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IMPORTANCE The combination of a triple-drug chemotherapy regimen with an

anti–epidermal growth factor receptor (EGFR) agent as a first-line treatment of metastatic
colorectal cancer (mCRC) showed promising activity along with safety concerns in single-arm
phase 2 trials. The role of maintenance following chemotherapy and anti-EGFR and the
optimal regimen to be adopted are not established.
OBJECTIVES To evaluate the activity and safety of cetuximab plus modified FOLFOXIRI
(mFOLFOXIRI) and explore the role of maintenance with cetuximab or bevacizumab in RAS
and BRAF wild-type mCRC.
DESIGN, SETTING, AND PARTICIPANTS In a prospective, noncomparative, open-label,
multicenter, randomized phase 2 trial, patients aged 18 to 75 years with unresectable,
previously untreated RAS and BRAF wild-type (before amendment, KRAS wild-type) mCRC
were recruited from 21 oncology units in Italy from October 19, 2011, to March 1, 2015
(followed up through May 31, 2017). In total, 323 patients were screened and 143 were
randomized to 2 treatment arms to receive as a first-line induction a regimen of mFOLFOXIRI
plus cetuximab followed by cetuximab (arm A) or bevacizumab (arm B) until disease
progression. Primary analyses were conducted in a modified intention-to-treat population.
INTERVENTIONS mFOLFOXIRI plus cetuximab repeated every 2 weeks for up to 8 cycles,

followed by maintenance with cetuximab or bevacizumab until disease progression.
MAIN OUTCOMES AND MEASURES The primary end point was the 10-month progression-free
rate (PFR); secondary end points included progression-free and overall survival, response
rate, rate of metastases resection, and adverse events.
RESULTS Of 143 patients randomized, 116 (81.1%) (median [interquartile range (IQR)] age,
59.5 [53-67] years; 34 [29.3%] women) had RAS and BRAF wild-type mCRC. At a median
(IQR) follow-up of 44.0 (30.5-52.1) months, 10-month PFRs were 50.8% (90% CI,
39.5%-62.2%) in arm A and 40.4% (90% CI, 29.4%-52.1%) in arm B. The overall response
rate was 71.6% (95% CI, 62.4%-79.5%). Main grade 3/4 adverse events were neutropenia
(occurring in 36 patients [31%]), diarrhea (in 21 patients [18%]), skin toxic effects (in 18
patients [16%]), asthenia (in 11 patients [9%]), stomatitis (in 7 patients [6%]), and febrile
neutropenia (in 3 patients [3%]).
CONCLUSIONS AND RELEVANCE Although neither of the 2 arms met the primary end point,
the findings indicate that a 4-month induction regimen of mFOLFOXIRI plus cetuximab is
feasible and provides relevant activity results, leading to a high surgical resection rate.
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T

