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Abstract: Resistance to treatment is one of the biggest challenges in combating head and neck squamous cell car-
cinoma (HNSCC). The concept of resistance, however, is often viewed as a whole without categorization into the two 
types of resistance: acquired and intrinsic. Comparison of the mechanisms of the two types of resistance can give 
further insight as to the importance of these resistance pathways, as mechanisms that are common between the 
two categories are more likely to be integral to cell survival. In this review, a new perspective on resistance is pre-
sented in order to identify molecular targets that have potential for wide therapeutic application. Resistance mecha-
nisms are grouped by the primary pathway involved in order to help establish connections between studies and 
identify the pathways most active in HNSCC resistance. The receptor tyrosine kinase AXL is one of the targets that 
showed the greatest promise for overcoming resistance to cetuximab, an antibody targeting the epidermal growth 
factor receptor (EGFR), as it is shown to be upregulated in both acquired and intrinsically cetuximab-resistant cells. 
Other targets of interest are signal transducer and activator of transcription 3 (STAT3), a downstream transcription 
factor of the Janus kinase/signal transducer and activator of transcription (JAK/STAT) pathway, and TWIST, a marker 
of epithelial-mesenchymal transition. STAT3 has been shown to be upregulated and more active in cetuximab-resis-
tant HNSCC cell lines, and its inhibition decreased cell growth in cell lines resistant to anti-EGFR therapy. Twist has 
been shown to have roles in acquired resistance for both cetuximab and cisplatin, a platinum-based therapy that 
targets dividing cells, which suggests that it also has an integral role in resistance. Other resistance mechanisms 
are also summarized in this review, but further studies are needed in order to confirm their utility as targets for 
overcoming resistance in HNSCC. 
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Introduction

The worldwide incidence of head and neck 
squamous cell carcinomas (HNSCC) is roughly 
600,000 cases per year, and approximately 
half of these cases result in death [1, 2]. One 
reason for this observed mortality is the lack of 
effective therapies. Cetuximab, a monoclonal 
antibody targeting the epidermal growth factor 
receptor (EGFR), is one of the few drugs 
approved by the United States Food and Drug 
Administration for use in HNSCC, but its 
response rate is only 13% when used alone [3]. 
Platinum-based agents, such as cisplatin or 5 
fluorouracil, that interfere with cell division are 
often used in combination with cetuximab and 
have been shown to raise response rates to as 
high as 36% [4]. However, HNSCC often recurs 
after initially responding to treatment. 

Resistance to chemotherapy may occur initially 
or later after the first line of chemotherapy. 
Resistance to radiation therapy is called radia-
tion resistance and has been observed in 
HNSCC. Intrinsic resistance refers to the lack 
tumor regression following treatment and is 
thought to be the result of mechanisms that 
existed before initiation of the therapy [5]. 
Acquired resistance refers to the elimination of 
an observed response after an initial clinical 
benefit following treatment [6]. Both types of 
resistance are prevalent in HNSCC, and the 
specific mechanisms of each are not fully 
understood. It is imperative that a better under-
standing of these mechanisms is gained in 
order to improve the response to the few treat-
ment options available. In this review, a com-
parison is made between intrinsic and acquired 
resistance in HNSCC, especially in regard to 
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cetuximab and cisplatin, with the dual objective 
of summarizing recent advancements in the 
field and identifying targets that are players in 
both intrinsic and acquired resistance path-
ways. It can be argued that targets present in 
both pathways are more likely to be integral cell 
processes and thus more efficient for inhibi-
tion. The hope is that this new way of examining 
resistance will lead to novel approaches to can-
cer therapies and better outcomes for HNSCC 
patients.

Pathways involved in resistance to chemo-
therapy

Several major pathways have been implicated 
in mechanisms of resistance for HNSCC. Here, 
they are grouped by the pathway that is the 
most involved, though it is important to note 
that some studies report overlap between path-
ways. Mechanisms of acquired resistance are 
detailed first, followed by intrinsic resistance 
and then the mechanisms common between 
intrinsic and acquired resistance, if applicable.

