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Abstract 

Nasopharyngeal carcinoma (NPC) is an aggressive malignancy with high propensity for lymphatic spread and distant 
metastasis. It is prominent as an endemic malignancy in Southern China and Southeast Asia regions. Studies on NPC 
pathogenesis mechanism in the past decades such as through Epstein Barr Virus (EBV) infection and oncogenic 
molecular aberrations have explored several potential targets for therapy and diagnosis. The EBV infection intro‑
duces oncoviral proteins that consequently hyperactivate many promitotic pathways and block cell‑death inducers. 
EBV infection is so prevalent in NPC patients such that EBV serological tests were used to diagnose and screen NPC 
patients. On the other hand, as the downstream effectors of oncogenic mechanisms, the promitotic pathways can 
potentially be exploited therapeutically. With the apparent heterogeneity and distinct molecular aberrations of NPC 
tumor, the focus has turned into a more personalized treatment in NPC. Herein in this comprehensive review, we 
depict the current status of screening, diagnosis, treatment, and prevention in NPC. Subsequently, based on the limi‑
tations on those aspects, we look at their potential improvements in moving towards the path of precision medicine. 
The importance of recent advances on the key molecular aberration involved in pathogenesis of NPC for precision 
medicine progression has also been reported in the present review. Besides, the challenge and future outlook of NPC 
management will also be highlighted.
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Introduction
Nasopharyngeal carcinoma (NPC) is an aggressive malig-
nancy with significant percentage of patients developed 
distant metastasis [1]. It is arisen in mucosal epithelium 
of the nasopharynx, frequently found in the pharyngeal 

recess and exhibits remarkable ethnic and distinct geo-
graphic distribution [2]. This cancer is highly prevalent 
with 70% of total cases found in Southeast Asia, South 
China, Northern Africa, Greenland, and Alaska but 
remains incredibly rare in western countries [3]. With the 
fact that NPC is highly prevalence in Guangdong Prov-
ince in Southern China in the early twentieth century, 
it is also being known as the “Guangdong cancer” [4, 
5]. According to the International Agency for Research 
on Cancer (IARC), approximately 133,354 new cases 
of NPC and 80,008 of mortality were reported world-
wide in 2020 [6]. The annual incidence rate in endemic 
region is between 10 and 50 per 100,000 persons, which 
is up to 50 times higher than the incidence in the western 
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countries with a rate of 1 per 100,000 persons [7]. Mean-
while, according to Global Cancer Observatory (GLO-
BOCAN) 2020, the world age-standardized rate (ASR) 
was reported at 2.2 per 100,000 for males and 0.8 per 
100,000 for females (data is retrieved as of October 2023). 
The peak age of disease occurrence is 45  years old [2]. 
According to the World Health Organization (WHO), 
NPC is categorized into 3 sub-types based on the distinct 
histopathological characteristics observed under the light 
microscope, i.e., keratinizing squamous cell carcinoma 
(type I), non-keratinizing squamous cell carcinoma (type 
II), and basaloid squamous carcinoma (type III). Type II 
NPC is further sub-classified into undifferentiated or dif-
ferentiated subtype [8]. Based on this classification, it is 
clear that NPCs are of squamous cell origin. In fact, type 
II NPC comprises up to 95% of incidence in the endemic 
areas with annual peak of 30 per 100,000 persons, while 
type I NPC is more common in the western countries 
(United States and Europe) with up to 75% of cases [9]. 
Non-keratinizing NPC is more likely to display metastatic 
disease albeit with better therapeutic response compared 
to the keratinizing NPC which is associated with poorer 
prognosis and locally advanced disease development [8].

