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Abstract
Background: Combination of chemotherapies (fluoropirimidines, oxaliplatin and irinotecan) with biologic drugs
(bevacizumab, panitumumab, cetuximab) have improved clinical responses and survival of metastatic colorectal cancer
(mCRC). However, patients’ selection thorough the identification of predictive factors still represent a challange.
Cetuximab (Erbitux®), a chimeric monoclonal antibody binding to the Epidermal Growth Factor Receptor (EGFR),
belongs to the Immunoglobulins (Ig) grade 1 subclass able to elicite both in vitro and in vivo the Antibody-Dependent
Cell-mediated Cytotoxicity (ADCC). ADCC is the cytotoxic killing of antibody-coated target cells by immunologic
effectors. The effector cells express a receptor for the Fc portion of these antibodies (FcγR); genetic polymorphisms of
FcγR modify the binding affinity with the Fc of IgG1. Interestingly, the high-affinity FcγRIIIa V/V is associated with
increased ADCC in vitro and in vivo. Thus, ADCC could partially account for cetuximab activity.
Methods/design: CIFRA is a single arm, open-label, phase II study assessing the activity of cetuximab in combination
with irinotecan and fluorouracile in FcγRIIIa V/V patients with KRAS, NRAS, BRAF wild type mCRC. The study is designed
with a two-stage Simon model based on a hypothetical higher response rate (+ 10%) of FcγRIIIa V/V patients as
compared to previous trials (about 60%) assuming ADCC as one of the possible mechanisms of cetuximab action. The
test power is 95%, the alpha value of the I-type error is 5%. With these assumptions the sample for passing the first
stage is 14 patients with > 6 responses and the final sample is 34 patients with > 18 responses to draw positive
conclusions. Secondary objectives include toxicity, responses’ duration, progression-free and overall survival.
Furthermore, an associated translational study will assess the patients’ cetuximab-mediated ADCC and characterize the
tumor microenvironment.
(Continued on next page)

* Correspondence: ale.otto@libero.it
1
Innovative Therapies for Abdominal Metastases Unit, Istituto Nazionale
Tumori di Napoli, IRCCS “G. Pascale”, via M. Semmola, 80131 Naples, Italy
Full list of author information is available at the end of the article

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided 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 Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Ottaiano et al. BMC Cancer

(2019) 19:899

Page 2 of 9

(Continued from previous page)

Discussion: The CIFRA study will determine whether ADCC contributes to cetuximab activity in mCRC patients
selected on an innovative immunological screening. Data from the translational study will support results’
interpretation as well as provide new insights in host-tumor interactions and cetuximab activity.
Trial registration: The CIFRA trial (version 0.0, June 21, 2018) has been registered into the NIH-US National Library of
Medicine, ClinicalTrials.gov database with the identifier number (NCT03874062).
Keywords: Colorectal Cancer, Antibody-dependent cell-mediated cytotoxicity, Cetuximab, Irinotecan, Fluorouracule,
FcγR, Phase II study

Background
Colorectal carcinoma is a highly incident neoplasm in
Western countries with more than 200,000 new cases diagnosed each year in Europe. About 30 % of patients
presents with a metastatic disease [1, 2]. In the last 10
years, significant progress has been made in the treatment of metastatic colorectal cancer (mCRC) due to the
the introduction of chemotherapy (CT) containing oxaliplatin and irinotecan. The addition of each of the two
chemotherapeutics to fluoropyrimidines has increased
the objective response rates and improved the overall
survival. In addition, the combination of polyCT and
new biological drugs (bevacizumab, cetuximab and panitumumab), has doubled the median survival of mCRC
patients [3].
Cetuximab (Erbitux®) is a chimeric monoclonal antibody
belonging to the Immunoglobulins (Ig) grade 1 subclass [4].
It blocks the binding of the endogenous ligands of EGFR
(Epidermal Growth Factor Receptor), thus inhibiting receptor function. EGFR-dependent signal transduction pathways
are involved in the control of proliferation, cell survival,
angiogenesis and cell migration [5]. Cetuximab binds to
EGFR with an affinity that is 5 to 10 times higher than that
of endogenous ligands. The drug is indicated for the treatment of patients with mCRC with non-mutated (wild-type)
RAS (RAt Sarcoma) oncogene both in combination with CT
and monotherapy in patients who have failed oxaliplatin and
irinotecan. The mutation of the RAS gene makes it constitutively activated and therefore not susceptible to EGFR inhibition. In mCRC, the incidence of mutations in the RAS gene
is between 30 and 50% [6]. Recent evidence shows that patients with non-mutated RAS mCRC have a significantly
greater chance of responding to cetuximab or a combination
of cetuximab and CT [7].