AKT/PI3K pathway

Upstream signaling of an extracellular receptor, 
such as a receptor tyrosine kinase (RTK) or 
G-protein coupled receptor, by growth factors 
or cytokines activates this pathway. The signal 
is transmitted intracellularly by the catalytic 
activation of phosphatidylinositol (3,4,5)-tri-
phosphate (PIP3) by phosphoinositide 3-kinase 
(PI3K). PIP3 then activates Protein Kinase B 
(AKT), which phosphorylates a number of other 
proteins involved in diverse cell processes 
including cell cycle progression, survival, and 
growth [7]. 

In terms of acquired resistance, multiple stud-
ies have shown increased AKT signaling in 
cetuximab resistant cells [8, 9]. More specifi-
cally, Nair et al. found that mutations in the 
extracellular domain of EGFR can cause epider-
mal growth factor (EGF)-independent signaling, 
leading to sustained AKT signaling and resis-
tance to cetuximab [10]. Saki et al. found that 
Ras family proteins, which are small molecules 
that use guanosine triphosphate (GTP) to trans-
mit intracellular signals, are involved in cetux-
imab resistance and also radioresistance by 
autocrine production of EGFR ligands, and they 
conferred survival via the AKT/PI3K pathway 
but not the RAS/RAF/MEK/ERK pathway (dis-
cussed below) [11]. Another study examined 

heregulin, a ligand of the RTK human epidermal 
growth factor receptor 3 (HER3) of the same 
family as EGFR. Heregulin was upregulated in 
HNSCC cells with acquired cetuximab resis-
tance and conferred survival through AKT sig-
naling. However, cell growth was decreased by 
pan-HER inhibition by the small molecule tyro-
sine kinase inhibitor (TKI) afatinib, which inhib-
its EGFR, HER2, HER4, and signal transduction 
of HER3. The study also provided some evi-
dence that aberrant heregulin expression could 
be a mechanism of intrinsic cetuximab resis-
tance [12]. 

For cisplatin resistance, Peng et al. studied 
microRNAs, small RNA molecules that are 
known to be involved in diverse cell processes 
including resistance. They found that expres-
sion of microRNA-23a inhibited cisplatin-
induced apoptosis by signaling through c-Jun 
N-terminal kinase (JNK), a downstream target 
of the MAPK pathway, to increase expression of 
Twist1. Further, the observed effect was abol-
ished by knockdown of Twist1 [13]. Finally, one 
interesting study reported that HNSCC cells 
exhibiting resistance to cisplatin showed de- 
creased growth when treated with a MEK (dis-
cussed below) inhibitor and afatinib. The MEK 
inhibitor blocked the RAS/RAF/MEK/ERK path-
way and caused increased AKT signaling, while 
afatinib synergistically blocked HER family sig-
naling and the AKT pathway [14]. No specific 
mechanisms of intrinsic resistance via the AKT/
PI3K pathway are reported, and no studies 
were found that detailed an overlapping mech-
anism for intrinsic and acquired resistance 
involving the AKT/PI3K pathway.

RAS/RAF/MEK/ERK pathway

This pathway involves the activation of the 
extracellular RTK which then activates RAS, a 
small GTPase. Upon hydrolysis of GTP, RAS sig-
nals the kinase RAF, which dimerizes and acti-
vates to phosphorylate mitogen-activated pro-
tein kinase kinase (MEK). MEK in turn phos-
phorylates extracellular signal-regulated kinase 
(ERK), which phosphorylates several other pro-
teins involved in cell cycle progression, differ-
entiation, and evasion of apoptosis [15]. Ano- 
ther common name for this pathway is the mito-
gen activated protein kinase (MAPK) pathway.

This pathway is one of the most well-studied for 
the topic of HNSCC resistance, especially for 
anti-EGFR therapy. The fusion protein FGFR3-
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TACC3 was found to drive acquired resistance 
to anti-EGFR and anti-HER3 combination treat-
ment by activating the RAS/RAF/MEK/ERK 
pathway in HNSCC cells [16]. Schulz et al. found 
that HNSCC cells with acquired resistance to 5 
different inhibitors, including cisplatin and afa-
tinib, signal through ERK1/2 [17]. Other acqui- 
red resistance mechanisms center around the 
receptor tyrosine kinase AXL. Brand et al. found 
that AXL mediates acquired resistance to ce- 
tuximab in HNSCC via MAPK signaling and sub-
sequent activation of EGFR and the transcrip-
tion factor c-Jun. Further, the development of 
resistance was associated with AXL hyperacti-
vation and EGFR association in HNSCC patient-
derived xenografts (PDXs), which are valued for 
their ability to preserve the integrity and com-
plexity of human tumors while still allowing for 
experimentation [18, 19]. Another study also 
found AXL upregulation in cetuximab-resistant 
cells [20]. A third study also implicated AXL in 
anti-EGFR resistance, but it was shown in non-
small cell lung cancer cells rather than HNSCC 
[21].

