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Abstract

Targeted therapy with anti Epidermal growth factor receptor (EGFR) monoclonal Antibodies (mAbs) offers the
potential to improve outcomes in HNSCC. EGFR is over-expressed in 80 to 90% of HNSCC and leads to tumor cell
proliferation and invasion. HNSCC is an immunogenic disease, it has a multiplicity of non-mutually exclusive
mechanisms of immune suppression (e.g. reduction CD8+ cell influx and altered function of intra-tumoral CD4+
cells). Monoclonal Abs possess the potential advantage of recruiting immune effector mechanisms, such as
complement-dependent cytotoxicity (CDC) and Ab-dependent cellular cytotoxicity (ADCC), as additional
mechanisms of tumor cell killing. However immunotherapy with the EGFR-specific mAb Cetuximab is clinically
effective in 10-20% of patients. There is a need to further understand the immunological mechanism of the mAbs to
optimize the design of a target-based immunotherapy.
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Introduction
Epidermal growth factor receptor (EGFR) is over-expressed in a

wide range of malignancies, including HNSCC, and initiates important
signal transduction pathways in HNSCC carcinogenesis. mAbs
neutralize EGFR promoting apoptosis or arrest growth of tumor cells
merely by binding their target. Monoclonal antibodies (mAbs) anti
EGFR are widely used in clinical practice, although their optimal use
remain unclear [1]. Ideal patient candidate to mAbs, mechanisms of
action and resistance of anti EGFR mAbs, the effect of human
papillomavirus status on outcomes, their role when combined with
induction chemotherapy or adjuvant radiation, and optimal
management of skin toxicity and hypersensitivity reactions. These
mAbs can exert direct antiproliferative/cytotoxic effects as they inhibit
pro-survival signal transduction cascades but probably they also
induce a tumor-targeting immune response [2]. Primary and acquired
resistances are serious problems and are responsible for low single-
agent response rate and tumor recurrence.

Therapeutic resistance to anti-EGFR therapy may arise from
mechanisms that can compensate for reduced EGFR signaling and/or
mechanisms that can modulate EGFR-dependent signaling. New anti-
EGFR mAbs Nimotuzumab, MEHD7945A, Necitumumab, and
RO5083945) are currently under investigation in phase II and III
clinical trials in different HNSCC therapeutic settings. The aim of this
review is to provide a comprehensive analysis of immuno-modulatory
effect of anti EGFR Antibodies.

Antibodies
Cetuximab is an anti EGFR monoclonal Antibody, chimeric IgG1,

with multiple approved indications.

It is indicated worldwide for treatment of RAS wild-type, EGFR-
expressing, metastatic colorectal cancer in combination with FOLFIRI
(irinotecan, 5-fluorouracil, leucovorin) for first-line treatment; in
combination with irinotecan in patients who are refractory to
irinotecan-based chemotherapy, and as a single agent in patients who
have failed OR are intolerant oxaliplatin- and irinotecan-based
chemotherapy. It is used in initial treatment of locally or regionally
advanced HNSCC with radiation therapy (RT) OR in monotherapy for
recurrent or metastatic HNSCC progressing after platinum-based
therapy (FDA) OR combined with platinum-based therapy with 5-FU
for metastatic HNSCC [3,4].

It binds to an epitope of the domain 3 that is stored in Variant III, so
that it is active even in the case of EGFRvIII. It has been shown to
improve survival in cancers of the head and neck and colon. Recently
Schmitz et al. demonstrated that Cetuximab promotes epithelial to
mesenchymal transition and cancer associated fibroblasts (which are
implicated in clinical resistance) [5].

Panitumumab is an anti EGFR Antibody, human IgG2 indicated for
wild-type KRAS (exon 2 in codons 12 or 13) metastatic colororectal
carcinoma (mCRC) as determined by an FDA-approved test for this
use (eg, therascreen KRAS RGQ PCR Kit).

In HNSCC phase III trial SPECTRUM did not reach the primary
endpoint (HR 0.87) [6]. ADCC utilizes the response of innate immune
cells to provide antitumor cytotoxicity triggered by the interaction of
the Fc portion of the antibody with the Fc receptor on the immune cell.
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Cetuximab exert this activity binding the extracellular domain of
EGFR, independent of EGFR mutation status.

On the contrary Panitumumab does not induce ADCC, but can still
exert immunological activity for its high binding affinity to Fc
receptors (FcγIR and FcγIIRa) expressed on granulocytes, dendritic
cells and activated monocytes [7].

