = 0.002).

The updated data on the treatment efficacy in the
CRYSTAL trial according to the KRAS gene status have
recently been published [7]. Approximately 63% of the
patients had the wild-type KRAS gene, and it has been

Table1 Treatment efficacy in the CRYSTAL trial — entire population
FOLFIRI + cetuximab FOLFIRI alone P
Median PFS (months) 8.9 8.0 0.048
Median OS (months) 19.9 18.6 0.31
Response rate (%) 46.9 38.7 0.004

OS, overall survival; PFS, progression-free survival.

shown that the benefit of adding cetuximab to the
FOLFIRI chemotherapy was restricted to this group of
patients (Table 2). Median PFS was 9.9 months when
treated with FOLFIRI + cetuximab compared with 8.4
months in the FOLFIRI only group (P =0.0012). In the
group with mutated KRAS, there was no benefit from
adding cetuximab; median PFS was 7.4 months for
FOLFIRI + cetuximab compared with 7.7 months for
FOLFIRI alone (P =0.2661). Similar differences were
observed in the median OS: in the wild-type KRAS group it
reached 23.5 months for FOLFIRI + cetuximab compared
with 20.0 months for FOLFIRI alone (P =0.0094),
whereas among the patients with mutated KRAS gene,
it was 16.2 months compared with 16.7 months, respec-
tively (P =0.7551). Similarly, improvement in RRs after
adding cetuximab was observed only in the wild-type
KRAS group (57.3% for FOLFIRI + cetuximab vs. 39.7%
for FOLFIRI alone; P < 0.0001), whereas in patients with
mutated KRAS these rates were worse in the cetuximab
arm (31.3 vs. 36.1%, respectively; P = 0.3475).

The combination FOLFIRI + cetuximab was character-
ized by a higher percentage of adverse reactions grade 3
and 4 (79.3 vs. 61.0%; P <0.001), mainly because of the
more frequent skin reactions (19.7 vs. 0.2%; P =0.001),
acne-like skin rash (16.2 vs. 0.0%; P < 0.001), diarrhoea
(15.7 vs. 10.5%; P =0.008) and infusion-related reaction
(2.5 vs. 0.0%; P <0.001). Although toxicity grade 3 and 4
was more common in the FOLFIRI + cetuximab arm,
there was no difference in the treatment duration between
both the groups; however, it has been noticed that the
median PFS correlated with the intensity of the skin rash.

The CRYSTAL trial proved that the addition of
cetuximab to the first-line FOLFIRI regimen in the
treatment of mCRC significantly prolongs the median
PFS; however, this effect is restricted to patients with the
wild-type KRAS gene. Only in this population of patients,
the addition of cetuximab to the FOLFIRI regimen
significantly prolonged the median OS for almost 4
months. This survival advantage is similar to the results of
trials evaluating the combinations of chemotherapy with
bevacizumab in mCRC and results of the trials described
below that examined the combination of cetuximab with
oxaliplatin-based chemotherapy.

The results from the phase I ACROBAT trial [8] publi-
shed in 2007 that examined the efficacy and safety of the
combination FOLFOX4 + cetuximab in the first-line

Table 2 Treatment efficacy in the CRYSTAL trial according to the KRAS status (ECCO 15 - ESMO 34, 2009, Abstract No. 6077)

Wild-type KRAS

Mutated KRAS

FOLFIRI+ cetuximab FOLFIRI P FOLFIRI + cetuximab FOLFIRI P
Median PFS (months) 9.9 8.4 0.0012 7.4 7.7 0.2661
Median OS (months) 23.5 20.0 0.0094 16.2 16.7 0.7551
Response rate (%) 57.3 39.7 <0.0001 31.3 36.1 0.3475

OS, overall survival; PFS, progression-free survival.
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setting in mCRC were encouraging. In this study the RR
was as high as 72%, median PFS was 12.3 months and
median OS reached 30.0 months. Twenty-three percent
of patients with primary inoperable metastases have
undergone resections with curative intent and all this
with acceptable treatment toxicity. These data required
further confirmation. Recently, the results of the OPUS
(The Oxaliplatin and Cetuximab in First-Line Treatment
of mCRC) trial [9] have been published. The study
enrolled patients with mCRC without earlier treatment
for metastatic disease and directly compared the efficacy
and tolerability of the FOLFOX4 + cetuximab combi-
nation with FOLFOX4 alone. The primary endpoint of
the study was the best confirmed overall RR; secondary
endpoints were rate of curative metastasectomies, duration
of response to therapy, PFS, OS and treatment tolerance.
Retrospectively, treatment efficacy in relation to the KRAS
gene status was analysed. Three hundred and thirty-seven
patients were enrolled into the study (169 to the
FOLFOX4 + cetuximab group and 168 to the FOLFOX4
alone group). Similar to the CRYSTAL trial, they had
primarily nonresectable, EGFR-expressing mCRC. In the
entire study population, the RR reached 46% in the
FOLFOX4 + cetuximab group and 36% in the FOLFOX4
group (P =0.064). PFS did not differ between the groups
(median PFS was 7.2 moths in both groups). However, in
the group treated with FOLFOX4 + cetuximab, there was
a longer duration of response to the treatment (9 vs. 5.7
months), and similar to the CRYSTAL trial, the addition
of cetuximab doubled the percentage of RO metastasec-
tomies (2.4% in the FOLFOX4 group vs. 4.7% in the
FOLFOX4 + cetuximab group) (Table 3).

Around 57% of the patients had the wild-type KRAS
gene. Updated data on the treatment efficacy according
to the KRAS status are presented in Table 4 [7]. Among
patients with wild-type KRAS, the combination of
FOLFOX4 + cetuximab significantly improved the RR

Table 3 Treatment efficacy in the OPUS trial - entire population

FOLFOX + FOLFOX
cetuximab alone P
Median PFS (months) 7.2 7.2 0.6170
Duration of response to treatment 9.0 5.7 NA
(months)
Response rate (%) 46 36 0.064
RO metastasectomies rate (%) 4.7 2.4 NA

NA, not available; PFS, progression-free survival.

(57.3 vs. 34.0% in the FOLFOX4 alone), but in patients
with mutated KRAS these rates were lower in the
FOLFOX4 + cetuximab arm (33.8 vs. 52.5%, respec-
tively). In the group of patients with wild-type KRAS, RO
resections in the FOLFOX4 + cetuximab arm were more
than twice of that observed in the FOLFOX4 alone arm
(9.8 vs. 4.1%, respectively). Again, this difference was not
observed among patients with mutated KRAS. It was also
found that among patients with wild-type KRAS treated
with the FOLFOX4 + cetuximab regimen, there was a
statistically significant improvement in PFS (median PFS
were 8.3 months in the FOLFOX4 + cetuximab group
and 7.2 months in the FOLFOX4 group; P = 0.0064).
Median OS was also improved in the FOLFOX4 +
cetuximab arm (22.8 vs. 18.5 months, respectively), but
that difference did not reached statistical significance
which may be due to the small sample size. By contrast,
the addition of cetuximab to the FOLFOX4 among
patients with mutated KRAS had detrimental effects on
both PFS (5.5 months in the FOLFOX4 + cetuximab arm
vs. 8.6 months in the FOLFOX4 alone arm; P = 0.0153)
and OS (13.4 vs. 17.5 months, respectively; P = 0.2004).

There was no significant difference in toxicity grade 3
and 4 between the groups (76% in the FOLFOX4 +
cetuximab arm vs. 70% in the FOLFOX4 arm). The main
difference in toxicity was noted for skin rash (11 vs. 0.6%,
respectively) and palmar-plantar erythrodysesthesia (4 vs.
0.6%, respectively).