There have been many mechanisms postulated 
for intrinsic resistance through the MAPK path-
way. The same study referenced above examin-
ing AXL activity also found that intrinsic resis-
tance to cetuximab correlated with AXL expres-
sion in HNSCC tumor xenografts [18]. Rampias 
et al. showed that HRAS mutations are quite 
common in HNSCC (9.44%) and are associated 
with a lesser response to cetuximab therapy, 
but this is one of the few times an HNSCC resis-
tance mechanism is attributed to an activating 
mutation [22]. Further downstream in the path-
way, Boeckx et al. studied dual-specificity phos-
phatases 5 and 6 (DUSP5/6), known negative 
regulators of ERK1/2, by examining levels of 
ERK1/2 phosphorylation in cetuximab-resis-
tant cells after treatment with cetuximab. They 
found that significantly more ERK1/2 phos-
phorylation was present in cetuximab-resistant 
cells versus sensitive cells. This implies that 
DUSP5/6 suppression could be involved in 
cetuximab resistance. Further evidence was 
provided by analysis of aurora kinase B (AUR- 
KB), a downstream component of the MAPK 
pathway, which was found to be upregulated  
in cetuximab-resistant cells. Importantly, cell 
growth of cetuximab-resistant cells was de- 
creased upon inhibition of ERK1/2 or AURKB 
[23]. These findings implicate both DUSP5/6 

and AURKB in intrinsic cetuximab resistance. 
Along similar lines, another study using cetux-
imab-resistant cells showed that the activity 
transcription factor AP-1, a downstream target 
of the MAPK pathway, can be decreased by 
ERK inhibition [24]. The most promising target 
of this pathway appears to be AXL according to 
the aforementioned evidence, especially be- 
cause it is involved in both acquired and intrin-
sic cetuximab resistance. 

JAK/STAT pathway

Another pathway that presents promising tar-
gets is the Janus kinase (JAK)-signal transduc-
er and activator of transcription (STAT) pathway. 
Cytokines or growth factors provide an extra-
cellular stimulus for JAK activation by trans-
phosphorylation, which allows for STAT binding 
and phosphorylation. Phosphorylated STATs di- 
merize and then function as transcription fac-
tors in the nucleus, where they effect gene tran- 
scription for processes involving cell growth, 
development, differentiation, and survival [25].

This pathway is only reported to be involved in 
cetuximab resistance rather than cisplatin. One 
study found that overexpression of microR-
NA-204 could restore cetuximab sensitivity to 
HNSCC cells that had acquired cetuximab re- 
sistance. It was shown that miR-204 blocks 
JAK2 directly to inhibit the JAK/STAT pathway 
[26]. Additionally, Willey et al. found that STAT3 
was a likely player in cetuximab resistance 
given its increased phosphorylation and total 
expression in two cetuximab-resistance HNSCC 
cell lines. In fact, knockdown of STAT3 caused 
increased cell death in both the presence and 
absence of cetuximab, lending further support 
to its role in resistance [27]. Similarly, Sen et al. 
found higher STAT3 activation in HNSCC patient 
tumors that recurred after cetuximab treat-
ment compared to those that received no treat-
ment [28]. No mechanisms of JAK/STAT intrin-
sic resistance alone are reported, but Sen et al. 
also found that inhibition of STAT3 can decrease 
cell growth for cell lines that have either intrin-
sic or acquired resistance to anti-EGFR therapy 
[28]. And lastly, one study found that STAT3 is a 
downstream effector of EGFR variant III (EGF- 
RvIII), a mutant form of EGFR able to confer 
cetuximab resistance, that cannot be abrogat-
ed by cetuximab treatment in EGFRvIII-expre- 
ssing HNSCC cells [29]. Taken together, these 
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findings suggest that STAT3 could be a good 
target for overcoming cetuximab resistance.

