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ABSTRACT

PURPOSE The intensity of anti-EGFR–based first-line therapy for RAS/BRAF wild-
type (wt) metastatic colorectal cancer (mCRC), once disease control is
achieved, is controversial. A de-escalation strategy with anti-EGFR mon-
otherapy represents a potential option to maintain efficacy while reducing
cytotoxicity.

METHODS In this multicenter, open-label, phase III trial, patients with untreated RAS/BRAF
wt mCRC were randomly assigned to receive either fluorouracil, leucovorin, and
irinotecan/cetuximab (FOLFIRI/Cet) until disease progression (arm A) or
FOLFIRI/Cet for eight cycles followed by Cet alone (arm B). The coprimary end
points were a noninferior progression-free survival (PFS) in the modified per-
protocol (mPP) population (>eight cycles) and a lower incidence of grade (G) 3-4
adverse events (AEs) for arm B compared with arm A.

RESULTS Overall, 606 patients were randomly assigned, with 300 assigned to arm A and
306 to armB. Themedian follow-upwas 22.3months. In themPPpopulation, 291
events occurredwith a PFS of 10 versus 12.2 months for armsB andA, respectively
(P of noninferiority 5 .43). In the intention-to-treatment (ITT, ≥one cycle)
population, 503 events occurredwith a PFS of 9 versus 10.7 months (P 5 .39). The
overall survival was 35.7 versus 30.7 months (P 5 .119) and 31.0 versus
25.2 months (P 5 .32) in the mPP and ITT population, respectively. Arm B had
lower G3-4 AEs during the maintenance period than arm A (20.2% v 35.1%).

CONCLUSION The ERMES study did not demonstrate noninferiority of maintenance with
Cet alone. Despite a more favorable safety profile, maintenance with single-
agent Cet after induction with FOLFIRI/Cet cannot be recommended for all
patients but could represent an option in selected cases.

INTRODUCTION

Colorectal cancer (CRC) is the thirdmost commonmalignancy
worldwide and the second leading cause of cancer-related
mortalities. It is the most common cause of malignancy-
related death in men age 20-49 years.1 Stage is the pivotal
predictor of survival in CRC, with a 5-year survival rate of
approximately 14% for metastatic disease.2 Systemic che-
motherapy is still the mainstay of treatment for mismatch
repair proficient stage IV disease. For patients not showing
symptom progression on first-line chemotherapy, mainte-
nance therapy should be considered.3 Maintenance therapy is
a strategy based on de-escalation of drug intensity aimed at

reducing side effects and improving patients’ quality of
life (QoL) without jeopardizing efficacy. Fluoropyrimidine
monotherapy,4 or in combination with bevacizumab,5-9 is
the preferred maintenance option after induction with
oxaliplatin-based chemotherapy plus bevacizumab.3 Instead,
maintenance treatment after anti-epidermal growth factor
receptor (EGFR)–based first-line therapy is controversial.
Indeed, there are no phase III data supporting this strategy,
while evidence relies only on phase II trials.10-18 According to
the ESMO guidelines, owing to the absence of cumulative side
effects,first-line treatmentwithfluorouracil, leucovorin, and
irinotecan (FOLFIRI) may be continued until disease pro-
gression.3 Major tumor shrinkage is seen within the first
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3-4 months of treatment,11 so continued exposure to com-
bined antineoplastic therapy might not improve disease
control but rather cause more side effects in addition to the
inevitable progression of the disease. ERMES was a phase III
trial designed to test whether maintenance therapy with
cetuximab (Cet) monotherapy after induction with first-line
FOLFIRI plus Cet might represent a valid option in the con-
tinuum of care of patients with RAS and BRAF wild-type (wt)
metastatic colorectal cancer (mCRC).