Zalutumumab is an anti EGFR Antibody, human IgG1. Machiels et
al. investigated its efficacy in a phase III trial after Platinum failure
versus best supportive care, but the median survival did not differ
significantly (6.7 vs 5.2 m) [8].

Nimotuzumab is anti EGFR Antibody, human IgG1, it is
characterized by low affinity to the insulin receptor, which tends to
improve in direct proportion to the amount of EGFR present. This
differentiates it from Cetuximab whose affinity (high) does not vary
based on the amount of EGFR expressed. Positive results in
combination with RT, but studied only in small studies [9]. It is
registered in South America, East Asia, India, Oceania.

Ficlatuzumab (AV-299) is a humanized hepatocyte growth factor
(HGF)-inhibitory immunoglobulin G1 (IgG1) monoclonal antibody.
HGF is the ligand of c-Met; the HGF/c-Met signaling pathway
converges with the EGFR network at both the PI3K/Akt and MAPK
nodes. Laboratory data suggest the ability for reciprocal compensation
between EGFR and c-Met [10]. Ficlatuzumab is under investigation in
a phase I study in combination with Cetuximab to overcome resistance
to Cetuximab in patients with RM HNSCC (NCT02277197).
Ficlatuzumab significantly reduced tumor associated fibroblasts
derived HGF, mitigating cMet signaling [10].

ABT 806 Highly selective anti EGFR mAb, humanized IgG1. It
targets an unique epitope exposed only when EGFR is over-expressed
or mutated (EGFRvIII); it has been studied in a phase I study reporting
minimal rush; activity was 1 PR/5SD in 6 HNC pts [11,12].

Syms 004 is a new antibody mixture to target EGFR in metastatic
colorectal cancer. Preclinical data suggest efficacy in anti-EGFR-
resistant tumors, but it remains unclear whether a higher toxicity is
outweighed by those advantages [13].

Novel anti-EGFR agents are under investigation such as CetuGEX™,
this innovative Ab expresses several anti-tumor modes of action ( a
very strong ADCC, efficient proliferation inhibition via receptor
blockage and apoptosis induction. Based on the optimization of a
series of sugar determinants CetuGEX™ is 10 to 250-fold more active in
anti-tumor ADCC compared to Cetuximab making it highly potent for
patients of all ADCC receptor allotypes and KRAS mutant patients
(NCT02052960).

Poziotinib, HM781-36B, is a irreversible pan-HER inhibitor. In
preclinical studies, HM781-36B has much lower IC50 values than
gefitinib in cell lines engineered to express EGFRvIII mutations and
produces tumor growth inhibition in gefitinib-resistant xenografts. A
phase I trial of HM781-36B in patients with advanced solid tumors
showed clinically significant anti-tumor activity and a phase II trials of
HM781-36B in patients with non-small cell lung cancer and advanced
gastric cancer are currently ongoing [14].

Immunomodulatory effects
Strong evidence supports the concept of immunosurveillance and

immunoediting in HNSCC including the density of T CD8+ and
CD45+ lymphocytes infiltration. Metastatic cancers released higher

levels of the soluble immune inhibitory mediators and lower levels of
IFN-gamma and IL-2 than did primary cancers, although CD34+ cells
were similarly present in both primary and metastatic cancers [15].

Animal studies have provided conflicting results concerning the
relative contributions of Fab- and Fc-mediated effector mechanisms to
the therapeutic efficacy of EGF-R Abs. Hoffman et al. demonstrated
that anti-EGFR mAb induces leukocyte infiltration to tumor spheroids
by up-regulating chemokine expression. This German group
investigated the immunological effects of anti-EGFR mAb, in a three-
dimensional spheroid model of EGFR-expressing HNSCC. The
blockade of EGFR by anti-EGFR mAb in EGFR-overexpressing
HNSCC cells led to differential expression (array) of several cytokines
and chemokines, including the chemokine MCP-1/CCL-2. This was
confirmed by quantitative PCR and ELISPOT analyses and shown to
be functionally relevant [16].

In particular it has been suggested that Cetuximab, in addition to
direct inhibition of EGFR, may act via antibody-dependent cellular
cytotoxicity. ADCC is triggered by the binding of the Fc region of the
mAb already bound via Fc regions to the target cell to any of the Fc
gamma receptors, i.e. CD16,CD32, and CD64 which are expressed
with different patterns by cells of the innate immune system, namely
monocytes, macrophages, granulocytes and natural killers [17]. Fc
receptor for IgG (FcγRIIIa) enhances production of interferon-γ (IFN-
γ) in response to Ab-coated targets. Cetuximab and Nimotuzumab as
human IgG1 are particularly effective in triggering Complement-
dependent cytotoxicity (CDC) and ADCC by NK cells and is therefore
predominantly used for antitumor immunotherapy [18].