Similar to the CRYSTAL trial, the OPUS study confirmed
the improved efficacy of front-line chemotherapy when
administered with cetuximab, but this effect is restricted
to patients with wild-type KRAS gene. Moreover, the
OPUS study clearly shows that adding cetuximab to the
FOLFOX4 regimen in patients with a mutated KRAS gene
significantly worsens the outcomes. This phenomenon was
not observed in the CRYSTAL trial, but in the CAIRO-2
study [10] the addition of cetuximab to the combination
of capecitabine + oxaliplatin + bevacizumab in patients
with mutated KRAS had a detrimental impact on the treat-
ment outcomes. It is, therefore, possible that cetuximab
diminishes the activity of oxaliplatin in tumours harbouring
mutated KRAS, but that observation requires confirmation
and explanation in future studies.

Recently, the preliminary results from the phase III
COIN trial [11] evaluating the addition of cetuximab to
the fluoropyrimidine + oxaliplatin chemotherapy in the

Table 4 Treatment efficacy in the OPUS trial according to the KRAS status (ECCO 15 - ESMO 34 2009, Abstract No. 6077)

Wild-type KRAS

Mutated KRAS

FOLFOX + cetuximab FOLFOX P FOLFOX + cetuximab FOLFOX P
Median PFS (months) 8.3 7.2 0.0064 5.5 8.6 0.0153
Median OS (months) 22.8 18.5 0.3854 13.4 17.5 0.2004
Response rate (%) 57.3 34.0 0.0027 33.8 52,5 0.0290

OS, overall survival; PFS, progression-free survival.
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first-line setting for mCRC patients have been presented.
The patients in the COIN trial were randomized to one
of the three arms: continuous chemotherapy (arm A),
continuous chemotherapy + cetuximab (arm B) and inter-
mittent chemotherapy (arm C). The choice of the
fluoropirymidine [either 5-fluorouracil (5FU) or capeci-
tabine] depended on the treating physician and patient
before randomization; two-thirds of the patients received
XELOX. The trial prospectively analysed the data for
KRAS status. Although among the wild-type KRAS
patients there was an increase in the RR when treated
with chemotherapy + cetuximab compared with che-
motherapy alone, the COIN trial did not meet its primary
endpoint of OS. In the wild-type KRAS group, the OS
reached 17 months for chemotherapy + cetuximab and
17.9 months for chemotherapy alone; P =0.68). OS in
patients with KRAS mutation was 14.8 months with
chemotherapy alone and 13.6 months with the addition
of cetuximab. The investigators conclude that the lack
of improvement in OS might have resulted from the
significantly increased toxicity seen in the cetuximab
group, especially when combined with capecitabine. The
safety data during the first 12 weeks of treatment for the
first 804 patients randomized to the trial have already
been published [12]. Of these, 203 (25%) patients
received a combination of /folinic acid [175 mg intrave-
nously (i.v.) over 2h] or &/-folinic acid (350 mg i.v. over
2h), concurrent administration of oxaliplatin (85 mg/m2
i.v. over 2h) plus bolus 5FU (400 mg/m?) followed by a
46-h iv. infusion of 5FU 2400 mg/m?* repeated every 2
weeks (OxMdG), 102 (13%) patients received OxMdG +
cetuximab (OxMdG + C), 333 (41%) patients were treated
with oxaliplatin 130 mg/m? i.v. for 2 h on day 1 along with
capecitabine 1000 mg/m? twice daily, orally on days 1-14
repeated every 3 weeks (XELOX) and 166 (21%) patients
received XELOX + cetuximab (XELOX + C). The addi-
tion of cetuximab to both the OxMdG and XELOX
regimens significantly increased the overall toxicity grade
3/4 (P <0.001). Neutropenia was most frequent in the
5FU arms (17% in OxMdG vs. 2% in XELOX vs. 26% in
OxMdG + C vs. 1% in XELOX + C), and the same was
true for febrile neutropenia (4 vs. 1 vs. 5 vs. 0%, respec-
tively). However, gastrointestinal toxicity was most frequent
in the XELOX + cetuximab arm: for nausea and vomiting
3% vs. 7% vs. 7% vs. 14%, respectively and for diarrhoea
6% vs. 15% vs. 13% vs. 25%, respectively. On account
of toxicity, at least one dose reduction was necessary in
28% of the patients in the OxMdG arm, 44% in the
OxMdG + C arm, 22% in the XELOX arm and 49% in the
XELOX + cetuximab arm. The doubling of dose reduc-
tions when chemotherapy was given with cetuximab
was highly statistically significant (P < 0.001). Moreover,
the oxaliplatin dose in the XELOX + cetuximab arm was
reduced in 33% of the patients compared with 15% in the
XELOX alone arm (P < 0.001). According to the inves-
tigators in the COIN trial, all these factors might have
influenced the final efficacy outcomes.

Panitumumab in the first-line and
second-line treatment

Another anti-EGFR antibody used in the treatment of
mCRC is panitumumab, which is a fully human anti-
epidermal monoclonal antibody approved to be used as
monotherapy in wild-type KRAS patients after the failure
of standard chemotherapy = bevacizumab or cetuximab.
Preliminary data on panitumumab activity in the first-
line treatment of mCRC are encouraging. The phase III
PRIME study [13] enrolled 1183 patients with metastatic
adenocarcinoma of the colon or rectum, with no history of
chemotherapy for metastatic disease and no earlier
oxaliplatin, and they were randomized to treatment with
FOLFOX4 + panitumumab or FOLFOX4 alone. Six
hundred and fifty-six patients (60%) had wild-type KRAS.
The treatment efficacy data are presented in Table 5.
Among the wild-type KRAS patients, addition of panitu-
mumab to the standard FOLFOX4 regimen significantly
improved median PFS [9.6 months vs. 8.0 months; HR =
0.8 (95% confidence interval)] and RR (55 vs. 48%). On the
other hand, similar to the OPUS and CAIRO-2 studies, in
the population of patients with mutated KRAS, the combi-
nation of the anti-EGFR antibody plus oxaliplatin-based che-
motherapy was inferior compared with chemotherapy alone.

Toxicity was comparable across the study arms, except for
the rate of adverse events specific for the anti-EGFR
therapy like skin toxicity, paronychia, diarrhoea, stomati-
tis and hypomagnesaemia, which occurred significantly
more often in the panitumumab-containing arm.

Panitumumab has also proved activity in the second-line
therapy of mCRC when combined with the standard
FOLFIRI regimen. In a randomized, multicentre, phase I11
study [14] of FOLFIRI + panitumumab versus FOLFIRI
alone in mCRC patients with one earlier chemotherapy
regimen for metastatic disease, combined therapy with
anti-EGFR antibody significantly improved the outcomes
in the group of patients with wild-type KRAS. Patients with
a history of anti-EGFR antibody therapy or treatment with
small molecule EGFR inhibitors were excluded from the
study. The median PFS was 5.9 months for the FOLFIRI +
panitumumab arm and 3.9 months for the FOLFIRI alone
arm (P =0.004), median OS reached 14.5 versus 12.5
months, respectively (P = 0.115), and RRs were 35 versus
10%, respectively. Contrary to the results from the studies
evaluating the combination of oxaliplatin-based chemo-
therapy with anti-EGFR blockade, there was no difference
in PFS; OS, or RR among patients with mutated KRAS who
received FOLFIRI + panitumumab versus FOLFIRI alone.
Again, as in the PRIME trial, the rate of adverse events
between the arms was comparable except for the known
anti-EGFR toxicities such as skin rash, diarrhoea and
hypomagnesaemia.

The results of the trials presented above are the next
step into the era of the tailored therapy in mCRC; testing
of the KRAS status is now considered a routine procedure
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Table 5 Treatment efficacy in the PRIME study according to the KRAS status

Wild-type KRAS

Mutated KRAS

FOLFOX4 + panitumumab FOLFOX4 HR FOLFOX4 + panitumumab FOLFOX4 HR
Median PFS (months) 9.6 8.0 0.8 7.3 8.8 1.29
Response rate (%) 55 48 NA 40 40 NA

HR, hazards ratio; NA, not available; PFS, progression-free survival.

allowing many patients to avoid unnecessary treatment
potentially associated with significant toxicity. In addi-
tion, the routine testing of the KRAS status results in
significant cost savings [15]. The annual cost savings for
the United States healthcare system from using KRAS
testing to select patients for anti-EGFR monoclonal
antibodies is estimated to be $740 million. It is believed
that the routine KRAS evaluation will result in cost
savings also in cases of cetuximab use in the second-line
and third-line therapy in which treatment duration is
much shorter than in the first-line setting.