METHODS

Patient Selection

ERMES was a multicenter, open-label, randomized, phase III
noninferiority trial. The complete study protocol is available
online (protocol of the ERMES trial). Key eligibility criteria are
reported in a previous paper.19 Population included patients
diagnosed with previously untreated, histologically proven
unresectable mCRC, with centrally confirmed RAS and
BRAF wt status on the primary tumor or related metastasis
(local assessment was accepted for AIOM-SIAPEC–certified
centers). Patients who completed adjuvant therapy at least
6 months before entering the study were eligible. The
study protocol was approved by the ethics committee of the
coordinating center (Fondazione Policlinico Universitario
Agostino Gemelli, IRCCS, Prot. 23942/14) and from each
participating center. All patients provided written informed
consent before study entry. This trial was conducted in ac-
cordance with the Declarations of Helsinki.

Study Design

The study design is illustrated in Figure 1. Eligible patients
were randomly assigned with a 1:1 ratio to receive either the

standard or the experimental treatment (arm A v arm B).
Standard treatment consisted of FOLFIRI plus Cet while
experimental treatment included FOLFIRI plus Cet for eight
cycles, followed by Cet monotherapy. Detailed treatment
schedules are reported in the previous paper.19 Stratification
factors for centralized random assignment included age
(<65 v ≥65 years), Eastern Cooperative Group performance
status (0-1 v 2), liver-only disease (yes vno), and exposure to
prior adjuvant treatment (yes v no). Treatment was con-
tinued until disease progression, death, unacceptable tox-
icity, or consent withdrawal. At the time of disease
progression, infusional fluorouracil, leucovorin, and oxali-
platin (FOLFOX) plus bevacizumab was recommended as
second-line therapy.

Imaging and Toxicity Assessment

Efficacy and safety assessmentswere carried out as previously
described.19 Chest and abdomen contrast-enhanced com-
puted tomography scans were repeated every 8 weeks from
random assignment to disease progression or death, and
tumor assessment was performed according to the RECIST
criteria (ver 1.1).20 Toxicity (including Cet-related skin adverse
events) was recorded and graded throughout the whole
treatment (including both induction and maintenance pha-
ses) according to the National Cancer Institute-Common
Terminology Criteria for Adverse Events (NCI-CTCAE) ver-
sion 4.03. TheDermatology Life Quality Index and EORTCQLQ
C30 questionnaires were administered at baseline and at
weeks 8, 16, 24, and 32 to assess patients’ QoL. Translational
analyses were planned for both baseline formalin-fixed
paraffin-embedded (FFPE) tumor tissue samples and circu-
lating tumor DNA from liquid biopsies performed at the
following time points: baseline, 8 weeks, disease progression,
and 3 months after disease progression.

CONTEXT

Key Objective
Is cetuximab (Cet) monotherapy maintenance noninferior to fluorouracil, leucovorin, and irinotecan plus Cet until disease
progression in terms of progression-free survival and for reducing the incidence of grade 3-4 adverse events in patients with
RAS and BRAF wild-type (wt) metastatic colorectal cancer (mCRC)?

Knowledge Generated
The ERMES trial did not meet its primary objective, but it showed an improvement in the toxicity profile of the experimental
arm, comparable response rates between the arms, and the absence of detrimental signals in terms of overall survival for
chemotherapy de-escalation.

Relevance (E.M. O’Reilly)
Maintenance therapy plays a role in the treatment of selected patients with mCRC. In this non-inferiority phase III trial, the
value of maintenance Cet following cytotoxic therapy was not established in RAS/BRAF wt disease. Alternative mainte-
nance strategies are under investigation.*

*Relevance section written by JCO Associate Editor Eileen M. O’Reilly, MD.
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Objectives and End Points

