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FOLFIRI plus cetuximab or bevacizumab for advanced
colorectal cancer: final survival and per-protocol analysis
of FIRE-3, a randomised clinical trial
Volker Heinemann1, Ludwig Fischer von Weikersthal2, Thomas Decker3, Alexander Kiani4, Florian Kaiser5, Salah-Edin Al-Batran6,
Tobias Heintges7, Christoph Lerchenmüller8, Christoph Kahl9, Gernot Seipelt10, Frank Kullmann11, Markus Moehler12,
Werner Scheithauer13, Swantje Held14, Lisa Miller-Phillips1, Dominik Paul Modest1, Andreas Jung15, Thomas Kirchner15 and
Sebastian Stintzing16

BACKGROUND: Cetuximab plus FOLFIRI improved overall survival compared with bevacizumab plus FOLFIRI in KRAS wild-type
metastatic colorectal cancer (mCRC) in FIRE-3, but no corresponding benefit was found for progression-free survival. This analysis
aimed to determine whether cetuximab improves response and survival versus bevacizumab among response-evaluable patients
receiving first-line FOLFIRI for RAS wild-type mCRC and the effect of primary tumour side on outcomes.
METHODS: The intent-to-treat population included 593 patients with KRAS exon 2 wild-type mCRC. Further testing identified 400
patients with extended RAS wild-type disease; of these, 352 (88%) who received ≥3 cycles of therapy and had ≥1 post-baseline scan
were evaluable for response and constituted the per-protocol population (169 cetuximab and 183 bevacizumab). Patients received
5-fluorouracil, folinic acid and irinotecan (FOLFIRI) with either weekly cetuximab or biweekly bevacizumab given on day 1 of each
14-day cycle until response, progression or toxicity occurred. The primary endpoint was the objective response rate (ORR) in the
per-protocol population. Secondary endpoints included overall survival (OS) and progression-free survival (PFS). The effect of
primary tumour location was evaluated.
RESULTS:Median OS in the RAS wild-type population was 31 vs 26 months in the cetuximab and bevacizumab groups, respectively
(HR 0.76, P= 0.012). In the per-protocol population, outcomes favoured cetuximab for ORR (77% vs 65%, P= 0.014) and median OS
(33 vs 26 months, HR 0.75, P= 0.011), while PFS was comparable between groups. The advantage of cetuximab over bevacizumab
occurred only in patients with left-sided primary tumours.
CONCLUSIONS: FOLFIRI plus cetuximab resulted in a significantly higher ORR and longer OS compared to FOLFIRI plus
bevacizumab among patients with left-sided tumours. The superior response associated with cetuximab may particularly benefit
patients with symptomatic tumours or borderline-resectable metastases.
CLINICALTRIALS.GOV IDENTIFIER: NCT00433927.
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BACKGROUND
Median survival of 30 months or more is now achievable for
patients with metastatic colorectal cancer (mCRC) who receive
multimodal treatment as part of a continuum of care incorporat-
ing first-line and subsequent therapies.1 5-Fluorouracil-based
chemotherapy combined with a biological agent is recommended
as initial therapy for most patients, while selection of the optimum
combination and sequencing depends on upfront molecular
profiling of the tumour.1,2

The FIRE-3 study (AIO KRK-0306) was a randomised, open-label,
phase 3 trial that compared the efficacy of cetuximab and
bevacizumab when added to first-line 5-fluorouracil, folinic acid
and irinotecan (FOLFIRI) in patients with KRAS exon 2 wild-type
mCRC. During the study, the importance of additional RAS
mutations in determining the efficacy of epidermal growth factor
receptor (EGFR) inhibitors became apparent, with extended RAS
mutation testing now mandatory before administering these
agents.1,2 Accordingly, a RAS wild-type subset of patients in FIRE-3
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was identified and corresponds to the currently licensed popula-
tion for cetuximab. As previously reported, overall survival (OS)
was significantly longer with FOLFIRI plus cetuximab when
compared to FOLFIRI plus bevacizumab, both in the intention-
to-treat (ITT) population of patients with KRAS exon 2 wild-type
disease, and in the final RAS wild-type population.3,4

This report presents a final survival update of FIRE-3 and
evaluates the response rate in the per-protocol population,
consisting of all patients with RAS wild-type disease who received
three or more cycles of therapy and had at least one radiological
evaluation post baseline. The effect of primary tumour side on
outcomes is also investigated.