Beyond KRAS: BRAF mutational status

plays a prognostic role

KRAS is a low molecular-weight GTP-binding protein
that initiates intracellular transmission of EGFR activa-
tion. The downstream effectors of KRAS are the serine/
threonine kinases RAF: ¢c-RAF-1, ARAF and BRAE with
the latest being the main effector of KRAS. Eventually,
BRAF activates the pathway of the mitogen-activated
protein Kkinase.

Cetuximab and panitumumab are approved for the
treatment of advanced CRC patients with the wild-type
KRAS gene; however, not all these patients will respond
to the treatment. It has been hypothesized that muta-
tions of the other members of the RAS-RAF-mitogen-
activated protein kinase pathway may be responsible for
resistance to anti-EGFR antibodies. It has been reported
that BRAF-mutated CRCs are more aggressive [16] and
that KRAS and BRAF mutations are mutually exclusive
[17,18]. Italian investigators evaluated retrospectively
the impact of the specific VOOOE mutation in the BRAF
gene on the efficacy of cetuximab or panitumumab in 113
patients with mCRC [19]. Eleven of the 79 patients with
wild-type KRAS had mutation V60OE in BRAFE None of
the patients with mutated BRAF responded to treatment,
whereas those who responded, were free of mutation in
BRAF (P =0.029). BRAF mutation also correlated with
worse prognosis: patients with a mutated form of BRAF
had a much shorter PFS (P =0.11) and OS (P < 0.0001).
The study suggested that wild-type forms of both KRAS
and BRAF are necessary for cetuximab and panitumumab
activity; however, at present, testing of the BRAF
mutational status is not required before the administration
of these antibodies (the newest NCCN guidelines
recommend considering the testing of BRAF status). The
study also proved that the blockade of mutated BRAF with
sorafenib may restore cetuximab and panitumumab activity.

Combined sorafenib and cetuximab therapy in mCRC is
currently being evaluated in a phase II trial [20].

More data on the BRAF significance in the treatment of
mCRC come from the recently presented updated analyses
from the CRYSTAL and OPUS studies [21-23]. In the
CRYSTAL study, the BRAF status was mutated in 6% of
the 83% of patients evaluated for the BRAF mutation and
in 9% of the wild-type KRAS patients. In the OPUS
study, the BRAF mutation was discovered in 4% of the
92% of tumours available for BRAF evaluation and in 6%
of tumours harbouring wild-type KRAS. Both separate
analyses from CRYSTAL and OPUS and the combined
meta-analysis from these two studies have shown that the
best outcomes are observed among patients with KRAS wild-
type and BRAF wild-type tumours (KRASwt/BRAFwt),
irrespective of the treatment arm. On the other hand, the
worst outcomes were reported for the wild-type KRAS/
mutated BRAF (KRASwt/BRAFmt) patients treated with
chemotherapy alone and they were inferior to the results
achieved in the same group treated with chemotherapy
plus cetuximab (Table 6). These data suggest that the
cetuximab treatment effect does not vary according to
the BRAF mutation status and patients with mutated
BRAF also seem to benefit from cetuximab. The investi-
gators of the CRYSTAL study acknowledge that the
BRAF status plays a more prognostic than predictive role
in wild-type KRAS tumours.

Combined blockade of VEGF and EGFR

in the first-line therapy

If bevacizumab, cetuximab or panitumumab added
separately to the standard first-line chemotherapy in
advanced CRC significantly improves outcomes, combin-
ing the two classes of monoclonal antibodies could theoreti-
cally have additive or synergistic efficacy. In a phase II
BOND-2 trial [24], patients resistant to the first-line
therapy were simultaneously administered bevacizumab
and cetuximab with or without irinotecan and the
treatment efficacy was surprisingly high with an accep-
table toxicity profile. Unfortunately, interim analysis from
the phase III PACCE trial [25] showed that addition of
panitumumab to the standard first-line oxaliplatin-based
chemotherapy + bevacizumab worsens the outcomes.
Recently, the final data from the PACCE trial and the
CAIRO-2 study have been published [10], which
evaluated the efficacy of the combination of bevacizumab
and cetuximab.
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The PACCE trial enrolled 1053 patients with CRC
without earlier therapy for metastatic disease. They were
randomized to oxaliplatin-based (823 patients) or irino-
tecan-based (230 patients) chemotherapy + bevacizu-
mab; in the experimental arms, panitumumab was also
added. In the oxaliplatin-based therapy, median PFS was
10 months for the arm with additional panitumumab
as compared with 11.4 months for the arm without
panitumumab (HR =1.27). For the irinotecan-based
therapy, median PFS was 10.1 months in the case of
panitumumab administration and 11.7 months for those
treated without panitumumab (HR = 1.19). Median OS
in the oxaliplatin group was 19.4 months with panitumu-
mab and 24.5 months without panitumumab (HR =
1.43); in the irinotecan group, median OS was 20.7
months and 20.5 months, respectively (HR = 1.42).
Addition of panitumumab did not increase the RR in
any of the treatment arms (Table 7). The negative effects
of panitumumab were independent of the KRAS status.
Panitumumab significantly increased the treatment
toxicity, particularly the skin toxicity, diarrhoea and the
rate of pulmonary embolism, in both the oxaliplatin-based
and irinotecan-based groups.

The exacerbated toxicity observed in the panitumumab
arms increased the frequency of dose delays, dose
reductions, and therefore, diminished the dose intensity.
It might have negatively impacted the treatment efficacy.
The investigators of the study also acknowledge the
pharmacodynamic interactions between the study drugs
that might have worsened the efficacy of therapy with two
monoclonal antibodies. The EGFR blockade may inhibit
the intracellular signaling pathways and therefore diminish
bevacizumab and/or cytotoxics activity; it can also lead to
cell-cycle arrest and resistance to chemotherapeutics.

On the other hand, the CAIRO-2 study [10] evaluated
the efficacy and safety of cetuximab addition to the

standard front-line chemotherapy capecitabine + oxali-
platin + bevacizumab in mCRC. It has been shown that
the addition of cetuximab results in a shorter median PFS
(10.7 months without cetuximab vs. 9.4 months with
cetuximab; P =0.01; Table 8). HR for progression or
death in the group treated with cetuximab was 1.22.
Median OS for patients treated without cetuximab
reached 20.3 months as compared with 19.4 months for
those receiving cetuximab (P =0.16). It has also been
proved that the addition of cetuximab to the standard
first-line therapy does not significantly increase the RR
(50% for those treated without cetuximab vs. 52.7% for
those receiving cetuximab; P = 0.49).

The treatment efficacy according to the KRAS mutation
status is presented in Table 9. It clearly shows that the
addition of cetuximab in patients with mutated KRAS
significantly worsens the outcomes; in the cetuximab-
containing arm, patients with mutated KRAS had a
significantly shorter median PFS than those with the
wild-type gene (8.1 vs. 10.5 months; P = 0.04). Moreover,
patients with mutated KRAS in the cetuximab group
had a much shorter median PFS (8.1 vs. 12.5 months;
P=0.003) and median OS (17.2 vs. 24.9 months;
P=0.03) compared with those with mutated KRAS
but not having received cetuximab. The updated ana-
lysis from this study refers also to the BRAF status; it
shows that patients with mutated BRAF tumours had a

Table 8 Treatment efficacy in the CAIRO-2 trial: the entire
population

CAP+OXA +BEV+CET CAP+OXA +BEV P

Median PFS (months) 9.4 10.7 0.01
Median OS (months) 19.4 20.3 0.16
Response rate (%) 52.7 50.0 0.49

BEV, bevacizumab; CAP, capecitabine; CET, cetuximab; OS, overall survival;
OXA, oxaliplatin; PFS, progression-free survival.