Complement-dependent cytotoxicity results in the death of
antibody-bound cells as a result of activation of the classical
complement cascade. The process is initiated by the binding of c1q to
the Fc portion of antigen-bound antibody and culminates in the
production of a membrane attack complex in the target cell membrane,
causing cell lysis. Resistance to CDC by membrane overexpression of
complement regulatory proteins is evident in HNSCC. IgG2 antibodies
are less efficient in activating the complement cascade, whereas IgG4 is
unable to do so.

ADCC allows the antitumor innate immune response but can also
trigger the adaptive immune response [19]. In vivo, addition of CpG, a
TLR9 agonist able to activate dendritic cells (DCs), increases immune
response to Cetuximab and its therapeutic efficacy. The extent of in
vitro ADCC of malignant cells is influenced by several variables such
as expression of the target antigen and mAb concentration. Schneider-
Merck et al. evaluated the difference among IgG1 Ab and IgG2Ab.
Zalutumumab and Panitumumab, mediated significant ADCC with
myeloid effectors cells in vitro; in contrast, only Zalutumumab was able
to induce potent ADCC through mononuclear immune cells (MNCs),
most likely by effective triggering of NK cells via FcγRIIIa [20].

More importantly, FcγR IIa and IIIa polymorphisms have been
shown to play an important role in the clinical efficacy of mAb-based
immunotherapy of malignant disease. Single nucleotide
polymorphisms (SNPs) in the coding region of FCγR2A or FCγR3A
have been reported to correlate with responses to Cetuximab. The role
of FCγR2A H/H or FCγR3A V/V genotypes is especially controversial
[21].

Panitumumab is not able to induce NK mediated ADCC but may
induce ADCC mediated by polymorphonuclear cells macrophages.
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The capacity of mAbs to induce tumor-directed cytotoxic T
lymphocyte (CTL) recruitment is intriguing. Intratumoral CTL
composition and distribution have been associated with clinical
outcomes [22], suggesting the relevance of T cells in anti-tumor
immunity.

The Future
Dismal results of EGFR Inhibitors led scientists to focus both on

target therapies combination, studying other pathway such as
PI3K/Akt/mTOR, and on bio-immune-approach to limit
immunoescape mechanism.

Therapy beyond EGFR inhibition means increase immunologic
effect in tumor microenviroment.the one hand, simultaneous
inhibition of EGFR, as well as pathway components such as Akt or
mTOR, could circumvent the feedback activation observed with either
approach alone. On the other hand combination of checkpoint
inhibitors and EGFR inhibition appear very promising due to their
correlation.

Lastwika KJ demonstrated that activation of the AKT-Mtor pathway
tightly regulates PDL1 expression,promoting immunoescape. In a
mouse model a simultaneous inhibition of mTOR pathway and PD1
axis reduced regulatory T cells increasing cytotoxic T cells [23].

Moreover Tang et al. showed the association between EGFR
mutational status and programmed cell death-ligand 1 (PD-L1)
expression in lung cancer [24]. Basal levels of ADCC correlates with
prognosis (Merlano et al. unpublished data). The number of inducible
cytotoxic cells (NK cells) and the level of ADCC activity exerted by
these cells from tumor patients in the presence of cetuximab might be
useful prognostic or predictive parameters for response to treatment.

Direct cytotoxicity other than signal perturbation
Imaging with radionuclide-labelled anti-EGFR and treatment in

combination with external radiotherapy are particularly promising
approaches. The conjugation might increase therapeutic efficiency.
However liver and kidney radionuclide accumulation and economic
costs remain a clinical challenge. It is necessary to select a
radionuclide-labelled mAbs considering different characteristics of
radiation according to decay characteristics, particle range and
physical half-life. Yttrium 90 and Zirconium 89 are the most used
radionuclide. Present data support an important impact of the tumour
micro-milieu on treatment response that needs to be further validated
in patients [25].

Fc mediated immune effector engagement
The impact of ADCC on the efficacy of cetuximab might also be

influenced by the occurrence of polymorphic forms of genes coding
receptors for the antibody Fc region. Human Fc receptors are
expressed by a range of immune cell populations, including B cells,
dendritic cells, macrophages, mast cells, NK cells and neutrophils [26].
Fc variants enhanced the cytotoxic potency of an anti-CD20 antibody
up to 23-fold against tumor cells in CDC assays, and demonstrated a
correlated increase in C1q binding affinity. Kellner et al. reported that
antibody Fc engineering improves frequency and promotes kinetic
boosting of serial killing mediated by NK cells [27]. Several other Fc-
engineered antibodies are currently under investing to boost ADCC
and NK activity.

