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Abstract
Background Understanding molecular pathogenesis of head and neck squamous cell carcinomas (HNSCC) has considerably 
improved in the last decades. As a result, novel therapeutic strategies have evolved, amongst which are epidermal growth 
factor receptor (EGFR)-targeted therapies. With the exception of cetuximab, targeted therapies for HNSCC have not yet been 
introduced into clinical practice. One important aspect of new treatment regimes in clinical practice is presence of robust 
biomarkers predictive for therapy response.
Methods We performed a systematic search in PubMed, Embase and the Cochrane library. Articles were included if they 
investigated a biomarker for targeted therapy in the EGFR-PI3K-AKT-mTOR-pathway.
Results Of 83 included articles, 52 were preclinical and 33 were clinical studies (two studies contained both a preclinical 
and a clinical part). We classified EGFR pathway inhibitor types and investigated the type of biomarker (biomarker on epi-
genetic, DNA, mRNA or protein level).
Conclusion Several EGFR-PI3K-AKT-mTOR-pathway inhibitor biomarkers have been researched for HNSCC but few of the 
investigated biomarkers have been adequately confirmed in clinical trials. A more systematic approach is needed to discover 
proper biomarkers as stratifying patients is essential to prevent unnecessary costs and side effects.

Key Points 

Several EGFR-pathway inhibitor biomarkers have been 
researched for HNSCC but few of the investigated 
biomarkers have been adequately confirmed in clinical 
trials.

A systematic approach is needed to discover proper 
biomarkers as stratifying patients is essential to prevent 
unnecessary costs and side effects.

1 Introduction

Squamous cell carcinoma of the head and neck (HNSCC) is 
the sixth most common type of cancer, representing 6% of all 
cancer cases globally [1]. HNSCCs are challenging to treat, 
not only due to their anatomical location, which compli-
cates surgery, but also due to their highly variable biological 
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behaviour and treatment response. Robust factors predicting 
patient response to a specific treatment are lacking. HNSCC 
is primarily treated with surgery and (chemo)radiotherapy 
((Ch)RT), or a combination of these modalities. Recently the 
application of immunotherapy, especially PDL1 inhibitors, 
was introduced [2, 3]. Although some patients benefit from 
this treatment regime, relapse rates of over 50% are observed 
[4]. Moreover, treatment with chemo- and radiotherapy can 
result in significant morbidity and oropharyngeal discom-
fort such as mucositis and dermatitis, xerostomia, dysphagia, 
loss of taste, hoarseness, fibrosis, osteoradionecrosis, periph-
eral neuropathy, nephrotoxicity and ototoxicity, which affect 
the patient’s quality of life [5, 6]. Once HNSCC recurs after 
surgery and (Ch)RT or if metastatic disease is present and 
immunotherapy appears ineffective, only limited palliative 
treatment options are available.

The understanding of the molecular pathogenesis of 
HNSCC has improved considerably in the last decade, 
resulting in the development of several targeted therapies 
for HNSCC [7]. In particular, therapies targeting the epi-
dermal growth factor receptor (EGFR) have been explored 
extensively. For the clinician treating patients with HNSCC, 
knowledge concerning EGFR-inhibiting therapies is there-
fore relevant. EGFR is overexpressed in 50–90% of HNSCC 
cases [8]. EGFR, also known as ErB1 or HER, is part of 
the ErbB family of cell surface receptors. ErbB signalling 
is involved in pivotal cellular processes including prolif-
eration, anti-apoptotic signalling and differentiation via, 
among others, the phosphoinositide 3-kinase/protein kinase 
B, also known as oncogene Thymoma in Ak-mouse/mam-
malian target of rapamycin (PI3K/AKT/mTOR) pathway, 
the most mutated pathway in HNSCC [9, 10]. Overexpres-
sion of EGFR or proteins downstream the EGFR signalling 
pathway can drive malignant behaviour of a tumour [11, 12]. 
Several types of inhibitors have been described in the EGFR-
PI3K-AKT-mTOR pathway. Monoclonal antibodies (mABs) 
and tyrosine kinase inhibitors (TKIs) constitute the largest 
categories. PI3K-inhibitors and mTOR inhibitors make up 
a smaller group.

Currently, cetuximab is the only EGFR-targeting agent 
approved by the European Medicines Agency (EMA) for 
the treatment of HNSCC. Cetuximab can be administered 
concomitantly with radiotherapy in the curative setting to 
patients who have a contraindication for cisplatin. In recur-
rent and/or metastatic HNSCC, single-agent cetuximab can 
be administered as a palliative therapy. However, in the cura-
tive setting, two recent randomized controlled trials demon-
strated that human papillomavirus (HPV)-positive patients 
with oropharyngeal carcinoma showed inferior overall sur-
vival if treated with cetuximab + RT as compared to cispl-
atin + RT [13, 14]. This led to concerns about its efficacy or 
development of resistance. Another mAB is panitumumab, 

which like cetuximab binds the ectopic domain of EGFR 
[15].

