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ABSTRACT - Squamous cell carcinoma of the head and neck (SCCHN) represent a group of ma-
lignancies arising from the first tract of both respiratory and digestive ways. Being very similar with
regard to pathology, etiology and clinical outcome, SCCHN have been often approached with sim-
ilar therapy strategies in clinical trials. Recent studies have demonstrated the existence of different
entities among the SCCHN, in particular, some neoplasms have been shown to behave differently
from others. Human papilloma virus (HPV) related SCCHN show very peculiar features, as like good
prognosis and good response to both chemo and radiotherapy. On the other hand, alcohol and to-
bacco related ones show the opposite features. Immunoistochemistry (IHC) and polymerase chain
reaction (PCR) methodologies may help us to identify the biological characteristics which strongly
divide HPV related SCCHN from the tobacco and alcohol related ones.

Moreover, another subgroup of SCCHN may be recognized, namely those related to a loco-re-
gional immune suppression status. Some oral cavity and soft palate carcinomas often recur after
standard treatment and this feature may be related to a local immune system impairment, often
due to the microenvironment and tumour characteristics.

On the basis of these findings, we can conclude that the very heterogeneous category of SCCHN
should be better studied and divided in several subgroups, characterized by different biological and
clinical features. A step forward may be to administer a well shaped therapy starting from these bi-
ological features.

KEY WORDS: Squamous cell carcinoma of the head and neck, Human papilloma virus, Cancerogenesis,
P16, P53, EGFR, Cyclin D1, Immune system.

BACKGROUND

Squamous Cell Carcinoma of the Head and neck
(SCCHN) are not rare diseases, accounting for 5-
7% of all malignancies. Historically, they are as-
sociated to smoke and alcohol consumption and
often have been diagnosed at 6-7 decade of age',

but in the last years, a strike change in their epi-
demiology has been observed. In fact, incidence
of some SCCHN, in particular oropharyngeal car-
cinomas has shown a sensible increase, especially
with regard to some oropharyngeal sites, namely
tonsil and base of tongue*°. This phenomenon has
been explained with a strong increase of Human
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Papilloma Virus (HPV) related tumours. HPV of-
ten colonizes epithelium which covers the phar-
ynx and it may induce in some patients neoplastic
transformation. HPV related neoplasms often
strike the young adult, at 4/5 decade of age, never
or slight smokers and with anamnesis of several
sexual partners®.

Some SCCHN, in particular those originating
from oral cavity and soft palate show poor prog-
nosis after primary therapy both surgery and radi-
ation therapy, being characterized by frequent
locoregional failure and new primitives incidence.
The history of these tumours may be influenced
by immune status, as demonstrated in some clini-
cal trials®’.

On the basis of the findings, we can conclude
that SCCHN are a very heterogeneous group of
tumours, related to different etiologies and char-
acterized by different prognosis and response to
therapy.

In this review, we will try to expose the possi-
ble future therapeutic approaches based on the
different biological features which characterize
the SCCHN.

DIFFERENT CAUSES LEADING
TO SCCHN DEVELOPMENT

Cancerogenesis process in SCCHN is mainly due
to the mutagens present in smoking and alcohol. It
has been postulated that these mutagens may alter
DNA in some specific loci, causing neoplastic
transformation and progression®’. Smoking, alco-
hol and smokeless tobacco related neoplasms of-
ten show typical genetic features, as like CCND1
gene changes, TP53 mutations, severe over ex-

* WILD TYPE CCND1
* P16 UPREGULATED
* HIGH Ki-67
* LOW EGFR

HPV DRIVEN
CANCEROGENESIS

pression of EGFR protein on cell membrane, dis-
regulation of PI3K/Akt pathway, down regulation
of p16 and several chromosomal abnormalities'®-
14 On the other hand, HPV related tumours, show
the opposite features, as like, a low number of
chromosomal abnormalities, over expression of
pl6 and p21, low EGFR expression, wild type
CCNDI and an often high nuclear proliferating
index (Ki-67)">"7. These genetic differences may
reflect two totally different cancerogenesis routes.
On these findings we could distinguish between
an HPV driven cancerogenesis and a smoke and
alcohol driven one (Figure 1).

