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Abstract

Introduction: Metastatic colorectal cancer (mCRC) is one
of the most common cancers and the second leading cause
of cancer worldwide. With the improvement of systemic
and operative therapies, median overall survival (mOS)
reached 30 months or longer. Here, we will review the use
of the anti-vascular endothelial growth factor (VEGF) and
anti-epidermal growth factor receptor (EGFR) antibodies
in combination with doublet and triplet chemotherapy in
patients with borderline and primary unresectable mCRC.
Methods: Phases II and III trials were included in investi-
gating chemotherapy in the first-line in combination with
an anti-VEGF(R) or anti-EGFR in a cohort of patients with
mCRC.

Results: The VEGF-antibody bevacizumab has improved
progression-free survival (PFS) in several phase III trials in
combination with a chemotherapy doublet. More recently,
a higher efficacy has been demonstrated in combination
with an intensified chemotherapy including 5-fluoropy-
rimidine (5-FU), oxaliplatin, and irinotecan within the
phase III TRIBE study. Similarly, high resectability rates
have been shown in the phase II Olivia trial for patients
with liver-limited disease with an intensified chemother-
apeutic regime. However, this increase in efficacy was
accompanied by an increase in toxicity as well. The effi-
cacy of the EGFR-antibodies cetuximab and panitumumab
has been shown in several phase III trials, but their use is
restricted to patients whose tumors are RAS wildtype (WT).
The phase II trials, CELIM and PLANET, demonstrated
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a favorable long-term survival for patients with initially
non-resectable colorectal liver metastases who respond
to conversion therapy with EGFR-antibodies and undergo
secondary resection. The CLGB and FIRE-3 trials delivered
an inconsistent finding whether anti-VEGF or -EGFR treat-
ment is the better option in the first-line setting. However,
there is increasing evidence from post hoc analyses of pro-
spective clinical trials that patients with left-sided tumors
benefit from EGFR-directed combination therapy in terms
of prolongation of OS and PFS compared with limited, if
any, benefit for those with right-sided tumors.
Conclusion: Both anti-VEGF- and anti-EGFR-directed ther-
apies represent efficient treatment options for patients
with mCRC in the first line. For patients with RAS WT, left-
sided tumor anti-EGFR-based treatment is recommended.
Intensified regimens can be offered initially to unresect-
able patients in order to achieve resectability at a price of
higher toxicity.

Keywords: bevacizumab; cetuximab; colorectal cancer;
panitumumab.

Introduction

Colorectal cancer (CRC) is one of the most common
cancers and the second leading cause of cancer world-
wide [1]. Approximately 25% of newly diagnosed patients
have already developed metastases, and 50% of all CRC
patients will develop metastases over time as the disease
progresses [2]. Overall survival (OS) for patients with met-
astatic colorectal cancer (mCRC) has markedly improved
within the last two decades, and the most recent genera-
tion of randomized clinical trials has yielded median OS
(mOS) durations of 30 months or longer. There are numer-
ous reasons including the increase in resection rates,
emerging treatment options in a therapeutic sequence
but also improvement of first-line therapies. The standard
first-line therapy consists of a combination of chemother-
apy with targeted agents. The chemotherapeutic regimens
are based on fluoropyrimidine/leucovorin (5-FU/LV) or
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capecitabine with or without irinotecan, oxaliplatin, or
in combination with both. First-line molecular thera-
pies include monoclonal antibodies targeting the vas-
cular endothelial growth factor (VEGF) — bevacizumab
— and the epidermal growth factor receptor (EGFR) —
panitumumab and cetuximab. In contrast to bevaci-
zumab, cetuximab and panitumumab are only efficient
in a subset of patients whose tumors are wildtype (WT)
for Kirsten rat sarcoma (KRAS) and Neuroblastoma rat
sarcoma (NRAS WT) [3-5]. Next to molecular prediction,
tumor localization is increasingly accepted for decision
making for either anti-VEGF or anti-EGFR therapy. Novel
therapeutic targets include programmed death protein 1
(PD-1) and BRAF based on the molecular profiles of the
tumors. In this review, we will summarize the systemic
treatment options in the first-line setting for patients with
mCRC. We will specifically focus the review on the use of
the anti-VEGF and anti-EGFR antibodies in combination
with doublet and triplet chemotherapy in patients with
borderline and primary unresectable mCRC.

Methods

A literature research for phases II and III trials in mCRC
was performed. A trial was eligible for this review if it
comprised a cohort of mCRC patients who were treated
with chemotherapy in the first-line in combination with
an anti-VEGF(R) or anti-EGFR antibody either in the palli-
ative setting or a potentially curative/downsizing setting.
Phase I and retrospective data were excluded.