Despite the development of many new targeting agents, 
both primary and acquired resistance to these agents has 
unfortunately resulted in low response rates when tested in 
patients. Additionally, albeit side effects of chemotherapy 
and radiotherapy are in general more severe, side effects of 
targeted therapy can still be serious [16–19]. For HNSCC, 
the only biomarker for a targeted therapy used in the clinic 
today is presence and severity of cetuximab-induced skin 
rash, which is predictive for response [20]. However, it is 
preferable that biomarkers can be used to predict effective 
patient response prior to treatment in order to circumvent 
unnecessary side effects and costs. We therefore solely focus 
on such biomarkers in this review. The aim of this study was 
to systematically review predictive biomarkers that are cur-
rently explored in HNSCC to predict the response of target-
ing therapies in the EGFR-PI3K-AKT-mTOR pathway. We 
also raise questions that need to be addressed in the future to 
guide patient treatment with EGFR inhibitors in the clinic.

2  Materials and Methods

A systematic search of PubMed, Embase database and 
the Cochrane library was performed on 25 January 2021. 
Articles were included if they were original articles and 
investigated a biomarker for targeted therapies interfering 
with the EGFR-PI3K-AKT-mTOR-pathway, in patients 
with any type of HNSCC. PI3K and mTOR inhibitors were 
included in this review as the PI3K-AKT-mTOR pathway 
harboured the highest percentage of mutations in HNSCC 
[9, 10]. Reviews, commentaries and studies in a language 
other than English were excluded. This review is written in 
accordance with the PRISMA guidelines [21]. The search 
was set up in DDO-format (Domain, Determinant, Out-
come). PubMed and Embase search syntaxes are displayed 
in Appendix 1 (Online Supplemental Material, OSM). The 
Cochrane library was searched with similar search terms. 
Two authors (WWBDK and SS) screened all articles on 
title and abstract. Conflicts were resolved by discussion. To 
prevent missing articles cross-reference screening was per-
formed (Fig. 1). As various papers discussed several EGFR 
pathway inhibitors and reported preclinical and clinical data, 
the total number of studies is lower than the number of stud-
ies depicted in Fig. 2. Pre-clinical data is defined as data 
obtained using in vitro cell lines and xenograft models with 
both cell lines and patient-derived cells. The following data 
were extracted from the studies: study title, first author’s 
name, date of publication, administered EGFR pathway 
inhibitor type, biomarker potentially correlated to response, 
analyzing techniques, sample size and additional treatment. 
Due to extensive variance in the studied biomarkers, data 
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could not be quantitatively pooled and thus a meta-analysis 
was not performed. 

3  Results

Of the 83 included articles, 52 articles were preclinical and 
discussed in vitro experiments and 33 articles discussed 
the results of clinical trials performed in patients (Fig. 1). 
Some studies were placed in both categories. Fifteen clini-
cal studies were cohort studies, five phase II studies, one 
phase II + phase III, and five phase III studies. Within these 
two subgroups distinctions are made between (1) the differ-
ent EGFR pathway inhibitors and (2) the type of biomarker 
(biomarker on epigenetic, DNA, mRNA or protein level). 
A schematic overview of the EGFR pathway with numbers 
of included studies per agent is shown in Fig. 2. The num-
ber of biomarkers researched per EGFR pathway inhibitor 

and biomarker-level are displayed in Table 1. Note that 
one biomarker researched by two studies is counted as two 
researched biomarkers in Table 1. For a detailed description 
of all biomarkers, we refer to OSM Table 1a–d (preclinical) 
and OSM Table 2a–d (clinical).

3.1  Biomarkers Predicting Response to mABs (OSM 
Tables 1A and 2A)

Cetuximab and panitumumab bind the extracellular domain 
of EGFR with higher affinity than natural ligands, thus 
inhibiting EGFR activation [22]. Cetuximab additionally 
stimulates internalization of EGFR [23]. Moreover, being 
an immunoglobulin G molecule, cetuximab stimulates anti-
body-dependent cell cytotoxicity [24, 25].