Genetic susceptibility and Epstein Barr Virus (EBV) 
infection are the two prominent etiological factors that 
are closely implicated in malignancy transformation and 
oncogenesis of NPC. Notwithstanding, migrants from 
Southern China living in non-endemic areas are still 
associated with high NPC susceptibility [10]. Therefore, 
it is suggested that hereditary predisposition is one of the 
most important risk factors. Various NPC susceptible 
loci and gene mutations were already reported [11–15]. 
Notably, men are having 2–3 times higher risk of NPC 
compared to women. This is probably due to the genetic 
difference between male and female in X-chromosome 
or oestrogen sex hormone, or a combination of these 
factors [16, 17]. Certain genetic susceptibilities, such as 
chromosomal alterations and human leukocyte antigen 
(HLA) polymorphism, have been found to be associated 
with high risk of NPC. For example, Chinese and other 
Asians with HLA-A2, -B-46, -B17 and Caucasians with 
HLA-B5 were reported to have a higher (~ twofold) risk 
of developing NPC [18, 19]. The loss of chromosomes 
3p and 9p, as well as copy number increases on chromo-
some 12, were also associated with a high risk of NPC 
[20, 21]. Besides that, studies of NPC genetic landscape 
have allowed the identification of numerous NPC onco-
genic molecular aberrations. Recent study by Xiao team 
has discovered germline mutations in DNA polymerase 
nu (POLN) gene (P577L, R303Q, and F545C) were highly 
susceptible to NPC development [22]. A whole-genome 
mutation analysis study has revealed numerous onco-
genic mutations in the nuclear factor kappa B (NF-κB) 

pathway [12]. Meanwhile, these genetic aberrations could 
be triggered or further promoted by EBV infection. EBV-
associated oncoviral protein has been known with its 
significant roles in aberrantly inducing the intracellular 
signalling, cytokines, or chemokines release in NPC’s 
tumor microenvironment (TME), leading to abnormal 
proliferation, immune escape, and acquisition of NPC 
invasive nature and metastatic features [23]. EBV infec-
tion is thought to be a critical etiological factor for the 
local prevalence of non-keratinizing NPC pathogenesis. 
However, considering that a minor group of NPC patients 
were not EBV infected, viral infection alone is insufficient 
to justify the cause of this disease. Therefore, epidemio-
logic factors including alcohol drinking, consumption 
of salt-preserved food, cigarette smoking, environmen-
tal exposure, and lifestyle have also contributed to NPC 
pathogenesis, especially in the keratinizing NPC [24, 25]. 
Researchers have found that people living in the endemic 
region generally consume heavily salted preserved meat, 
vegetables, fish and pickled foods [26]. These foods are 
known to contain high levels of nitrates and nitrites, 
which can lead to the formation of nitrosamines that 
damage DNA and contribute to carcinogenesis [27]. In 
addition, numerous studies in southern China have dem-
onstrated a significantly increase in the incidence rate of 
NPC associated with the consumption of salted fish and 
vegetables [27–30]. Furthermore, a study has described 
a possible interaction between genetic factors (family 
history of cancer) and environmental factors (consump-
tion of salt-preserved fish) in driving NPC development. 
However, the mechanism of this interaction that drives 
carcinogenesis remains to be explored. There is a relevant 
study that demonstrated a polymorphism of cytochrome 
P450 family 2 subfamily E member 1 (CYP2E1), which is 
associated with NPC susceptibility, and it was found to 
upregulate the activation of pro-carcinogens, including 
nitrosamines that found in tobacco, salted and preserved 
food [31]. Therefore, the combination of genetic poly-
morphism of CYP2E1 and diet high in preserved foods or 
tobacco smoking could further increase the susceptibility 
to NPC development.