Results

Anti-VEGF antibodies in first-line treatment

Anti-VEGF antibodies in combination with chemotherapy
doublets

The prolongation of progression-free survival (PFS) by the
addition of bevacizumab to chemotherapy has been dem-
onstrated within several phase III trials. Hurwitz et al. [6]
analyzed bevacizumab vs. placebo in combination with
irinotecan and 5-FU/LV (IFL) as first-line therapy. In this
study, the primary endpoint OS as well as the secondary
endpoints PFS and overall response rate (ORR) were sig-
nificantly improved by bevacizumab [7]. The NO16966
trial (n=1401) compared oxaliplatin with capecitabine or
5-FU/LV (CAPOX or FOLFOX) plus bevacizumab or placebo
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[8]. Bevacizumab significantly improved the primary end-
point PFS and non-significantly the secondary endpoint
0S. Stathopoulos et al. investigated bevacizumab in com-
bination with 5-FU/LV and irinotecan (FOLFIRI) in a small,
single-center trial with only 222 patients. There was no sta-
tistical difference in the primary endpoint OS between the
arms. However, treatment was stopped after eight cycles
of therapy rather than until disease progression [9].

The MAX study (n=471) analyzed the efficacy of
bevacizumab in combination with capecitabine-based
chemotherapy in first-line [10]. In this study, the addition
of bevacizumab significantly improved the primary end-
point PFS. The AVEX study (n=280) provided evidence for
a safe and efficient administration of capecitabine with
bevacizumab in elderly patients, where PFS and ORR were
significantly improved [11]. OS was also improved, but
the difference between the two arms was not statistically
significant — mOS was 20.7 months in the combination
arm compared with 16.8 months in the capecitabine arm.
Very recently, the first data from the AIO KRK-0110 study
(n=421) have been reported, which compared the sequen-
tial application of 5-FU/LV-bevacizumab followed by the
addition of irinotecan at first progression to the direct
application of all three drugs in an elderly population
of patients with untreated mCRC [12]. In this trial, the
reduced initial treatment intensity failed to meet non-infe-
riority limits compared with the initial standard-of-care,
full-intensity treatment. ORR also favored the initial iri-
notecan arm (36.8% vs. 53.6%). Moreover, among patients
with RAS WT tumors, time to failure of strategy (TFS) was
8.6 months for the sequential arm and 11.8 months for the
full-intensity treatment, meeting the non-inferiority, while
there was no significant difference among patients with
RAS-mutant tumors. Similarly, there was a significant
5-month advantage for the more intensive first-line treat-
ment in RAS WT tumors (28.5 months vs. 23.5 months),
whereas mOS was similar between both arms for patients
with RAS-mutant tumors. Overall, these data suggest that
sequential therapy cannot be recommended in patients
with RAS/BRAF WT mCRC. However, sequential bevaci-
zumab-based therapy could be discussed as an option in
elderly patients with RAS mutant mCRC.

Anti-VEGF antibodies in combination with chemotherapy
triplets

An intensified chemotherapy in terms of 5-FU/LV, oxali-
platin, and irinotecan (FOLFOXIRI) plus bevacizumab
has been analyzed within the phase III TRIBE study
(n=508) in patients <70 years old at a good performance
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status [Eastern Co-operative Oncology Group (ECOG) per-
formance status <2] [13] (Table 1). In line with previous
findings, treatment with FOLFOXIRI or FOLFOXIRI-bevaci-
zumab was feasible in this multicenter study with no new
safety signals. However, in all trials with triplet chemother-
apy, grade 3/4 toxicity (neuropathy, diarrhea, neutropenia)
is increased compared to the doublet chemotherapy. FOL-
FOXIRI-bevacizumab significantly improved OS compared
to FOLFIRI-bevacizumab from 25.8 months to 29.8 months
with a tolerable safety profile. The median PFS (mPFS) was
prolonged by 2.4 months, reaching 12.1 months in the FOL-
FOXIRI group. The response rate was 53.1% with FOLFIRI,
compared with 65.1% with FOLFOXIRI-bevacizumab. The
higher ORR, however, did not translate into a higher rate
of RO resection of metastases, which was not significantly
different in both treatment groups (12% vs. 15% in the
experimental group). Subgroup analyses did not reveal
any interaction between baseline characteristics and treat-
ment effect, which was consistent for all subgroups includ-
ing patients with WT and mutant RAS or BRAF tumors. The
results of the TRIBE study have been recently supported by
the phase I CHARTA trial (n =250). In this study, outcomes
with FOLFOX-bevacizumab vs. FOLFOXIRI-bevacizumab
was compared in 242 patients. FOLFOXIRI-bevacizumab
was administered at the same dose and schedule as in the
TRIBE study [14]. FOLFOXIRI-bevacizumab significantly
improved PFS at 9 months: 68% vs. 56% with FOLFOX-
bevacizumab with an mPFS of 12 months and 10 months,
respectively, representing a 20% reduction in risk with
FOLFOXIRI-bevacizumab. Response rates were 70% for
FOLFOXIRI and 60% for FOLFOX. The overall survival data
are not yet mature. At the time of the first analysis in 2017,
mOS was 28 months with FOLFOXIRI-bevacizumab and
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24 months with FOLFOX-bevacizumab, with the curves
separating early in favor of the FOLFOXIRI-bevacizumab
regimen and with partial crossover occurring beyond
2 years [14]. Finally, the triplet chemotherapy in combina-
tion with bevacizumab was analyzed in patients with ini-
tially non-resectable liver metastases from colorectal cancer
[15]. In the randomized phase II OLIVIA trial (n=80), the
efficacy of bevacizumab plus modified FOLFOX6 was com-
pared to FOLFOXIRI-bevacizumab similar to the CHARTA
study. Resectability was evaluated by multidisciplinary
review, and non-resectability was defined as >1 of the fol-
lowing criteria: no possibility of upfront RO/R1 resection of
all lesions; <30% residual liver volume after resection; and
metastases in contact with major vessels of the remnant
liver. The ORRs were 81% with FOLFOXIRI-bevacizumab
and 62% with mFOLFOX6-bevacizumab, whereas mPFS
was 18.6 months and 11.5 months, respectively. In agree-
ment with the higher response rate, the overall resection
rate was 61% with FOLFOXIRI-bevacizumab and 49% with
mFOLFOX6-bevacizumab.