effector cells, particularly the Natural Killers (NK), express
receptors for the Fc portion of these antibodies (FcγR). The
binding affinity between FcγR and Fc portion of the immunoglobulins is critical for the target cell recognition and the
extent of the immunologic response [9, 10]. In the general
population, genetic polymorphisms of FcγR have been described to modify the binding affinity of the IgG1 Fc fragment [10]. The polymorphisms identified for FcγRIIa (or
CD32, predominantly expressed on macrophages) and
FcγRIIIa (or CD16, expressed on NK cells and macrophages) are histidine (H)/arginine (R) at position 131 and
valine (V)/phenylalanine (F) at position 158, respectively. In
recent years, in vitro [11, 12] and in vivo studies [13] have
demonstrated that cetuximab induces an NK cells-mediated ADCC against colon cancer cells independently of
KRAS (Kirsten RAt Sarcoma) status. Conversely, clinical
studies have shown that FcγRIIa-131H/H and FcγRIIIa158 V/V genotypes (simplified here as FcγRIIa H/H and
FcγRIIIa V/V) are associated with improved response and
efficacy in follicular lymphomas and metastatic breast carcinomas treated with rituximab and trastuzumab [14–16],
respectively. Contrasting results have been reported in
mCRC treated with cetuximab [17, 18]. The variability of
these results may depend on methodological issues such as
the absence of NRAS (Neuroblastoma-Rat Sarcoma) and
BRAF (B- Rapidly Accelerated Fibrosarcoma) oncogene
mutations’ assessment, populations’ heterogeneity or the
lack of characterization of the tumor microenvironment
(TM) with particular emphasis to a subset of CD163+
macrophages (M2 macrophages) producing an array of
anti-ADCC molecules (e.g. pro-angiogenic and immunosuppressive factors) [19]. We previously showed that the
FcγRIIIa V/V genotype (high affinity Fcγ receptor) correlates with better clinical response and improved PFS
(Progression Free Survival) in patients with mCRC treated
with cetuximab [20, 21], as described by Bibeau et al. [18].

Rationale for evaluating FcγR polymorphisms in mCRC

One of the mechanisms of action of cetuximab is the
stimulation of ADCC (Antibody-Dependent Cell-mediated
Cytotoxicity). ADCC is mediated by immunoglobulins that
bind to cellular targets and makes them sensitive to recognition and destruction by immunologic effectors (Natural
Killer, macrophages, myeloid-derived cells, etc.) [8]. The

Previous results of folfiri plus cetuximab in first-line
treatment of mCRC

Cetuximab is active and well tolerated in the first-line
treatment of mCRC in association with fluoropyrimidine and irinotecan as demonstrated in the randomized,
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phase III, EMR 62202013 trial [22] in which the
combination of cetuximab and irinotecan plus 5-fluorouracile infusion/folinic acid (FU/AF) was compared to
CT only. The proportion of non-mutated KRAS patients was 64%. The response rate (RR: complete plus
partial responses/number of evaluable patients) was
46.9% (CI: 42.9–51.0) in the CT/cetuximab arm, significantly higher (p = 0.0038) than that of the CT arm
(38.7%; IC: 34.8–42.8). Odds ratios of subgroup analyses showed that, in the KRAS wt population, the RR
of the cetuximab arm was significantly higher (59.3% vs
43.2%, odds ratio 1.91, 95% CI: 1.24–2.93). Furthermore, the association was able to improve PFS with a
HR of 0.85 (IC: 0.726–0.998, p = 0.0479). The most
common grade 3–4 toxicities in the combination arm
were diarrhea (15.7% CT plus cetuximab vs 10.5% CT,
p = 0.008) and those related to cetuximab infusion
(2.5% CT plus cetuximab vs. 0% CT, p < 0.001). In the
phase III, FIRE-3 study, mCRC patients carrying KRAS
wt were randomized to folfiri plus cetuximab or folfiri
plus bevacizumab first-line treatment [23]. The RR in
the cetuximab group was 62.0% (95% CI: 56.2–67.5)
and the median PFS was 10.0 months (95% CI, 8.8–
10.8). Safety profile was not different from that previously described, with the most common grade 3–4 toxicities being haematologic (25%), skin reactions (26%),
and diarrhoea (11%). The proportion of patients achieving an objective response did not significantly differ between the two groups.
The current therapeutic context of mCRC and CIFRA
hypothesis