METHODS
Details of the FIRE-3 study design, patient-eligibility criteria,
randomisation and treatment have been reported previously,
and the trial protocol is available in Supplementary information 1.4

The trial was performed in accordance with the Declaration of
Helsinki, with ethics committee approval from all participating
centres, and written informed consent from all patients. Patients
recruited during 2007–2012 at 110 German and six Austrian
centres were centrally randomised in a 1:1 ratio with stratification
by Eastern Cooperative Oncology Group (ECOG) performance
status, number of metastatic sites, white blood cell count and
alkaline phosphatase levels. Randomisation of 568 patients was
calculated to provide a power of 80% to detect a response rate of
62 vs 50% in favour of the FOLFIRI plus cetuximab arm with a one-
sided Fisher’s exact test significance level of 2.5%.4

RAS mutation status
In October 2008, the protocol was amended to restrict entry to
patients without KRAS exon 2 mutations. Of 752 patients who
provided informed consent, 593 had KRAS exon 2 wild-type
disease and began treatment; this was defined as the ITT
population. In a post hoc analysis, extended RAS testing was
successfully performed in tumour samples from 475 patients to
determine mutation status in KRAS and NRAS exons 2–4.3,4 The
extended RAS sequencing was performed in a certified, quality-
assured laboratory (Institute of Pathology, LMU, Munich) and
identified 400 patients with no mutations in the RAS genes tested;
this was defined as the RAS wild-type population.3

Study treatment
Cetuximab or bevacizumab was administered with FOLFIRI on day
1 of each 14-day treatment cycle.4 The initial cetuximab dose was
400mg/m2, then 250mg/m² weekly, the bevacizumab dosage was
5mg/kg of bodyweight every 2 weeks and FOLFIRI consisted of
5-fluorouracil 400mg/m2 (IV bolus), folinic acid 400 mg/m2 and
irinotecan 180 mg/m2, followed by a continuous 46-h infusion of
fluorouracil 2400 mg/m2. In the absence of disease progression or
unacceptable toxicity, treatment was continued until complete
response or conversion to surgical resectability was attained, or
the patient or physician decided to discontinue treatment.
Tumour response, study endpoints and per-protocol analysis
was performed.
The primary endpoint in FIRE-3 was the investigator-assessed

objective response rate (ORR, complete or partial response)
according to the Response Evaluation Criteria in Solid Tumours
(RECIST) criteria, version 1.0.5 The first CT scan was performed after
3 cycles of therapy; thus, the per-protocol analysis included all RAS
wild-type patients who received ≥3 cycles and had at ≥1 post-
baseline CT scan allowing evaluation of response. Secondary
endpoints included progression-free survival (PFS), OS, secondary
resection of liver metastases with curative intent and safety.
Adverse events were recorded according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
(CTCAE), version 3.0.

Early tumour shrinkage, defined as a reduction of ≥20% in the
sum of the longest tumour diameters of the selected target lesions
at week 6, and depth of response, defined as the maximum
percentage change in tumour size compared to baseline, were
analysed using data from an independent, centralised radiological
review of response using RECIST 1.1 criteria.6 The independent
review was performed by board-certified radiologists (Radiology
Consulting GmbH, Leverkusen, Germany) who were masked to
treatment allocation, and included all 332 patients (n= 332) with
RAS wild-type disease for whom pre- and post-treatment CT scans
were available.3

Primary tumour location
The effect of primary tumour location (right- or left-sided) on
outcomes was retrospectively assessed in the RAS wild-type
population, where right-sided refers to tumours located in the
caecum to the transverse colon and left-sided to tumours from the
splenic flexure to the rectum.

Statistical analysis
The study ended in November 2017 and the database was closed
in March 2018. Statistical evaluation was performed by ClinAssess
GmbH according to the statistical analysis plan using SAS® version
9.4. Tumour-response rates, including objective response and
early tumour shrinkage, were compared between groups using
a two-sided Fisher’s exact test (α= 0.05), while a two-sided
Wilcoxon test was used to compare the depth of tumour response.
The duration of follow-up was analysed using the inverse
Kaplan–Meier method. Survival, including rates at specific times,
was analysed using the Kaplan–Meier method and compared with
log-rank tests, while hazard ratios were estimated using a Cox
proportional hazard regression model. All comparisons between
groups were done with a two-sided test and α= 0.05; no
adjustment of α was done. Data on sidedness of the primary are
of retrospective nature and no adjustment for multiple testing has
been performed.