Table 6 Treatment efficacy in the CRYSTAL and OPUS studies according to the BRAF status in KRAS wild-type population (Gastrointestinal

Cancers Symposium 2010, Abstract No. 406)

KRASwt/BRAFwt KRASwt/BRAFmut
CTH + cetuximab CTH P CTH + cetuximab CTH P
Median PFS (months) 10.9 7.7 <0.0001 71 3.7 0.2301
Median OS (months) 24.8 21.1 0.0479 141 9.9 0.0764
Response rate (%) 60.7 40.9 <0.0001 21.9 13.2 0.4606

CTH, chemotherapy; KRASwt/BRAFmut, patients with wild-type KRAS and mutated BRAF gene; KRASwt/BRAFwt, patients with both wild-type KRAS and BRAF

genes; OS, overall survival; PFS, progression-free survival.

Table 7 Treatment efficacy in the PACCE trial

Oxaliplatin-based chemotherapy

Irinotecan-based chemotherapy

+ BEV + BEV and PAN HR + BEV + BEV and PAN HR
Median PFS (months) 11.4 10 1.27 11.7 10.1 1.19
Median OS (months) 24.5 19.4 1.43 20.5 20.7 1.42
Response rate (%) 48 46 NA 40 43 NA

BEV, bevacizumab; HR, hazards ratio; NA, not available; OS, overall survival; PAN, panitumumab; PFS, progression-free survival.
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Table 9 Treatment efficacy in the CAIRO-2 trial according to the KRAS status

Wild-type KRAS

Mutated KRAS

CAP+OXA +BEV+CET CAP+OXA +BEV P CAP+OXA +BEV+CET CAP+OXA +BEV P
Median PFS (months) 10.5 10.6 0.3 8.1 12.5 0.003
Median OS (months) 21.8 22.4 0.64 17.2 24.9 0.03
Response rate (%) 61.4 50.0 0.06 45.9 59.2 0.03

BEV, bevacizumab; CAP, capecitabine; CET, cetuximab; OS, overall survival; OXA, oxaliplatin; PFS, progression-free survival.

decreased median PFS compared with patients with wild-
type BRAE irrespective of the treatment arm (5.9 vs. 12.2
months; P=0.003 in the chemotherapy + bevacizumab
arm, and 6.6 vs. 10.4 months; P =0.010 in the chemo-
therapy + bevacizumab + cetuximab arm, respectively).
The median OS was also decreased in patients with
mutated BRAF as compared with wild-type tumours in
both the arms (15.0 vs. 24.6 months in the chemother-
apy + bevacizumab arm; P =0.002, and 15.2 vs. 21.5
months in the chemotherapy + bevacizumab + cetuximab
arm; P =0.001) [26]. Another analysis evaluated the
relationship between the RR and the expression of the
EGFR. It has been shown that even among patients with
high EGFR expression, median PFS is shorter when
treated with cetuximab (9.8 months for cetuximab group
vs. 12.2 months for treated without cetuximab; P = 0.003).
It has also been shown that in females the addition of
cetuximab to the standard chemotherapy significantly
shortens median PFKS (8.6 vs. 12.5 months; P < 0.001) and
median OS (18.8 vs. 20.1 months; P = 0.02). Interestingly,
these differences were not observed among males.

Cetuximab significantly exacerbated the treatment toxi-
city: adverse events grade 3 and 4 were observed in 73.2%
of the patients treated without cetuximab compared with
81.7% of those receiving cetuximab (P = 0.006). When
grade 3 cetuximab-related skin toxicity was excluded, the
incidence of adverse events was similar. Patients treated
without cetuximab had a much better improvement in the
quality of life (£ =0.007) and global health (P =10.03).

The investigators of the study acknowledge that worse
outcomes observed in the cetuximab group cannot result
only from the more frequent treatment-related adverse
events because the toxicity was generally manageable and
the percentage of patients who prematurely stopped the
treatment because of toxicity was comparable in both
groups. The investigators refer to the results from the
PACCE trial in which significant differences in survival
after the addition of panitumumab to the standard chemo-
therapy + bevacizumab were observed only in the oxali-
platin arm; these differences were not noticed for the
irinotecan arm. Eventually, the results of the BOND-2 trial
confirm high activity of the combination of irinotecan,
cetuximab and bevacizumab in patients resistant to
irinotecan, which seems to be higher than the activity
of the combination irinotecan + cetuximab observed in
the identical population of patients in the BOND study.
Is it, therefore, possible that cetuximab is more potent in

combination with irinotecan than with oxaliplatin? Future
studies will have to respond to this question.

The investigators in the CAIRO-2 study also claim the
negative relationship between bevacizumab and cetux-
imab resulting in significantly less frequent occurrence of
arterial hypertension in the cetuximab arm. Italian
investigators proved in a small study of 39 patients with
mCRC that occurrence of arterial hypertension during
bevacizumab administration may be an interesting prog-
nostic factor of responsiveness to therapy with this
antibody [27]. They observed partial remission of disease
in 75% of the patients who experienced arterial hyper-
tension grade 2 and 3 compared with 32% of the patients
without hypertension (P =0.04). Similarly, the median
PFS was significantly longer in the arm with hypertension
(14.5 vs. 3.1 months; P =0.04). Although in the hyper-
tension group median OS has not been reached vyet, it
was 15.1 months in the group without hypertension
(P=0.11). These data await confirmation in larger trials.

However, the concept of the combined blockade of
both the vascular endothelial growth factor (VEGF) and
EGF pathways in mCRC has not been completely aban-
doned. Erlotinib is an oral inhibitor of the EGFR tyrosine
kinase. The administration of bevacizumab concurrently
with erlotinib is being investigated in various solid tumours
and the primary data show meaningful antitumoural activity
with an acceptable toxicity profile. This concept is being
evaluated also in mCRC. In the GERCOR-C04-2 phase III
2 x 2 factorial design trial, patients with potentially unre-
sectable mCRC are randomized to standard chemotherapy
of FOLFOX or XELOX with bevacizumab or with bevaci-
zumab and erlotinib [28]. After six courses, patients without
progression are treated with bevacizumab and erlotinib
with the reintroduction of the front-line regimen at the
disease progression.

The ACT (ML 19033) trial evaluates the efficacy and
safety of bevacizumab with erlotinib in patients with
mCRC who did not progress during the 18 weeks of
standard first-line chemotherapy consisting of bevacizu-
mab, fluoropirymidine and oxaliplatin or irinotecan [29].

Uncertainties on the optimal

anti-EGFR strategy

Both cetuximab and panitumumab are approved for
the treatment of advanced CRC with the wild-type
KRAS gene. The current NCCN guidelines recommend
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administration of cetuximab or panitumumab in combi-
nation with standard first-line chemotherapy in the
wild-type KRAS mCRC patients, although so far the
equal efficacy of these monoclonal antibodies has not
been proved in randomized clinical trials. Are cetuximab
and panitumumab really interchangeable? In fact, their
molecular mechanism of action differs significantly. First,
panitumumab is a fully human monoclonal antibody and
does not trigger anti-chimeric antibody reactions that may
occur to neutralize cetuximab. Second, cetuximab, being
a class IgGl antibody, produces antibody-dependent
cell-mediated cytotoxicity, which is not seen with pani-
tumumab, a class [gG2 antibody. Finally, the mechanism of
resistance to fully human panitumumab may be different
from the resistance to chimeric cetuximab. The head-to-
head comparison of these antibodies is being evaluated in
a phase III trial ASPECCT that randomizes patients with
chemorefractory mCRC to monotherapy with cetuximab
or panitumumab [30]. Another uncertainty is regarding
the administration of cetuximab and panitumumab in a
sequential manner. The NCCN guidelines do not recom-
mend the use of one of these agents after therapeutic
failure of the other. There are, however, individual case
reports in the literature describing the safety and efficacy
of panitumumab in patients who experienced hypersen-
sitivity reactions to cetuximab or progressed on cetuximab.
An interesting retrospective analysis from the Memorial
Sloan Kettering Cancer Center presents 22 patients with
earlier cetuximab treatment who subsequently received
panitumumab monotherapy [31]. The reasons for cetux-
imab discontinuation were hypersensitivity reactions
(32%), disease progression (14%), convenience of a bi-
weekly schedule (23%), preceding surgery (18%) and no
evidence of disease after resection of metastases (9%).
None of the patients who experienced a hypersensitivity
reaction to cetuximab developed a subsequent hypersen-
sitivity reaction to panitumumab. The analysis also showed
that the majority of patients (89%) who responded to
cetuximab continued to respond to panitumumab. There
was one patient, however, whose tumour progressed on
cetuximab and responded to subsequent panitumumab.
Although this phenomenon is not clearly understood, the
investigators of the analysis claim that molecular differ-
ences in these monoclonal antibodies may be responsible
for their non-cross-resistance. A planned phase II study
exploring the efficacy of a single agent panitumumab after
progression on cetuximab-containing chemotherapy in KRAS
wild-type CRC patients will verify this hypothesis [32].

