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n inTRODUCTiOn

Nasopharyngeal carcinoma (NPC) is a malig-
nant neoplasm which arises in the epithelial 

lining of nasopharynx. The World Health Orga-
nization recognized three histological patterns: 
keratinizing squamous cell carcinoma (type I), dif-
ferentiated (type II) and undifferentiated non-kera-
tinazing cell carcinoma (type III) [1]. Globally, 95% 
NPC is classified as undifferentiated carcinoma [1].
NPC incidence is low worldwide (<1/100,000 per-
sons per year) but in some populations it peaks 
at 12.7 (Greenland natives), 21.4 (China and East 
Asia) and 31.5/100,000 (Singapore) persons per 
year [2,3]. Europe has a NPC incidence of around 
0.5/100,000 persons per year and in Italy there are 
around 47 NPC notified cases each year. Howev-
er, Italian data are likely to be underestimated be-
cause they are based on a cancer registry that does 
not cover all areas of the country, whose activity 
was intermittent since its creation in 1976 [4, 5]. In 
low incidence regions such as Italy, squamous cell 
NPC is more frequent, but undifferentiated NPC 

remains the most represented [2]. Interestingly, 
these two types of NPC seems to present different 
risk factors. Indeed, squamous cell NPC is related 
with tobacco smoke while undifferentiated NPC 
is associated only with Epstein Barr virus (EBV) 
without any relationship with smoking [6].

Risk factors
Differently from other malignant neoplasms, NPC 
is not a disease related to modern lifestyle. Indeed, 
in areas such as Hong Kong, Taiwan and Singa-
pore, incidence was reduced since 1970s, in cor-
respondence of the economic spurt of the “Asian 
tigers” [7-9]. On the other side, since 1970 in the 
Netherlands, a non-endemic region, only squa-
mous NPC incidence has reduced, while, over the 
same period, undifferentiated NPC incidence has 
increased [10]. A similar epidemiologic trend has 
been observed in the USA [2]. These divergences 
between the incidence of squamous and undiffer-
entiated NPC were supposed to be related to the 
reduction of tobacco smoke for squamous NPC 
and increment of immigration from endemic ar-
eas for undifferentiated NPC [10]. 
Racial and ethnic patterns are associated with the 
development of NPC, as it is highlighted by dif-
ferences in the USA between white (0.8/100,000 
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persons per year) and Chinese community (7.6-
10.7/100.000 persons per year) [2]. Likewise, in 
Sweden it has been estimated that risk of devel-
opment of NPC among Chinese immigrants was 
around 30 fold higher than Swedish people [11]. 
Male gender is associated with a risk of NPC 
2-3 fold higher than female [7]. Familial cluster-
ing was also largely associated with NPC devel-
opment in high incidence populations, such as 
Greenland natives but cases of NPC among rela-
tives were reported also in low incidence popula-
tions [2, 12, 13]. 
Genetic predisposition was investigated as pos-
sible co-factor for NPC development. The asso-
ciation between NPC and some alleles of human 
leukocyte antigen (HLA) class I genes, is largely 
documented. The most consistent evidences 
show an increased risk of NPC development in 
presence of alleles HLA-A2, B14 and B46 and a 
protective role of HLA-A11, B13 and B22. Other 
associations have been suggested for DNA repair 
gene RAD51L1, cell adhesion/migration gen-
eMMP2, cell cycle control genes MDM2 and TP53 
[2, 3]. Recently, chromatin modification, ERBB-
PI3K pathways and activation of autophagy were 
found to be involved in NPC development [14]. 
There is general agreement that EBV infection is 
closely linked to NPC development, as demon-
strated by the presence of EBV encoded RNA in 
NPC cells and by the seroconversion by age 10 
years of almost 100% individuals among NPC 
endemic populations [15, 16]. However, even 
though EBV is ubiquitous and potentially af-
fecting all individuals worldwide, the world in-
cidence of NPC remain low, meaning that also 
other factors can influence the development of 
NPC [2]. Several classifications based on analysis 
of the C-terminal region of EBV latent membrane 
protein-1 (LMP-1) have been proposed, but not 
a well defined association between a single EBV 
genotype and NPC development were found [17]. 
For example, whereas in China some evidences 
support the association of NPC with genotype C, 
in Slovenia, a non-endemic country, it seems that 
NPC is associated with the combination of A, D, F 
EBV genotypes [18]. 
EBV viral life presents two stages. The first one is 
the so called lytic life cycle which takes place after 
the infection of CD21+ cells (B cells and epithelial 
cells) and enables cell to cell spreading and trans-
mission to new hosts. The second one is the latent 