Fig. 1  Flowchart of search; 
date of search 25 January 2021. 
After screening 2700 abstracts, 
223 papers were full-text 
screened. After adding cross-
references, a total number of 83 
articles were included
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3.1.1  EGFR Overexpression (Cetuximab)

It has been hypothesized that EGFR overexpression corre-
lates with response to cetuximab. The increase in expres-
sion of EGFR molecules could result in increased binding 
of cetuximab resulting in a stronger inhibitory effect. Six 
studies showed a positive correlation between EGFR over-
expression and cetuximab response [26–31]. Other studies 
obtained conflicting results, one study mentioned that about 
half of the preclinical tumour models did benefit from cetux-
imab while lacking EGFR amplification [26] and two studies 
were based on only two and three cell lines, respectively [27, 
30]. Moreover, the fact that five clinical studies [32–37] and 
six preclinical studies [28, 29, 38–41] failed to show any 
correlation between EGFR overexpression and cetuximab 

response implies that EGFR expression is not suitable as a 
single biomarker.

3.1.2  ErbB Family Member Overexpression and Activation 
(Cetuximab)

The ErbB family of proteins contains four RTKs, Her1 
(EGFR, ErbB1), Her2 (Neu, ErbB2), Her3 (ErbB3) and 
HER4 (erbB4). Apart from HER1 (EGFR), it has been 
hypothesized that the expression/activation-level HER2, 
HER3 and HER4 correlates with cetuximab response. 
Preclinical studies showed that HER3 expression [40] and 
phosphorylated HER2/HER3 [42] correlated negatively with 
cetuximab response. In one preclinical study, expression lev-
els of HER4 on tumour were found to correlate positively 

Fig. 2  Simplified overview of 
EGFR pathway, with num-
bers of studies included per 
EGFR pathway inhibitor target. 
Important note: Several studies 
investigated more than one 
inhibitor; the total number of 
studies depicted in this figure 
exceeds the total number of 
inclusions. EGFR can be bound 
by natural ligands such as EGF, 
leading to dimerization of two 
EGFR monomers and subse-
quent activation of the intracel-
lular tyrosine kinase domain of 
EGFR. This results in activation 
of the downstream signalling 
cascade via PI3K/AKT/mTOR 
or KRAS/BRAF/MEK/ERK, 
signalling resulting in cellular 
processes such as cell prolifera-
tion or differentiation. Illustra-
tion made with BioRender®
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with patient response to cetuximab [30]. However, the 
authors investigated only two cell lines. Two other preclini-
cal studies reported no correlation between expression or 
activation of ErbB family members and cetuximab response 
[28, 38]. Clinical studies in HNSCC elaborating on these 
preclinical results are lacking. Investigating the potential 
of the ErbB family members as biomarkers for HNSCC in 
clinical trials is recommended.

3.1.3  EGFR Ligand Overexpression (Cetuximab)

Apart by EGF, EGFR can be activated by other EGFR-
ligands like heparin-binding EGF (HB-EGF), transforming 
growth factor-α (TGF-α), epiregulin (EREG), and amphireg-
ulin (AREG). Expression of the EGFR ligands AREG [43] 
and EREG [39, 43] correlated positively with cetuximab 
response. Interestingly, mRNA levels of yes-associated-
protein 1 (YAP1) correlated negatively with cetuximab 
response [44]. YAP1 is an activating transcription factor of 
among others AREG, explaining an indirect negative corre-
lation. However, YAP1 also is a transcriptional co-activator 
for several genes involved in anti-apoptosis and prolifera-
tion, resulting in a potential bias when drawing conclu-
sion about the correlation between AREG and cetuximab 
response per se. Ansell et al. could not correlate EREG and 
AREG expression to cetuximab response in a preclinical 
study on tongue cancer [45]. In clinical studies, contra-
dicting results are demonstrated as well: Kogashiwa et al. 

described a positive correlation between EREG and AREG 
mRNA expression and cetuximab response [46], whereas 
AREG protein levels correlated negatively with cetuximab 
response in the study of Tinhofer et al. [35] Tinhofer et al. 
base their conclusions on immuno-histochemistry, which is 
more conclusive than RNA levels determined on quantitative 
polymerase chain reaction (qPCR) [46].

Three preclinical studies investigated EGFR-ligands HB-
EGF [47, 48] and EGF [45] as biomarkers for cetuximab 
response. Ligand expression correlated negatively with 
cetuximab response in all three studies. No clinical studies 
elaborate on these findings. EGFR ligands seem potential 
biomarkers for cetuximab response in HNSCC patients, 
although contradictory results warrant further clinical stud-
ies using larger cohorts of patients.