With the advancement of radiotherapy technology, 
wide variety of chemotherapy application, and disease 
staging system, overall prognosis has been improved 
over the past three decades. The different stages of 
NPC are determined based on the tumor, node, and 
metastasis (TNM) system which is also a fundamental 
system for treatment decisions [32]. Current treatment 
has excellent control with a good prognosis up to 90% 
for the early stage NPC, but the treatment outcomes in 
advanced NPC remain disappointing [33]. The overall 
survival (OS) of NPC patients is still unsatisfatory and 
this is mainly due to: (1) the emergence of radio- or 
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chemo-resistance, (2) the development of distant 
metastasis or disease recurrence after radiotherapy, 
and (3) the fatal toxicity of salvage radiotherapy and 
concurrent chemotherapy in advanced stage of NPC 
[9]. Besides that, due to asymptomatic characteristic of 
early stage NPC, more than 90% of NPC patients were 
initially diagnosed with advanced stage, thereby limit-
ing the choice of treatment and leading to higher risk of 
disease recurrence and development of distant metas-
tasis [7]. Hence, it is crucial to develop effective thera-
peutics, early diagnosis strategies, as well as prognostic 
approaches. Recent focus has shifted towards targeted 
therapy and immunotherapy for NPC treatment, such 
as inhibitors of epidermal growth factor receptor 
(EGFR), vascular endothelial growth factor (VEGF), 
phosphoinositide 3-kinase (PI3K)/serine/threonine-
protein kinase (Akt)/mammalian target of rapamycin 
(mTOR) pathways, programmed death-ligand 1 (PD-
L1) and adoptive T-cell therapy, which are currently 
under study [34–38]. The clinical trials are ongoing to 
further investigate the potential of targeted therapies, 
both as standalone treatment and in combination with 
other therapies [39, 40].

Perhaps, the exposure to different risk factors results 
in the development of distinct histological type of NPC. 
Furthermore, heterogeneity across individual tumor may 
cause patient with similar TNM profile to respond differ-
ently to the current treatment. All of these reflected the 
importance of individually tailored NPC therapy. Preci-
sion medicine is a logical approach when a more per-
sonalized treatment is desired. In precision medicine, 
the tailoring of disease treatment to a specific patient or 
subset of patients takes into account their genetic and 
biological make-up, the environment in which they live, 
and their lifestyle. In this case, genome mapping and in-
depth exploration of the molecular aberrations across the 
individual or subset of NPC patients are required to dis-
cover effective and reliable biomarker in order to develop 
suitable targeted therapy or to make informed decision of 
using different combinations and sequences of currently 
available therapies for subsets of patients. With precision 
medicine, better therapeutic outcome, quality of life, and 
more cost effective treatment can be attended. To achieve 
this goal, having efficient and reliable biomarkers for pre-
cise screening, and treatment targets is of paramount 
importance.

Herein, we present the current status of NPC screening, 
diagnosis, treatment, and prevention and their respective 
limitation. In supporting the successful implementation 
of precision medicine, potential improvements in those 
aspects are also described. In addition, recent findings 
on the key molecular aberration involved in pathogen-
esis of NPC as potential target for precision medicine 

exploitation are discussed, and the challenge and future 
outlook of NPC management are also highlighted.