Epithelial-mesenchymal transition 

Epithelial-mesenchymal transition (EMT) is the 
process by which epithelial cells lose their 
adhesive properties in order to migrate and 
invade other tissues. It is a physiological pro-
cess necessary for important functions like 
embryonic development and wound healing, 
but is used by cancer cells as a mechanism for 
metastasis to distant tissues. Markers of EMT 
include downregulation of E-cadherin, a protein 
responsible for cell-cell adhesions, and upregu-
lation of Zing finger E-box binding homeobox 
1/2 (ZEB1/2), vimentin, TWIST, and SNAIL, 
among others. After migration to a secondary 
site, cancer cells can undergo mesenchymal-
epithelial transition (MET) in order to revert to a 
phenotype capable of proliferation and genera-
tion of a secondary tumor. While studies involv-
ing EMT often concern its role in metastasis, it 
has also been implicated in drug resistance 
[30]. 

Acquired resistance, but not intrinsic, was 
found to be relevant to EMT. Keysar et al. found 
that cells that acquired resistance to EGFR inhi-
bition showed upregulation of the transcription 
factor GLI1. In addition to upregulating the 
mesenchymal marker vimentin, GLI1 controls 
transcription of target genes of the Hedgehog 
pathway, which also has been shown to result 
in EMT [31]. Further, cetuximab sensitive cells 
treated with cetuximab were found to express 
higher levels of ZEB2, TWIST1, and SNAIL, whi- 
ch suggest that the treatment selects for a 
mesenchymal phenotype [31]. The role of TWI- 
ST1 in acquired resistance to cisplatin-induced 
apoptosis was discussed in the AKT/PI3K sec-
tion, but it is relevant to EMT as well because 
TWIST1 is a known regulator of EMT [13]. The 
fact that TWIST has been implicated in resis-
tance to both cisplatin and cetuximab indicates 
that it should be explored further as a potential 
target for overcoming acquired resistance.

Cancer stem cells

The cancer stem cell (CSC) theory states that a 
tumor contains a few cells that have the impor-
tant abilities of differentiation, self-renewal, 
repopulation of a tumor, and mobility via EMT, 
and increased resistance [32]. They are often 

in a quiescent state, which enables them to 
resist traditional therapies that target dividing 
cells. Thus, it is challenging to eradicate CSCs 
because they must be targeted very specifical-
ly. Markers that have been confirmed in HNSCC 
include cell surface antigen CD44, the enzyme 
aldehyde dehydrogenase 1 (ALDH1), and tran-
scription factors octamer-binding transcription 
factor 4 (OCT4) and sex determining region 
Y-box 2 (SOX2) [32, 33].

Cancer stem cells (CSCs) are thought to play an 
important role in drug resistance. It is postulat-
ed that these cells possess or acquire mecha-
nisms that allow them to survive a chemothera-
py treatment and then proliferate, thereby con-
ferring resistance to the entire tumor. Little 
evidence of cetuximab resistance in relation to 
CSCs has been found, but Kulsum et al. showed 
that sensitivity to cisplatin can be restored by 
inhibition of the stemness marker ALDH1A1 in 
cisplatin-resistant HNSCC cells. Additionally, 
HNSCC explants treated with cisplatin plus an 
ALDH1A1 inhibitor showed significantly less 
proliferation than those treated with cisplatin 
alone [34]. Long non-coding RNA molecules are 
known to be involved in regulation of cell pro-
cesses and have been shown to be involved in 
resistance [35]. Lee et al. examined the role of 
long non-coding RNA molecules and found that 
the long-noncoding RNA LINC00963 regulates 
the known multidrug resistance protein ABCB5, 
which leads to resistance to cisplatin treatment 
in oral squamous cell carcinoma cell lines. 
Suppression of LINC00963 was also found to 
decrease activity of stemness marker ALDH1, 
and TCGA analysis showed a positive correla-
tion between LINC00963 and stemness mark-
ers SOX2 and CD44 [36]. Lastly, Li et al. re- 
viewed the role of RNA-binding protein LIN28 in 
HNSCC and concluded that its role in induction 
of stemness markers SOX2 and OCT4 suggests 
that it has a role in resistance as well [37]. 
These results indicate that acquired resistance 
to cisplatin seems to be related to stemness 
properties of cancer stem cells.