Uncertainties on the optimal anti-VEGF
strategy

In 2004, based on the positive results from the phase 111
randomized trials, the US Food and Drug Administration
approved bevacizumab to be used in combination with
the standard first-line and second-line chemotherapy in
advanced CRC [33,34]. As the optimal duration of treat-
ment has not yet been defined, it is unclear whether

bevacizumab should be maintained with second-line
chemotherapy after progression with bevacizumab plus
first-line regimen. The BRITE registry (the Bevacizumab
Regimens: Investigation of Treatment Effects and Safety)
[35] is a large, observational study that was started in the
United States to evaluate the efficacy and tolerability of
bevacizumab in an unselected population of patients with
advanced CRC. Chemotherapy-naive patients with meta-
static disease were treated with bevacizumab in combina-
tion with one of the standard chemotherapy regimens
chosen at the discretion of the treating physician. FOLFOX
was the most common standard chemotherapy regimen,
whereas less frequent ones were FOLFIRI, IFL, bolus
FU/LV, XELOX, protracted infusion of FU/LV and finally
FLOX. The primary end-points of the study included
treatment tolerance, median PFS, RRs and median OS.
In the BRITE registry, median PFS was 10.0 months and
median OS reached 25.1 months. Although the median
PFS observed in the BRIiTE registry was comparable with
the results from the earlier randomized trials assessing
the efficacy of adding bevacizumab to the standard first-
line chemotherapy in mCRC, the median OS was signi-
ficantly longer than expected. The additional analysis of
the BRITE registry was aimed at finding factors responsible
for the apparent discordance between PFS and OS. One
thousand, four hundred and forty-five patients who experi-
enced disease progression were divided into three groups:
no treatment continuation after progression (17.5%),
treatment continuation with no bevacizumab (no-BBP)
(36.7%) and treatment continuation with bevacizumab
(BBP) (44.4%). Treatment continuation was described as
any systemic anticancer therapy using cytotoxic and/or
biological agents (19 patients who continued bevacizu-
mab alone were excluded from the analysis as this group
was too small to be considered separately). There were
no significant differences in the baseline characteristics
between the no-BBP and BBP groups, except for the
slightly higher percentage of patients with ECOG > 1 in
no-BBP group. Median time to first progression during
front-line therapy was almost identical in both the groups
(8.7 months in the no-BBP group and 8.9 months in BBP
group). Median OS among patients who continued
bevacizumab after first progression (BBP) reached 31.8
months and was statistically longer than that in no-BBP
group (19.9 months; P<0.001) and in the group of
patients without any treatment continuation (12.6 months;
P <0.001). In addition, median survival beyond progres-
sion was significantly longer in the group that continued
bevacizumab (19.2 vs. 9.5 vs. 3.6 months, respectively).
In the multivariate analysis, it has been shown that conti-
nuing bevacizumab after first progression is an indepen-
dent factor that predicts survival beyond progression.
This positive effect of bevacizumab continuation after
disease progression was observed regardless of whether
bevacizumab was administered continuously or if there
was any break in bevacizumab treatment (even longer
than 2 months). Continuation of bevacizumab after
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disease progression was not associated with a significant
increase in treatment toxicity; the only significant dif-
ference related to the higher percentage of patients with
primary or aggravating arterial hypertension observed
in the BBP group compared with no-BBP group and the
entire patient population in the BRIiTE registry.

This study suggests the potential survival advantage from
bevacizumab continuation after progression on the first-
line therapy in mCRC. Progression of the disease during
cytotoxic treatment generally implies resistance to chemo-
therapeutics, which results from the genetic instability of
cancer cells. However, the mechanism of resistance to
bevacizumab is not completely understood; this may be
independent of the resistance to chemotherapeutics.
Moreover, besides inhibiting neoangiogenesis, bevacizu-
mab ‘normalizes’ aberrant tumour microvasculature and
potentiates cytotoxics delivery into the tumour, which
means that continuing bevacizumab in combination with
second-line or even third-line cytotoxic chemotherapy in
mCRC may continue to improve its efficacy. However,
the BRIiTE registry was only an observational study with
all its limitations that might have influenced the final
results and as such bevacizumab should not be used in
the second-line regimen after progression on bevacizu-
mab-containing front-line therapy. Currently, the hypo-
thesis generated in the BRIiTE registry is being evaluated
in two prospective, randomized phase III trials. In a
European trial AIO 0504/AGMT, patients who progressed
on first-line regimens composed of fluoropyrimidine plus
oxaliplatin or irinotecan with bevacizumab were rando-
mized to receive the second-line chemotherapy of fluoro-
pyrimidine plus oxaliplatin (for those with irinotecan-based
front-line regimen) or plus irinotecan (for those with
oxaliplatin-based first-line treatment) with or without
bevacizumab. The safety analysis from this study shows
that extended bevacizumab does not increase the rate of
serious adverse events [36]. In the United States,
bevacizumab beyond progression is being investigated
in a randomized SWOG/NCCTG/NCIC iBET S0600
study in which patients who progressed on first-line
bevacizumab with FOLFOX or XELOX are randomized
to second-line treatment with irinotecan-based che-
motherapy plus cetuximab with or without bevacizumab
(5 or 10 mg/kg every 2 weeks) [37].

Another concept currently intensively investigated in
clinical trials is maintenance therapy with bevacizumab
in patients who achieved disease response to the induc-
tion therapy with cytotoxics plus bevacizumab. Inhibi-
ting tumour regrowth during the ‘maintenance phase’ with
the antiangiogenic therapy may lower the frequency of
adverse events occurring as a result of prolonged
exposition to cytotoxic regimens. In the CAIRO-3 study,
patients with advanced CRC untreated earlier, receive
the induction therapy of XELOX + bevacizumab for six
cycles. Those who obtain response to the treatment are

subsequently randomized to the maintenance therapy
with low-dose capecitabine with bevacizumab or no
further treatment. Upon progression of the disease, the
initial cytotoxic regimen of XELOX + bevacizumab will
be reintroduced in both the arms. Similar is the AIO KRK
0207 study in which patients who respond to the initial
24-week regimen of fluoropyrimidine, oxaliplatin and
bevacizumab are randomized to no further therapy,
bevacizumab alone or bevacizumab combined with a
fluoropirymidine. The reintroduction of the initial first-
line regimen is planned upon disease progression. The
SAKK 41/06 study is a phase III non-inferiority trial that
evaluates the maintenance therapy with bevacizumab
versus no further treatment in patients with mCRC
without progression on the standard first-line chemother-
apy plus bevacizumab. The efficacy and safety of the
maintenance therapy with bevacizumab and erlotinib
is being evaluated in two trials mentioned earlier,
GERCOR-C04-2 [28] and ACT (ML 19033) [29].

