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Head and neck squamous cell carcinoma (HNSCC)
represents the 7th most common neoplasia worldwide.
Eight hundred and ninety thousand new cases and 450,000
deaths were recorded in 2018 (1). Alcohol abuse, tobacco,
human papillomavirus (HPV) infection increase the risk
for HNSCC development. Despite the new diagnostic
and therapeutic advances, HNSCC relapsed in more
than 60% of patients (2). Currently, the management of
HNSCC tumor relapses should take in consideration
several aspects of the patients, such as previous treatment
and clinical status. The EXTREME trial established that
the combination of cetuximab, an anti-epidermal growth
factor receptor (EGFR) monoclonal antibody, with standard
treatment, fluorouracil plus platinum, significantly increases
overall survival, progression free survival and overall
response (3). Indeed, 90% of head and neck squamous-
cell carcinoma are characterized by an high expression of
EGFR (4), only few patients find a benefit from the new
therapeutic regimen compared to standard treatment
(36% wvs. 20%) (3). The inherent and acquired molecular
resistance mechanisms to anti EGFR treatment have been
widely investigated in non-small cell lung cancer (NSCLC),
in which mutations in the EGFR tyrosine kinase (TK)
domain have been found to impair EGFR TK inhibitor
treatment sensitivity, the same mechanism does not occur
in HNSCC (5). Moreover, the KRAS mutational status
determines anti EGFR treatment resistance in colon rectal
cancer, but this event has been rarely found in HNSCC (6).
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Several studies have profiled the gene mutational and
expression landscapes of different HNSCC tumors
casuistries to understand the molecular mechanisms of
drug resistance and provide new treatment strategies for
HNSCC relapsing patients management. TP53 is the
most frequently mutated gene in HPV negative HNSCC
patients, but it is not directly targetable. Intriguingly,
alpelisib treatment, a direct phosphatidylinositol 3-kinase
alpha (PI3Koa) inhibitor, has been discovered to impinge
on mutant gain-of-function p53-Myc dependent gene
signature, which expression level correlated with alpesilib-
response in patient-derived xenografts (PDX) and cell lines
of HNSCC (7). Conversely to TP53, EGFR overexpression
and PIK3CA amplification were diagnosed both in HPV-
negative and in HPV-positive patients (8). The aberrant
activation of PI3K/Akt/mTOR pathway has been shown to
be a resistance mechanism to EGFR inhibitors. HNSCC
patients harboring PI3KCA mutation, indeed, relapse
suddenly after few weeks of cetuximab treatment response.
However, anti PI3KCA monotherapy failed due to new
emerging mechanisms of resistance (9,10).

Based on clinical and experimental results, monotherapy
appears inadequate for treatment of HNSCC relapsed
patients, whose inherent and acquired drug resistant
mechanisms should be bypassed through the use of a drug
combination therapy. Accordingly, Chaib ez 4., investigated
the efficacy of the association of osimertinib, a third
generation of EGFR TK inhibitor, with dihydroartemisinin
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Figure 1 Pathways differently activated in response to anti epidermal growth factor receptor (EGFR) treatment and their selective inhibitor,

described in the text. Dihydroartemisinin (DHA) impinges concurrently on several pathways. Combination therapy might overcome

acquired resistance to EGFR inhibitor in head and neck squamous cell carcinoma (HNSCC) relapsing patients.