life cycle characterized by the integration of EBV 
as episome in the host cell DNA. According to the 
expression of different proteins, inside the latent 
life cycle, it is possible to distinguish 4 latency 
phases (0, I, II, and III). By this way EBV avoids 
immune response and plays his oncogenetic 
roles. NPC development is promoted by latency 
phase II in which Epstein Barr nuclear antigen-1 
(EBNA-1), LMP-1, LMP-2A, -2B are expressed. 
[16]. By the up-regulation of cellular DNA meth-
yltransferases, LMP1 and LMP-2A inactivate tu-
mor suppressor genes and contribute to carcino-
genesis and tumor progression [19].

Review of available treatments
According to the International Union Against 
Cancer and the American Joint Committee on 
Cancer staging-system, NPC is clinically staged 
in 0, I, IIa, IIb, III, IVa, IVb and IVc stages [20]. 
Apart from stage 0 lesions which can be treated 
with selective neck irradiation, currently, the gold 
standard of NPC treatment is represented by a 
combination of radio/chemotherapy. For pri-
mary lesions (stages I and IIa) external beam ir-
radiation is the preferred choice, even used alone 
without the addition of chemotherapy, while for 
recurrent or persistent lesions different modalities 
can be used, such as brachytherapy, stereotactic 
radiation or external beam re-irradiation. Aside 
radiotherapy, administration of chemotherapy is 
necessary for stages IIb, III and IV. It can be neo-
adjuvant, concurrent or adjuvant. The most com-
monly used chemotherapeutics are cisplatin and 
5-fluorouracil [21, 22]. Survival rates with radio-
chemotherapy are 100% at one year, 94% at three 
years and 73% at five years [23]. Surgery of NPC 
is quite challenging and it is curative only when 
mass is entirely excised [21, 22]. 
Treatment failure for primary NPC is quite fre-
quent, with rates of 7 to 13% for residual tumor 
(confirmation of disease within 6 months from 
treatment) and 15 to 58% for recurrent NPC (con-
firmation of disease after 6 months from treat-
ment) [21, 24]. Treatment of recurrent or residual 
NPC is even more challenging with an average 
survival rate at 5 years of 20% [24]. In the current 
scenario, radiotherapy is the preferred treatment 
for secondary lesions notwithstanding potential 
severe complications, such as nasopharyngeal 
necrosis, endocrine dysfunction and cranial neu-
ropathy [22]. In order to avoid post-radiation mu-
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cositis, surgery is a suitable option via open na-
sopharyngectomy or endoscopy. Chemotherapy 
for recurrences is controversial and generally per-
formed with palliative intentions [24].
The epidermal growth factor receptor (EGFR) and 
the vascular endothelial growth factor (VEGF) 
are attractive novel targets for cellular immuno-
therapy. Use of EGFR and VEGF inhibitors was 
evaluated in association with conventional radio 
chemotherapy, focusing on patients with recur-
rences or metastasis [25]. In a single arm phase II 
study, which enrolled 60 patients with recurrent 
or metastatic disease, the combination of cetux-
imab, an anti-EGFR monoclonal antibody, with 
carboplatin showed that no patients achieved 
complete response, 11.7% had partial response 
and 48.3% maintained a stable disease [26]. In 
another study, the addition of bevacizumab, an 
anti-VEGF monoclonal antibody, to cisplatinum 
in patient with loco-regionally advanced NPC led 
to rates of two year overall survival of 90.9% [27]. 
Other EGFR or VEGFR inhibitors were evaluated, 
such as gefitinib, sorafenib and sunitinib, but they 
resulted not effective (gefitinib and sorafenib) or 
with a not safe profile (sunitinib) [28].
Because side effects and rates of failures with 
conventional radio-chemotherapy, surgery, EGFR 
and VEGF inhibitors are not acceptable, new ther-
apeutic targets were investigated.
Overall, because of its strong association with 
NPC, the most attractive target could be EBV [2]. 
EBV-DNA load significantly correlates not only 
with NPC development but also with recurrences 
after treatment [29, 30]. Thus, administration of 
therapies against EBV seems a logical strategy to 
obtain a better clinical outcome in NPC and re-
duction of recurrences. However, this approach is 
rather simplistic because NPC is related to EBV 
latent cycle while the commonly available antivi-
ral drugs act against EBV lytic cycle. Thus, many 
efforts were made to develop effective treatment 
against EBV latent cycle.
Actually, there are two possible approaches for 
antiviral therapy: direct antiviral approach (nu-
cleoside-analogue drugs) and indirect antiviral 
approaches (immunotherapy and cellular target-
ed treatments). 
Drug treatment with nucleoside-analogue drugs, 
such as ganciclovir, acyclovir or famcyclovir, is not 
recommended for treatment of EBV related ma-
lignancies because until now their effectiveness 