Other antiangiogenic agents in the
treatment of mCRC

Cediranib is a highly potent tyrosine kinase inhibitor that
selectively blocks all three VEGFRs. In a phase II study
HORIZON 1 [38], it has shown activity in combination
with the FOLFOX6 regimen in the second-line treatment
of mCRC. The median PFS times for the combination of
FOLFOX6 + cediranib were 5.8 months (cediranib at a
dose 20 mg daily) and 7.2 months (cediranib at a dose
30 mg daily) and were comparable with the median PFS
of 7.8 months for the combination FOLFOX6 + bevaci-
zumab. Currently, there are two ongoing phase III studies
that evaluate cediranib in combination with FOLFOX
chemotherapy in the first-line setting in mCRC. The
HORIZON II study [39] randomly compares oxaliplatin-
based chemotherapy (FOLFOX or XELOX) with cedir-
anib or placebo, and the HORIZON III [40] is a
randomized comparison of the mFOLFOX6 chemother-
apy plus cediranib (20 mg daily) with mFOLFOX6 plus
bevacizumab (5 mg/kg i.v. every 2 weeks) in the front-line
setting in mCRC. The preliminary data from the
HORIZON III trial show that the efficacy did not meet
the prespecified criteria for the primary endpoint of non-
inferiority in PFS.

Vatalanib is an oral tyrosine kinase inhibitor targeting all
three VEGFRs. The studies of FOLFOX plus vatalanib
versus FOLFOX alone in the first-line (CONFIRM-1
trial) [41] and second-line (CONFIRM-2 trial) [42] setting
in mCRC failed to show a significant improvement in PFS.

Sunitinib, another oral tyrosine kinase inhibitor that blocks
VEGFRZ, platelet-derived growth factor receptor b and c-
kit, inhibits angiogenesis and cell proliferation. The phase
III study (SUN 1122) evaluating sunitinib in combina-
tion with the FOLFIRI regimen versus FOLRIRI alone has
been prematurely stopped when an Independent Data
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Monitoring Committee found that the addition of sunitinib
to FOLFIRI did not result in better PFS among patients
with mCRC.

Aflibercept is a recombinant fusion protein of VEGR-1
and VEGFR-2 extracellular domains and the Fc portion
of human IgG. It is currently being evaluated in combi-
nation with FOLFIRI in a phase III trial of a second-
line treatment after the failure of the oxaliplatin-based
chemotherapy [43].

Brivanib, a dual kinase inhibitor of VEGFR-2 and
fibroblast growth factor, is being evaluated in a phase
III trial in combination with cetuximab versus cetuximab
alone in wild-type tumours refractory to combination
chemotherapy [44].

Anti-EGFR or anti-VEGF strategy?

The data from prospective randomized trials presented
above clearly prove that both cetuximab and panitumu-
mab improve treatment efficacy of the front-line regi-
mens used in mCRC; however, their activity is restricted
to the wild-type KRAS tumours. As it was stated earlier,
bevacizumab has also been shown to improve the
outcomes in combination with first-line chemotherapy.
Thus, which monoclonal antibody should be chosen to
achieve the greatest benefit? For about 40% of the
patients with mutated KRAS gene, bevacizumab is the
only option. For the remaining 60% with wild-type KRAS
tumours, clinicians may choose between anti-VEGF and
anti-EGFR monoclonal antibodies. The results from the
CRYSTAL [6], OPUS [9] and PRIME [13] trials indicate
that the efficacy (measured as median PFS, median OS
and overall RR) of the front-line cytotoxic regimens
combined with anti-EGFR antibodies in wild-type KRAS
mCRC are similar to the results from prospective, random-
ized studies evaluating the same cytotoxic combinations
with bevacizumab (Table 10). However, these are not the
head-to-head comparisons and cannot be interpreted as
evidence of equal efficacy of these antibodies in the
front-line setting. Currently, the head-to-head compar-
ison of these agents is being conducted in the CALGB

80405 phase III study which randomizes patients with
mCRC to the front-line FOLFOX or FOLFIRI with
bevacizumab or cetuximab or the combination of bevaci-
zumab and cetuximab [49]. However, the study has already
been amended after publications regarding the predictive
significance of KRAS and after publications of the results
from the PACCE and CAIRO-2 studies indicating worse
outcomes in combined anti-EGFR and anti-VEGF
therapy. It is, therefore, possible that these amendments
will confound the final results.

Summary

The results of the recent studies presented above evalua-
ting the use of monoclonal antibodies in the treatment of
advanced CRC expand our knowledge on their optimal
administration. First, the trials evaluating the use of the
EGFRs inhibitors clearly proved that cetuximab and
panitumumab maintain activity mostly in patients with
the wild-type KRAS gene. Moreover, mutation of the
BRAF kinase, an effector for KRAS, is a negative progno-
stic factor in mCRC and the best outcomes are observed
among patients with unmutated forms of both the KRAS
and BRAF genes. Testing the KRAS status allows avoiding
unnecessary, potentially toxic therapy in many patients
and, what is also very important, results in significant cost
savings in health care systems around the world. Contrary
to the logical presumption that two monoclonal antibodies
with different mechanism of action will improve the treat-
ment efficacy, two randomized clinical trials clearly showed
that simultaneous blockade of VEGF and EGFR worsens
the outcomes. Many interactions between chemotherapeu-
tics and biological agents still remain not totally under-
stood; the higher activity of cetuximab in combination
with irinotecan than with oxaliplatin is just one example.
The detrimental effects from the addition of cetuximab
to the combination of chemotherapy with bevacizumab
observed in females but not males in the CAIRO-2 study,
needs a more detailed explanation. Finally, maintenance
therapy with targeted agents in patients responding to
the front-line combined cytotoxic regimens is being
evaluated in ongoing phase III trials.

Table 10 Efficacy of front-line regimens containing cetuximab or panitumumab or bevacizumab

Regimen mPFS (months) mOS (months) ORR (%)
Anti-EGFR containing regimens
in wild-type KRAS mCRC
CRYSTAL study [6] FOLFIRI + cetuximab 9.9 23.5 57.3
FOLFIRI + cetuximab (WtKRAS/wtBRAF) 10.9 25.1 61.0
OPUS study [9] FOLFOX4 + cetuximab 8.3 22.8 57.3
PRIME study [13] FOLFOX4 + panitumumab 9.6 NA 55
Bevacizumab containing regimens
TREE study [45] mFOLFOX6 + bevacizumab 9.9 26.1 52
CapeOx + bevacizumab 10.3 27.0 46
NO 16966 study [46] FOLFOX4 or XELOX + bevacizumab 9.4 21.3 47
BICC-C study [47] FOLFIRI + bevacizumab 11.2 Not reached 57.9
MEXICO study [48] FOLFIRI + bevacizumab 9.0 23.0 46
XELIRI + bevacizumab 9.0 23.0 42

EGFR, epidermal growth factor receptor; mOS, median overall survival; mPFS, median progression-free survival; NA, not available; ORR, overall response rate.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Targeted therapy in advanced colorectal cancer Ochenduszko and Krzemieniecki

Acknowledgement
There are no conflicts of interest.

References

1

Kelly C, Cassidy J. Chemotherapy in metastatic colorectal cancer. Surg
Oncol 2007; 16:65-70.

Cunningham D, Humblet Y, Siena S, Khayat D, Bleiberg H, Santoro A,

et al. Cetuximab monotherapy and cetuximab plus irinotecan in irinotecan-
refractory metastatic colorectal cancer. N Engl J Med 2004; 351:337-345.
Jonker DJ, O'Callaghan CJ, Karapetis CS, Zalcberg JR, Tu D, Au HJ, et al.
Cetuximab for the treatment of colorectal cancer. N Engl J Med 2007;
357:2040-2048.

Venook A, Niedzwiecki D, Hollis D, Sutherland S, Goldberg R, Alberts S,
et al. Phase Ill study of irinotecan/5FU/LV (FOLFIRI) or oxaliplatin/5FU/LV
(FOLFOX) % cetuximab for patients (pts) with untreated metastatic
adenocarcinoma of the colon or rectum (MCRC): CALGB 80203
preliminary results. J Clin Oncol 2006 ASCO Annual Meeting Proceedings
Part I. Vol 24, No. 18S (June 20 Suppl), 2006: 3509.