The objective of this study was to demonstrate the non-
inferior efficacy and superior safety profile of the ex-
perimental treatment when compared with the standard
treatment. The trial had two coprimary end points:
progression-free survival (PFS) from random assignment
and toxicity rate. PFS was defined as the time from random
assignment (before the start of induction therapy) to disease
progression or death from any cause. The determination of
the clinical response or disease progression was based on
investigator-reported measurements. A blinded indepen-
dent central review was preplanned. The toxicity rate was
defined as the percentage of patients with treatment-related
AEs graded 3-4 based onNCI-CTCAE version 4.03. Secondary
end points are detailed in the previous paper19 and include
overall response rate (ORR), overall survival (OS), early
tumor shrinkage (ETS), incidence of Cet-related skin tox-
icity, safety profile, QoL, and translational analyses which
included molecular profiles assessed by next-generation
sequencing on FFPE tumor tissue samples and liquid biop-
sies. Specific secondary end points, including ETS, QoL, and
translational analyses, will be presented in separate
publications.

Sample Size Estimation

Detailed sample size estimationwas previously reported.19 In
brief, the statistical hypothesis was based on the CRYSTAL
trial,21 which reported a median PFS of 11.4 months with an

upper 95% CI boundary for the hazard ratio (HR) of 0.76 in
RASwt patients who received FOLFIRI plus Cet continuously.
Thus, in agreement with the European Medicines Agency
Guideline on the Choice of the Noninferiority Margin, a
noninferiority margin of 1.33 (51/0.75) for the HR of arm B
versus arm A was considered appropriate. The null hy-
pothesis of inferiority HR for PFS of arm B versus arm A
is ≥1.33 was tested in the modified per-protocol (mPP)
population versus the alternative hypothesis of non-
inferiority HR is 1. Three-hundred and eighty-six events
were needed to reach a power of 80% (under the alternative
hypothesis) at a one-sided significance level of 0.025.

Concerning the coprimary end point toxicity rate, assuming
a rate of grade (G) 3-4 AEs of 50%-80% in arm A (79.3%
was observed in the CRYSTAL trial),21 a sample size of 300
patients for each treatment armwould yield a power of 80%
to detect a reduction of 10%-12% of patients experiencing
G3-4 AEs, with a two-sided Fisher exact test at a signifi-
cance level of 0.05.

Statistical Analyses

In agreement with the principles of noninferiority trials, the
primary analysis was performed in the mPP population. In
addition, the analysiswas repeated for themodified intention-
to-treatment (modified intention-to-treat [mITT]) pop-
ulation. The HR for PFS was estimated using a stratified Cox
proportional hazard model. Moreover, unstratified HR was
estimated, and multivariate Cox models were applied. The
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                 Stratification factors
Age (<65 v �65)
ECOG performance status (0-1 v 2)
Metastasis in the liver only (yes v no)
Prior adjuvant therapy (yes v no)

Coprimary end points
PFS  in modified per-protocol population (mPP) by
  BICR (non-inferiority) 
Safety profile (superiority G3-4 AEs)

FOLFIRI
Irinotecan 180 mg/m2, once on d1 every 2 weeks
LV 200 mg/m2, once on d1 every 2 weeks
5-FU bolus 400 mg/m2, once on d1 every 2 weeks
5-FU pvi 1200 mg/m2, once on d1,d2 every 2 weeks

Cetuximab
400 mg/m2 loading dose week 1
250 mg/m2 weekly

Secondary  end points
PFS in modified Intention-To-Treat
  (mITT);
OS in mPP and mITT, ORR, QoL

Biomolecular analysis
Tissue sample and liquid biopsy at
baseline, 8 week, PD, and 3 months
  after PD