Existing limitation in NPC: screening, diagnosis, 
treatment and prevention
Existing NPC screening, diagnosis and their limitation
Clinical presentation
NPC is often diagnosed when patients encountered sig-
nificant signs and symptoms such as nasal obstruction, 
epitaxis, conductive hearing loss, cranial nerve neuropa-
thies or lump in the neck. The presence of NPC is usually 
determined by endoscopic and biopsy-guided examina-
tion. In United Kingdom multidisciplinary guidelines, 
these assessments are mandatory with targeted biopsies 
of the fossa of Rosenmüller after staging scans to avoid 
false artefacts. Prior imaging assessment before diag-
nosis are recommended for cancer staging. Multislice 
computed tomography (CT) scan of the head, neck and 
chest for all patients and magnetic resonance imaging 
(MRI) scans of the skull base in locally advanced tumors. 
Positron emission tomography–computed tomography 
(PET–CT) is recommended for occult primary tumor in 
the nasopharynx [41]. According to ESMO-EURACAN 
clinical practice guidelines, primary nasopharyngeal 
tumor is defined by endoscopy biopsy and if no visible 
positive tumor is discovered, imaging assessment such as 
MRI and PET is suggested to confirm the diagnosis. Nev-
ertheless, first sign of disease is often appeared in neck 
nodes, where neck biopsy or neck node dissection is not 
recommended due to impact of late treatment sequelae 
[42]. NPC tumor cells arising from the mucosal epithe-
lium of the nasopharynx which is located deep inside the 
head has created the difficulty for diagnostic evaluation. 
Concerning that malignancy cannot be determined on 
cross-sectional imaging, ultrasound guided fine needle 
aspiration cytology (FNAC) of suspected cervical lymph 
node metastases is recommended [41]. Despite this, the 
tumor lining in submucosa may lead to false negative 
in endoscopy examination. In a retrospective study by 
Wang et al., nearly one third (33%) of 101 NPC patients 
had been misdiagnosed as normal in the initial nasopha-
ryngoscopy and imaging assessment, 29% were associ-
ated with endophytic on radiographic imaging, which 
were very likely judged as submucosa on endoscopic 
examination [43]. In non-endemic zone, MRI is not the 
primary setting of imaging assessment. The radiographic 
imaging in this study was in mixture type, where MRI 
only consisted of 34%, 58% were CT and 8% were PET–
CT. The authors highlighted that the high false negative 
rates may be due to the subjective judgement of radiolo-
gists when they receive imaging order from clinicians 
without further communication, resulting in oversight of 
NPC signs in the imaging examination [43]. Due to the 
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asymmetric nature of NPC symptoms, non-specific signs 
and painless lump often lead to advanced stage detection. 
MRI has been widely used for disease diagnosis for its 
non-invasive benefit and its ability to produce high reso-
lution anatomical images. King and the team conducted 
MRI examination on 275 patients with positive plasma 
EBV DNA, followed by blinded endoscopy examination, 
whereby the results revealed that MRI had more than 
90% of sensitivity and specificity in identifying primary 
nasopharynx tumors. It had also detected 10% of hidden 
tumor from endoscopic view [44]. Another study with 
high sensitivity (98.1%) and specificity (91.7%) for lesion 
detection has suggested that MRI can be the primary 
diagnostic tool for NPC detection [45].

In NPC management, artificial intelligence (AI) appli-
cation play a role in varies area: early detection, diagnosis 
and treatment, as several positive outcomes have been 
reported for the smart recognition in the imaging exami-
nation (CT, MRI and PET–CT), AI able to reduce biases 
of radiologists and workloads of physicians in the faster 
manner, enhance its accuracy for diagnosis and staging 
analysis. Involvement of AI application in medical sci-
ences, is the trend of every discipline including healthcare 
system. Basu et al. listed several AI systems in the world, 
which focus on patients-, clinicians-, and administrative-
orientated AI. With large amount of dataset process-
ing for the disease simulation, AI comprises of machine 
learning (ML) and deep learning (DL) algorithms. How-
ever, AI analysed results by trained examples, not all the 
cases providing same parameters, wrong algorithms may 
occurred due to the complexity pathogenesis of the dis-
ease as well as biased of individuals. As such, it requires 
enormous dataset, not only general but also biased mod-
els to be trained. This raise to the concerns of privacy and 
security issues. Nevertheless, the complexity of the dis-
eases still required physician to deliver the decision and 
diagnosis, reinforces with comprehensive diagnostic tool 
to provide precision detections [46, 47].

Positive EBV expression is highly associated with non-
keratinizing carcinoma. The EBV-ISH expression in his-
tological specimen has long been used as a diagnostic 
marker of NPC. Recently, the use of PCR technique to 
detect the amount of plasma EBV DNA in patients has 
been broadly studied for predicting the tumorigenesis of 
NPC due to its high sensitivity and specificity. In 8th edi-
tion of the American Joint Committee on Cancer (AJCC), 
it was recommended to incorporate pretreatment plasma 
EBV DNA into the staging system for prognostic surveil-
lance. Rueda Domínguez and team have suggested to 
include pretreatment plasma Epstein–Barr virus (EBV) 
DNA levels in the diagnostic and staging evaluation in 
the clinical practise guideline (SEOM-TTCC clinical 
guideline). Moreover, the ESMO-EURACAN clinical 

practice guides recommended the use of plasma EBV 
DNA, coupled with endoscopic examination and MRI 
examination, to detect early, asymptomatic NPC [III, A] 
[42, 48].