he triplet FOLFOXIRI (fluorouracil, oxaliplatin, and
irinotecan hydrochloride) plus bevacizumab is regarded by major guidelines as a safe and efficacious firstline therapeutic option for selected patients with metastatic
colorectal cancer (mCRC).1,2
In the past decade, different phase 2 trials investigated the
combination of triple chemotherapy regimens with an anti–
epidermal growth factor receptor (EGFR) monoclonal antibody (ie, cetuximab or panitumumab),3-7 achieving remarkable activity results at the price of a substantial increase in
mucosal adverse events, especially diarrhea (ranging from 25%
to 96%). Most of these trials included patients with mCRC,
irrespective of their mutational status, or assessed only KRAS
(OMIM 190070) exon 2 mutations.
In a previous phase 2 TRIP (Phase II Trial of FOLFOXIRI
Plus Panitumumab as First-Line Treatment for KRAS and BRAF
Wild-Type Metastatic Colorectal Cancer) study, the combination of GONO (Gruppo Oncologico Nord Ovest)–FOLFOXIRI and
panitumumab was administered to a cohort of 37 patients with
KRAS, NRAS (OMIM 164790), HRAS (OMIM 190020), or BRAF
(OMIM 164757) wild-type mCRC.7 Severe gastrointestinal toxicities were reported in the first enrolled patients, leading to
the amendment of the FOLFOXIRI schedule. This modification improved the toxicity profile and the treatment feasibility. Overall, 33 patients (89%) achieved RECIST (Response
Evaluation Criteria In Solid Tumors) response, and 13 patients (35%) underwent secondary resection of metastases,
making the modified schedule of FOLFOXIRI plus an antiEGFR agent a combination worthy of further investigation.
The optimal duration of the upfront treatment comprising chemotherapy and a biological agent for mCRC is a debated issue. Recent trials highlight the possibility of moving
from continuing the treatment until progression to developing other strategies, including off-therapy breaks or phases of
deintensified therapy to spare adverse effects and to improve
patients’ quality of life without compromising their clinical outcome. A bevacizumab-based maintenance therapy is regarded as a preferred option following upfront chemotherapy plus bevacizumab,1,2,8 but the role of maintenance
after chemotherapy plus an anti-EGFR agent is not wellestablished, and the optimal deintensified regimen needs to
be adopted. Available data from phase 2 studies suggest that
administering the anti-EGFR agent as maintenance may not
be inferior to continuing the combined treatment until
progression9 and that alternating phases of chemotherapy plus
an anti-EGFR agent, with periods of an anti-EGFR agent alone
or treatment breaks, may be strategies of interest for further
trials.10
Preclinical data show that the selective pressure of EGFR
inhibitors might lead to the activation of proangiogenic
pathways.11,12 Based on this finding, tumors treated with antiEGFR agents may be more sensitive to antiangiogenic agents,
thus providing a sound biological rationale for investigating
the potential efficacy of the sequential administration of an
anti-EGFR agent and an anti–vascular endothelial growth factor agent.
From these considerations, the Modified FOLFOXIRI Plus
Cetuximab, Followed by Cetuximab or Bevacizumab MainteE2

Key Points
Question Is induction treatment with cetuximab plus a modified
schedule of FOLFOXIRI for 4 months followed by maintenance
with cetuximab or bevacizumab feasible and active for patients
with RAS and BRAF wild-type metastatic colorectal cancer?
Findings In this randomized clinical trial of 116 patients with RAS
and BRAF wild-type metastatic colorectal cancer, neither of the
2 treatment arms met the primary end point of improvement in
10-month progression-free survival. Front-line induction with
modified FOLFOXIRI plus cetuximab, however, appeared to be a
feasible treatment and led to a response rate of 71.6%.
Meaning Safety and activity results show that modified
FOLFOXIRI plus cetuximab regimen warrants further investigation
as a first-line treatment for patients with RAS and BRAF wild-type
metastatic colorectal cancer.

nance, as First-Line Treatment of Patients With RAS and BRAF
Wild-Type Metastatic Colorectal Cancer (MACBETH) trial aimed
(1) to evaluate the safety and activity of first-line induction
with a modified schedule of FOLFOXIRI (mFOLFOXIRI) plus
cetuximab and (2) to explore the role of maintenance with
cetuximab or bevacizumab after a cetuximab-containing induction therapy in a cohort of unresectable and molecularly
selected patients with mCRC.

Methods
Study Design and Patient Eligibility
The MACBETH trial was a prospective, open-label, multicenter, randomized phase 2 trial that recruited patients with
mCRC from 21 hospital oncology units in Italy. Patient recruitment began on October 19, 2011, and ended on March 1, 2015.
The last date of follow-up was May 31, 2017. The trial protocol
is available in Supplement 1. The trial was conducted in accordance with the Declaration of Helsinki34 and adhered to the
international Good Clinical Practice guidelines. Approval for
the protocol was obtained from the local ethics committees of
the 21 participating sites (eAppendix in Supplement 2). All patients provided written informed consent.
The main inclusion criteria were histologically confirmed colorectal adenocarcinoma; RAS and BRAF wild-type
status centrally assessed on primary tumors or related metastases (the study was initially designed to randomize patients
with KRAS codons 12, 13, and 61 wild-type tumors and was
amended on October 15, 2013, to include only patients with
RAS and BRAF wild-type disease); age of 18 to 75 years; Eastern Cooperative Oncology Group performance status of 0 to 2
for patients 70 years of age or younger or a performance status of 0 for patients 71 to 75 years of age; and unresectable and
measurable metastatic disease according to the RECIST Guideline, version 1.1.13