Recent meta-analyses [24, 25] have evidenced the role of
colon tumor side (rigt vs left) as a predictive factor for response to therapy [26]. Accordingly, the RAS wt tumors deriving from the left colon would be more responder to CT
in association with anti-EGFR drugs as compared to the
right-sided neoplasms. However, the treatment of the RAS
wild-type mCRC is currently based on the use of CT doublets (fluoropyrimidine and oxaliplatin or irinotecan) and
biological drugs (bevacizumab, panitumumab, cetuximab).
This concept is well expressed in the ESMO (European
School of Medical Oncology) guidelines [27] in relation to
the diversity of the initial treatment intent, suggesting the
use of CT doublets and anti-EGFR (panitumumab or cetuximab) when the main objective is a rapid tumor shrinkage.
The NCCN guidelines (National Comprehensive Cancer
Network v3.2018) contemplate the use of CT and antiEGFR, panitumumab or cetuximab, in first or second line
therapies in mCRC patients whose primary tumor is localized to the left colon. At present, however, due to a lack of
sequence studies with high cross-over rates between biologic drugs, it is not possible to state the best biological
drug to be used in first-line.
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Here we propose the administration of folfiri (fluorouracile and irinotecan) plus cetuximab in patients selected on the FcγRIIIa V/V genotype. In summary, the
CIFRA study is set on a hypothetical higher response
rate of FcγRIIIa V/V patients than those reported in
previous trials (about 60%) and assumes that ADCC is
one of the possible mechanisms of cetuximab action.
Furthermore, in this immunologically selected cohort,
the different responses associated to tumor side (right vs
left) could be non existent or attenuated. CIFRA study
results could contribute to ameliorate patients’ selection
and definitively address the ADCC and FcγR polymorphisms role in cetuximab activity.

Methods and design
CIFRA is a single arm, single center, open-label, phase II
study, assessing the activity of cetuximab in combination
with folfiri in FcγRIIIa V/V patients with KRAS, NRAS,
BRAF wild type mCRC. It will be conducted at the academic hospital Istituto Nazionale Tumori di Napoli,
IRCCS “G. Pascale” in Naples (Italy). The study includes
also biomarkers’ analysis (cetuximab-mediated ADCC,
TM characterization).
Objectives

The primary objective is to evaluate the role of the molecular and immunologic selection of patients on response to folfiri and cetuximab in patients with mCRC.
The response will be evaluated according to Response
Evaluation Criteria In Solid Tumors (RECIST) criteria,
version 1.1 [28].
Secondary objectives are the safety, the responses’ duration, the progression-free (PFS) and overall survival
(OS). Toxicity will be graded according to the Common
Terminology Criteria for Adverse Events (CTCAE) of
the National Cancer Institute, version 4.0, June 14, 2010.
Response duration will be measured from the time of
documented objective response (CR or PR) until documented tumor progression (see also “Response and toxicity assessment” section). PFS will be determined from
the data of treatment start untill progression (defined according to RECIST), OS untill death from any cause.
Tertiary and correlative objectives consist in exploratory
studies of biological markers as predictors of outcome
(see the “Tranlsational research” section).
Ethical considerations