All three studies together indicate that the addi-
tion of a third chemotherapeutic agent to a chemo-
therapy doublet offered improved efficacy. The higher
ORR achieved in OLIVIA support the hypothesis that
patients with liver-limited disease respond better. The
multi-center, phase II MOMA study (n=232) currently
explores the role of maintenance with bevacizumab
alone compared with bevacizumab plus metronomic
chemotherapy following a 4-month induction therapy
with FOLFOXIRI-bevacizumab [16]. In this study,
patients were randomized to induction therapy with
FOLFOXIRI-bevacizumab for 4 months, followed by bev-
acizumab until disease progression or by bevacizumab

Table 1: Randomized controlled trials investigating triple chemotherapies in combination with targeted therapies as first-line therapies in

patients with metastatic colorectal cancer.

Study Patients Study name Overall response mPFS mOS
(ITT population) rate (%) (months) (months)
CHARTA n=250 (total); Arm A: FOLFOX+BEVACIZUMAB Arm A: 60 Arm A: 9.8 -
Phase Il 1:1 randomization Arm B: FOLFOXIRI+ BEVACIZUMAB Arm B: 70 Arm B:12
TRIBE n=252/256; Arm A: FOLFOXIRI+BEVACIZUMAB Arm A: 65 ArmA: 12.3 Arm A: 29.8
Phase llI 1:1 randomization Arm B: FOLFIRI+ BEVACIZUMAB Arm B: 54 Arm B: 9.7 Arm B: 25.8
MOMA n=117/115; Arm A: BEVACIZUMAB Arm A: 68 Arm A: 9.5 -
Phase Il 1:1 randomization Arm B: BEVACIZUMAB + metroCT Arm B: 58 Arm B: 10.6
Maintanace after induction with After induction
FOLFOXIRI+BEVACIZUMAB therapy
STEAM n=280 (total); Arm A: FOLFOXIRI+BEVACIZUMAB ArmA: 72 ArmA: 11.7 -
Phase Il 1:1:1 randomization Arm B: sFOLFOXIRI+ BEVACIZUMAB Arm B: 73 Arm B: 10.7
Arm C: FOLFOX + BEVACIZUMAB Arm C: 62 Arm C: 9.3

metroCT, Capecitabine 500 mg/tid and cyclophosphamide 50 mg/day per os; SFOLFOXIRI, alternating FOLFOX and FOLFIRI every 4 weeks.
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in combination with metronomic capecitabine and oral
cyclophosphamide until progressive disease (PD). ORR
with FOLFOXIRI-bevacizumab was 63%, and in the
liver-limited subgroup, the secondary resection rate
was 49%. The addition of metronomic chemotherapy
to the maintenance with bevacizumab, however, did
not significantly improve PFS, which was the primary
endpoint indicating that 5-FU/LV-bevacizumab remains
the preferred maintenance therapy. The impact of a
chemotherapeutic triplet or doublet and the consequent
re-induction options are currently being investigated
within the phase III TRIBE-2 trial. This study investi-
gates the first-line FOLFOX-bevacizumab followed by
FOLFIRI-bevacizumab after disease progression or FOL-
FOXIRI-bevacizumab followed by the re-introduction of
the same regimen after disease progression. The primary
endpoint is to compare the efficacy of the two proposed
treatment strategies in terms of the PFS following re-
induction [17].