3.1.4  Epithelial to Mesenchymal Transition (Cetuximab)

Epithelial to mesenchymal transition (EMT) is a process 
pivotal in (early) developmental processes as well as for 
metastasis of tumour cells. EMT is characterized by loss 
of epithelial cell characteristics like E-cadherin expression 
and gain of mesenchymal characteristics like vimentin and 
fibronectin expression. EMT can result in cell detachment 
from adjacent epithelial cells and subsequent cell migra-
tion [49]. E-cadherin/vimentin expression did not correlate 
with cetuximab response in one preclinical study [40]. Four 
preclinical studies reported a positive correlation between 

Table 1  Numbers of biomarkers researched per EGFR pathway inhibitor type and per biomarker-level

Important note: All the studies were added separately. For example: EGRF expression investigated for gefitinib response in three studies is 
displayed in the table as 3, not as 1. Several studies researched multiple biomarkers; because of this the total number of biomarkers exceeds the 
number of included studies

Biomarker level

Epigenetic DNA RNA Protein Other

Pre-clinical Clinical Pre-clinical Clinical Pre-clinical Clinical Pre-clinical Clinical Pre-clinical Clinical

Monoclonal antibodies
 Cetuximab 2 – 8 9 11 12 31 15 1 –
 Panitumumab – – – – – 4 – 1 – –

RTK inhibitors
 Gefitinib – – 5 3 2 1 22 4 – –
 Erlotinib – – 7 5 1 1 6 2 2 –
 Afatinib – – 2 1 – 1 2 8 – –
 Lapatinib – – 1 – – – 2 – – –
 Allitinib – – 2 – – – – – – –
 Sorafenib – – – – – – 1 – – –
 Dacomitinib – – – 1 – – – – – –

PI3K inhibitors
– – 12 2 – – – 1 – 2

mTOR inhibitors
– – 2 1 5 – 3 – 2 1
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cetuximab response and the absence/presence of EMT-like 
features. Expression of epithelial markers as keratin 13/14 
(KRT13/14) [48] and possession of a basal epithelial gene 
expression signature [50] correlated positively with cetuxi-
mab response. Accordingly, expression of EMT markers 
correlated negatively with cetuximab response in HNSCC 
cell lines [48].

Keck et al. discovered five subtypes of HNSCC using 
gene expression-based consensus clustering, copy number 
profiling and HPV status [51]. The ‘basal’ subtype was 
characterized as HPV negative with strong hypoxic differ-
entiation (enrichment for hypoxia signalling) and prominent 
EGFR/HER signalling. HNSCC patients with this basal 
expression profile were more responsive to cetuximab [52]. 
On the contrary, expression of matrix metalloproteinase 9 
(MMP9), known to be expressed during EMT [53], corre-
lated positively with cetuximab response in a clinical study 
[32]. This correlation is supported by the fact that MMPs can 
liberate EGFR ligands from the extracellular matrix, thereby 
potentially promoting EGFR signalling leading to tumour 
cells becoming extra sensitive to EGFR inhibition [32]. This 
correlation therefore does not immediately interfere with the 
previous discussed results on EMT as a predictive biomarker 
for mAB resistance.

To summarize, it is hard to draw conclusions due to the 
limited number of clinical inclusions; yet we see the poten-
tial of EMT markers like e-cadherin expression to serve as 
potential biomarkers of response to EGFR mABs.

3.1.5  Other Biomarkers (Cetuximab)

Several biomarkers were investigated in only a small num-
ber of studies. The rapid development of sequencing tech-
nologies and microarrays enables high-throughput genomic 
expression or proteomic profiling of tumour material. 
This has led to the introduction of gene signatures: spe-
cific expression profiles correlated to a cancer subtype, or 
even to therapy response [54].  MammaPrint® (Agendia, 
The Netherlands) highlights the potential of such expres-
sion profiles. By investigating the expression of 70 genes it 
aids in stratification of breast cancer patients into low- and 
high-risk groups, advising on treatment strategies [55]. In 
HNSCC cell lines, a specific RNA expression profile cor-
related with an increased response to cetuximab + RT26. 
Similarly, a specific miRNA expression profile correlated 
positively to cetuximab + CT response in a clinical trial 
[56]. The potential of expression profiles as biomarkers is 
not very surprising, as a profile in fact is a combination of 
multiple biomarkers. Therefore, studies on expression pro-
files as biomarkers deserve more confirmation in prognostic 
clinical trials.

Various other preclinical studies describe biomarkers 
that correlate negatively with cetuximab response, like 

possession of EGFR-K single-nucleotide polymorphism 
on DNA level [57], which was validated in patients [58]. 
Two preclinical studies demonstrated that growth factor 
receptor (c)MET expression correlated negatively with 
cetuximab response [40, 42], whereas two clinical studies 
could not verify this correlation [32, 59]. Several additional 
biomarkers correlating to cetuximab resistance were identi-
fied: mutations downstream the EGFR signalling cascade 
(PI3KCA, KRAS, HRAS, BRAF) [37, 41], chemokine 
ligand 14(CXCL14) expression [60], tyrosine kinase recep-
tor AXL expression [61], fibroblast growth (FGF) receptor 
3 expression [43] and pAKT expression [29, 62].