Karapetis CS, Khambata-Ford S, Jonker DJ, O'Callaghan CJ, Tu D,
Tebbutt NC, et al. K-ras mutations and benefit from cetuximab in
advanced colorectal cancer. N Eng/ J Med 2008; 359:1757-1765.

Van Cutsem E, Kéhne C, Hitre E, Zaluski J, Chang Chien CR, Makhson A,
et al. Cetuximab and chemotherapy as initial treatment for metastatic
colorectal cancer. N Engl J Med 2009; 360:1408-1417.

Van Cutsem E, Rougier P, Kéhne C, Stroh C, Schlichting M, Bokemeyer C.
A meta-analysis of the CRYSTAL and OPUS studies combining cetuximab
with chemotherapy (CT) as 1st-line treatment for patients (pts) with
metastatic colorectal cancer (nCRC): results according to KRAS and
BRAF mutation status. ECCO/ESMO Congress 2009. Abstract No: 6077.
Tabernero J, Van Cutsem E, Diaz-Rubio E, Cervantes A, Humblet Y, André T,
et al. Phase |l trial of cetuximab in combination with fluorouracil, leucovorin,
and oxaliplatin in the first-line treatment of metastatic colorectal cancer.

J Clin Oncol 2007; 25:5225-5232.

Bokemeyer C, Bondarenko I, Makhson A, Hartmann JT, Aparicio J,

de Braud F, et al. Fluorouracil, leucovorin, and oxaliplatin with and

without cetuximab in the first-line treatment of metastatic colorectal cancer.
J Clin Oncol 2009; 27:663-671.

Tol J, Koopman M, Cats A, Rodenburg CJ, Creemers GJM, Schrama JG,
et al. Chemotherapy, bevacizumab, and cetuximab in metastatic colorectal
cancer. N Eng J Med 2009; 360:563-572.

Maughan TS, Adams RA, Smith CG, Seymour MT, Wilson R, Maede AM,
et al. Addition of cetuximab to oxaliplatin-based combination chemotherapy
(CT) in patients with KRAS wild-type advanced colorectal cancer (ACRC): a
randomised superiority trial (MRC COIN). ECCO/ESMO Congress 2009.
Abstract No: 6LBA.

Adams RA, Meade AM, Madi A, Fisher D, E Kay E, Kenny S, et al. Toxicity
associated with combination oxaliplatin plus fluoropyrimidine with or without
cetuximab in the MRC COIN trial experience. Br J Cancer 2009; 100:
251-258.

Douillard J, Siena S, Cassidy J, Tabernero J, Burkes R, Barugel ME, et al.
Randomized phase 3 study of panitumumab with FOLFOX4 compared to
FOLFOX4 alone as 1st-line treatment (tx) for metastatic colorectal cancer
(mCRC): the PRIME trial. ECCO/ESMO Congress 2009. Abstract No:
10LBA.

Peeters M, Price T, Hotko Y, Cervantes A, Ducreux M, André T, et al.
Randomized phase 3 study of panitumumab with FOLFIRI versus FOLFIRI
alone as second-line treatment (tx) in patients (pts) with metastatic colorectal
cancer (nCRC). ECCO/ESMO Congress 2009. Abstract No: 14LBA.
Shankaran V, Bentrem DJ, Mulcahy MF, Bennett CL, Benson Ill AB.
Economic implications of Kras testing in metastatic colorectal cancer
(mCRC). 2009 Gastrointestinal Cancers Symposium (Abstract). http:/
www.asco.org/ASCOv2/Meetings/Abstracts ?&vmview =abst_detail_view
&conflD=63&abstract!D=10759.

Samowitz WS, Sweeney C, Herrick J, Albertsen H, Levin TR, Murtaugh MA,
et al. Poor survival associated with the BRAF VBOOE mutation in
microsatellite-stable colon cancers. Cancer Res 2005; 65:6063-6069.
Frattini M, Balestra D, Suardi S, Oggionni M, Alberici P, Radice P, et al.
Different genetic features associated with colon and rectal carcinogenesis.
Clin Cancer Res 2004; 10:4015-4021.

Rajagopalan H, Bardelli A, Lengauer C, Kinzler KW, Vogelstein B,
Velculescu VE, et al. Tumorigenesis: RAF/RAS oncogenes and

mismatch repair status. Nature 2002; 418:934.

Di Nicolantonio F, Martini M, Molinari F, Sartore-Bianchi A, Arena S, Saletti P,
et al. Wild-type BRAF is required for response to panitumumab or cetuximab
in metastatic colorectal cancer. J Clin Oncol 2008; 26:5705-5712.

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

747

ClinicalTrials.gov. A Phase Il Study of BAY 43-9006 (Sorafenib) in
Combination With Cetuximab (Erbitux) in EGFR Expressing Metastatic
Colorectal Cancer. http://clinicaltrials.gov/ct2/show/NCT00343772.
[Accessed 5 June 2010]

Van Cutsem E, Lang |, Folprecht G, Nowacki MP, Cascinu S, Shchepotin |,
et al. Cetuximab plus FOLFIRI in the treatment of metastatic colorectal
cancer (NCRC): the influence of KRAS and BRAF biomarkers on outcome:
updated data from the CRYSTAL trial. 2010 Gastrointestinal Cancers
Symposium. Abstract No: 281.

Bokemeyer C, Bondarenko I, Hartmann JT, De Braud F, Schuch G, Zubel A,
et al. Biomarkers predictive for outcome in patients with metastatic
colorectal cancer (nCRC) treated with first-line FOLFOX4 plus or minus
cetuximab: updated data from the OPUS study. 2010 Gastrointestinal
Cancers Symposium. Abstract No: 428.

Kohne CH, Rougier P, Stroh C, Schlichting M, Bokemeyer C, Van Cutsem E.
Cetuximab with chemotherapy (CT) as first-line treatment for metastatic
colorectal cancer (nCRC): a meta-analysis of the CRYSTAL and OPUS
studies according to KRAS and BRAF mutation status. 2010
Gastrointestinal Cancers Symposium. Abstract No: 406.

Saltz LB, Lenz HJ, Kindler HL, Hochster HS, Wadler S, Hoff PM, et al.
Randomized phase |l trial of cetuximab, bevacizumab, and irinotecan
compared with cetuximab and bevacizumab alone in irinotecan-refractory
colorectal cancer: the BOND-2 Study. J Clin Oncol 2007; 25:4557-4561.
Hecht JR, Mitchell E, Chidiac T, Scroggin C, Hagenstad C, Spigel D, et al.
A randomized phase IIIB trial of chemotherapy, bevacizumab, and
panitumumab compared with chemotherapy and bevacizumab alone for
metastatic colorectal cancer. J Clin Oncol 2009; 27:672-680.

Tol J, Dijkstra JR, Vink-Bérger ME, Koopman M, Vincent AD,

van Krieken JHJM, et al. BRAF mutation is associated with a decreased
outcome in patients (pts) with advanced colorectal cancer (ACC) treated
with chemotherapy and bevacizumab with or without cetuximab.
ECCO/ESMO Congress 2009. Abstract No: O-6002.

Scartozzi M, Galizia E, Chiorrini S, Giampieri R, Berardi R, Pierantoni C,
et al. Arterial hypertension correlates with clinical outcome in colorectal
cancer patients treated with first-line bevacizumab. Ann Oncol 2009;
20:227-230.