Study Treatments and Procedures
Of the 323 patients screened, 143 (44.3%) were randomly assigned in a 1:1 ratio to arm A (n = 74) or arm B (n = 69) before
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starting the induction phase (Figure 1). Up to 8 cycles of induction with mFOLFOXIRI plus cetuximab were planned. In
the case of partial or complete response or stable disease after 8 cycles, patients were treated in the maintenance phase
with cetuximab (arm A) or bevacizumab (arm B) until the tumor progressed, toxicity reached unacceptable levels, or the
patient refused treatment. A centralized web-based system
with a minimization algorithm stratified according to the oncology unit.
Patients in both arms received cetuximab (intravenous [IV]
dose of 500 mg/m2 over 60 minutes) plus mFOLFOXIRI (consisting of a 130-mg/m2 IV infusion of irinotecan over 60 minutes, followed by an 85-mg/m2 IV infusion of oxaliplatin given
concurrently with 200 mg/m2 of L-leucovorin calcium over 120
minutes, followed by a 2400-mg/m2 flat infusion of fluorouracil
for 48 hours) every 14 days for up to 8 cycles. Maintenance
treatment with cetuximab (500 mg/m2 IV over 60 minutes) was
planned for arm A and bevacizumab (5 mg/kg IV over 30 minutes) was planned for arm B and was repeated every 14 days
until the disease progressed, the patient refused, toxic effects became unacceptable, or patient consent was withdrawn. Granulocyte colony-stimulating factor was not recommended as a primary prophylaxis.
The assessment of response and progression was based on
investigator-reported measurements, which were subsequently centrally reviewed according to RECIST version 1.1 criteria, and computed tomography was performed every 8
weeks.13 Adverse events were recorded and graded according
to the National Cancer Institute’s Common Terminology Criteria for Adverse Events guidelines, version 4.0.14
Unresectability was established according to the OncoSurge criteria15 by a multidisciplinary team comprising liver
surgeons and medical oncologists from the participating oncology units. Only if disease progression occurred during the
course of maintenance, it was suggested to re-treat patients
with mFOLFOXIRI plus cetuximab for 4 cycles, followed by
maintenance according to the randomization arm.

RAS and BRAF Status Analyses
Mutational analyses were centrally carried out on formalinfixed, paraffin-embedded samples. Before the study amendment, KRAS codons 12, 13, and 61 mutations were assessed by
a pyrosequencing approach, as previously reported.7 After the
amendment, molecular analysis was extended to KRAS codons
59, 117, and 146; NRAS codons 12, 13, and 61; and BRAF codon
600. When the study enrollment was completed, all samples
from randomized patients were reanalyzed for RAS (KRAS and
NRAS codons 12, 13, 59, 61, 117, and 146) and BRAF hot spots
by mass spectrometry (MassARRAY System; Agena Bioscience Inc).16,17

Clinical Outcomes
The primary end point was the 10-month progression-free rate
(PFR), defined as the proportion of patients free from disease
progression 10 months after randomization out of the total
number of patients included in the modified intention-totreat (mITT) population. The secondary end points were progression-free survival (PFS), response rate, early objective rejamaoncology.com
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sponse rate (the percentage of patients achieving tumor
shrinkage—a ≥20% decrease in the sum of diameters of target
lesions [per the RECIST guideline] at week 8 compared with
baseline), depth of response (the relative change in the sum
of the longest diameters of target lesions [per the RECIST guideline] at the nadir compared with baseline),18 overall survival
(OS), and rate of metastases resection and adverse events.