RESULTS
Disposition of the RAS wild-type and per-protocol populations
Supplementary Fig. S1 shows the disposition of patients in the RAS
wild-type and per-protocol populations. Of 400 patients in the RAS
wild-type population, 48 were not evaluable for response: 29
received fewer than 3 cycles of chemotherapy (see below) and 19
had no post-baseline radiographic evaluation available. The
remaining 352 (88%) patients constituted the per-protocol
population, including 169 who received FOLFIRI plus cetuximab
and 183 who received FOLFIRI plus bevacizumab.
The proportion of patients excluded from the per-protocol

analysis was higher in the cetuximab group (30/199, 15%)
compared with the bevacizumab group (18/201, 9%). Supplemen-
tary Table S1 summarises the reasons for exclusion: most
commonly, allergic reaction (nine patients in the cetuximab group
vs zero in the bevacizumab group), patient decision (four in each
group), early death and thromboembolic event or bleeding (both
recorded for one and four patients in the cetuximab and
bevacizumab groups, respectively).
Patient characteristics were highly similar in the RAS wild-type

and per-protocol populations and were generally comparable
between the two treatment arms at baseline (Supplementary
Table S2). Patients were aged 31–76 years, with a median age
of 64–65 years in each treatment arm. The proportion of
females in the per-protocol population was 24% in the FOLFIRI
plus cetuximab arm and 34% in the FOLFIRI plus bevacizumab
arm. Most patients had left-sided primary tumours; in the
per-protocol population, 18% of patients in the cetuximab arm
and 25% in the bevacizumab arm had right-sided primary
tumours.
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Safety and tolerability
Adverse events have been reported in detail for the ITT
population.4 The safety population for this analysis consisted
of all 400 patients with RAS wild-type tumours. Treatment-
related adverse events occurred in all but two patients; these
were grade 3 or higher in 127 (64%) of FOLFIRI plus cetuximab
and 103 (51%) of FOLFIRI plus bevacizumab recipients. Overall,
46 (12%) of patients were withdrawn due to treatment-related
adverse events (15% in the cetuximab arm and 8% in the
bevacizumab arm). Adverse events were consistent with the
known toxicity profiles of each agent (see Supplementary
Table S3).
Serious adverse events (SAEs) related to study medication

occurred in 33 (17%) of FOLFIRI plus cetuximab and 38 (19%) of
FOLFIRI plus bevacizumab recipients. Five deaths associated
with SAEs were recorded in the FOLFIRI plus bevacizumab
group, including three deaths (1.5%) that were considered

treatment-related. There were no deaths from adverse events in
the cetuximab group.

Efficacy in the RAS wild-type population
The median follow-up in the overall RAS wild-type population was
71 months (95% CI, 66–77) and 76 months (95% CI, 66 to not
reached) in the cetuximab and bevacizumab groups, respectively.
At the time of analysis, 82% of patients in the FOLFIRI plus
cetuximab arm and 90% of patients in the FOLFIRI plus
bevacizumab arm had died. OS was significantly better in the
cetuximab group vs the bevacizumab group (P= 0.012), with
estimated 3-year and 5-year survival rates of 43 vs 33% and 18 vs
9%, respectively (Fig. 1). Median OS was 31 months (95% CI,
25–36) in the cetuximab group and 26 months (95% CI, 23–29) in
the bevacizumab group (hazard ratio [HR] 0.76, 95% CI, 0.62–0.94)
(Supplementary Table S4). This survival benefit was limited
to patients with left-sided primary tumours (n= 307, HR 0.70,
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Fig. 1 Survival times in the RASwt population (n= 400). Progression-free (a) and overall (b) survival in the RAS wild-type population (N=
400). Bev bevacizumab, Cet cetuximab.
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P= 0.004), with no significant difference between groups in
patients with right-sided primary tumours (n= 88, HR 1.27, P=
0.29) (Supplementary Table S4 and Supplementary Fig. S2).
Neither the ORR (66% vs 59% in the cetuximab and

bevacizumab groups, respectively) nor PFS (median 10.3 vs
10.4 months) differed significantly between treatment groups,
although patients in the cetuximab group were more likely to
experience early tumour shrinkage and had a significantly
greater median depth of tumour response (Supplementary
Table S4). The disease control rate (response or stable disease as
the best overall response) was 81% in the cetuximab group and
87% in the bevacizumab group, while the rate of disease
progression was 4.5% in both groups (Supplementary Table S5).
With respect to secondary resectability, 40 patients in the
cetuximab arm (20.1%) and 47 patients (23.4%) in the
bevacizumab arm underwent secondary metastasectomy in
curative intent. The relapse rate after resection in curative intent
as the reason for termination of the study treatment was 64% in
FOLFIRI plus cetuximab-treated patients and 80% in FOLFIRI
plus bevacizumab-treated patients. Median times to relapse
after resection were 7.0 months in the cetuximab arm and
7.4 months in the bevacizumab arm (HR 0.81; log-rank p= 0.53).
Post-resection OS was 52.0 months and 33.7 months, respec-
tively (HR 0.65; log-rank p= 0.24). Data on the influence of CMS
on early tumour shrinkage can be found in Supplementary
Table S6.