Four biomarkers were described in clinical studies that 
correlate positively with cetuximab response: (1) the pos-
session of a germline mutation in a microRNA-binding site 
in KRAS [63], (2) phosphatase and tensin homolog (PTEN) 
protein expression [36, 59, 64] supported by a study where 
PTEN knock down correlates with cetuximab resistance 
[65], although no correlation was found in two studies [37, 
66]; (3) VEGF protein/Interleukin(IL)-6 expression [67]; 
and (4) expression of IL-1 ligands [68]. Four clinical studies 
describe biomarkers that correlate negatively with cetuximab 
response: (1) KRAS/HRAS mutations [57], (2) presence of 
the EGFR-variant EGFRvIII [35], (3) phosphorylated AKT 
levels [69] and (4) the presence of a long noncoding RNA 
transcript fusion [70].

KRAS mutations occur in < 5% of HNSCC cases [71]. 
Braig et al. [57, 58] underline the potential of this biomarker, 
albeit its relevance for a relatively small subgroup of the 
HNSCC patients. H-RAS mutations occur slightly more 
frequently than KRAS mutations (11%) [72]. Few studies 
describe the role of KRAS or HRAS mutations in HNSCC 
treatment with EGFR inhibitors and prospective clinical 
studies are lacking.

3.1.6  Biomarkers for Panitumumab

Panitumumab, like cetuximab, binds the ectopic domain of 
EGFR [15]. In this review, no studies were included on the 
relation between RAS status and panitumumab response in 
HNSCC patients. Two clinical studies investigated prognos-
tic biomarkers for panitumumab response. Expression of 
Cluster3 gene signature (a hypoxia signature with miRNA-
gene expression of ARRDC4, CRCT1, IL36G, KLK10 and 
PLA2G4E) or the individual expression of seven differ-
ent miRNAs [15] and a negative P16 status [73] correlate 
with improved panitumumab response in clinical trials. It 
is impossible to draw conclusions because studies of bio-
markers for panitumumab are limited.
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3.2  Receptor Tyrosine Kinase (RTK) Inhibitors

EGFR-targeting TKIs are small molecules that cross the cell 
membrane and intracellularly inhibit the receptor tyrosine 
kinase (RTK) of EGFR by binding and blocking the adeno-
sine triphosphate(ATP) binding site, thereby inhibiting 
downstream EGFR phosphorylation essential for down-
stream signaling [74]. Downstream of EGFR, HNSCCs 
often show oncogenic alterations in the PI3K/AKT/mTOR 
pathway.

3.2.1  Biomarkers for Gefitinib

Gefitinib is a TKI targeting EGFR [28]. For gefitinib, seven 
biomarkers have been identified that successfully predict 
patient response. EGFR amplification correlated with gefi-
tinib response in three preclinical studies [28, 75, 76]. This 
positive correlation between EGFR amplification and gefi-
tinib response was not found in two other preclinical [77, 
78] and two clinical studies [79, 80]. As for cetuximab, the 
results are heterogeneous and further studies are warranted.

Several other biomarkers that correlated with response to 
gefitinib were: a specific RNA signature [75], MET/AREG 
expression [76], ANO1 (a calcium-activated chloride chan-
nel that interacts with EGFR) expression [81] and protein 
kinase C-e (PKCe) expression [82]. Two clinical studies 
described biomarkers on protein level that correlated posi-
tively with response to gefitinib: insulin-like growth factor 
(IGF) 1 receptor expression [83] and MMP11 expression 
[79].

Eleven biomarkers correlated negatively with gefitinib 
response in the preclinical studies, all on protein level; 
HER3 and phosphorylated HER2 expression [28], expres-
sion of AREG/hepatocyte growth factor(HGF)/IGF1/FGF1/
FGF2/IGFR/EGFR/MET [78], EMT-associated protein 
expression alterations (increased vimentin and decreased 
e-cadherin) [84], cortactin protein levels [85] and a protein 
signature (granulocyte-macrophage colony-stimulating fac-
tor (GM-CSF), IL-8, metallopeptidase inhibitor-1 (TIMP-1), 
VEGF) [86]. One clinical study reports that the possession 
of a stable EGFR-AS1 long noncoding RNA variant is asso-
ciated with gefitinib resistance [87].

Biomarkers in two clinical studies did not correlate to 
gefitinib response: The protein signature as described above 
(GM-CSF, IL-8, TIMP-1, VEGF) [86] and EGFR amplifica-
tion/EGFR kinase-domain mutations [80].