Statistical Analysis
This trial was a randomized phase 2 noncomparative study, and
its primary end point was the 10-month PFR. Considering that
FOLFIRI (folinic acid, fluorouracil, and irinotecan) plus cetuximab achieved a median PFS of approximately 10 months (10month PFR of 50%),19 mFOLFOXIRI plus cetuximab for 4
months followed by maintenance with a biologic drug until progression would have been promising if the 10-month PFR were
increased from 50% to 70%. According to the Fleming singlestage design, in selecting a 10-month PFR of 0.50 in the null
hypothesis and 0.70 in the alternative hypothesis, with 90%
power and an α error of .05, 53 patients per arm were needed.
The treatment of each arm would have been judged promising if at least 33 patients were alive and progression free at 10
months.
After the amendment (considering that before study
amendment, patients bearing rare KRAS and NRAS, as well as
BRAF V600E, mutations could have been included), the sample
size was increased to 68 patients per arm, to finally define for
the primary analysis a mITT population of at least 106 patients with RAS and BRAF wild-type disease. The primary
analysis for PFS in the mITT population would have been conducted separately in each arm, when 53 patients would have
been observed for 10 months.
The PFS and OS results were summarized using the KaplanMeier method. Hazard ratios (HRs) and corresponding 95% CIs
were estimated with the Cox proportional hazards regression
model. The median period of follow-up was calculated for the
entire study cohort according to the reverse Kaplan-Meier
method. Statistical analyses were performed using SAS, version 9.2 (SAS Institute Inc).

Results
In total, 323 patients from 21 Italian oncology units were
screened, and 143 patients (44.3%) were randomized to arm
A (n = 74) or arm B (n = 69). Of the 143 patients randomized,
116 patients (81.1%) had RAS and BRAF wild-type disease and
were included in the mITT population: 59 patients were allocated to maintenance with cetuximab (arm A) and 57 to bevacizumab (arm B) (Figure 1). Three patients in arm B received
cetuximab instead of bevacizumab so that they were included in arm A in the analysis of safety during maintenance.
Patients’ demographic and baseline characteristics were
similar between arms (eTable 1 in Supplement 2), except for a
higher percentage of patients in arm A with a right-sided primary. Of these patients, 82 (70.7%) were men and 34 (29.3%)
were women; the median (interquartile range [IQR]) age was
59.5 (53-67) years. Altogether, 103 patients (88.8%) had an
(Reprinted) JAMA Oncology Published online February 15, 2018
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Figure 1. MACBETH Study CONSORT Diagram
From November 2011 to September 2013

From October 2013 to February 2015

179 Centrally screened for KRAS 12, 13, and 61
mutations by means of pyrosequencing

144 Centrally screened for KRAS 12, 13, 59, 61, 117,
146, NRAS; 12, 13, 61 and BRAF 600 mutations
by means of pyrosequencing

73 Not eligible
8 Not evaluable
51 KRAS 12 mutant
10 KRAS 13 mutant
4 KRAS 61 mutant

73 Not eligible
9 Not evaluable
28 KRAS 12 mutant
13 KRAS 13 mutant
7 KRAS 61 mutant
5 KRAS 146 mutant
3 NRAS 12 mutant
1 NRAS 13 mutant
2 NRAS 61 mutant
5 BRAF mutant
106 Eligible

71 Eligible

26 Not randomized
6 Known NRAS mutant
8 Known BRAF mutant
12 Investigator’s choice

8 Not randomized (investigator’s choice)

80 Randomized
40 Arm A
40 Arm B

63 Randomized
34 Arm A
29 Arm B

143 Randomized
74 Arm A

69 Arm B

4 Insufficient residual DNA

3 Insufficient residual DNA

70 Evaluable to KRAS and NRAS, 12, 13,
59, 61, 117, 146 and BRAF 600 status

66 Evaluable to KRAS and NRAS, 12, 13,
59, 61, 117, 146 and BRAF 600 status

11 Other RAS or BRAF mutant
1 KRAS 59 mutant
1 KRAS 61 mutant
3 KRAS 117 mutant
4 KRAS 146 mutant
1 NRAS mutant
1 BRAF mutant

9 Other RAS or BRAF mutant
1 KRAS 12 mutant
1 KRAS 59 mutant
3 KRAS 146 mutant
3 NRAS mutant
1 BRAF mutant

116 RAS and BRAF wild-type (modified
ITT population)

59 Arm A

57 Arm B

14 Excluded
3 Deaths
7 Progressive disease after induction
4 Progressive disease after surgery

12 Excluded
5 Deaths
4 Progressive disease after induction
3 Progressive disease after surgery

45 Candidates for maintenance treatment

45 Candidates for maintenance treatment

8 Excluded
3 Medical decision after surgery
3 Patient refusal
2 Cetuximab-related adverse event

4 Excluded
1 Medical decision after surgery
2 Patient refusal
1 Bevacizumab-related adverse event

37 Maintenance populationa

Arm A comprises patients receiving a modified schedule of fluorouracil,
oxaliplatin, and irinotecan hydrochloride (mFOLFOXIRI) plus cetuximab,
followed by maintenance with cetuximab. Arm B comprises patients receiving
FOLFOXIRI plus cetuximab, followed by maintenance with bevacizumab.