RAS wild-type per-protocol analysis
Table 1 summarises efficacy in the RAS wild-type per-protocol
population. The ORR was significantly higher in the FOLFIRI plus
cetuximab group (77 vs 65%), whereas there was no difference
in the disease control rate (95% in both groups, Supplementary
Table S5) or PFS (Table 1 and Fig. 2a). OS was superior in the
cetuximab group, with median survival of 33 vs 26 months in
patients treated with FOLFIRI plus cetuximab and FOLFIRI plus
bevacizumab, respectively (Table 1 and Fig. 2b). However, these
outcomes differed by primary tumour location. In both treat-
ment groups, efficacy was consistently lower in patients with
right-sided vs left-sided primary tumours (Table 1 and Fig. 3).

Furthermore, the significant advantage in the cetuximab group
for response and OS was observed only in patients with left-
sided tumours. The OS rates in this subset were 52% for FOLFIRI
plus cetuximab and 37% for FOLFIRI plus bevacizumab at 3
years, and 21 vs 11% at 5 years (Fig. 3b); the corresponding
values for patients with right-sided tumours were 13 vs 23% at
3 years and 7% vs 0 at 5 years (Fig. 3d). In contrast, PFS did not
differ between treatment groups in patients with left-sided
tumours (Fig. 3a), while among patients with right-sided
tumours, there was a trend towards longer PFS in the
bevacizumab group (HR 1.56, P= 0.06) (Fig. 3c).

Intention-to-treat population: final results
The median follow-up duration in the ITT population of 593
patients with KRAS exon 2 wild-type disease was 70–71 months
in both groups. Median OS was 28 months (95% CI, 24–32) in the
FOLFIRI plus cetuximab arm and 26 months (95% CI, 23–28) in
the FOLFIRI plus bevacizumab arm (HR 0.84, P= 0.051), with a 5-
year survival rate of 16 vs 9%. A list of baseline characteristics of
patients surviving in 3, 4 and 5 years is found in the supplement
(Supplementary Table S7). The centrally reviewed response rate
was significantly higher in the cetuximab arm (ORR 67%; 95% CI,
60–73%) compared with the bevacizumab arm (ORR 55%; 95%
CI, 49–61%), with an odds ratio of 1.62 (P= 0.01). However,
median PFS was similar in both groups (10.1 vs 10.5 months; HR
1.06; P= 0.46).

DISCUSSION
The final OS analysis of FIRE-3 confirms the benefit of first-line
treatment with FOLFIRI plus cetuximab when compared to
FOLFIRI plus bevacizumab in mCRC patients with RAS wild-type
tumours. After a median follow-up of almost 6 years, the
observed OS times clearly favoured the cetuximab arm (HR 0.75,
P= 0.011 in the per-protocol population). This result is highly
consistent with the previously published data from the PEAK
study comparing FOLFOX plus panitumumab to FOLFOX plus
bevacizumab and is further supported by a meta-analysis of data
from the three available head-to-head trials, which also included

Table 1. Efficacy in the RAS wild-type per-protocol population (N= 352)

FOLFIRI plus cetuximab (N= 169) FOLFIRI plus bevacizumab (N= 183) OR/HR (95% CI) P value

All patients

ORR, n (%) [95% CI] 130 (77) [70–83] 118 (65) [57–71] 1.84b (1.15–2.93) 0.014

Early tumour shrinkage, n (%) (n= 320) 105/150a (70) 85/170a (50) 2.33b (1.47–3.70) 0.0004

Median depth of response, % (n= 320)a 50 33 NA <0.0001

Median PFS, months (95% CI) 10 (10–12) 11 (10–12) 0.99c (0.81–1.24) 1.00

Median OS, months (95% CI) 33 (26–38) 26 (24–29) 0.75c (0.59–0.94) 0.011

Left-sided primary tumours (N= 137) (N= 136)

ORR, n (%) [95% CI] 108 (79) (71–85) 92 (68) (59–75) 1.78b (1.03–3.07) 0.041

Median PFS, months (95% CI) 11 (10–12) 11 (10–13) 0.97c (0.76–1.24) 0.79

Median OS, months (95% CI) 38 (31–43) 28 (25–32) 0.71c (0.55–0.92) 0.01

Right-sided primary tumours (N= 30) (N= 45)

ORR, n (%) [95% CI] 20 (67) (47–83) 25 (56) (40–70) 1.60b (0.61–4.18) 0.47

Median PFS, months (95% CI) 7 (6–9) 9 (7–12) 1.56c (0.97–2.52) 0.06

Median OS, months (95% CI) 19 (12–25) 23 (19–24) 1.14c (0.71–1.84) 0.60

CI confidence interval, FOLFIRI fluorouracil, folinic acid and irinotecan, HR hazard ratio, NA not applicable, OR odds ratio, ORR objective response rate, OS overall
survival, PFS progression-free survival.
aEarly tumour shrinkage and depth of response were centrally reviewed for all patients with available data.
bOdds ratio.
cHazard ratio.
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the CALGB 80405 study.7,8 With regard to toxicity, no new or
unexpected toxicities were observed, and adverse events of
grade 3 or higher were in accordance with previous reports.9,10