HPV related SCCHN show better prognosis if
compared with the non-HPV related ones in clini-
cal trials'®!”, and, more interestingly, they might
better respond to therapies. A subgroup analyses
carried out in the TAX 324 study, has demonstrat-
ed that HPV related SCCHN better respond to in-
duction TPF followed by chemoradiation, if
compared to HPV negative counterpart®. A very
similar feature has been shown in the ECOG 2399
study, being observed the best response to induc-
tion therapy only in the HPV related neoplasms?!.
These features may authorize to think that HPV
driven cancerogenesis leads to the genesis of
more chemo-sensitive tumours, which are more
suitable for an “early” chemotherapy.

Moreover, Feng et al have demonstrated that
wild type status of CCND1, which is the gene en-
coding for Cyclin D1, may be considered as a pre-
dictive of response to induction chemotherapy
followed by chemoradiation, if compared with
upfront surgery followed by adjuvant chemora-
diotherapy??. This feature suggests a more
chemosensitivity of SCCHN characterized by
wild type CCNDI, if compared with CCND1-mu-
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* HIGH EGFR

* Disrupted Akt

* MORE CHROMOSOMAL
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CANCER CELL

NORMAL MUCOSA

Figure 1. Different features between HPV related SCCHN and smoke and alcohol related ones.
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tated SCCHN. HPV related neoplasms often pres-
ent wild type CCND1 in addition to p16 and p21
over expression and TP53 wild type status'$!9,
thus results of this last trial reinforce the hypothe-
sis of a good chemo and radiosensitivity of HPV
related SCCHN.

HPV RELATED SCCHN:
IMPLICATIONS ON THERAPY

Given the high chemo and radiosensitivity shown
by HPV related SCCHN, a number of clinical tri-
als aimed to perform conservative strategies in lo-
cally advanced SCCHN, are ongoing. Recently,
Cmelak et al have presented at ASCO 2014 the
preliminary results of a phase II trials enrolling
HPV positive SCCHN. Patients were treated with
induction chemotherapy followed by two differ-
ent regimens of concurrent cetuximab-radiothera-
py (RT). In particular, an underpowered RT
regimen, consisting in 50Gy in site of the standard
70, was administered only in patients which com-
pletely responded to induction chemotherapy,
while concurrent cetuximab and 70 Gy RT was of-
fered to those which have obtained only a partial
response. As result, Patients treated with the un-
derpowered radiotherapy experienced a better
outcome if compared with those treated with stan-
dard RT?. This was only a small phase II trial,, but
further analyses are strongly warranted.

SMOKE AND TOBACCO RELATED SCCHN:
IMPLICATIONS ON THERAPY

As the opposite, smoke and tobacco related tu-
mours, often present poor prognosis and poor re-
sponse to chemo and radiotherapy in clinical
trials. Tumours which present PI3K/Akt disregu-
lation show scarce response to chemotherapy and
are often radioresistant. Mutation of TP53, which
leads to a de-regulation of p53 production, identi-
fies a group of tumours poorly responsive to
chemo and radiotherapy, and the same feature re-
gards SCCHN which highly express EGFR at im-
munostaining>*%,

Given the high number of genetic abnormali-
ties, it has been hypothesized that this category of
SCCHN could be characterized by several neo-
plastic clones, a features strongly linked to both
chemo and radioresistance. Unfortunately, conser-
vative therapeutic strategies may easily fail in
these patients and few other therapy options re-
main available. A possible approach may be to se-
lectively target the disrupted pathways detected in
them.

IMMUNE SYSTEM AND SCCHN

The strong linkage between immunosuppression
and neoplastic progression has been repeatedly
demonstrated, given the high frequency of some
malignancies in patients affected by immunodefi-
ciency syndromes®*?’.