was proven only against virus in acute/citolytic 
replication but not yet demonstrated against la-
tent EBV infection [31]. However, forcing citolytic 
virus activation through administration of gem-
citabine and/or valproic acid before administra-
tion of a nucleoside analog drug has been inves-
tigated in EBV associated malignancies, showing 
anti tumoral activity in vitro as well as in murine 
model [32-34]. This procedure was evaluated also 
in humans with NPC, and preliminary results 
showed that it was well tolerated [35]. Further in-
vestigations are required to assess possible future 
applications. Also, lytic cycle induction was ob-
tained, through infection with adenoviral vectors 
which contained expression cassette for BZLF1or 
BRLF1, two protein initiating the EBV lytic cycle. 
In mice, this approach led to reduction of tumor 
size but no further effect was obtained with the 
addition of ganciclovir [36, 37].
Immunotherapy consists in vaccination or ad-
ministration of monoclonal antibodies or EBV-
specific cytotoxic T lymphocytes (CTLs) from a 
donor. This kind of approach resulted of some 
clinical benefit in patient affected by lymphopro-
lipherative disease, related to EBV [31]. For NPC, 
the association of autologous EBV-CTLs with che-
motherapy has recently been showed to correlate 
with an improvement of median overall survival 
and with a clinical response (evaluated by imag-
ing study) in around 42.9% cases [38]. This ap-
proach appeared safe without immediate or long 
term side effects but scarcely effective in case of 
metastatic dissemination [39,40]. Polyepitope 
CTLs, directed against LMP-1 and 2 and EBNA, 
seem to be related with an increase of survival in 
patient with metastatic lesions [41].
Almost all tumor cells in EBV related neoplasms 
are infected with EBV, while non-neoplastic cells 
are free or scarcely infected. So, EBV targeted 
treatment can be considered as a specific anti-
neoplastic therapy [12]. LMP-1 permits EBV to 
maintain latent infection in host cells through ac-
tivation of intracellular signaling, such as NF-κB, 
PI3-K/Akt and JAK/STAT pathways [42]. Unfor-
tunately, application of LMP-1 in the clinic is con-
troversial because of different effects on chemo/
radiosensibility of NPC cells. Indeed, due to its 
effects on Ca2+ regulating Cabin 1 protein, LMP-
1 suppression in NPC cells seems to confers re-
sistance to genotoxic drugs, such as cisplatinum 
[43]. On the other side, when LMP-1 expression 
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is suppressed, NPC cells acquire radiosensibility. 
This fact is probably related to property of LMP-
1 to enhance significantly glycolysis and to sup-
press p53 apoptosis pathway [42, 44-46].