3.2.2  Biomarkers for Erlotinib

Erlotinib is a TKI targeting EGFR. Five preclinical studies 
showed a positive correlation of biomarkers with erlotinib 
response. ANO1 protein expression [81], pEGFR expres-
sion [31], presence of mitogen-activated protein kinase 

(MAPK)1p.D321N mutation [88] or MAPK1 E322K muta-
tion [89] and EREG expression [90]. Also preclinically, six 
biomarkers correlated negatively with erlotinib response, 
three of which can be linked to EMT characteristics simi-
lar to those described for cetuximab; SNAIL (an e-cadherin 
inhibitor) overexpression correlates negatively with erlotinib 
response [91]; a combination of low EGFR and negative 
e-cadherin protein expression correlates negatively with 
erlotinib response [92]; EMT characteristics demonstrated 
in a functional assay correlate negatively with erlotinib 
response [93]. Although these results are promising, the 
influence of EMT-related biomarkers on erlotinib response 
is not validated in clinical trials.

Three other biomarkers correlated negatively with erlo-
tinib response; PTEN knockout [65], HMG-box transcrip-
tion factor 1 (HBP1) knockout [94], and a protein signature 
of GM-CSF, IL-8, TIMP-1 and VEGF [86]. However, this 
signature could not be correlated to patient resistance clini-
cally due to small cohort size.

In the clinical studies, none of the biomarkers correlated 
significantly with erlotinib response [80, 95, 96].

3.2.3  Biomarkers for Afatinib

Afatinib is a TKI targeting both EGFR, HER2 and HER4 
[97]. In preclinical studies, AKT expression [98] and 
EGFR amplification [99] correlated positively with afatinib 
response and one clinical trial confirmed that EGFR ampli-
fication correlated positively with afatinib response [100].

A specific protein signature correlated negatively with 
afatinib response in a preclinical study [86].

Possession of a tumour protein p53 (TP53) wildtype 
and a specific cluster3 hypoxia profile correlated posi-
tively with afatinib response [97]. In another clinical study, 
PTEN expression on protein level correlated positively with 
afatinib response [100]. Contradictorily, two clinical studies 
elaborated on the absence of a correlation between PTEN 
expression and afatinib response [97, 99]. Machiels et al., 
however, emphasize that the number of patients in their 
study was quite low (30) and that the clinical background 
of their treated patients was different (palliative vs. curative 
intent) [97].

3.2.4  Biomarkers for Lapatinib/Allitinib/Sorafenib/
Dacomitinib

Lapatinib and allitinib are dual kinase inhibitors targeting 
both EGFR and HER2 [98, 101], sorafenib is a multi-kinase 
inhibitor also targeting EGFR [102] and dacomitinib, a pan-
HER inhibitor [103].

Lapatinib, allitinib and sorafenib were only studied in pre-
clinical studies. On a DNA level, a specific gene expression 
profile of nine distinct genetic loci including gains of HER2 
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and EGFR and loss of CDKN2A correlated positively with 
lapatinib response [101]. On a protein level ANO1 expres-
sion correlated positively lapatinib response [81], while 
PKCe expression correlated with worse response [82]. AKT 
expression correlated positively with allitinib response [98]. 
In contrast, KRAS mutations correlated negatively with alli-
tinib response [104].

MET expression was investigated as a biomarker for 
sorafenib, but did not correlate with response [102].

A clinical trial on dacomitinib showed that protein rever-
sionless 3-like (REV3L) mutations correlated positively 
with dacomitinib response [103].

3.3  PI3K Inhibitors

PI3Ks are a family of related intracellular signal transducer 
enzymes that include the oncogene PIK3CA and tumour 
suppressor gene PTEN. PI3K-inhibitors inhibit one or more 
signal transducer enzymes. HNSCCs are known to contain 
activating mutations in PIK3CA [9, 10]. As a result, PI3K-
targeting agents resulting in PI3K inhibition and subsequent 
tumour suppression have consequently gained interest as 
emerging therapeutics for HNSCC [105]. Constitutive acti-
vation of the PI3K pathway has been described as a poten-
tial of resistance to EGFR inhibitors. Therefore, therapeu-
tic agents targeting the PI3K/AKT/mTOR pathway have 
become an important focus in HNSCC research [41, 62].

3.3.1  Biomarkers for PI3K Inhibitors

Based on in vitro studies, cancers carrying PIK3CA muta-
tions are thought to be more responsive to specific PI3Kα 
inhibitors [105]. Presence of oncogene PI3KCA mutations 
correlated with improved response to PI3K-inhibitors in 
three preclinical studies [77, 106, 107] and in the preclinical 
and clinical part of the study by Lui et al. [9] Two other pre-
clinical studies could not confirm this correlation [105, 108].