Due to expected toxicities of cetuximab, such as anaphylactic
reactions, the number of patients unevaluable according to the
protocol was higher in the cetuximab arm (n= 30) than in the
bevacizumab arm (n= 18). Especially skin toxicities have to be
discussed with the patient before cetuximab is started to ensure
compliance.
The per-protocol population of FIRE-3 included only patients

who received at least three cycles of study medication and had a
second radiologic evaluation after baseline. In this cohort, for
which the primary endpoint of investigator-assessed ORR was
evaluable according to RECIST, the ORR was significantly higher
with FOLFIRI plus cetuximab compared to FOLFIRI plus bevaci-
zumab in all patients (77 vs 65%, P= 0.014) and patients with left-
sided tumours (79 vs 68%, P= 0.041), but not in the smaller

subset of patients with right-sided tumours (67 vs 56%, P= 0.47).
This benefit was also supported by a significantly higher rate of
patients obtaining early tumour shrinkage (70 vs 50%, P=
0.0004), together with a significantly greater depth of response
(50 vs 33%, P < 0.0001). For patients in need of tumour response
due to symptomatic tumours or borderline-resectable metastases,
anti-EGFR treatment, irrespective of the tumour location, provides
the fastest and most extensive tumour response when compared
to either chemotherapy alone or chemotherapy plus bevacizu-
mab.9,11–13 Although PFS was comparable in both treatment arms
of FIRE-3, superior ORR in the cetuximab arm was associated with
a significantly longer post-progression survival, which probably
resulted in the observed differences in OS.14 Within the trials
investigating anti-EGFR treatment vs anti-vascular endothelial
growth factor (VEGF) treatment in the first-line treatment of
mCRC patients, only the PEAK study showed a significant
difference in PFS favouring the anti-EGFR arm.15 The reasons for
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FOLFIRI plus cetuximab or bevacizumab for advanced colorectal cancer:. . .
V Heinemann et al.

591



this observation are not yet understood. Data with respect to the
best sequence strategy in RASwt mCRC are scarce. Several
retrospective analyses have shown a favourable outcome for the
use of EGFR antibodies followed by bevacizumab than the other
way round.16,17 Preclinical data suggest an EGFR-independent
activation of the MAPK pathway by STAT3 and ERK modulated
through VEGFR2 activation by higher VEGF levels.18 As higher
VEGF levels are seen in patients pre-treated with bevacizumab,
this effect may contribute to the observed clinical outcome data.
In both arms, the number of patients who underwent surgery in
curative intent was comparable, so secondary resectability is not
the reason for the observed OS difference. The observed OS
difference may therefore be attributed to the more pronounced
tumour response, reflected by the depth-of-response data, in
combination with the more favourable treatment sequence of
anti-EGFR treatment followed by anti-VEGF than the other way
round.16

Evaluation of outcomes according to sidedness demonstrated
that the OS benefit was limited to patients with left-sided primary
tumours. In this subgroup, OS clearly favoured the cetuximab arm,
both in the final RAS wild-type population (HR 0.70, P= 0.004) and
in patients who were treated according to the protocol (HR 0.71, P
= 0.01); the median OS benefit over the bevacizumab arm
reached 8 and 10 months, respectively (Supplementary Table
A.4 and Table 1). This led to markedly superior 3- and 5-year
survival rates for FOLFIRI plus cetuximab recipients. Indeed, 5-year
survival rates were almost doubled, reaching 21% for left-sided
tumours treated using FOLFIRI plus cetuximab, compared to 11%
using FOLFIRI plus bevacizumab (Fig. 3b). The benefit of anti-EGFR
treatment for RAS wild-type, left-sided tumours has also been
demonstrated in the CALGB 80405 study.19,20

While the superior ORR induced by the addition of cetuximab to
FOLFIRI translated into longer OS in patients with left-sided

primaries, this was not the case in patients with right-sided
primary tumours, where numerically higher response rates did not
lead to longer PFS or OS. In fact, PFS (HR 1.56, P= 0.06) and OS (HR
1.14, P= 0.60) favoured bevacizumab treatment in right-sided
tumours, without, however, reaching the level of statistical
significance.
Although the analysis by tumour sidedness was limited by its

retrospective nature and the rather small number of patients with
right-sided tumours, data were shown to be highly consistent
across different studies. Specifically, the predictive effect of
sidedness with regard to the efficacy of EGFR-targeted antibodies
has been supported by several analyses.12,21 Consequently, recent
treatment recommendations have included sidedness as a
relevant factor to guide decision-making in patients with RAS
wild-type tumours.2,13,22