All the procedures described in this protocol have been
designed according to the principles of the Good
Clinical Practice guidelines of the International Conference on Harmonization (ICH) and of the Declaration of
Helsinki. The study was approved by the Ethical Committee of the National Cancer Institute of Naples, Italy
(No. 60/18). All patients will provide a written informed
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consent to CIFRA study clinicians before recruitment
and tissue and blood samples collection. In order to protect the privacy of patients included in the CIFRA study,
the Structure that has the responsibility for registration,
collection and management of personal data, will not
provide patient names to persons not involved in the
study, with the exception of the Ministry of Health or
Ethics Committees (as required by the current legislation
only for inspection and control purposes). After registration, a unique and progressive numerical code will be
assigned to the patients and shown in the header of all
electronic data collection systems and it will be used for
all communications regarding the patients. A list of patients’ codes will exist exclusively at the Secretariat of
the CIFRA study.

Study design and statistical analyses

Sample size is based on a two-stage study design by Simon
[29] with activity as primary end-point.
The null hypothesis of a not relevant response rate
(40%) will be tested against an alternative response rate
hypothesis of 70% with a one-tailed test. The test power
is 95%, the alpha value of the I-type error is 5%. With
these assumptions the sample for passing the first stage
is 14 patients with > 6 objective responses. The final
sample is 34 patients with > 18 objective responses to
draw positive conclusions.
The populations considered for the analysis are described as follows. Safety Population (SP) is defined as
all patients receiving at least one dose of treatment.
Incorrect treatment or anticipation of the end of
treatment are not reasons for exclusion from the SP.
Efficacy Evaluable (EE) population is represented by
patients who will receive at least one post-baseline assessment of the primary endpoint [28].
All patients who will receive at least one dose of
treatment will be included in the descriptive statistics.
The basic characteristics of the recruited patients will
be reported for the categorical variables as total number and percentage and for the continuous variables as
mean and standard deviation or median and interquartile range. Descriptive statistics of patients excluded from the SP and EE will also be carried out.
Summary statistics on treatment will be compiled including information on dose changes, interruptions,
non-compliance, reasons for protocol deviation, and
treatment duration. The analysis on safety will be carried out on the SP. All the information necessary to
identify the occurrence of adverse events will be used
in the analysis and summarized through descriptive
statistics. The confidence intervals will be calculated
at 95%. Time-to-outcome will be described by KaplanMeier curves.
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Eligibility criteria

The main inclusion criteria are: cytological or histological diagnosis of colorectal adenocarcinoma; KRAS,
NRAS, BRAF wild-type; FcγRIIIa V/V genotype; stage
IV; age < 75 years; at least 1 measurable lesion; ECOG
Performance Status 0 or 1; life expectancy > 3 months;
negative pregnancy test for all potentially childbearing
women; written informed consent. The main exclusion
criteria are as follows: previous systemic anti-tumor
treatment (allowed treatment with capecitabine or fluorouracil and radiotherapy in the neoadjuvant setting of
rectal tumors with therapy terminated at least 6 months
before); presence of primary non-treated stenosing colorectal neoplasm; neutrophils < 2000/mm3 or platelets <
100.000/mm3 or hemoglobin < 9 g/dl; serum creatinine
level > 1.5 times the maximum normal value; GOT and/
or GPT > 5 times the maximum normal value and/or
bilirubin level > 3 times the maximum normal value; previous malignant neoplasms (excluding basal or spinocellular cutaneous carcinoma or in situ carcinoma of the
uterine cervix); active or uncontrolled infections; other
concomitant uncontrolled diseases or conditions contraindicating the study drugs at clinician evaluation; presence of brain metastases; refusal or inability to provide
informed consent; impossibility to guarantee follow-up.