Agonist mAbs (Stimulation of CD137 (4-1BB) and CD134 (OX-40);
agonist of Toll like Receptors (TLR) Stimulation of CD137 (4-1BB),
CD134 (OX40), and GITR (CD357) promotes impressive tumor-
rejecting immunity in a variety of murine tumor models. The
mechanisms of action depend on a complex interplay of cytolytic T
lymphocytes, helper T cells, regulatory T cells, DCs and vascular
endothelium in tumors. Agonist mAbs specific for CD137 have shown
signs of objective clinical activity in metastatic melanoma patients
while anti-OX40 and anti-GITR mAbs have entered clinical trials [28].

A potentially promising aspect of anti-CD137 mAb immunotherapy
is combination with other treatments (both conventional and
immunotherapeutic). Combination with CT and RT is clearly
synergistic in pre-clinical models and likely dependent on eliciting
immunogenic cell death with subsequent cross-priming of tumor
antigens. Synergistic combinations with vaccines and virotherapy also
rely on the principle that CD137 co-stimulation must act on ongoing
tumor-specific immune responses encompassing CD137+ activated
lymphocytes. Recently, some intriguing pre-clinical studies have shown
that anti-CD137 mAb therapy synergizes with NK-mediated ADCC
elicited by antibodies targeting the surface antigens CD20 or HER-2
[29]. Development of anti CD137 (BMS663513) was interrupted for
severe toxicities [29]. On the contrary anti-OX 40 appear promising in
the preoperative setting (MEDI6469 administration).

TLR agonists enhances anti EGFR effect. Preclinical data
demonstrated an augmentation of the ADCC due to NK cells
activation when combined with several monoclonal antibodies [30,31].
A randomized, double-blind, placebo-controlled Phase 2 trial of
Motolimod (VTX2337), TLR8 agonist, in combination with platinum-
based chemotherapy and Cetuximab in patients with recurrent or
metastatic squamous cell carcinoma of the head and neck has been
initiated. Progression-free survival is the primary endpoint of this
study [32].

IL-2 secretion and other cytokines
Cytokine administration could be a useful adjuvant in the

cetuximab treatment. Several preclinical trials demonstrated that
adding IL2, IL 12, and IL-21 enhance the anti-tumor activity of
cetuximab by activating the FcR effector mechanisms of NK cells [33].

Costimulated NK cells also secreted elevated levels of chemokines
(IL-8, macrophage inflammatory protein-1alpha, and RANTES) that
could direct the migration of naive and activated T cells [34]. More
advanced tumors exibit a significant decrease in serum IFN-γ, IL-13,
and MIP-1β levels and an increase of IL-10, IL-13 [35].

John et al. demonstrated that Inflammatory cytokines (IL1b)
contribute to EMT in HNSCC is investigated. IL-1b -treated HNSCC
cell lines demonstrated a significant decrease in E-cadherin mRNA
and an increase in the mRNA expression of the transcriptional
repressor Snail. IL-1b exposure led to enhanced Snail binding at the
chromatin level. Snail overexpression in normal oral keratinocytes and
HNSCC cells is sufficient to drive EMT and confers resistance to
erlotinib [36].

Bispecific Abs capable of targeting both cancer stem cells and tumor
antigens may prove to be effecting in eradicating solid tumors [37].

Deactivation suppressive functions of Treg
Physiological activity of Treg includes prevention of autoimmune

diseases by maintaining self-tolerance; suppression of allergy, asthma
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and pathogen-induced immunopathology; feto-maternal tolerance;
and oral tolerance. Suppressive activities attributed to Treg cells is not
exclusive and may in reality, at least in some experimental settings, be
exerted by conventional Th cell subsets, such as Th1, Th2, Th17 and T
follicular (Tfh) cells. Moreover a truly specific molecular marker for
Treg cells is lacking, therefore anti T-reg therapies are difficult to be
realized. In HNSCC the effectiveness of cetuximab is limited by Tregs
mediated immune-suppression that inhibits NK and other effector
cells. A phase II trial NCT01581970 investigated the potentiation of
cetuximab by Tregs depletion with metronomic cyclophosphamide;
results are awaited. However studies have tested antiCD25, antiFoxP3
with few results. Studies in mice have shown that FoxP3-deficient
animals lack Treg cells, whereas overexpression of the FoxP3 protein
leads to profound immune suppression.