The concurrent use of triplet chemotherapy is mainly
feasible in a fit patient in a good performance status. The
randomized, open-label, phase II STEAM (=93) trial eval-
uated concurrent FOLFOXIRI and sequential FOLFOXIRI
(FOLFOX and FOLFIRI alternated every two cycles) as
chemotherapy backbones in comparison to FOLFOX as
standard comparator [18]. Patients in all arms received
bevacizumab, which had to be continued beyond the first
disease progression. The primary endpoint of this trial
was ORR. The initial results from this exploratory study
revealed an improved ORR and PFS with the FOLFOXIRI
backbones. Among the 280 patients included in the trial,
the ORRs reached 62% with FOLFOX-bevacizumab, 72%
with the concurrent FOLFOXIRI-bevacizumab and, also
73% with the sequential FOLFOXIRI-bevacizumah. The
not yet mature mPFS data revealed slightly improved
preliminary durations of 11.7 months with concurrent
FOLFOXIRI-bevacizumab and 10.7 months with sequen-
tial FOLFOXIRI-bevacizumab compared with 9.3 months
with FOLFOX-bevacizumab. In agreement with the
higher ORR, secondary liver resection rates were higher
with concurrent FOLFOXIRI-bevacizumab compared
with FOLFOX-bevacizumab (15.1% vs. 7.4%). These rates
were, however, only slightly higher with sequential
FOLFOXIRI-bevacizumab compared to FOLFOX-bevaci-
zumab (9.8% vs. 7.4%). Overall, the modest increase in
efficacy with the sequential FOLFOXFIRI-bevacizumab
regimen came at the cost of slightly higher toxicity, but
might be an interesting option for patients with border-
line non-resectable or symptomatic disease, which are
not regarded as candidates for the concurrent use of the
triplet chemotherapy.
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Anti-EGFR antibodies in first-line treatment

Anti-EGFR antibodies in combination with chemotherapy
doublets

The efficacy of anti-EGFR treatment is restricted to
patients whose tumors are RAS WT. In the first trials, anti-
EGFR therapy had been studied in patients with EGFR-
expressing tumors, which has no predictive function as
meanwhile shown. Similar to bevacizumab, several phase
III trials for the EGFR-antibodies — cetuximab and pani-
tumumab — have been published. However, the survival
data are partially incoherent most likely due to the numer-
ous post hoc analyses based on, over time emerging,
refinement of molecular selection.

Overall, 179 patients with KRAS and 87 patients
with RAS WT were evaluated in the OPUS trial (n=337).
In the extended analysis of RAS WT tumors, ORR was
significantly improved by the addition of cetuximab to
FOLFOX4. There was also a trend favoring the cetuximab
arm in terms of PFS and OS in the RAS WT group. There
was no evidence that patients with other RAS mutations
benefited from cetuximab, and in the combined popula-
tion of patients with any RAS mutation, a clear detrimen-
tal effect was associated with the addition of cetuximab to
FOLFOX4 [19]. As first-line combination of EGFR-targeted
therapies with FOLFIRI, the phase III CRYSTAL study
(n=1118) analyzed the efficacy of cetuximab in patients
with EGFR-expressing tumors [20]. In the retrospectively
ascertained KRAS WT population, the addition of cetuxi-
mab significantly improved OS, PFS, and ORR in patients
with KRAS WT tumors [21]. OS increased in the RAS WT
populations to 28.4 months. Moreover, a retrospective
analysis of the study confirmed that adding cetuximab to
the first-line FOLFIRI improved clinical outcomes and RO
resection rates in KRAS WT and RAS WT mCRC patients
with LLD as well as in those with non-LLD [22]. In a pooled
analysis on the combined population of patients evalu-
able for KRAS mutation status from the Opus and Crystal
studies, OS, PFS, and ORR were all significantly improved
by cetuximab [23]