HNSCC cells that acquired resistance to afa-
tinib showed increased expression of stemness 
markers CD44 and OCT4, indicating that stem-
ness could play a role in this resistance mecha-
nism as well [17]. Lathia et al. recently reviewed 
the mechanisms of intrinsic resistance in can-
cer and writes that mechanisms of innate resis-
tance in cancer stem cells include ATP binding 
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cassette (ABC) transporters, low reactive oxy-
gen species levels, overexpression of anti-apo-
ptotic proteins, enhanced DNA repair, and the 
phenomenon of multiple pathways for stem-
ness [38]. Of these, evidence of ABC transport-
ers was found in another study, but only as it 
relates to acquired resistance. In non-HNSCC 
cell lines, ABC transporters were found to 
cause acquired drug resistance after activation 
by never in mitosis-related kinase 2 (NEK2), a 
kinase that has a role in chromosomal instabil-
ity [39]. Moreover, Xu et al. found that expres-
sion of NEK2 predicts acquired resistance to 
cisplatin therapy in nasopharyngeal carcinoma, 
and sensitivity to cisplatin can be restored by 
NEK2 knockdown [40]. This indicates that ABC 
transporters could be relevant to both intrinsic 
and acquired resistance via NEK2 in HNSCC 
cells, but further investigation is needed in 
order to confidently state this connection.

Other mechanisms

There are other important mechanisms involv-
ing noncanonical pathways to chemoresistan-
ce. For intrinsic resistance, it has been shown 
that there are high levels of nuclear EGFR in 
intrinsically cetuximab-resistant HNSCC cells. 
Experiments using non-HNSCC cells showed 
that this process of internalization of EGFR is 
mediated by HER family ligands and Src family 
kinases [41]. Another study implicates dysregu-
lation of EGFR internalization in acquired cetux-
imab resistance as well [9]. For both acquired 
and intrinsic resistance, Leonard et al. achieved 
promising results. Instead of downstream sig-
naling, they focused on regulation of alternative 
RTKs, such as HER3, AXL, and MET, an RTK 
known to respond to hepatocyte growth factor 
rather than EGF. They found that bromodomain-
containing protein-4 (BRD4) is an important 
regulator of both intrinsic and acquired resis-
tance to cetuximab. Joint inhibition of BRD4 
and EGFR with cetuximab delays acquired 
resistance and delays increase in expression of 
other RTKs [20]. Also, these results lend fur-
ther support to the aforementioned idea that 
AXL is important for both intrinsic and acquired 
resistance. Lida et al. also targeted multiple 
RTKs at once via pan-HER inhibition of EGFR, 
HER2, and HER3 in HNSCC PDXs. They found 
that this treatment resulted in growth delay for 
both intrinsic and acquired cetuximab resistant 
models, indicating that these alternative RTKs 

are an important mechanism of resistance 
[42]. Along similar lines, De Pauw et al. exam-
ined resistance to cetuximab using afatinib. 
They found that afatinib was able to overcome 
both acquired and intrinsic resistance to cetux-
imab using multiple HNSCC cell lines, but they 
could not rule out the possibility of cross-resis-
tance between afatinib and cetuximab [43]. 
However, a different study found evidence for a 
lack of cross-resistance between the two in a 
phase II clinical trial [44]. Therefore, the impor-
tance of HER family ligands as well as alterna-
tive RTKs is underscored. 