While the addition of anti-EGFR agents to chemotherapy clearly
improves tumour response, it is hypothesised that development of
resistance may be faster in right-sided tumours, resulting in
shorter PFS and post-progression survival. Therefore, anti-EGFR
treatment may be considered in right-sided tumours if induction
of tumour response for conversion therapy is the primary goal;22

to avoid a negative impact on OS, this approach requires an
immediate switch of therapy in patients not responding to
induction treatment. If OS is the primary goal in RAS wild-type
right-sided tumours with a widely disseminated disease not
amenable to surgery, anti-EGFR substances may be discussed but
are not the primary choice.

CONCLUSION
The final update of FIRE-3 confirms the previously reported
superiority of FOLFIRI plus cetuximab when compared to FOLFIRI
plus bevacizumab. Combining a molecular marker (RASmutational
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analysis) with a clinical characteristic (tumour sidedness), the
patient population most likely to benefit from anti-EGFR strategy
can be defined. For patients with left-sided RAS wild-type
primaries, this personalised approach promises high tumour-
response rates, together with a meaningfully prolonged OS, a
doubling of long-term survival rates and overall manageable
toxicities.

ACKNOWLEDGEMENTS
Medical writing support was provided by Rachael Pepperle, MSc, and Mark English,
PhD, of Cor2Ed and was funded by The University of Munich.

AUTHOR CONTRIBUTIONS
W.S., D.P.M., S.S. and VH: writing of the protocol, data collection and interpretation
and paper writing. L.M.P., A.J. and T.K.: analysis of tumour specimen, data
interpretation and paper writing. S.H.: protocol writing, statistical analysis and paper
writing. L.F.vW., T.D., T.H., A.K., F.K., S.-E.A.-B., T.H., C.L., C.K., T.K., G.S., F.K. and M.M.:
data collection, interpretation and paper writing.

ADDITIONAL INFORMATION
Ethics approval and consent to participate The protocol and informed consent
forms were approved by the ethic committee of the Medical Faculty of the Ludwig-
Maximilians-University (reference number: 370-06). Informed consent was obtained
from all subjects prior to participating in the study. The study was conducted in
accordance with the Declaration of Helsinki.

Consent to publish Not applicable.

Data availability All authors had access to the data published in this paper. Data
have been uploaded to the Pharmnet.bund online platform of the German federal
department of health (https://portal.dimdi.de/data/ctr/O-0329_01-2-1-B80630-
20190731152224.pdf).

Competing interests Dr. Heinemann reported financial relationships with Merck-
Serono, Roche, Servier, Sirtex, Bristol-Myers Squibb, Merck Sharp & Dohme, Bayer,
Boehringer-Ingelheim and Eli Lilly and Company. Dr. Jung reported financial
relationships with Amgen, AstraZeneca, Boehringer-Ingelheim, Bristol-Myers
Squibb, Roche, Novartis and Merck-Serono. Dr. Kiani reported receiving honoraria
from Merck & Co, Roche and Amgen. Dr. Kirchner reported financial relationships
with Merck-Serono, AstraZeneca, Amgen, Merck Sharp & Dohme, Novartis, Pfizer
and Roche. Dr. Kullmann reported financial relationships with Roche and Celgene.
Dr. Modest reported financial relationships with Merck-Serono, Roche, Servier,
Sirtex, Bristol-Myers Squibb, Merck Sharp & Dohme, Bayer, Boehringer-Ingelheim
and Eli Lilly and Company. Dr. Moehler reported financial relationships with
Amgen, Bristol-Myers Squibb, Merck Sharp & Dohme, Merck-Serono, Eli Lilly and
Company, Dr. Falk Pharma GmbH, Pfizer and Roche. Dr. Stintzing reported
receiving honoraria from Amgen, Merck-Serono, Pierre-Fabre, Servier, Roche,
Sanofi, Bayer, Takeda and Eli Lilly and Company. Dr. von Weikersthal reported
receiving honoraria from Roche, Novartis and Genzyme. No other disclosures were
reported.

Funding information This work was supported by grants from Pfizer GmbH,
Germany, and Merck KGaA, Darmstadt, Germany. The funding sources had a role in
the design and conduct of the study, and in the collection, management, analysis
and interpretation of the data. Prior to 2009, cetuximab was supplied by Merck-
Serono GmbH, an affiliate of Merck KGaA, Darmstadt, Germany. Merck KGaA
reviewed the paper for medical accuracy only and had no role in the decision to
submit the paper for publication. The authors are fully responsible for the content
of this paper, and the views and opinions described in the publication solely
reflect those of the authors. Open access funding enabled and organized by Projekt
DEAL.