E4

41 Maintenance populationa

ITT indicates intention to treat.
a

Patients who received at least 1 cycle of maintenance therapy.
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Figure 2. Kaplan-Meier Estimates of Progression-Free Survival and Overall Survival, According to Treatment Arm
A Progression-free survival in modified intention-to-treat population
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Arm A comprises 59 patients receiving a modified schedule of fluorouracil,
oxaliplatin, and irinotecan hydrochloride (mFOLFOXIRI) plus cetuximab
followed by maintenance with cetuximab. Arm B comprises 57 patients

receiving mFOLFOXIRI plus cetuximab followed by maintenance with
bevacizumab. HR indicates hazard ratio; NE, not estimable.

Eastern Cooperative Oncology Group performance status of 0,
98 (84.5%) presented with synchronous metastases, 54 (46.6%)
had multiple metastatic sites, and 52 (44.8%) had liverlimited disease.
After the induction phase, 45 patients per arm were candidates for maintenance; 37 patients (82.2%) in arm A and 41
patients (91.1%) in arm B actually received at least 1 cycle of
maintenance therapy and were included in the maintenance
population (Figure 1). The median (IQR) duration of follow-up was 44.0 (30.5-52.1) months. All patients were observed at least 10 months after randomization. Thirty of the
59 patients in arm A (50.8%; 90% CI, 39.5%-62.2%) and 23 of
the 57 patients in arm B (40.4%; 90% CI, 29.4%-52.1%) were
alive and progression free at 10 months.
The PFS analysis was based on 107 events (92.2%)—53 in
arm A and 54 in arm B—among 116 patients. The median PFS
was 10.1 months (95% CI, 7.2-12.8 months) in arm A and 9.3
months (95% CI, 7.1-10.8 months) in arm B (HR, 0.83; 95% CI,
0.57-1.21) (Figure 2A). In the maintenance population (n = 78),