Randomized
1:1

First-line treatment of 
600 patients with
RAS and BRAF wt mCRC

Cetuximab

Cetuximab

FOLFIRI up to eight cycles

FOLFIRI up to eight cycles

FOLFIRI
Arm A

Arm B

FIG 1. Study design. FU, fluorouracil; AEs, adverse events; BICR, blind independent central review; ECOG, Eastern Cooperative Group; ETS, early
tumor shrinkage; FOLFIRI, fluorouracil, folic acid and irinotecan; LV, folinic acid; mCRC, metastatic colorectal cancer; mITT, modified intention
to treat; mPP,modified per-protocol; ORR, over response rate; OS, overall survival; PD, progression disease; PFS, progression-free survival; QoL,
quality of life.
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same statisticalmethods specified for PFSwere also applied to
OS. Differences in incidence rate of any G3-4 AEs were
compared between the two arms using a two-sided Fisher
exact test. The two coprimaryendpoints (PFS and toxicity rate)
were compared between the two arms using a fixed-sequence
testing procedure to control for a family-wise type I error rate
of 0.05 in a strong sense.19 According to this sequence, only if
thefirst null hypothesis of inferiority is rejected at a one-sided
significance level of 0.025, the second null hypothesis will be
tested at a significance level of 0.05 in a confirmatory anal-
ysis.22 For statistical analysis of primary end point (PFS), a
P value of noninferiority was used. For secondary end point
analysis, a P value of superiority was used.

The associated exact two-sided 95% CI (Clopper-Pearson)
was calculated for the response rate. Odds ratios and asso-
ciated 95% CI were calculated using the stratified Cochran-
Mantel-Haenszel procedure with the stratification factors
used at random assignment with a significance level set
at 0.05.

RESULTS

Between May 2015 and March 2020, 606 patients were
randomly assigned. Of them, 593 patients who received at
least one treatment cycle were included in the mITT pop-
ulation. A total of 296 and 297 patients were assigned to
arms A and B, respectively. Of them, 154 and 183 patients in
arms A and B, respectively, received treatment beyond cycle
8, constituting a mPP population of 337 patients. The
dropout rate was approximately 40% in each arm, and

approximately 20% of the patients were excluded because of
conversion to surgery (Fig 2; Data Supplement, Table S1
[online only]).

Table 1 summarizes the patient and disease characteristics of
the mPP population. Notably, despite the dropout, the
characteristics were well balanced between the two arms,
including nonstratification factors such as primary tumor
location, primary tumor resection, and number ofmetastatic
sites, without statistical differences.

Themedian follow-up in themPPpopulationwas 22.4months
(95% CI, 20.89 to 25.07).

Primary End Points: PFS and Safety in mPP Population

In total, 291 PFS events were observed in the mPP pop-
ulation. The PFS was 10.0 and 12.2 months in arms B and A,
respectively (HR, 1.3; 95% CI, 1.03 to 1.64). The first primary
end point was not met: the upper limit of 95% CI HR crosses
the noninferiority boundary set at 1.33, with a noninferiority
P value of .43 (Fig 3). In the subgroup analysis for PFS in the
mPP population, better performance of the standard arm
versus the experimental arm was reported in all subgroups
(Fig 4). A quantitative positive interaction was reported only
in the subgroup for primary tumor location, with a major
benefit in favor of arm A reported for right-sided tumor
(interaction P 5 .04).

For the second coprimary end point, Table 2 summarizes
treatment toxicity, reporting the rate of G3-4 AEs during

Dropout               (n = 114)
  Adverse event               (n = 17; 15%)
  Surgery                          (n = 27; 23%)
  Disease progression     (n = 40; 35%)
  Death                                  (n = 16; 14%)
  Other                              (n = 14; 13%)

Not treated (n = 13)
Arm A (n = 4)

Did not meet inclusion criteria                  (n = 2; 50%)
Consent withdrawal                                                          (n = 2; 50%)

Arm B (n = 9)
Did not meet inclusion criteria                  (n = 2; 22%)
Consent withdrawal                   (n = 4; 44%)
Death before start therapy                   (n = 1; 12%)
Deterioration of clinical condition before start therapy (n = 2; 22%)

Dropout        (n = 142)
  Adverse event                (n = 22; 15%)
  Surgery                           (n = 30; 21%)
  Disease progression      (n = 43; 30%)
  Death                                (n = 14; 10%)
  Other                                            (n = 33; 24%)