Lately, it has been discovered that tumours
cell, in addition to hormones and pro coagulant
agents (which provoke paraneoplastic syndromes
and thrombosis), are able to secrete also cy-
tokines. Some of these cytokines, in particular
TGF-a and TGF-f3 have an immunosuppressive
function?®?. In alternative, tumour cells may in-
duce the macrophages infiltrating tumour to pro-
duce several cytokines, among which TGF,
leading to an immunosuppression status. A sub-
group of SCCHN, in particular oral cavity and
soft palate primitives, which seem to be related
only to smoke and oral trauma, are characterized
also by a loco-regional immunosuppression sta-
tus, which is responsible for a poor outcome and
an high rate of local recurrences.

Clinical phase II trials have employed a mixture
of several cytokines, mainly constituted by IL-2,
IL-1 and TNF, which have been administered as
peritumoral injection, associated to standard thera-
py in patients with locally advanced oral cavity car-
cinomas. The aim of these trials was to restore the
immune status in the oral cavity, favoring the im-
mune response against the tumour. In both these
phase II trials, intratumoral injection of a combina-
tion of cytokines (Multikine), added to the standard
surgery followed by radiotherapy has reached a
promising activity and a favorable toxicity spec-
trum®3!. Phase III randomized trials exploring
Multikine efficacy are ongoing. Further similar
analyses are warranted to confirm these data.

CONCLUSIONS AND FUTURE
PERSPECTIVES

SCCHN are very heterogeneous with regard of
outcome and response to therapy. Recent data are
in favor of a better response to both chemo and ra-
diotherapy for HPV related carcinomas. It has
been hypothesized that HPV driven cancerogene-
sis might lead to the genesis of tumours character-
ized by chemosensitivity and radiosensitivity,
perhaps due to their mono or oligoclonality. On
the other hand, smoke and alcohol related ones
poorly respond to conservative treatments. DNA
mutations which characterize this last entity, as
like TP53 mutation, PI3KCA changes and CC-
ND1 amplification lead to scarce response to both
chemo and radiotherapy.
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Possible therapeutic strategies which may be
employed in smoke and alcohol related SCCHN,
are the selective targeting of the main disrupted
pathways, as like p53, PI3K/Akt and EGFR. A
number of clinical trials have tested several strate-
gies restoring p53 function, but results are discor-
dant3?35 moreover, a lot of PI3K selective
inhibitors are available for clinical trials, and some
of that have been tested in SCCHN. Perifostine, a
strong Akt inhibitor, was tested in phase II clinical
trials enrolling SCCHN, but results are not very
encouraging, mainly due to its toxicity**.

HPV related SCCHN show low expression of
EGFR at immunostaining, if compared with smoke
and alcohol related ones, that instead are character-
ized by severe over expression of EGFR. EGFR
over expression is the main responsible for radio-re-
sistance, leading to an accelerated cell repopulation
after each dose of RT. Highly EGFR expressing SC-
CHN might be suitable for an accelerated and/or hy-
perfractionated RT regimen. In a phase III clinical
trial, patients with locally advanced SCCHN have
been treated with two RT regimen given concomi-
tantly with cetuximab. In the standard RT arm, RT
was administered using a conventional fractionating
regimen, while in the experimental arm, a combined
hyperfractionated accelerated radiation therapy
(CHART) was given®®*°. Interestingly, patients
treated with concomitant CHART-cetuximab
showed a better survival, but only in a subgroup
characterized by high levels of EGFR at immunos-
taining. In the future we could take advantage of the
over expression of EGFR, which is a feature fre-
quent in smoke and alcohol related SCCHN.

Finally, the possibility to restore loco-regional
immune response in some locally advanced oral
cavity tumours may lead to an outcome improve-
ment in these poor prognosis patients.

We can conclude that, given the strike hetero-
geneity of SCCHN, we should not treat all them at
the same way, but a future possible approach may
be to identify the specific genetic signature which
often characterize them, and to perform a well
shaped therapy based on this signature* (Figure 2).
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Figure 2. Possible future therapeutic approaches in SCCHN based on their biological features.
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