Lastly, analysis of acquired resistance to afa-
tinib indicated that the proteins granulocyte-
macrophage colony-stimulating factor (GM- 
CSF), interleukin-8 (IL-8), tissue inhibitor of me- 
talloproteinase-1 (TIMP-1), and vascular endo-
thelial growth factor (VEGF) may be involved in 
resistance to EGFR TKIs including afatinib. 
These proteins are involved in tumor angiogen-
esis and invasion, which could explain the 
aggressiveness of recurrent HNSCC [45]. There 
exists limited research concerning afatinib 
resistance in HNSCC, but it is important to 
study given that, there are few therapeutic 
options for patients with HNSCC who develop 
resistance to chemotherapy. A summary of 
important pathways involved in the develop-
ment of resistance in HNSCC is depicted in 
Figure 1 which shows three predominant path-
ways: 1) As EGFR is inactivated by cetuximab 
treatment, AXL is upregulated and signals 
through the MAPK pathway to provide both 
acquired and intrinsic resistance to cetuximab. 
2) Cetuximab treatment causes increased ex- 
pression and phosphorylation of STAT3 and 
leads to resistance to anti-EGFR therapy. 3) 
miR-23a activates JNK which in turn activates 
the transcription factor Twist to provide acqui- 
red resistance to cisplatin. Similarly, cetuximab 
treatment causes increased expression of 
TWIST, which then leads to acquired cetuximab 
resistance.

Strategies for rescue therapy

There has been a considerable amount of 
research into the reversal of cetuximab resis-
tance. Many agents have shown success in 
their ability to rescue cetuximab from acquired 
or intrinsic resistance; a summary of these 
agents, including the effector that they act 
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upon, is shown in Table 1. This list is by no 
means comprehensive and is only meant to 

provide an overview of the research that has 
been conducted. Note that the NG-amino-L-

Table 1. Drugs that have shown the ability to rescue cisplatin or cetuximab resistance
Therapy Agent CAS RN Downstream Effector Ref
Cisplatin Decitabine 2353-33-5 Gene methylation [46]
Cisplatin LY2109761 700874-71-1 TGFβRII [47]
Cisplatin LY364947 396129-53-6 TGFβRI in HPV-negative cells [48]
Cisplatin NG-amino-L-arginine 1031799-40-2 Nitrous oxide synthases [49]
Cisplatin EGF 62253-63-8 EGFR [50]
Cetuximab JQ1 1268524-70-4 BET protein family [20]
Cetuximab Apigenin 520-36-5 ERK1/2 [23]
Cetuximab Barasertib 722543-31-9 AURKB [23]
Cetuximab Afatinib 439081-18-2 EGFR, HER2, HER4 [43]
Cetuximab PKI-587 1197160-78-3 PI3K and mTOR [51]
Cetuximab Dorsomorphin 866405-64-3 AMPK [52]
Cetuximab Oxamate 565-73-1 Lactate dehydrogenase A [53]
Cetuximab Dichloroacetic acid 79-43-6 Pyruvate dehydrogenase kinase-1 [54]
Cetuximab Bortezomib 179324-69-7 NF-κB [55]
Cetuximab Parthenolide 20554-84-1 NF-κB [55]
Cetuximab Dasatinib 302962-49-8 Src family kinase [56]
Cetuximab R428 1037624-75-1 AXL [57]
Cetuximab PPY-A 875634-01-8 c-ABL kinase [57]
Cetuximab R763 871357-89-0 Aurora kinases [58]
Cetuximab TAK242 243984-11-4 Toll-like receptor 4 [59]
Cetuximab MEHD7945A unknown EGFR and HER3 [60]
The Chemical Abstracts Service Registry Number is included (CAS RN) is included for identification purposes. TGFβR = trans-
forming growth factor β receptor; HPV = human papillomavirus; BET = bromodomain and extra terminal; mTOR = mammalian 
target of rapamycin; AMPK = 5’-adenosine monophosphate-activated protein kinase.

Figure 1. The picture provides a summary of the resistance mechanisms for the major targets identified in this 
review.
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arginine was shown using ovarian cancer rather 
than HNSCC, but it is included because of the 
strong similarities between the two types of 
cancer.

Conclusion

While there are many different postulated 
mechanisms to drug resistance in HNSCC, it is 
necessary to consider how different theories 
can complement each other. Such an approach 
is utilized here to suggest some of those con-
nections by categorizing mechanisms by path-
way and by type of resistance, acquired or 
intrinsic. As a result, evidence is presented on 
mechanisms common to both acquired and 
intrinsic resistance pathways, namely AXL, ST- 
AT3, and TWIST1. Proteins active in both path-
ways are more likely to be integral to cell sur-
vival and thus have a great potential for thera-
peutic use to improve outcomes for HNSCC 
patients.
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