The three-arm MRC COIN study (n=1630) evaluated
cetuximab in combination with FOLFOX/CAPOX continu-
ously or intermittently in patients with KRAS WT tumors
[4]. Cetuximab increased ORR, but did not improve PFS
or OS in KRAS WT patients. The OS was still similar in the
retrospective analysis of the COIN study, including 581
patients with RAS WT tumors. Another first-line combi-
nation of oxaliplatin-based chemotherapy with cetuxi-
mab was investigated within the three-arm NORDIC-VII
study (n=>566) [24]. Arm A received FLOX, whereas arm
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process, but overall, 60% of the patients were judged to be
resectable after systemic therapy, compared with 32% of
the patients at baseline. The mPFS in this study war is very
similar between both arms with 10.8 and 10.5 months [28].
Moreover, recurrent disease was evident in all patients
included in the study. The mOS was also very similar
in both arms with 35.7 months and 29 months, respec-
tively. As expected, patients who underwent RO resec-
tion achieved a better mOS with 53.9 months compared to
those who did not (21.9 months). The median disease-free
survival for RO resected patients was 9.9 months, and the
5-year OS rate was 46.2%. In a similar setting, the efficacy
of panitumumab in combination with either FOLFOX6
or FOLFIRI was investigated in patients with KRAS WT
mCRC with multiple or non-resectable liver metastases in
the PLANET study (n=77) [29]. The primary endpoint in
this study was ORR, while liver metastases resection rate,
PFS, and OS were secondary endpoints. The ORR was 74%
in the FOLFOX4 and 67% in the FOLFIRI arm (RAS WT:
78%/73%). Of the patients, 45% and 59% underwent sur-
gical resection, respectively (RAS WT: 37%/69%), and the
RO-R1resection rates were 34%/46% (RAS WT: 26%/54%).
Similar to the CELIM trial, the mPFS was 13/14 months,
and the mOS was 37/41 months. Both endpoints were
longer in patients who showed an early tumor shrinkage
(ETS) =30%/>20% at week 8 and in patients that under-
went surgery. Together, CELIM and PLANET confirm that
the combination of EGFR antibodies with either FOLFOX
or FOLFIRI is feasible in patients with liver-limited mCRC
and that there are no significant differences in efficacy
between the two regimens. Moreover, these studies demo-
nstrate a favorable long-term survival for patients with
initially non-resectable colorectal liver metastases who
respond to conversion therapy and undergo secondary
resection.

Subsequently, two studies more specifically addressed
the question whether the addition of cetuximab to chemo-
therapy improves long-term outcome in patients with
liver-limited disease. In the New EPOC study (n=257), the
efficacy of perioperative oxaliplatin-based chemotherapy
with or without cetuximab was evaluated in patients with
potentially resectable liver metastases [30]. Previously,
the EORTC-40983 study has shown that a perioperative
chemotherapy with FOLFOX in patients with liver limited
disease and good prognostic factors (one to four resect-
able liver metastasis, 52% with only one metastases, 26%
with two metastasis, 65% with metachrone metastasis)
does not significantly improve the 5-year survival rate
[31]. In the New EPOC study, patients who had received
oxaliplatin as adjuvant therapy were permitted to be
treated with irinotecan. Altogether, 51 patients received
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irinotecan-based and 182 patients oxaliplatin-based
therapy. Surprisingly, the addition of cetuximab reduced
the primary endpoint PFS, and there was also a significant
shorter mOS despite a moderate improvement of response
preoperatively [32]. The second study evaluated the effi-
cacy of cetuximab in Chinese patients with synchronous
non-resectable liver metastasis [33]. After resection of the
primary tumors, patients with KRAS WT were randomly
assigned to receive chemotherapy FOLFIRI or FOLFOX
with or without cetuximab. The primary endpoint was the
rate of patients converted to resection for liver metastases,
which was significantly improved by the addition of cetux-
imab. In contrast to the New EPOC study, cetuximab also
significantly improved OR, PFS, and OS regardless of the
applied chemotherapy regimen. Together, these studies
confirm the feasibility of EGFR-based therapy in patients
with liver-limited disease, but do not provide unequal evi-
dence that the addition of cetuximab improves long-term
outcome.

Anti-EGFR antibodies in combination with chemotherapy
triplets

Several trials explored the combination of EGFR antibod-
ies in combination with triplet chemotherapy. In one of
the first trials, a dose-escalation phase I study was per-
formed with cetuximab in combination with FOLFOXIRI
in patients with previously untreated mCRC and a WHO
performance status of 0-1 [34]. At dose level 3 (irinote-
can 165 mg/m?), three patients experienced a DLT (diar-
rhea grade 3 and two patients with neutropenia grade
4), and the recommended dose for a phase II trial was
determined as 125 mg/m? irinotecan in combination with
oxaliplatin, 5-FU/LV, and cetuximab. The most common
grade >3 toxicities were neutropenia (40%), diarrhea
(25%), and acne-like rash (15%). The dose-limiting toxic-
ity was also observed in subsequent trials for the combi-
nation of FOLFOXIRI and EGFR antibodies [35, 36]. The
triplet combination, however, showed promising clini-
cal activity in several small phase II trials, specifically in
terms of response rate and RO secondary liver metastases
resection in patients with initially non-resectable disease
confined to the liver. Overall, the response rate of 71%
to 89% was consistently higher compared to the combi-
nation with a doublet chemotherapy [37, 38]. The mOS
varied between 9.5 and 16 months and the mOS between
24.7 and 37 months in these studies. More recently, the
first results of the VOLFI trial (n=93) have been reported,
which has specially evaluated the activity and safety of
mFOLFOXIRI-panitumumab vs. FOLFOXIRI in ECOG 0-1,
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primarily non-resectable mCRC patients [39]. In this study,
two cohorts were analyzed, cohort 1 with non-resectable
mCRC and cohort 2 with patients, which were considered
to have a chance of secondary resection of metastatic
lesions. The primary endpoint of the study was ORR, and
the secondary endpoints included a secondary resection
rate in cohort 2, disease control rate, PFS, OS, toxicity, and
quality of life. In agreement with the previous studies,
ORR was significantly higher in the panitumumab arm
with 85.7% compared to 54.5% in the control arm. The
ORRs, however, were differential according to tumor loca-
tion and higher in left-sided tumors compared to right-
sided tumors. Secondary resections in cohort 2 were 60%
in the panitumumab arm and 36.4% in the control arm.
The PFS, 0S, and quality of life data were still immature
at the time of this initial report. Serious adverse advents
grades 3-5 occurred in 45.3% of the patients in the com-
bination arm, but appeared manageable in the younger,
fit patients with ECOG 0-1 in agreement with the previous
single-arm studies. Overall, these data indicate that the
addition of the EGFR antibodies to a triplet chemotherapy
results consistently in high response rates and secondary
resection of metastasis and may be a valid option for fit
patients with limited, upfront non-resectable metastasis.
However, there is, so far, no clear evidence that the addi-
tion of EGFR antibodies to mFOLFOXIRI also improves
other important endpoints such as PFS and OS in patients
with potentially never resectable disease justifying the
increased toxicity of this intensive regimen.