Therapeutic schedule

The therapeutic schedule [22, 23] is represented by cetuximab 400 mg/mq intravenously (iv) with a loading dose of
400 mg/mq at the first cycle followed by 250 mg/mq iv
weekly. Cetuximab will be diluted in 500 ml of saline solution and administered by iv infusion in 90 min. The administration of irinotecan will precede that of cetuximab and
will consist on a dose of 180 mg/mq diluted in 500 ml of
saline solution and administered iv in 60 min. Fluorouracil
(5-FU) will be administered at a dose of 400 mg/mq in slow
iv bolus at half of lederfolin 200 mg/mq (diluted in 250 ml
of saline solution) 2-h infusion. An elastomeric pump with
5-fu 2400 mg/mq in continuous 46 h-infusion will be
adminstered after lederfolin. The therapeutic scheme just
described is briefly indicated as folfiri/cetuximab. Only at
the first administration of CT, irinotecan will not be administered (Fig. 1). This is a peculiar and innovative characteristic of the CIFRA study. ADCC occurs rapidly at the
beginning of the therapy because it involves lympocytes
subpopulatons (i.e. NK) that do not require immunological
priming. Although immunomodulatory effects of irinotecan
are not described, it is reasonable and biologically plausible
that irinotecan-induced lymphopenia could interfere the
ADCC phenomena.
Atropine 0.25 mg sub cutis will be administered for
the prevention of acute cholinergic events before irinotecan infusion. Premedication with antihistamines at
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Fig. 1 Ideal timeline of CIFRA study

standard doses and dexamethasone 4 mg will be applied
before cetuximab infusion.
Duration of therapy

Administration of folfiri/cetuximab will be allowed until
progression or unacceptable toxicity. In case of unacceptable toxicity related to irinotecan the patients will
continue cetuximab and 5-FU until progression. In case
of unacceptable toxicity related to cetuximab the patient
will continue folfiri until progression. In case of unacceptable toxicity related to 5-FU the patients will continue with cetuximab and irinotecan until progression.
Dose modifications for folfiri

Dose reductions wil be applied in relation to the more severe side effect. Once modified, the dose of the drug will be
the same for the subsequent cycles. A 20% reduction of folfiri will be permitted in case of grade ≥ 3 of haematologic or
non-haematologic toxicities (except for alopecia). Folfiri will
be rechallenged after recovery of toxicity to baseline or
grade 1 or less. At the second appearance of grade ≥ 3 side
effects a dose reduction of 50% will be applied; after a further grade ≥ 3 toxicity or after the first appearance of
grade ≥ 2 cardio-vascular chemotherapy will be permanently discontinued. Chemotherapy will also be interrupted
in case of postponement of the administration for more
than 4 weeks. No prophylactic use of G-CSF o erythropoetin is planned.
Dose modifications for cetuximab

Cetuximab infusion will be delayed in case of grade > 3
cutaneous toxicity for 2 weeks. The investigator will

also consider the administration of topical and/or oral
antibiotic drugs and/or topical corticosteroids [30]. The
treatment will be reintroduced if the cutaneous toxicity
reduces to grade 2 or lower. If grade 3 skin toxicity
reoccurs at a second or third time, cetuximab will be
postponed for a further 2 weeks, but when reintroduced
the dose will be reduced to 200 mg/mq and 150 mg/mq,
respectively. Dose reductions of cetuximab are permanent and it will be permanently discontinued in case of 4
weeks suspension or fourth grade 3 toxicity event occurrence despite appropriate dose adjustments. Allergic
reactions may occur during or after administration of
cetuximab. In case of allergic reaction, the patient will
be treated according to clinical practice. The patient
should also be asked to report immediately to the doctor if any late reaction occurs. In case of grade 1 allergic reaction the cetuximab infusion rate will be reduced
at 50%; it will not be increased subsequently, but rather
reduced at any subsequent administration. In case of a
second allergic or hypersensitive reaction despite the
reduced infusion rate, the infusion will be interrupted
and the patient will continue with folfiri alone. If the
patient experiences an allergic or hypersensitive reaction of grade > 3, cetuximab will be permanently discontinued and chemotherapy will be continued if
considered appropriate by the investigator.
Timing of exams and procedures
Screening phase