the median PFS was 13.3 months (95% CI, 11.2-17.3 months) in
arm A and 10.8 months (95% CI, 9.3-13.9 months) in arm B (HR,
0.73; 95% CI, 0.46-1.17) (Figure 2B).
All patients in the mITT population (n = 116) were assessed for their RECIST response. Centrally assessed activity
results in the mITT population and according to randomization arm are summarized in eTable 2 in Supplement 2. Of 116
patients, 5 (4.3%) achieved complete response and 78 (67.2%)
achieved partial response, for a response rate of 71.6% (95%
CI, 62.4%-79.5%); 22 (19.0%) had disease stabilization, thus
achieving a disease control rate of 90.5%. Of 107 evaluable patients, 81 (75.7%) achieved an early objective response rate
(early tumor shrinkage), and the median (IQR) depth of response was 53.2% (37.1%-67.6%) (eTable 2 in Supplement 2);
for the distribution of depth of response according to randomization arm, see eFigure in Supplement 2.
Secondary surgery for metastases was attempted with a
curative intent for 45 patients (38.8%; 28 patients in arm A and
17 patients in arm B), and R0 resections were performed for
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33 patients (28.4%; 21 patients in arm A and 12 patients in arm
B). Among 52 patients (28 in arm A and 24 in arm B) with liveronly metastases, the R0 resection rate was 51.9% (27 patients
[17 in arm A and 10 in arm B]).
The OS analysis was based on 70 events (60.3%)—34 in arm
A and 36 in arm B—among 116 patients. The median OS was
33.2 months (95% CI, 22.6-51.6 months) in arm A and 32.2
months (95% CI, 19.8-43.8 months) in arm B (HR, 0.92; 95%
CI, 0.57-1.47) (Figure 2C). In the maintenance population, the
median OS was 37.5 months (95% CI, 32.0 to not estimable) in
arm A and 37.0 months (95% CI, 30.0 to not estimable) in arm
B (HR, 0.98; 95% CI, 0.52-1.87) (Figure 2D).
All patients in the mITT population were assessed for
safety. With regard to induction, a total of 785 cycles with a
median (IQR) of 8 (6-8) cycles per patient was administered.
Treatment was delayed because of any reason in 182 cycles
(23.2%) or because of any adverse event in 100 cycles (12.7%)
and was administered with a reduced dose in 193 cycles
(24.6%). The mean relative dose intensities were 84% for fluorouracil, 83% for irinotecan, 83% for oxaliplatin, and 82% for
cetuximab.
With regard to the safety profile, diarrhea (occurring in 21
patients [18%]), skin toxic effects (in 18 patients [16%]), asthenia (in 11 patients [9%]), stomatitis (in 7 patients [6%]), anorexia (in 4 patients [3%]), and neurotoxicity (in 4 patients [3%])
were the most frequent grade 3 to 4 nonhematological adverse events (eTable 3 in Supplement 2). Grade 3 to 4 neutropenia occurred in 36 patients (31%), whereas only 3 patients
(3%) experienced febrile neutropenia. Granulocyte colonystimulating factor was administered in 93 of 785 cycles (11.8%).
Serious adverse events occurred in 29 cases (25.0%), and 4
(3.4%) of them were fatal.
With regard to maintenance, a total of 965 cycles (480 in
arm A and 485 in arm B) with a median (IQR) of 9 cycles (8.5
[4-16] cycles in arm A; 9 [5-14.5] cycles in arm B) per patient
were administered. In the maintenance population, grade 3 to
4 adverse events were rare (eTable 3 in Supplement 2); only
skin toxicity, hand-foot syndrome, and hypertension occurred in at least 3% of patients in either arm. No significant
differences in adverse events were observed between arms,
with the only exception of skin toxicity being more frequent
in arm A than in arm B (20% vs 3%; P = .03).
Of 107 patients who experienced disease progression, 85
(79.4%) received further treatment (eTable 4 in Supplement
2). Of these 85 patients, 60 (70.6%) were re-treated (secondline treatment) with mFOLFOXIRI or modified schedules plus
cetuximab, per protocol indication.
Of 35 patients with liver-limited metastases who underwent secondary surgery of metastases with curative intent during first-line treatment, 11 (31.4%) underwent further resections and/or nonsurgical locoregional treatments of metastases
after disease progression.

Discussion
To our knowledge, the MACBETH trial is the largest clinical trial
investigating the combination of an anti-EGFR agent with a
E6

triple-drug chemotherapy backbone. Unlike most previous
studies,3-7 this study applied an extended (ie, RAS and BRAF
status) and centralized molecular selection.
Neither of the 2 study arms met the primary end point of
increasing the 10-month PFR from 50% (literature based) to
70%, so neither of the 2 investigated strategies appeared worthy of further investigation. Nevertheless, the trial provides
other results that deserve consideration.
First, the reduction in the doses of fluorouracil and irinotecan (compared with the standard GONO-FOLFOXIRI
regimen20-22), adopted with the aim of minimizing the incidence of gastrointestinal toxicities observed in previous
trials,3-7 made the combination with cetuximab safe and feasible. The occurrence of the most common adverse events, including neutropenia, diarrhea, skin toxicity, asthenia, and stomatitis, favorably compares with the safety profile of the classic
GONO-FOLFOXIRI regimen with or without bevacizumab and
does not differ from the toxicity reported with doublets plus
an anti-EGFR agent.20-24
Second, the activity results of mFOLFOXIRI plus cetuximab are very promising. The duration of the induction phase
was shortened to 4 months, but high proportions of patients
achieved a response rate of 71.6%, an early objective response rate or tumor shrinkage of 75.7%, and a clinically meaningful depth of response (53.2%), leading to remarkable secondary resectability of metastases (38.8%). Consistent results
have been recently reported in the phase 2 randomized trial
FOLFOXIRI With or Without Panitumumab in Metastatic Colorectal Cancer (VOLFI), which found that a modified schedule of FOLFOXIRI plus panitumumab achieved a response rate
of 85.7% with a 70% resection rate in the potentially resectable cohort.25
Why these activity results did not translate into similar
gains in delaying tumor progression is puzzling. A potential explanation for the worse-than-expected PFS performance of
both first-line strategies may be the choice of a shortened induction phase (ie, up to 8 cycles) and of a maintenance approach using a biologic agent alone that is suboptimal at least
to bevacizumab.8 Furthermore, the lack of internal consistency between activity and efficacy results has already been
reported with regimens that contained anti-EGFR agents,26,27
challenging the usefulness of PFS measures as surrogate end
points of OS with this class of agents.
Third, unlike other trials conceived with the aim of studying maintenance, the MACBETH trial was not designed to formally compare different maintenance approaches.28-30 The objective of this study was to investigate 2 first-line strategies,
both including a short induction of a triplet plus cetuximab followed by 2 different maintenance approaches. This objective
was the rationale for randomizing patients before rather than
after the induction phase. As expected, not all randomized patients actually received maintenance, and a 33% dropout rate
was reported, mainly owing to secondary surgical procedures. The choice of bevacizumab as monotherapy, instead of
its combination with a fluoropyrimidine, might have affected
the results in arm B. However, the importance of adding a fluoropyrimidine to bevacizumab as maintenance was not established when the MACBETH trial was planned.8 Although it