Also in preclinical studies, the presence of Notch1 muta-
tions [107], PI3KCA amplification [77], EGFR/AKT1 
amplification and CUB and Sushi multiple domains 1 
(CSMD1) deletion [105] correlated with improved response. 
However, PIK3CA amplification did not correlate with 
response in another preclinical study [106].

In a clinical study, HPV-negative tumour status, the pres-
ence of TP53 mutations and an increase in tumour infiltra-
tion of CD8+ T-cells correlated with improved response to 
buparlisib, a PIK3CA inhibitor [109]. Because the number 
of studies investigating biomarkers for Pi3K inhibitors is 
low, drawing firm conclusions on clinical implementation 
is not yet possible.

3.4  mTOR Inhibitors

Additional to the development of PI3K inhibitors, inhibi-
tors of mTOR have been explored to treat HNSCC [106]. 
mTOR inhibitors inhibit the mechanistic target of rapamycin 
(mTOR).

3.4.1  Biomarkers for mTOR Inhibitors

For mTOR inhibitors, similar biomarkers as for PI3K 
inhibitors have been suggested to be relevant. Presence of 
PI3KCA mutations correlated with improved response to 
mTOR inhibitors in three preclinical studies [106, 107, 110], 
like the presence of Notch1 mutations in one study [107]. 
PI3KCA amplification, loss of PTEN and TP53 mutations 
did not correlate with improved response to mTOR inhibi-
tors [106, 111]. Niehr et al. describe improved mTOR inhibi-
tor response in patients with cisplatin resistance, and worse 
mTOR inhibitor response with EGFR protein expression 
and cetuximab resistance [111]. Response to the mTOR-
inhibitor temsirolimus did not correlate with mRNA expres-
sion of mTOR pathway members Akt1, mTOR, RPS6KB1, 
FKBP1B and TSC1 in another preclinical study [112].

Clinically, baseline caspase-3 activity correlated nega-
tively with temsirolimus response in one study [113]. Also 
PI3KCA mutations and HPV status did not correlate to 
mTOR response [114].

Due to the limited number of clinical inclusions, it is 
impossible to draw conclusions about predictive biomark-
ers with regard to response to mTOR inhibitors.

4  Discussion

The majority of HNSCC tumours depend on EGFR pathway 
activation for processes like cell proliferation, anti-apoptotic 
signalling, angiogenesis and even metastasis. Consequently, 
EGFR pathway inhibitors have received attention as poten-
tial therapeutic agents. However, primary and acquired 
resistance to EGFR targeting agents often occurs, resulting 
in low response rates and tumour recurrence. There are many 
mechanisms of resistance to EGFR targeting agents. Tumour 
cells resistant to cetuximab can re-activate pro-angiogenic 
factors via alternative pathways, increasing VEGF leading 
to neovascularisation [115]. Cetuximab treatment can induce 
EGFR internalization and degradation and HER-family 
members can be upregulated to bypass EGFR blockade by 
cetuximab [116]. For other TKIs, activation of alternative 
pathways also leads to resistance [117]. This underscores 
the need for biomarkers predictive for response to EGFR 
pathway inhibitors prior to treatment. The only biomarker 
used at present is not molecular but clinical, i.e. the presence 
and severity of skin rash, which is predictive for cetuximab 
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response [20]. Apart from the EGFR-PI3K-AKT-mTOR 
pathway, the immune environment of the tumour is also 
interesting regarding targeted therapy response [118]. Here 
biomarkers for immunotherapy were not included, although 
immunotherapy in HNSCC might be promising. In this 
review studies investigating a range of biomarkers for the 
response to different EGFR-targeting agents have shown 
conflicting results. This review aimed to give an overview 
and analysis of these studies published up to 25 January 
2021.

We encountered several hurdles that impaired us from 
drawing firm conclusions on the applicability of the bio-
markers included in this review. First, the number of clini-
cal studies investigating biomarkers in general is low, with 
cetuximab being an exception. Second, many of the studies 
contained a very small sample size, which makes it hard to 
draw conclusions about the effect of the correlations found. 
Most biomarkers have been investigated in only a limited 
number of studies and subsequently have not been followed 
up by clinical trials, thus confirmation of their relevance is 
lacking. Exceptions are EGFR amplification and biomark-
ers relating to EMT. Also, the discrepancies between exact 
treatments in clinical trials as well as the differences in the 
clinical background in patients (recurrent vs. metastatic, or 
palliative vs. curative) limit the possibility to draw firm con-
clusions. Moreover, head and neck cancers make up a het-
erogenic group of tumours both HPV-positive and -negative 
in different sub-sites of the oral cavity, pharynx and larynx.