The screening phase of the study will begin after signing
of the informed consent and it will consist on the evaluation of the inclusion and exclusion criteria and in the
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collection of a venous blood sample (10 ml) for the determination of the FcγR polymorphisms. Baseline visit and
exams will be carried out within 21 days before therapy
start (clinical history, clinical examination, PS ECOG, vital
signs) along with the beyond described parameters. Blood
count and clinical biochemistry will be performed at our
local laboratories. The following variables will be evaluated: hemoglobin, blood count with leukocyte formula,
platelets, total bilirurbin, AST, ALT, alkaline phosphatase,
serum creatinine, total proteins, sodium, potassium, calcium, urea, lactic dehydrogenase, creatinine clearance,
CEA and CA19.9. ECG and cardiac ultrasonography with
evaluation of the ventricular ejection fraction will be also
performed. Pregnancy test will be done for all potentially
childbearing women and must be negative during the
screening phase. The test can also be repeated during
treatment if requested by the local Ethics Committee. All
patients, throughout the duration of the study, must use
barrier methods for anti-conception. Total-body Computed Tomography with iv contrast or, if contraindicated,
Magnetic Resonance (MRI) abdomen and chest computed
tomography without iv contrast will be obtained.
Treatment phase

Clinical examination, evaluation of vital signs, blood count
and clinical biochemistry will be performed at day 1 of
each cycle before administration of folfiri/cetuximab
(every 2 weeks). Cardiological evaluation, CEA, CA19.9
and assessment of response to treatment will be performed after 3 months of therapy start and thereafter
every 3 months until progression.
End-of-treatment phase

The suspension of the treatment can occur in case of
toxicity, progression, and/or at the request of the patient. Additional treatment lines or follow-up procedures will be applied at the discretion of the clinician
responsible of the medical treatment. The final visit will
be made immediately after disease progression. The
following data will be collected: ECOG Performance
Status, clinical examination, vital signs, blood count
and clinical biochemistry. The end of study visit should
be done within 30 days of the last administration of folfiri/cetuximab and before starting any second-line CT.
The cutaneous toxicity, if present, will be followed-up
until resolution; if second-line CT will be undertaken
the treatment will not start before its resolution. In any
case, the outcome of adverse events will be recorded
after the the end of study visit. The “patient death
form” must be completed when the patient dies. The
end-of-study form should be completed for patients
who die before the end of study visit and if the patient
withdraws consent, preferably before 28–32 days after
the last folfiri/cetuximab administration.
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Response and toxicity assessment

The assessment of response will be perfomed through
total-body computed tomography with iv contrast (if contraindicated: abdomen MRI and chest computed tomography without iv contrast), CEA and CA19.9 after 3
months of folfiri/cetuximab and every 3 months thereafter
until progression. Responses will be classified according to
the RECIST v. 1.1. An independent blinded central review
of radiologic examinations will be performed by a DMC
(Data Monitoring Committee). The independent DMC
will be also responsible of reviewing the PFS data. Toxicity
will be assessed in accordance with the CTCAE, version
4.0. The CTCAE contains 26 categories of adverse events,
organized for pathophysiology, anatomy and etiology.
Each adverse event is graded with a scale ranging from 0
(absence of event or value within the normal range) to 5
(death caused by the adverse event). Patients will be
assessed for the presence of adverse events at each study
visit and will also notify the investigator by telephone in
case of significant adverse events reported between one
visit and the next. For each adverse event, the maximum
grade per patient will be reported. If a patient experiences
a toxic effect of any grade on multiple occasions, the event
will be counted only once.