Anti-VEGF vs. anti-EGFR: head to head
comparison

There are two phase III and one phase II head-to-head
trials comparing anti-VEGF with anti-EGFR therapy in the
first-line setting: FIRE-3, CALGB/SWOG 80405, and PEAK,
respectively.

The phase III FIRE-3 study (n=592) compared the
efficacy in terms of objective response of FOLFIRI-cetux-
imab vs. FOLFIRI-bevacizumab in patients with KRAS
WT tumors as initial treatment. The study failed to show
a significant difference of ORR and also of PFS. However,
the secondary endpoint OS was significantly prolonged
with 28.7 months for the cetuximab arm compared to
25 months for the bevacizumab arm [40]. Similarly, in
a post hoc analysis of the final RAS WT population, the
mOS was significantly better in the FOLFIRI-cetuximab
group with 33.1 months compared to 25.0 months in the
FOLFIRI-bevacizumab group, although the investigator-
assessed ORR and PFS remained similar between both
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treatment groups [41]. A centralized radiological review
of CT scans was done in a post hoc analysis to assess the
objective response according to RECIST 1.1, early tumor
shrinkage (ETS), depth of response, duration of response,
and time to response in the final RAS WT subgroup. This
radiological review allowed to correlate the OS benefit of
FOLFIRI-cetuximab in the extended RAS WT with supe-
rior response-related outcome parameters, such as ETS
and depth of response. In an additional post hoc analy-
sis, the number of patients who would have been candi-
dates for surgery up front were compared with the number
of patients who were considered “resectable” at best
response following systemic treatment by a panel of eight
experienced surgeons and three medical oncologists [42].
Overall, surgical intervention was retrospectively consid-
ered possible in 22% of the patients at baseline and in 53%
at best response after treatment with FOLFIRI in combina-
tion with either cetuximab or bevacizumab, with no sig-
nificant difference between both arms. Interestingly, the
recommendations for surgery (yes vs. no) showed mod-
erate consistency (for/against intervention) at baseline
and substantial higher consistency at best response. An
actual secondary resection out of these potentially resect-
able patients occurred in only 16% with a higher resection
rate in academic hospitals. The mOS was 51.3 months in
patients who received surgery, 30.8 months in patients
with resectable disease, who did not receive surgery, and
18.6 months in patients with never resectable disease.
Overall, these data highlight the need for a continu-
ous evaluation for metastatic resection in patients with
upfront non-resectable disease.

The CALGB/SWOG 80405 trial (n=1137) is the largest
head-to-head trial with 2334 patients randomized.
Patients were treated with FOLFOX or FOLFIRI (by the
investigator’s discretion) in combination with cetuxi-
mab or bevacizumab [43]. The initial design included
unselected mCRC patients but was amended after 1420
patients were accrued, to include only patients with KRAS
WT tumors. Among the patients with KRAS WT tumors,
73% were treated with FOLFOX and the other 27% with
FOLFIRI. In contrast to the FIRE-3 study, there was no dif-
ference in OS with 29.0 months for the bevacizumab arm
and 29.9 months for the cetuximab arm (HR=0.92). In
the expanded RAS WT population, the median OS were
31.2 and 32 months for the bevacizumab and the cetuxi-
mab arms, respectively [44]. Likewise, PFS did not differ
between treatments (10.8 months for bevacizumab and
10.4 months for cetuximab). The analysis according to
the chemotherapy backbone also did not reveal any sig-
nificant differences. The subgroup analysis of the patients
treated with FOLFIRI did not confirm the results of the
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AIO FIRE-3 study, and neither PFS nor OS was different
between the cetuximab and the bevacizumab arms when
combined with FOLFIRI. A significant higher ORR was
achieved in the cetuximab arm in the extended RAS popu-
lation (68.6% vs. 53.6%). A resection was overall possible
in 180 KRAS exon 2 WT patients and a RO resection in 82
patients (30%) in the cetuximab arm and in 50 patients
(15%) in the bevacizumab arm. The mOS of these patients
was 64.7 months, which was not significantly different
between arms.