Research perspectives
EBV is the main risk factor for NPC but, until now, 
the actual mechanisms by which it promotes NPC 
have not been entirely explained. Also, the role of 
EBV based therapy in NPC has not been estab-
lished yet. Finally, the influence on tumor devel-
opment related to other risk factor is not clear. 
These aspects are worth of further researches.
Together with EBV, other risk factors are associ-
ated with the development of NPC. However, 
their role is not clear. Moreover, there are some 
differences among low and high incidence popu-
lation. Observational cohort studies should be 
performed among high incidence population to 
highlight factors that correlate with NPC devel-
opment. Instead, among low incidence popula-
tion, case control studies appear more suitable. 
Lytic life cycle is the most important mechanism 
used by EBV to spread from cell to cell. So, acting 
versus EBV since lytic life cycle could reduce the 
diffusion of EBV towards host cells. Nucleoside-
analog drugs, such as ganciclovir, acyclovir or 
famcyclovir, could be evaluated in a case control 
study to verify the hypothesis that their admin-
istration reduces the risk of distant metastasis in 
patients with primary NPC or reduces the risk of 
recurrences when a complete response and EBV 
undetectability is reached.
The ability of neoplastic cells to avoid the im-
mune response since early stages is one of the 

most important factors in cancer development. 
Autologous EBV-CTLs participate in the immune 
response by targeting only cells which express 
EBV epitopes. The administration of EBV-CTLs 
was proven to be safe and to correlate with an 
increase of overall survival but to not reduce the 
risk of metastasis. However, it has never been 
verified if their administration could prevent the 
development of NPC in patient with evidence of 
EBV infection. This hypothesis could be explored 
in prospective cohort study performed among 
residents in high incidence settings.
Radiotherapy is currently the most used treatment 
for recurrences but its success rate is scarce. LMP-
1 inhibition correlates with increase of radiosensi-
bility. This way could be explored more deeply in 
either in vitro or in vivo studies to explain which 
pathway is principally involved in make tumor cell 
radiosensible and to assess safety profile and effec-
tiveness of therapy based on LMP-1 inhibition. 
In conclusion, current standard of NPC therapy is 
based on radiochemotherapy which is affected by 
severe side effects and high rates of recurrences. 
During last few years many researches on EBV 
directed therapy and their application on NPC 
have been made. Future researches on this topic 
are warranted.
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Nasopharyngeal carcinoma (NPC) is a rare neoplasm 
which is associated with Epstein-Barr virus (EBV). First 
of all, we reviewed the literature on NPC treatment. 
Radio/chemotherapy it is currently the gold standard 
but unfortunately it is affected by rates of failure rang-
ing from 7% up to 58%. Because NPC development is 
promoted by the EBV latent life cycle, EBV-targeted 
treatments were investigated. Firstly, forcing cytolytic 
virus activation through administration of gemcitabine 
and/or valproic acid before administration of a nucle-
oside analogue showed anti-tumoral activity in vitro as 
well as in murine model and it was also well tolerat-

sUMMaRY

ed in humans. Secondly, the association of autologous 
EBV-specific cytotoxic T lymphocytes with chemo-
therapy correlated with an improved median survival 
and was safe but not effective versus metastatic lesions. 
Thirdly, suppression of late membrane protein-1 in the 
clinic proved controversial because it gave resistance to 
chemotherapy and, on the other hand, increased radi-
osensitivity. Finally, we suggest future perspectives for 
clinical research which should include both prospective 
and observational cohort studies to assess the role of 
different risk factors in the development of NPC and 
the effectiveness of new investigational treatments.
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