Median Follow-up, months (IQR): 22.3 (15-33.8) Data cutoff: June 30, 2021

mPP population
(n = 337)

Arm A
FOLFIRI + cetuximab

(n = 154)

Arm B
Cetuximab
(n = 183)

Arm B
FOLFIRI + cetuximab

(n = 297)

Arm A
FOLFIRI + cetuximab

(n =  296)

mITT population
(n = 593)

Patients randomly
assigned
(n = 606)

Patients screened
(N = 815)

Screening failure
(n = 209)

FIG 2. CONSORT diagram. FOLFIRI, fluorouracil, folic acid, and irinotecan; mITT, modified intention to treat; mPP, modified per
protocol.
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both the induction and maintenance phases. Arm B
showed a better safety profile with lower G3-4 AEs rate
during the entire treatment (52% in arm A v 50.3% in arm
B) and specifically in the maintenance phase (35.1% in
arm A v 20.2% in arm B). In the maintenance phase, the
reduction of AEs was observed in all system organ classes,
notably in classes of clinical interest (arm A v arm B):
diarrhea (5.2% v 0.6%), oral mucositis (2.0% v 0.6%),
decreased neutrophil count (7.1% v 0.6%), and skin and
subcutaneous tissue disorders (18.2% v 14.2%). Since the
first coprimary end point was not reached, no statistical
analysis was performed. All AEs observed during the
entire treatment are summarized in Data Supplement
(Table S2).

Secondary End Points

The analysis of ORR according to RECIST 1.1 during thewhole
period did not show statistically significant differences
between the two groups (67.5% in arm A; 71.6% in arm B;
Data Supplement, Fig S1).

A total of 185 OS events (54.9%) were observed in the mPP
population. The OSwas 35.7months (95% CI, 30.62 to 40.16)
in arm B and 30.7 months (95% CI, 25.26 to 34.63) in arm A
(HR, 0.79; 95% CI, 0.59 to 1.06; P 5 .119; Fig 5). Subgroup
analysis of OS in patients with mPP is shown in the Data
Supplement (Fig S2).

A total of 503 PFS events were observed in the mITT pop-
ulation. The PFS was 9 and 10.7 months in arm B and A,
respectively (HR, 1.1; 95% CI, 0.92 to 1.31; P 5 .305; Data
Supplement, Fig S3a). The subgroup analysis for PFS in the
mITT population is shown in the Data Supplement (Fig S4).
Overall, 303 OS events (56.2%) were observed in the mITT
population. OS was 31.0 months (95% CI, 27.33 to 35.49) in
arm B and 25.2 months (95% CI, 22.03 to 32.96) in arm A
(HR, 0.89; 95% CI, 0.71 to 1.10; P 5 .3; Data Supplement, Fig
S3b). The subgroup analysis for OS in the intention-to-
treatment arm is reported in the Data Supplement (Fig S5).

Dose intensity in both arms is reported in the Data Sup-
plement (Table S3). Data regarding second-line treatment

TABLE 1. Patient and Disease Characteristics for Arm A (FOLFIRI plus Cet until disease progression) Versus Arm B (FOLFIRI plus Cet for eight
cycles followed by Cet monotherapy) in mPP Population

Parameter Arm A (n 5 154) Arm B (n 5 183)

Age, years, median (min-max) 62.7 (34-79) 65 (22-82)

Sex, No. (%)

Male 99 (64.3) 126 (68.9)

Female 55 (35.7) 57 (31.2)

ECOG-PS, No. (%)

Grade 0 119 (77.3) 145 (79.2)

Grade 1 35 (22.7) 36 (19.7)

Grade 2 0 2 (1.1)

Prior adjuvant therapy, No. (%)

Yes 43 (27.9) 51 (27.9)

No 111 (72.1) 132 (72.1)

Metastasis in the liver only, No. (%)

Yes 18 (11.7) 15 (8.2)

No 136 (88.3) 168 (91.8)