Translational research

Biomarkers will be evaluated in specimens and correlated
with outcomes and therapy effectiveness. In particular, the
primary tissues, and metastases when available, will be
characterized for the presence of tumor-infiltrating M2
macrophages by immunohistochemistry through the expression of CD163 (ab182422, Abcam), TGF-β (ab92486,
Abcam), Arginase-1 (GTX113131, Genetex), SSP1 Osteopontin antibody (ab218237, Abcam], and PD-L1 (E1L3N®,
XP®). M1 infiltrating macrophages will be detected through
the following antibodies: CD86 (ab53004, Abcam), iNOS
(ab115819, Abcam), IFN-γ (ab218426, Abcam), TNF
(ab1793, Abcam). Natural Killer (NK) and Cytotoxic T
Lymphocites (CTL) will be characterized as follows:
NKP46+ (Clone 195,314, R&D system), granzymeB
(ab134933, Abcam), Foxp3+ (ab20034, Abcam). For FcγR
polymorphisms detection, DNA will be extracted from the
whole blood lymphomonocyte component of each patient
(10 ml of venous blood) by Ficoll-Paque density gradient.
The analysis of the V158F and H131R alleles will involve a
gene amplification phase by PCR reaction with oligonucleotides specific for the regions of interest and a subsequent
PCR products analysis by automatic sequencing (Big Dye
terminators version 3.1 cycle sequencing kit and 3130
Genetic Analyzer; Applied Biosystems) [20, 21]. As an internal quality control, samples with previously known sequenced genotype will be used. These investigations will be
conducted in the laboratories of the “Cellular biology and
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biotherapies Unit” of the National Cancer Institute of Naples, IRCCS “G. Pascale”.
To study cetuximab-mediated ADCC, peripheral
blood mononuclear cells (PBMC) from patients will be
isolated at diagnosis by Ficoll-Paque Plus gradient
centrifugation (GE Healthcare), then they will be cultured in complete RPMI-1640 medium enriched with
human IL2 (10 ng/mL) for 18 h in order to generate
Lymphokine-Activated Killer (LAK) cells. Target CRC
cells (HT29) will be plated in a 96-well plate at 1 × 104
cells/well. Twenty-four hours later, LAK will be added
at a 10:1 effector:target (E:T) ratio in fresh medium, in
the presence of cetuximab (10 μg/mL), or the rituximab
(anti-CD20, 10 μg/mL), as negative control, or in the
presence of staphylococcal enterotoxin B (SEB) as positive control. Cytotoxicity will be evaluated by sulforhodamine B (SRB) assay [31]. ADCC elicited by not
activated freshly prepared PBMCs will be also evaluated
at E:T cell concentration ratios of 20:1 and 10:1. The
specific cytolysis percentage will be calculated using the
following formula: Cytotoxicity (%) = [1 − (mean test
optical density/mean optical density target)] × 100 [32,
33]. Cetuximab-mediated ADCC is given by cytotoxicitywith cetuximab − cytotoxicitywithout cetuximab. All experiments will be performed in triplicate, and results
expressed as mean values ± standard error. These investigations will be conducted in the laboratories of the
“Functional Genomics” of the National Cancer Institute
of Naples, IRCCS “G. Pascale”.