(DHA), an artemisinin semi-synthetic derivative prescribed
for malaria treatment that has, also, showed anticancer
activity (11). Notably, they assessed viability of two different
HNSCC cell lines, Cal-27 and FaDu, treated either with the
two compounds alone or in association. They also compared
the effect of the osimertinib/DHA combination with the
association of osimertinib with three different target drugs,
currently in clinical trial for HNSCC management, thus
to target key pathways involved in the acquired resistance
to the EGFR inhibitor drugs. In particular they combined
osimertinib with either R428, an inhibitor of the receptor
tyrosine kinase (RTXs) AXL, or BML258, a sphingosine
kinase 1 (SPHKI1) inhibitor. Transactivation of EGFR by
either over expression of AXL or sphingosine kinase 1
(SPHK1) aberrant activity has been associated to cetuximab-
resistance in HNSCC (Figure 1). In addition, they co-
treated cells with osimertinib and TPX-0005, an inhibitor
of the Src/janus-like kinase 2 (JAK2)/focal adhesion kinase
(FAK) pathways. Aberrant activation of EGFR downstream
pathways such as Src and JAK leads to the activation of YES
associated protein 1 (YAP1), FAK and the signal transducer
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and activator of transcription 3 (STAT?3); thereby resulting
in the overexpression of several genes involved in HNSCC
tumorigenesis and drug resistance mechanisms (Figure I).
All the tested drugs increased osimertinib citotoxicity in
vitro, however, combination with DHA showed very low
combination index value compared to the other treatments.
Effectively, the combination of osimertinib with DHA
significantly affected Cal-27 and FaDu xenografts tumor
volume size compared to single treatment with osimertinib
or DHA. Remarkably, while the single treatment with
osimertinib promoted expression of several proteins
involved in anti EGFR-resistance like YAP1, FAK, STAT3
and Src; the combined treatment with DHA significantly
reduced the expression of these targets. In addition, after
seven days of combined treatment, Cal-27 and FaDu cells
showed a reduction in AXL, transmembrane protein CUB
domain-containing protein 1 (CDCP1) and MET RTK
mRNA levels compared to the same cells treated with
osimertinib alone. Previous evidences demonstrated that
DHA treatment impinges concurrently on several pathways.
In particular, it induces reactive oxygen species (ROS)
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release, cell cycle arrest through downregulation of the
cyclin-depedent kinase 4 (CDK4), apoptosis, inhibition of
angiogenesis by affecting vascular endothelial growth factor
(VEGF) production, ferroptosis by inhibiting GPx4 and
Ras expression (12). DHA also increases cisplatin (CDDP)
citotoxicity in HNSCC cell lines impairing JAK2/STAT3
signaling (13) (Figure I). Accordingly, as Chaib er 4l.,
reported in their work, DHA treatment alone induced a
strong reduction of the downstream effectors of the JAK2/
FAK/Src pathways more than the combined treatment with
osimertinib, which activities impinge mainly on AXL and
phosphor-Akt axis.

Although this study highlighted an interesting potential
role of DHA in inhibiting key targets involved in the anti
EGFR therapy resistance, the experiments have been
performed on previously untreated HNSCC cell lines. The
use of an in vitro generated anti EGFR-resistant HNSCC
cell model might help to better understand the mechanisms
by which DHA impinges on resistance processes, as well
as to provide evidences of the effectiveness of osimertinib
in a HNSCC relapsing model. Osimertinib, indeed, is a
mutant-specific, but not wild-type, inhibitor of EGFR-TKI,
designed to overcome EGFRT790M resistance mutation in
lung cancer. It exhibited reduced pharmacologic activity and
EGFR phosphorylation inhibition activity toward EGFR
wild type cancer cell lines compared to EGFR mutated-
ones (14). As mentioned above, 90% of HNSCC patients
present EGFR-overexpression, but only 1% of them harbor
EGFR gene mutation (8). Moreover, neither Cal-27 nor
FaDu cell lines carry any EGFR mutation. In particular,
Cal-27 cells harbor three EGFR gene copies without any
activating mutation (15), while FaDu cells have a moderate
EGFR expression due to the absence of further EGFR
copy numbers (16). Currently, osimertinib is prescribed as
first-line treatment for EGFRT790M metastatic NSCLC,
while there are no clinical trials testing the efficacy of
this compound in HNSCC. Additional biological and
molecular studies are mandatory to provide evidences of the
effectiveness of osimertinib in HNSCC.

Overcoming inherent and acquired resistance mechanisms
is a pivotal issue for the management of HNSCC relapsing
patients. Clinical trials testing the efficacy of multi agent
combination treatment provided contradictory results
so far. In this regard, a multi target agent, as artemisinin
and its derivatives (ARTS), represents a potential option
for HNSCC relapsing patients treatment. Treatment
with DHA, indeed, significantly increases the cytotoxic
effects of chemotherapy conventional treatment, such
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as epirubicin in chemo resistant breast cancer cells (17),
gemcitabine in pancreatic cancer cells and hepatoma in
vitro and in vivo models (18,19), cyclophosphamide and
cisplatin in NSCLC iz vivo models (20), temozolomide
in glioma cells (21). Moreover, the published results of
clinical trials that enrolled cancer patients treated with
standard chemo therapy plus ARTs had proved safe and
effective (12). However, there are not clinical studies that
investigate the effectiveness of ARTs in HNSCC patients so
far. In this regard, the repurposing of ‘old’ drugs, as DHA,
is an attractive opportunity for management of HNSCC
relapsing patients, due to low risk profile, low studies costs
and a fast timeline development.
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