Metastatic sites (1 v >1), No. (%)

1 125 (81.2) 145 (79.2)

>1 29 (18.8) 38 (20.8)

Prior surgery, No. (%)

Yes 94 (61) 112 (61.2)

No 50 (32.5) 57 (31.2)

NA 10 (6.5) 14 (7.7)

Primary tumor location, No. (%)

Right 32 (21) 33 (18)

Left 103 (67) 135 (74)

NA 19 (12) 15 (8)

Abbreviations: Cet, cetuximab; ECOG, Eastern Cooperative Group; FOLFIRI, fluorouracil, folic acid and irinotecan; mPP, modified per protocol;
NA, not available; PS, performance status.
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administered after disease progression were available for
approximately 30% of patients in the mPP population and
are reported in the Data Supplement (Table S4).

DISCUSSION

The ERMES study is the first phase III trial to evaluate the
efficacy and safety profile ofmaintenancemonotherapywith
Cet after 4 months of induction with FOLFIRI plus Cet in a
population of patients with RAS and BRAF wt mCRC.

Previous evidence from the TIME-PRODIGE 28,23MACRO-2,13

PANAMA,10,11 and VALENTINO15,16 phase II trials regarding
the choice of optimal maintenance treatment remains un-
defined. The TIME-PRODIGE 28 showed a clinically mean-
ingful benefit in terms of PFS and OS in favor of Cet
maintenance compared with observation after induction
with FOLFIRI plus Cet in patients with RAS and BRAF wt
mCRC. However, the study did not meet the primary end
point since the 6 months PFS rate for Cet was <40%.23 Al-
though the MACRO-2 trial showed a probable noninferiority
of Cet as maintenance after induction with FOLFOX plus Cet
compared with continuation of treatment until progres-
sion,13 in the VALENTINO15,16 and PANAMA10,11 trials, con-
tinuation of folinic acid and fluorouracil (FA/FU) plus
panitumumab compared with two different monotherapies,
panitumumab or FA/FU, appeared to be the best treatment
option.

The statistical design of the ERMES study was based on two
coprimary end points: noninferiority in terms of PFS of Cet

monotherapy compared with FOLFIRI plus Cet until disease
progression and superiority of toxicity profile in terms of
reduction of G3-4 AEs. These end points were evaluated in
the mPP population, which included patients exposed to at
least nine cycles of therapy, where the two arms diverged in
the treatment schedule. The ERMES study did not demon-
strate noninferiority in terms of PFS of Cet monotherapy
compared with FOLFIRI plus Cet.

The results of the ERMES trial should be received with the
awareness that the statistical power of the study was
affected by the high number of dropouts, because of the
higher-than-expected rate of patients exiting the study
before nine cycles of therapy. This event wasmainly linked
to a significantly higher rate of surgery for liver metas-
tases and a higher rate of progression in the first 4 months
of therapy. This latter aspect may be intrinsic to the nature
of the ERMES as a de-escalation pragmatic study. Indeed,
the awareness of being able to expose patients to de-
escalated cytotoxic therapy may have conditioned in-
vestigators to enroll, within the study inclusion criteria, a
frailer population. This emerges from the significant
presence of comorbidities in the enrolled patients (Data
Supplement, Table S4). This reduced statistical power
because of the high dropout rate represents a limitation of
the study since it might have impaired achieving the
primary end point. However, the results of the ERMES
study display wide internal and external consistency and
allow multiple inferences. Specifically, while diverging
from the results of the MACRO-2 study, in which main-
tenance with Cet monotherapy reached noninferiority for
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FIG 3. Kaplan-Meier estimates of PFS inmPP population for armA (FOLFIRI plus Cet until disease progression, n5 154) compared with armB
(FOLFIRI plus Cet for eight cycles followed by Cetmonotherapy, n5 183). Indicated HRs derived from Cox regression testing. P values derived
from log-rank tests. Cet, cetuximab; FOLFIRI, fluorouracil, folic acid, and irinotecan; HR, hazard ratio; mPP, modified per protocol; PFS,
progression-free survival.
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PFS compared with FOLFOX plus Cet, results of the ERMES
study are consistent with those of the VALENTINO
trial,15,16 in which panitumumab monotherapy did not
reach noninferiority compared with FA/FU plus pan-
itumumab. Moreover, median PFS are consistent between
the two studies.