Supplementary information is available for this paper at https://doi.org/10.1038/
s41416-020-01140-9.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

REFERENCES
1. Van Cutsem, E., Cervantes, A., Adam, R., Sobrero, A., Van Krieken, J. H., Aderka, D.

et al. ESMO consensus guidelines for the management of patients with meta-
static colorectal cancer. Ann. Oncol. 27, 1386–1422 (2016).

2. NCCN Clinical Practice Guidelines in Oncology. Colon cancer available at: https://
www.nccn.org/professionals/physician_gls/pdf/colon.pdf. Version 2. (2018).

3. Stintzing, S., Modest, D. P., Rossius, L., Lerch, M. M., von Weikersthal, L. F., Decker,
T. et al. FOLFIRI plus cetuximab versus FOLFIRI plus bevacizumab for metastatic
colorectal cancer (FIRE-3): a post-hoc analysis of tumour dynamics in the final RAS
wild-type subgroup of this randomised open-label phase 3 trial. Lancet Oncol. 17,
1426–1434 (2016).

4. Heinemann, V., von Weikersthal, L. F., Decker, T., Kiani, A., Vehling-Kaiser, U., Al-
Batran, S. E. et al. FOLFIRI plus cetuximab versus FOLFIRI plus bevacizumab
as first-line treatment for patients with metastatic colorectal cancer (FIRE-3): a
randomised, open-label, phase 3 trial. Lancet Oncol. 15, 1065–1075 (2014).

5. Therasse, P., Arbuck, S. G., Eisenhauer, E. A., Wanders, J., Kaplan, R. S., Rubinstein,
L. et al. New guidelines to evaluate the response to treatment in solid tumors.
European Organization for Research and Treatment of Cancer, National Cancer
Institute of the United States, National Cancer Institute of Canada. J. Natl. Cancer
Inst. 92, 205–216 (2000).

6. Eisenhauer, E. A., Therasse, P., Bogaerts, J., Schwartz, L. H., Sargent, D., Ford, R.
et al. New response evaluation criteria in solid tumours: revised RECIST guideline
(version 1.1). Eur. J. Cancer 45, 228–247 (2009).

7. Schwartzberg, L. S., Rivera, F., Karthaus, M., Fasola, G., Canon, J. L., Hecht, J. R. et al.
PEAK: a randomized, multicenter phase II study of panitumumab plus modified
fluorouracil, leucovorin, and oxaliplatin (mFOLFOX6) or bevacizumab plus
mFOLFOX6 in patients with previously untreated, unresectable, wild-type KRAS
exon 2 metastatic colorectal cancer. J. Clin. Oncol. 32, 2240–2247 (2014).

8. Heinemann, V., Rivera, F., O’Neil, B. H., Stintzing, S., Koukakis, R., Terwey, J. H. et al.
A study-level meta-analysis of efficacy data from head-to-head first-line trials of
epidermal growth factor receptor inhibitors versus bevacizumab in patients with
RAS wild-type metastatic colorectal cancer. Eur. J. Cancer 67, 11–20 (2016).

9. Van Cutsem, E., Kohne, C. H., Hitre, E., Zaluski, J., Chang Chien, C. R., Makhson, A.
et al. Cetuximab and chemotherapy as initial treatment for metastatic colorectal
cancer. N. Engl. J. Med. 360, 1408–1417 (2009).

10. Van Cutsem, E., Rivera, F., Berry, S., Kretzschmar, A., Michael, M., DiBartolomeo, M.
et al. Safety and efficacy of first-line bevacizumab with FOLFOX, XELOX, FOLFIRI
and fluoropyrimidines in metastatic colorectal cancer: the BEAT study. Ann. Oncol.
20, 1842–1847 (2009).

11. Douillard, J. Y., Oliner, K. S., Siena, S., Tabernero, J., Burkes, R., Barugel, M. et al.
Panitumumab-FOLFOX4 treatment and RAS mutations in colorectal cancer.
N. Engl. J. Med. 369, 1023–1034 (2013).

12. Holch, J. W., Ricard, I., Stintzing, S., Modest, D. P. & Heinemann, V. The relevance of
primary tumour location in patients with metastatic colorectal cancer: A meta-
analysis of first-line clinical trials. Eur. J. Cancer 70, 87–98 (2017).

13. Arnold, D., Lueza, B., Douillard, J. Y., Peeters, M., Lenz, H. J., Venook, A. et al.
Prognostic and predictive value of primary tumour side in patients with RAS wild-
type metastatic colorectal cancer treated with chemotherapy and EGFR directed
antibodies in six randomized trials. Ann. Oncol. 28, 1713–1729 (2017).