The phase II PEAK trial (n=285) compared FOLFOX-
panitumumab or -bevacizumab in the first-line treatment
of mCRC patients with KRAS WT tumors with a primary
endpoint of PFS. The ITT analysis did not show significant
differences in terms of PFS, OS, or ORR in the KRAS WT
population. In the RAS WT population, an improvement of
mPFS (13.0 vs. 9.5 months) and of mOS (41.3 vs. 28.9 months)
in favor of the panitumumab-treated patients was observed
[45]. Similar to the FIRE-3 study, more patients treated with
panitumumab achieved an ETS at week 8 compared with
bevacizumab and tumor shrinkage of 30% or more was
associated with longer mPFS and mOS compared to when
patients had tumor shrinkage below 30%.

Taken together, there is still no clear evidence for
choosing an anti-angiogenic over an anti-EGFR treatment
or vice versa for a combination with the commonly used
chemotherapy regimens in the first-line setting in patients
with mCRC when considering PFS and OS as endpoint.
The results suggest that the benefit is higher in terms of
ORR in patients treated with EGFR antibodies compared
to bevacizumab in the RAS WT population.

Primary tumor localization and efficacy of
anti-EGFR and anti-VEGF-directed therapy

There is increasing evidence that mCRC is a heterogene-
ous disease and that tumors arising from different sides
of the colon (left vs. right) have different distinct clinical
and molecular characteristics. Approximately two-thirds
of CRCs are derived from the left side and the remaining
one-third from the right side. Right-sided tumors are more
common in women and are likely to be diploid, more com-
monly associated with poor prognostic indicators such as
RAS and BRAF tumor mutations, microsatellite instabil-
ity (MSI), CpG island methylator phenotype (CIMP)-high,
and mucinous histology [46]. The left-sided tumors are
more common in men, more commonly associated with
chromosomal instability, KRAS, p53, HER1 and HER2 gene
amplification, aneuploidy, and gene expression profiles
consistent with sensitivity to EGFR-targeted antibody
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therapy [47, 48] A pooled analysis of six trials (FIRE3,
CALGB 80405, PEAK, CRYSTAL, PRIME, and 20050181)
has been performed to investigate the prognostic and pre-
dictive influence of the localization of the primary tumor
in patients with non-resectable RAS WT mCRC [49]. The
primary tumor location and RAS status were available for
2159 of the 5760 patients with 515 right-sided and 1644 left-
sided tumors. The analysis revealed a significant worse
prognosis for patients with right-sided tumors compared
with those with left-sided tumors in terms of mOS, mPFS,
and ORR confirming the evidence from a recent meta-
analysis with 66 trials [50]. In terms of predictive value, a
significant benefit for EGFR-directed combination therapy
was observed in patients with left-sided tumors for OS
and PFS, compared with limited, if any, benefit for those
with right-sided tumors. For the ORR, there was a trend
for a greater benefit for chemotherapy plus EGFR antibody
therapy in the patients with left-sided tumors compared
with those with right-sided tumors. Specifically, in the
FIRE-3 and CALGB 80405 studies, patients with left-sided
tumors receiving cetuximab did significantly better than
those receiving bevacizumab in combination with chemo-
therapy, while patients with right-sided RAS WT tumors
benefit more from chemotherapy plus bevacizumab com-
pared with cetuximab.

Treatment decision in first-line therapy
according to current guidelines

The most recent European Society for Medical Oncology
(ESMO) consensus guidelines define tumor characteris-
tics, patient characteristics, and treatment characteristics
as the drivers of decision making in the first-line treatment
setting, as well as therapeutic goal differentiating between
“disease stabilization” and the necessity for tumor volume
reduction [51]. More recently, the authors argued that
a distinction needs to be made between the treatment
approaches for patients with right- vs. left-sided tumors
[49]. Despite the retrospective data they recommend that
for the majority of patients with left-sided RAS WT tumors,
the preferred treatment option would be a chemotherapy
doublet plus EGFR antibody therapy, independent of the
treatment goal. For patients with right-sided RAS WT
tumors, the preferred treatment option would depend
on the treatment goal. For patients requiring cytoreduc-
tion, they recommend either a chemotherapy triplet such
as FOLFOXIRI-bevacizumab or a doublet plus EGFR anti-
body therapy. For patients where disease stabilization is
the goal, a chemotherapy doublet with or without bevaci-
zumab would be the treatment of choice.
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BRAF mutations are a significant negative prognostic
marker for patients with mCRC [52-57]. There is also accu-
mulating evidence that BRAF mutations as a predictive
biomarker for a lack of benefit for EGFR antibody therapy
and two meta-analyses confirmed that the efficacy of
EGFR antibody therapies is greater in patients with RAS
WT/BRAF WT tumors compared to those with RAS WT/
BRAF-mutant tumors [58, 59]. The preferred treatment
option for fit patients with BRAF-mutated tumors is FOL-
FOXIRI plus bevacizumab.