Subgroup analysis for primary end point confirmed a better
performance of the standard arm for all subgroups. Notably,
a statistically significant positive quantitative interaction
was observed for primary tumor location. In fact, patients
with right-sided tumors presented a benefit from continuing
FOLFIRI plus Cet until disease progression. This observation

PFS mPP

  Female

  <65

  Left-sided
  Right-sided

  No

  Resected primary tumor

  0-1
  2

  Unresected primary tumor

  >1 metastatic site
  1 metastatic site

  Yes

  No
  Yes

���65

  Male
Sex
All patients

Cetuximab FOLFIRI + Cetuximab

Favors
Cetuximab

Favors
FOLFIRI + Cetuximab

57

92

135
33

168

112

181
2

57

145
38

15

132
51

91

126

183

55

89

103
32

136

94

154
0

50

125
29

18

111
43

0.1 1.331 10

65

99

154
P (interaction)HR (95% CI)

1.27 (0.84-1.92)

1.34 (0.98-1.83)

1.14 (0.87-1.50)
2.07 (1.20-3.57)

1.34 (1.05-1.72)

1.30 (0.97-1.76)

1.29 (1.03-1.63)

1.45 (0.96-2.19)

1.34 (1.04-1.74)
1.12 (0.66-1.90)

0.93 (0.44-1.99)
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FIG 4. Subgroup analysis of PFS in mPP population for arm A (FOLFIRI plus Cet until disease progression, n5 154) compared with arm
B (FOLFIRI plus Cet for eight cycles followed by Cet monotherapy, n5 183). Forest plot with indicated analyses. HRs for progression or
death with 95% CI. P of interaction is reported. Cet, cetuximab; FOLFIRI, fluorouracil, folic acid, and irinotecan; HR, hazard ratio; mPP,
modified per protocol; PFS, progression-free survival; PS, performance status.

TABLE 2. Grade 3-4 AEs of Interest With Onset During Whole and Maintenance Period (full analysis set population)

AE

Arm A (n 5 154), % Arm B (n 5 183), %

Entire Treatment Period Maintenance Period Entire Treatment Period Maintenance Period

All G3-4 AEs 52.0 35.1 50.3 20.2

Anemia 0 0 1.1 1.1

Febrile neutropenia 5.2 1.3 2.2 0

Neutrophil count decreased 14.9 7.1 9.3 0.6

Diarrhea 10.4 5.2 7.7 0.6

Oral mucositis 5.2 2.0 1.6 0.6

Fatigue 4.6 3.3 0.6 0

Hypomagnesemia 2.0 1.3 1.1 0.6

Skin disorders 26.6 18.2 26.8 14.2

Abbreviations: AEs, adverse events; G, grade.
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should be interpreted with caution because of the explor-
atory nature of this subset analysis and may require further
validation.

Although noninferiority for PFS was not reached, the
toxicity profile was clinically better in the experimental
arm with Cet monotherapy compared with the standard
arm. Indeed, after eight cycles of induction, a numerical
reduction in G3-4 AEs was observed for all toxicities of
clinical interest in the experimental arm compared with
the standard arm. According to the statistical design,
statistical analysis of the safety coprimary end point could
not be performed since the primary end point was not
achieved.