14. Heinemann, V., Stintzing, S., Modest, D. P., Giessen-Jung, C., Michl, M. & Man-
smann, U. R. Early tumour shrinkage (ETS) and depth of response (DpR) in the
treatment of patients with metastatic colorectal cancer (mCRC). Eur. J. Cancer 51,
1927–1936 (2015).

15. Boeckx, N., Koukakis, R., Op de Beeck, K., Rolfo, C., Van Camp, G., Siena, S. et al.
Primary tumor sidedness has an impact on prognosis and treatment outcome in
metastatic colorectal cancer: results from two randomized first-line panitumumab
studies. Ann. Oncol. 28, 1862–1868 (2017).

16. Modest, D. P., Stintzing, S., von Weikersthal, L. F., Decker, T., Kiani, A., Vehling-Kaiser,
U. et al. Impact of subsequent therapies on outcome of the FIRE-3/AIO KRK0306 trial:
first-line therapy with FOLFIRI plus cetuximab or bevacizumab in patients With KRAS
wild-type tumors in metastatic colorectal cancer. J. Clin. Oncol. 33, 3718–3726 (2015).

17. Bennouna, J., Hiret, S., Bertaut, A., Bouche, O., Deplanque, G., Borel, C. et al.
Continuation of bevacizumab vs cetuximab plus chemotherapy after first pro-
gression in KRAS wild-type metastatic colorectal cancer: The UNICANCER PRO-
DIGE18 randomized clinical trial. JAMA Oncol. 5, 83–90 (2019). e-pub ahead of
print 2018/11/14.

18. Derangere, V., Fumet, J. D., Boidot, R., Bengrine, L., Limagne, E., Chevriaux, A. et al.
Does bevacizumab impact anti-EGFR therapy efficacy in metastatic colorectal
cancer? Oncotarget 7, 9309–9321 (2016).

19. Lenz, H. J. Outcome in the CALGB 80405. Presentation at ESMO 2016 Congress,
special session ‘Right or left metastatic colon cancer: will the side change your
treatment?’ (Copenhagen, Denmark, 10 October 2016). NCCN Clinical Practice
Guidelines in Oncology 2016; Version 2 (March 2018).

FOLFIRI plus cetuximab or bevacizumab for advanced colorectal cancer:. . .
V Heinemann et al.

593

https://portal.dimdi.de/data/ctr/O-0329_01-2-1-B80630-20190731152224.pdf
https://portal.dimdi.de/data/ctr/O-0329_01-2-1-B80630-20190731152224.pdf
https://doi.org/10.1038/s41416-020-01140-9
https://doi.org/10.1038/s41416-020-01140-9
https://www.nccn.org/professionals/physician_gls/pdf/colon.pdf
https://www.nccn.org/professionals/physician_gls/pdf/colon.pdf


20. Venook, A. P., Niedzwiecki, D., Innocenti, F., Fruth, B., Greene, C., O’Neil, B. H.
et al. Impact of primary (1°) tumor location on overall survival (OS) and
progression-free survival (PFS) in patients (pts) with metastatic colorectal
cancer (mCRC): analysis of CALGB/SWOG 80405 (Alliance). J. Clin. Oncol. 34,
3504–3504 (2016).

21. Tejpar, S., Stintzing S., Ciardiello F., Tabernero J., Van Cutsem E., Beier F. et al.
Prognostic and predictive relevance of primary tumor location in patients with
RAS wild-type metastatic colorectal cancer: retrospective analyses of the CRYS-
TAL and FIRE-3 Trials. JAMA Oncol. https://doi.org/10.1001/jamaoncol.2016.3797
(2016).

22. Yoshino, T., Arnold, D., Taniguchi, H., Pentheroudakis, G., Yamazaki, K., Xu, R. H.
et al. Pan-Asian adapted ESMO consensus guidelines for the management of
patients with metastatic colorectal cancer: a JSMO-ESMO initiative endorsed by
CSCO, KACO, MOS, SSO and TOS. Ann. Oncol. 29, 44–70 (2018).

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2020

FOLFIRI plus cetuximab or bevacizumab for advanced colorectal cancer:. . .
V Heinemann et al.

594

https://doi.org/10.1001/jamaoncol.2016.3797
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	FOLFIRI plus cetuximab or bevacizumab for advanced colorectal cancer: final survival and per-protocol analysis of�FIRE-3, a randomised clinical trial
	Background
	Methods
	RAS mutation status
	Study treatment
	Primary tumour location
	Statistical analysis

	Results
	Disposition of the RAS wild-type and per-protocol populations
	Safety and tolerability
	Efficacy in the RAS wild-type population
	RAS wild-type per-protocol analysis
	Intention-to-treat population: final results

	Discussion
	Conclusion
	Acknowledgements
	Author contributions
	ADDITIONAL INFORMATION
	References