Albeit such differences are hard to avoid, it is challeng-
ing to compare clinical studies. Concerning additional treat-
ments, all the discussed targeted therapies were given con-
currently with a form of traditional chemotherapy and/or 
radiotherapy, which limits drawing conclusions about the 
predictive value of that biomarker for the EGFR pathway 
inhibitor of interest. All these limitations are applicable for 
the whole predictive biomarker field. We therefore underline 
the need for a more systematic approach to tackle these prob-
lems. This could be by adding two mandatory components 
in clinical trials: (1) the assessment of potential biomark-
ers for the specific EGFR pathway inhibitor studies in that 
clinical trial, by preferably an independent expert (panel) 
prior to submitting a proposal for a clinical trial, and (2) 
including these potential biomarker assays in the clinical 
trial. On the other hand, it should be questioned whether 
the classic approach via clinical trials should be continued. 
Clearly the development of biomarkers through clinical trials 
has not resulted in any relevant biomarker. As every tumour 
is genetically unique it is hard to set up a decent biomarker 
trial with high numbers of comparable tumours. Biankin 
et al. therefore advocate other types of studies in person-
alised medicine towards more patient-centred trials [119].

Although this would require a big effort in the field, 
this review underlines the need for increased attention to 

biomarkers for targeted therapies. Patients themselves will 
benefit from pre-treatment stratification as this will prevent 
unnecessary side effects in non-responders. Also, despite 
the fact that screening all patients before treatment is expen-
sive, we believe that the advantages will outweigh time and 
costs. For example, Cetuximab costs approximately €8000 
per HNSCC patient, excluding hospital administration and 
follow-up. For screening every patient targeted next genera-
tion sequencing (NGS) is most commonly used. Targeted 
NGS panels are panels of approximately 70 cancer-related 
genes that are read using targeted NGS. Using NGS, point 
mutations and small indels can be detected, although larger, 
more complex chromosomal alterations (including large 
deletions, gene fusions or large CNV) cannot be detected 
using this approach. On average, performing NGS for one 
patient costs approximately €600 (including material and 
analysis). Screening 13 patients with NGS is as expensive 
as treating one patient with cetuximab. Screening techniques 
will become cheaper resulting in more patients who can be 
screened for the cost of one cetuximab treatment. With a 
reliable biomarker all patients will be screened and only the 
patients in whom the drug is effective will be treated, which 
in the end is cheaper.

This review emphasizes the lack of clinically validated 
biomarkers with high predictive value. EGFR expression 
is studied in many papers, but the results are too hetero-
geneous to consider any of the proposed biomarkers suit-
able for clinical response prediction in general. We think 
the application of a single biomarker is not adequate in 
predicting patient response. Studies integrating expression 
or mutation status of multiple genes and/or proteins have 
more potential to predict therapy response as they contain 
a combination of single biomarkers. A DNA/RNA/protein 
profile is a barcode of many biomarkers combined. In this 
review several papers found the predictive value of such pro-
files on DNA [48, 101], RNA [15, 26, 50, 52, 56, 75, 97] 
and protein level [84, 86]. Based on these papers, as well as 
promising advances in other similar fields (as with the previ-
ously mentioned example of the MammaPrint), DNA/RNA/
protein profiles deserve further validation as biomarkers for 
EGFR-targeted therapies for HNSCC patients. In the future, 
sequencing will become cheaper and will characterise more 
expression profiles. Although such an expression profile for 
the prediction of nodal metastasis in HNSCC was created 
previously, its applicability in daily clinical practice has not 
yet been successful [120].

We additionally want to highlight a specific type of bio-
marker that is relatively new in the personalized medicine 
field—patient-derived organoids. Organoids are three-
dimensional structures that are adult stem-cell derived, 
and to some degree resemble the tissue or tumour they are 
derived of. Organoids derived from tumours from patients 
recapitulate the original tumours in tissues such as the colon, 



132 W. W. B. de Kort et al.

small intestine, pancreas and prostate [121–123]. This 
enables correlating in vitro organoid drug response to the 
response of patients in the clinic, as shown in a clinical study 
for organoids derived from gastrointestinal cancer [124]. 
Recently, HNSCC-derived organoids have been established 
and several targeted therapies were tested on patient-derived 
HNSCC organoids [41]. Differences between HNSCC orga-
noid lines in response to cetuximab have been demonstrated, 
and initial comparisons to clinical data of the corresponding 
patients showed the potential of organoid technology in the 
predictive biomarker field.

In conclusion, several EGFR-pathway inhibitor biomark-
ers have been researched for HNSCC but few of the investi-
gated biomarkers have been adequately confirmed in clinical 
trials. A more systematic approach is needed to discover 
proper biomarkers as stratifying patients is essential to pre-
vent unnecessary costs and side effects.
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