The recently published German S3 guideline also
provides treatment recommendations based on tumor
characteristics, patient characteristics, and treatment
characteristics as the drivers of decision making in the
first-line treatment setting [60]. In the palliative setting,
the authors recommend, similar to ESMO, a chemo-
therapy doublet plus EGFR antibody therapy for patients
with left-sided RAS WT tumors and a chemotherapy triplet
for patients with BRAF-mutated tumors, which is gener-
ally only recommended for patients with a good perfor-
mance status. Patients with a right-sided tumor should
receive a chemotherapy doublet or triplet + bevacizumab.
For patients with technically resectable metastasis, the
preferred treatment is surgery, and a preoperative chemo-
therapy should only be considered in patients with syn-
chronous metastasis or patients with an early relapse. If
disease stabilization can be achieved in these patients,
surgery should be performed as early as possible (after
2-3 months). An adjuvant/additive chemotherapy after
resection of metastasis is not recommended.

The latest version of NCCN’s Clinical Practice Guide-
lines in Oncology, Colon Cancer recommends, as the initial
therapy for metastatic disease in patients appropriate for
intensive therapy, a choice of five chemotherapy regimens:
FOLFOX, FOLFIRI, CapeOx, infusional 5-FU/LV or capecit-
abine, or FOLFOXIRI with or without targeted agents [61].
They do not provide a clear preference between anti-EGFR
therapy or bevacizumab for left-sided tumors. Similar to
ESMO, the panel concluded that cetuximab and panitu-
mumab confer little, if any, benefit to patients with met-
astatic CRC if the primary tumor originated on the right
side, and they do not recommend anti-EGFR therapy for
right-sided tumors in the first-line setting.

Perspective

Several biomarker-driven studies are currently being per-
formed, which will tailor the treatment more to the mole-
cular profile of the patients in the future. The FOCUS-4 is
such a molecularly driven randomized trial for patients
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with mCRC (EudraCT 2012-005111-12). A biomarker panel
analysis [BRAF, KRAS, NRAS, phosphatase and tensin
homolog (PTEN), phosphoinositide-3-kinase (PI3KCA),
and mismatch repair (MMR)] will be performed during
the first 16 weeks of induction therapy. Patients with con-
trolled disease will be randomized according to five mole-
cular subtypes: BRAF mutant, PI3KCA subtype (mutation
of PI3KCA gene or loss of PTEN protein), RAS mutant, RAS
WT, and non-classified subtype. Each molecularly strati-
fied trial aims to compare a novel intervention to placebo
or standard care.

The MODUL trial (NCT02291289) is a biomarker-
driven maintenance treatment randomized study. All
patients will receive 4 months of induction therapy with
FOLFOX-bevacizumab. Subsequently, patients with con-
trolled disease will be separated into cohorts for mainte-
nance therapy according to their mutational status. The
control arm in all cohorts will be fluoropyrimidine with
bevacizumab. In cohort one, BRAF-mutant patients will
be randomized to receive fluoropyrimidine with cetuxi-
mab and vemurafenib. In cohort two, BRAF WT patients
will be randomized to receive 5-FU/LV or capecitabine,
bevacizumab, and atezolizumab; in cohort three, partici-
pants with Her2/neu-positive tumors will be randomized
to receive capecitabine, trastuzumab, and pertuzumab; in
cohort four (no biomarker group), patients will be rand-
omized to receive cobimetinib and atezolizumab.

Conclusion

Both anti-VEGF- and anti-EGFR-directed therapies repre-
sent efficient treatment options for patients with mCRC
in the first line. For patients with unresectable RAS WT
and left-sided tumors, anti-EGFR-based treatment is
recommended. Patients with right-sided and/or BRAF-
mutated tumors should preferentially be treated with bev-
acizumab in combination with chemotherapy doublets
or triplets. Resection rates of liver metastasis for patients
with initially unresectable disease are low, but operabil-
ity should be critically re-evaluated following initiation
of chemotherapy. Surgery is the preferred treatment for
patients with resectable metastasis. A neoadjuvant or
adjuvant chemotherapy without targeted therapies could
be discussed for patients with synchronous metastasis
or patients with an early relapse. Patients with a need of
regression due to symptoms, or with borderline resectable
disease, should be offered intensified regimens such as
FOLFOXIRI and bevacizumab or FOLFIRI plus anti-EGFR
for left-sided tumors.
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