Promotion of memory
Immunological memory involves both T and B cells and results in a

secondary antibody response that is faster, of higher affinity, and
results in the secretion of non-IgM isotypes of Ig. Following infection,
some of the activated T-cells become memory cells that exist in a state
of readiness and have the ability to rapidly expand and fight off
recurrence of the same disease. Understanding how memory T-cells
work will enable scientists to design more effective vaccines. Table 1
summarizes studies on anti EGFR in combination with
immunotherapies.

Therapeutic vaccines for HPV-driven malignancies are currently
undergoing clinical investigations, an exhaustive review of HPV
targeted therapies (vaccines and gene therapy) is not the goal of this
review. Table 1 summarizes recent studies on anti EGFR.

Study Phase Targets Setting Treatment Status

NCT01468896 II Microenvironment RM HNSCC Cetuximab+rIL12 recruiting

NCT01935921 I CTLA4 LA HNSCC Ipilimumab+Cetuximab+IMRT recruiting

NCT 01860430 I CTLA4 LAHNSCC

P16- or HR

p16 +

Ipilimumab+Cetuximab+IMRT recruiting

RTOG 3504 II PD1 LA OPC IMRT ± cetuximaborcisplatin+Nivolumab In development

NCT02110082 I CD137 RM HNSCC Urelumab Recruiting

CHECKMATE141 III PD1 RM HNSCC Nivolumab vs Cetuximab vs MTX vs TXT Accrual completed

NCT01836029 II TLR8 RM HNSCC PF+cetuximab ± VTX2337 recruiting

NCT02101034 II CDK4/6 RM HNSCC Cetuximab+palbociclib recruiting

NCT02124850 Ib TLR8 Neo-LA
HNSCC

Cetuximab+VTX 2337 recruiting

NCT02282371 I PI3K LAHNSCC Cetuximab+BYL719+IMRT recruiting

NCT02507154 II autologous therapy LAHNSCC Autologous NK infusion+cetuximab recruiting

NCT02052960 II ADCC potentiation RM HNSCC PF+Cetuximab or CetuGEX TM recruiting

NCT02429089 Ib CDK4/6 RM HNSCC LEE011+Cetuximab recruiting

NCT02298595 II PI3K LAHNSCC
HPV pos

BYL719, cisplatin+Cetuximab? TORS recruiting

NCT02555644 I CHK1/2 LAHNSCC LY2606368+Cisplatin or cetuximab recruiting

NCT02358031 III PD1 RMHNSCC Pembrolizumab+PF vs Cetuximab +PF recruiting

NCT02105636 III PD1 RMHNSCC Nivolumab vs MTX vs TXT vs Cet recruiting

NCT02551159 III CTLA4 RM HNSCC MEDI4736+tremelimumab vs PF

Cetuximab

recruiting

NCT02216916 II panHer2 RMHNSCC HM781-36B recruiting

NCT01252628 I-II PI3K RMHNSCC PX866+Cetuximab completed

NCT01552434 I-II microenvironment RMHNSCC Beva+Temsirolimus+Cetuximab+Valproic Acid recruiting

Table 1: Recent studies on anti EGFR in HNSCC.
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Immunoscore
A major evidence that the outcome of tumors results from genetic

and epigenetic modifications of the transformed cells but also from the
interactions of the malignant cells with their tumor microenvironment.
The composition of the immunological microenviroment differs widely
in patients with HNSCC. Some tumors exhibit a poor infiltration by
immune cells, and others are highly infiltrated by lymphocytes. Gallon
et al. provided evidence that immunoscore (densities, concentrations
and location of tumor infiltrating lymphocyte) correlates with
prognosis; this score provides ideal targets for the intelligent design of
directed preventive or anticancer therapies [38]. In the future
immunoscore will probably help clinicians in treatment choices.

Conclusions
EGFR signalling influences immunity in the tumor

microenviroment. Monoclonal Abs act not only inhibiting signalling
pathways but also through cell-mediated cytotoxicity by innate
immune cells and priming of effector cells of adoptive immunity
triggered by the tumour-Ag-specific mAb. Immune system plays a key
role in human oncology.

To date, no predictive biomarker for HNSCC is available in the
clinic. An improved understanding of the molecular mechanisms of
resistance to EGFR inhibitors may provide valuable indications to
identify biomarkers that can be used clinically to predict response to
EGFR blockade and to establish new treatment options to overcome
resistance.

A limit of immunotherapy and immune biomarkers is the
substantial difference among murine and other artificial models (3D
spheroids). It is worth considering, therefore, the substantial
differences between the FcR system in humans and their murine
counterparts.
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