Focusing on the secondary end points, it is noteworthy that
the ORR overlapped between the two treatment arms. This
was expected given that major tumor shrinkage is observed
within the induction phase which was the same for the two
arms.19 This evidence is consistent with results of the
VALENTINO trial, which reported no significant difference
between arms in terms of ORR. Moreover, ORRs observed
in both arms (67.5% in arm A; 71.6% in arm B) are
consistent with those observed in recent trials of similar
setting.24 Concerning OS, it is important to highlight that
the study is not powered to report statistically significant
differences for this end point. Keeping in mind this
limitation, we observed that both in the mPP and mITT
populations, the experimental arm reaches a numerically

higher median OS compared with the standard arm.
Evidence of OS benefit, irrespective of comparable PFS,
has been reported in the setting of first-line treatment
for RAS wt mCRC by head-to-head trials comparing anti-
EGFR–based versus bevacizumab-based therapy.25-27 To
date, the roots for this evidence are not clear. It has been
postulated that higher ORR and ETS and greater deepness
of response (DoR) could support this benefit.28,29 In the
ERMES trial, no difference in terms of ORR was observed
between arms, and simultaneously, no improvement in
ETS or DoR is expected for the experimental arm, which
received the same dose intensity for the first 4 months
(thus no difference in ETS is expected) and a reduced dose
intensity in the maintenance period (thus an equivalent
or inferior DoR is expected) with respect to the standard
arm. Moreover, rates of patients who underwent surgery
with curative intent were comparable between arms.
Therefore, the OS benefit observed in the experimental
arm of ERMES trial does neither seem to rely on the
response rate nor the conversion to surgery. On the
contrary, postprogression survival might be related to
the second and subsequent lines of treatment.30 Despite
the limited availability of data concerning second-line
treatment (around 30%), interestingly, the rate of
second-line treatment was higher in the experimental
arm than the standard arm (Data Supplement, Table S5).
The safer toxicity profile and longer chemotherapy-free
interval might have favorably affected subsequent
treatment.
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FIG 5. Kaplan-Meier estimates of OS in mPP population for arm A (FOLFIRI plus Cet until disease progression, n5 154) compared with arm B
(FOLFIRI plus Cet for eight cycles followed by Cet monotherapy, n5 183). Indicated HRs derived from Cox regression testing. P values derived
from log-rank tests. Cet, cetuximab; FOLFIRI, fluorouracil, folic acid, and irinotecan; HR, hazard ratio; mPP, modified per protocol; OS, overall
survival.
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In conclusion, the study did not meet the primary end
point. Thus, treatment with FOLFIRI plus Cet should be
continued until disease progression or patient tolerance is
achieved. However, given the better safety profile, RR, and
signal on OS, a de-escalation strategy may remain an

option in selected cases owing to patient preference or
tolerability. Preplanned translational analyses are ongo-
ing, and results are expected to improve the selection of
patients who would benefit the most from treatment de-
escalation.

AFFILIATIONS
1Medical Oncology, Comprehensive Cancer Centre Azienda USL—IRCCS
di Reggio Emilia, Reggio Emilia, Italy
2Comprehensive Cancer Center, UOC Medical Oncology, Fondazione
Policlinico Universitario Agostino Gemelli IRCCS, Roma, Italy
3Translational Research Departement, Istituto Nazionale Tumori
IRCCS—Fondazione G. Pascale, Napoli, Italy
4Oncology Unit, Foundation IRCCS Casa Sollievo della Sofferenza, San
Giovanni Rotondo, Italy
5Department of Experimental and Clinical Medicine, University of
Florence, Italy Clinical Oncology Unit, Careggi University Hospital,
Firenze, Italy
6Medical Oncology, AziendaOspedaliera ARNASGaribaldi, Catania, Italy
7Division of Gastrointestinal Medical Oncology and Neuroendocrine
Tumors, European Institute of Oncology, IRCCS, Milan, Italy
8Ospedale Santa Maria delle Croci, Ravenna, Italy
9Dipartimento Oncologia 1, IOV—Istituto Oncologico Veneto IRCCS,
Padova, Italy
10Dipartimento di Oncologia, Fondazione Policlinico Campus Bio-
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