Discussion
The identification of predictive biomarkers characterizing
the ideal treatment of mCRC patients is subject of intense
investigation. RAS oncogenes in mCRC have not completely
satisfied this unmet need since about 40% of patients with
RAS wt mCRC dose not respond to anti-EGFR treatments.
We previously reported in a series of 74 KRAS wt mCRC
patients, genotypic frequencies of FcγRIIIa and FcγRIIa of
36% VV, 54% VF, 10% FF and 36% HH, 56% HR, 8% RR,
respectively; interestingly, FcγRIIIa but not FcγRIIa polymorphisms were significantly associated with response to
anti-EGFR-based therapy [20]. FcγRIIIa polymorphisms had
also significant prognostic value for PFS [FcγRIIIa: median
PFS 18.2 months in V/V patients (18 patients, 13 events) vs
17.3 months in V/F patients (26 patients, 25 events) vs 9.4
months in F/F patients (5 patients, 5 events); Log Rank test:
p = 0.04] at univariate and multivariate analyses (HR: 2.35;
CI: 1.37–4.01; p = 0.001) with grading and response to firstline chemotherapy. In another study, we described genotipic
frequencies of FcγRIIa and IIIa in 96 consecutive mCRC patients and 148 control subjects and we analyzed the clinical
impact of cetuximab-mediated ADCC in vitro from LAK
patients-derived [21]. There were no statistically significant
differences between the control and study groups in terms
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of genotypic frequencies. The incidence of FcγRIIIa V/V, V/
F and F/F were: 28, 47 and 23%, respectively. Interstingly,
the FcγRIIIa V/V and V/F genotypes were associated with
higher cetuximab-mediated ADCC compared with F/F,
median 27% (range: 0–76%) and 20% (0–57%) versus 9%
(0–36%), respectively (p = 0.001). The response rate was
higher in patients with the FcγRIIIa V allele (V/V and V/F
genotypes) compared with the F/F genotype (p = 0.025) as
well as the PFS of patients with FcγRIIIa V/V and V/F was
significantly longer than that of patients with F/F (10.8 vs.
5.1 months respectively, p = 0.05, Log Rank test). The extent
of in vitro cetuximab-mediated ADCC was significantly
correlated with cetuximab clinical response (30% in responders vs 8% in non-responders patients, p = 0.020;
ANOVA test). These observations prompted us to prospectively design the CIFRA trial, which is an investigator initiated phase II study to verify a superior activity of folfiri/
cetuximab of 70% (+ 10% of that previously described) in
mCRC patients selected on a genetic polymorphism of
FcγRIIIa. The risk of a possible unexpected detrimental effect in this selected population is reduced in CIFRA study
by the two-stage design that will stop the enrollment early if
the first condition of acceptable activity is not met.
Notably, the CIFRA study will also prospectively address
whether the ADCC phenomenon contributes to cetuximab
activity. The hypothesis of ADCC as additional or alternative anti-cancer mechanism is supported by two mirror observations: i) a small percent of KRAS mutated mCRC
patients respond to cetuximab [34, 35] and, ii) not all “all
RAS” wt mCRC patients respond to anti-EGFR therapy
[35]. Thus, blockade of signal transduction may not be the
only mechanism of action resulting in the clinical benefit of
cetuximab [36]. In fact, ADCC induced by EGFR-specific
mAbs may inhibit tumor progression in vivo, even in cancers resistant to EGFR signaling inhibition [37]. Immune
mechanisms besides molecular alterations, could contribute
to cetuximab activity as suggested also by indirect data of
Seo and colleagues [38] who reported a significant correlation between EGFR expression and ADCC activity, but
not with the mutational status of RAS and BRAF. To this
regard, CIFRA results could prompt a clinical pilot study to
test the activity of cetuximab-based therapy in RAS mutated FcγRIIIa V/V mCRC patients. Additionally, CIFRA
may suggest a more complex evaluation including FcγRIIIa
polymorphisms and prompt phase III studies in order to
compare panitumumab versus cetuximab with folfiri in
RAS wt/FcγRIIIa V/V mCRC patients.
Furthermore, TM characterization (i.e. NK cells, M1
vs M2 macrophages) and cetuximab-mediated ADCC
will help to understand any relation between specific signaling pathways and treatment response, as recently reported [39, 40]. Although the description of complex
TM biology or dynamics is beyond the scope of this article, herein TM will be evaluated with particular regard
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to tumor-associated macrophages (TAM), the most represented tumor-infiltrating host cells (may represent up
to 50% of the tumor mass). TAM are classically distinct
in activated (M1) macrophages and alternatively activated (M2) macrophages [41]. M2 TAMs can produce
growth factors and cytokines such as CCL2, CXCL12,
CXCR4, TGFβ, VEGF, PDGF, COX-2 and metalloproteinases that determine immunesuppression and stimulate local tumor growth as well as the metastatic process
[42–44]. NK cells-mediated ADCC is reduced by M2
TAMs through TGFβ release and induction of a
CD27lowCD11bhigh NK phenotype [45]. Conversly, M1
TAMs stimulate anti-tumor CD4+ and CD8+ T cells response and also interact with NK cells that produce
IFN-γ to amplify anti-tumor activity [46, 47]. However,
the role of TAMs during tumor progression and response to anti-cancer therapies is still under investigation. Interestingly, TAMs express both FcγRIIa and IIIA,
but the differential role of M1 vs M2 during administration of therapeutic antibodies remains undetermined.
Data from TAM characterization could help to interpret
CIFRA results as well as provide new insights in TM interactions and cetuximab activity. In selected patients,
cetuximab could be managed as an “immunotherapeutic
drug” and association with NK-activating cytokines
(IFNs, IL-2) [48] could also gain relevance in the attempt
to activate ADCC against antibody-coated cancer cells.
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