CinicalTrials.gov. Phase Il Study of an Optimized Chemotherapy + Avastin
Strategy * Tarceva in Metastatic Colorectal Cancer. http://clinicaltrials.gov/
ct2/show/NCT00265824. [Accessed 5 June 2010]

Avastin and Chemotherapy followed by Avastin alone or in combination with
Tarceva for the treatment of metastatic colorectal cancer. http://
www.actstudien.com/Microsoft%20Word%20-%20ACTfinal071019
amendment1.pdf. [Accessed 5 June 2010]

ClinicalTrials.gov. A Randomized, Multicenter, Open-label, Phase 3 Study to
Compare the Efficacy and Safety of Panitumumab and Cetuximab in
Subjects With Previously Treated, Wild-type KRAS, Metastatic Colorectal
Cancer. http://www.clinicaltrials.gov/ct2/show/NCT01001377 ?term =
panitumumab + cetuximab&rank=1. [Accessed 5 June 2010]

Power DG, Shah MA, Asmis TR, Garcia JJ, Kemeny NE. Safety and efficacy
of panitumumab following cetuximab: retrospective review of the Memorial
Sloan-Kettering experience. Invest New Drugs 2010; 28:353-360.
ClinicalTrials.gov. A Single Arm Phase Il Trial of Panitumumab in Cetuximab
Refractory KRAS Wild-Type Colorectal Cancer http://clinicaltrials.gov/ct2/show/
NCT00842257 ?term = panitumumab&rank=19. [Accessed 5 June 2010]
Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T, Hainsworth J, Heim W,
et al. Bevacizumab plus irinotecan, fluorouracil, and leucovorin for metastatic
colorectal cancer. N Eng J Med 2004; 350:2335-2342.

Giantonio BJ, Catalano PJ, Meropol NJ, O'Dwyer PJ, Mitchell EP, Alberts SR,
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; 25:1539-1544,

Grothey A, Sugrue MM, Purdie DM, Dong W, Sargent D, Hedrick E, 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; 26:5326-5334.

Arnold D, Reinacher-Schick A, Miiller L, Steffens C, Kroning H, Freier W,
et al. Bevacizumab (Bev) beyond progression (BP) in combination with
second-line chemotherapy (CT) after failure of a Bev containing first-line CT
in patients (pts) with metastastic colorectal cancer (MCRC). Preliminary
baseline and safety analysis from the AIO 0504/AGMT phase Ill study. 2008
Gastrointestinal Caner symposium. Abstract 469.

ClinicalTrials.gov. Phase lll Trial of Irinotecan-Based Chemotherapy Plus
Cetuximab (NSC-714682) With or Without Bevacizumab (NSC-704965)
As Second-Line Therapy for Patients With Metastatic Colorectal Cancer
Who Have Progressed on Bevacizumab With Either FOLFOX, OPTIMOX

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



748 Anti-Cancer Drugs 2010, Vol 21 No 8

38

39

40

41

42

43

or XELOX. http://clinicaltrials.gov/ct2/show/NCT00499369?term =
SWOG-S0600&rank=1. [Accessed 5 June 2010]

Cunningham D, Wong RP, D’haens G, Douillard J, Robertson J, Saunders O,
et al. A phase ll, double-blind, randomized multicenter study of cediranib
with FOLFOX versus bevacizumab with FOLFOX in patients with previously
treated metastatic colo rectal cancer (nCRC): final PFS results. J Clin
Oncol 2008; 26 (May 20 Suppl): Abstract 4028.

ClinicalTrials.gov. A Randomised, Double-blind, Phase Ill Study to Compare
the Efficacy and Safety of Cediranib (AZD2171, RECENTIN™) When
Added to 5 Fluorouracil, Leucovorin and Oxaliplatin (FOLFOX) or
Capecitabine and Oxaliplatin (XELOX) With the Efficacy and Safety of
Placebo When Added to FOLFOX or XELOX in Patients With Previously
Untreated Metastatic Colorectal Cancer. http://clinicaltrials.gov/ct2/show/
NCT00399035. [Accessed 5 June 2010]

ClinicalTrials.gov. A Randomised, Double-blind, Multicentre Phase II/1lI
Study to Compare the Efficacy of Cediranib (RECENTIN™, AZD2171) in
Combination With 5-fluorouracil, Leucovorin, and Oxaliplatin (FOLFOX), to
the Efficacy of Bevacizumab in Combination With FOLFOX in Patients With
Previously Untreated Metastatic Colorectal Cancer. http://clinicaltrials.gov/
ct2/show/NCT00384176?term =horizon + Il1&rank=1. [Accessed 5 June
2010]

Hecht JR, Trarbach T, Jaeger E, Hainsworth J, Wolff R, Lloyd K, et al. A
randomized, double-blind, placebo-controlled, phase Il study in patients
(Pts) with metastatic adenocarcinoma of the colon or rectum receiving first-
line chemotherapy with oxaliplatin/5-fluorouracil/leucovorin and PTK787/ZK
222584 or placebo (CONFIRM-1). J Clin Oncol. 2005 ASCO Annu Meet
Proc. 2005; 23 (16S June 1 Suppl). Abstract LBAS3.

Kohne C, Bajetta E, Lin E, Valle W, Van Cutsem E, Hecht JR, et al. Final
results of CONFIRM 2: a multinational, randomized, double-blind, phase IlI
study in 2nd line patients (pts) with metastatic colorectal cancer (nCRC)
receiving FOLFOX4 and PTK787/ZK 222584 (PTK/ZK) or placebo. J Clin
Oncol 2007 ASCO Annu Meet Proc 2007; 25 (18S June 20 Suppl).
Abstract 4033.

ClinicalTrials.gov. A Multinational, Randomized, Double-blind Study,
Comparing the Efficacy of Aflibercept Once Every 2 Weeks Versus Placebo

44

45

46

47

48

49

in Patients With Metastatic Colorectal Cancer (MCRC) Treated With
Irinotecan/5-FU Combination (FOLFIRI) After Failure of an Oxaliplatin
Based Regimen. http://clinicaltrials.gov/ct2/show/NCT00561470?term =
aflibercept + colorectal&rank=1. [Accessed 5 June 2010]
ClinicalTrials.gov. A Phase Ill Randomized Study of BrivanibAlaninate
(BMS-582664) in Combination With Cetuximab (Erbitux®) Versus Placebo
in Combination With Cetuximab (Erbitux®) in Patients With K-RAS Tumors
Previously Treated With Combination Chemotherapy for Metastatic
ColorectalCarcinoma. http://clinicaltrials.gov/ct2/show/NCT00640471?
term =brivanib + colorectal&rank=1. [Accessed 5 June 2010]

Hochster HS, Hart LL, Ramanathan RK, Childs BH, Hainsworth JD,

Cohn AL, et al. Safety and efficacy of oxaliplatin and fluoropyrimidine
regimens with or without bevacizumab as first-line treatment of metastatic
colorectal cancer: results of the TREE Study. J Clin Oncol 2008; 26:
3523-3529.

Saltz LB, Clarke S, Diaz-Rubio E, Scheithauer W, Figer A, Wong R, et al.
Bevacizumab in combination with oxaliplatin-based chemotherapy as first-
line therapy in metastatic colorectal cancer: a Randomized Phase Ill Study.
J Clin Oncol 2008; 26:2013-2019.

Fuchs CS, Marshall J, Mitchell E, Wierzbicki R, Ganju V, Jeffery M, et al.
Randomized, controlled trial of irinotecan plus infusional, bolus, or oral
fluoropyrimidines in first-line treatment of metastatic colorectal cancer:
results from the BICC-C Study. J Clin Oncol 2007; 25:4779-4786.
Ducreux M, Adenis A, Mendiboure J, Frangois E, Boucher E, Chauffert B,
et al. Efficacy and safety of bevacizumab (BEV)-based combination regimens
in patients with metastatic colorectal cancer (MCRC): randomized phase Il
study of BEV + FOLFIRI versus BEV + XELIRI (FNCLCC ACCORD 13/
0508 study). J Clin Oncol 2009; Vol 27, No 15S (May 20 Suppl): 4086.
ClinicalTrials.gov. A Phase Ill Trial of Irinotecan / 5-FU / Leucovorin or
Oxaliplatin / 5-FU/ Leucovorin With Bevacizumab, or Cetuximab (C225), or
With the Combination of Bevacizumab and Cetuximab for Patients With
Untreated Metastatic Adenocarcinoma of the Colon or Rectum http://www.
clinicaltrials.gov/ct2/show/NCT00265850?term = calgb + 80405&rank=1.
[Accessed 5 June 2010]

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.