JAMA Oncology Published online February 15, 2018 (Reprinted)

© 2018 American Medical Association. All rights reserved.

Downloaded From: on 02/15/2018

jamaoncology.com

Cetuximab Plus Modified FOLFOXIRI for RAS and BRAF Wild-type Metastatic Colorectal Cancer

recognizes a clear separation of PFS curves favoring the continuation of cetuximab rather than the switch to bevacizumab, the MACBETH trial avoids drawing any conclusion
about the best maintenance following chemotherapy plus an
anti-EGFR agent.
Finally, our results confirm the feasibility of systemic treatments after disease progression when the triplet is chosen as
first-line chemotherapy. A strong adherence to protocol recommendations on treatments after progression was reported; mFOLFOXIRI or modified schedules plus cetuximab
were reintroduced in 70.6% of progressed patients. The reintroduction of cytotoxic agents used during the induction phase
after a “full chemotherapy”–free interval is supported by a biologics rationale, but the continuation of cetuximab beyond progression did not provide convincing results in the phase 2 randomized Cetuximab Continuation After First Progression in
Metastatic Colorectal Cancer (CAPRI-GOIM) study.31 The emergence of mechanisms of acquired resistance to anti-EGFR
agents clearly challenges the potential efficacy of a sustained
inhibition of EGFR32 that today cannot be recommended in
daily practice.

Limitations
When interpreting results from the MACBETH trial, at least 3
limitations should be acknowledged: (1) the choice of the
“switch maintenance” arm is clearly suboptimal, considering
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recent data identifying the combination of a fluoropyrimidine with bevacizumab, instead of single-agent bevacizumab, as the optimal maintenance when using the antiangiogenic; (2) the noncomparative design of the study, which
prevents us from drawing any conclusions about the best maintenance approach; and (3) the choice of a PFS-related measure as primary end point, considering the poor surrogacy of
PFS for OS when adopting anti-EGFR–containing regimens.

Conclusions
Neither of the two arms of the MACBETH trial met the primary
endpoint of demonstrating a relevant increase in 10m-PFR
against literature data with doublets plus anti-EGFR. However, a short induction with mFOLFOXIRI plus cetuximab is feasible as first-line treatment for mCRC and allows achieving impressive activity results in RAS and BRAF wild-type patients,
thus emerging as an appealing treatment option especially when
a rapid and consistent tumor shrinkage is required.
Based on these results, the Italian cooperative G.O.N.O. has
now launched the phase III randomized TRIPLETE trial,33 to
compare the activity of panitumumab with mFOLFOX6 or
mFOLFOXIRI, both followed by maintenance with 5-fluorouracil and panitumumab until disease progression, as firstline therapy in RAS and BRAF wild-type mCRC patients.
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