Early detection improves survival outcomes, it is there-
fore crucial to explore a promising biomarker as a diagno-
sis tool. Apart from histological specimen, a wide range 
of molecular level detection methods has been studied to 
overcome the limitations of clinical presentation.

Molecular level detection
In non-endemic countries such as United States and 
some areas with low incidence and sporadic cases, 
instead of routine screening for NPC, individuals are 
suggested to approach dentist for regular check-ups [43, 
49]. Interestingly, various subtypes showed differential 
incidence in endemic and non-endemic area. Kerati-
nizing NPC is more prominent in non-endemic area. 
On the other hand, in endemic area, a higher incidence 
of non-keratinizing type was reported, which is more 
highly associated with EBV infection. In Southern China 
and other countries, EBV serology test has been car-
ried out in the early diagnosis and screening since the 
1970s. Infection of EBV can be identified by viral specific 
antibodies against EBV-associated antigen: viral capsid 
antigen (VCA), Early antigen (EA) and nuclear antigen 
(EBNA). Antibodies VCA-IgM developed when primary 
infection occurred, then disappeared after 4 to 6 weeks, 
therefore the presence of VCA-IgM indicates early infec-
tion marker. VCA-IgG and EBNA antibodies appearance 
indicates the recent or past infection and most probably 
persist lifelong in human body [50]. However, among 
several EBV antibodies, higher titer of IgA was detected 
in the majority of NPC patients, hence it has marked 
its prominence as the biomarker for EBV detection. To 
date, VCA-IgA, EA-IgA, and EBNA1-IgA, Epstein Barr 
nuclear antigen 1 (EBNA1)-IgA, either in single or com-
bination form, are widely used as a diagnostic markers 
for early detection of NPC.

Serological mass screening in Wuzhou, China was 
conducted in 1978–1980. The screening was to detect 
VCA-IgA and EA-IgA antibodies from individuals’ sera. 
Among 12,932 participants, positive rate of 5.3% VCA-
IgA was found. For the EA-IgA serology test, none was 
detected in the VCA-IgA antibody-negative persons, 
while 1.9% of EA-IgA was detected among the VCA-
IgA antibody-positive person. This result implied the 
specificity but not sensitivity of EA-IgA in the detection 
of NPC [51]. This study indicated that the combination 
of EBV-related markers has increased the sensitivity, 
specificity, and positive predictive value (PPV); some 
even discovered the malignancy developed after several 
years of detection (Table  1) [51–54]. Poor specificity of 
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serological test is often associated with high false posi-
tive rates (2–18%) [55], especially for serological marker 
in single form manner. Biomarker with high false positive 
rate require repeatable tests or additional clinical exami-
nations to validate the diagnosis. As such, combination 
of serological markers have been performed to study the 
feasibility. In the study by Fachiroh and team. reporting 
high risk population in Indonesia and China, the sensi-
tivity and specificity has increased to 80.5% and 90.1%, 
respectively with the combination of IgA EBNA1 + VCA, 
when compared to single peptide either EBNA1 or VCA 
[56].

Scientists put effort on viral load measurement to pre-
dict the NPC development in high-risk population. EBV 
infection is usually asymptomatic and persists lifelong 
in memory B-cells. During the latent infection, EBV 
circularize into an episomal form at low viral level with 
approximately 1 in 10,000 to 100,000 memory B cells. 
The EBV-infected cell thereafter proliferated and trans-
ited into peripheral blood. The infected B-cells enable 
lytic reactivation and a high viral genome to be gener-
ated during this phase. This has enabled detection of cell-
free EBV DNA in the plasma and serum in NPC [60, 61]. 
Compared to serological test, meta-analysis supported 
that EBV DNA screening has higher sensitivity and spec-
ificity in NPC diagnosis, whereby the plasma has higher 
performance than serum samples [62, 63].

In southern China from 2006 through 2013, one large 
scale population-based cohort study was conducted for 
EBV DNA load screening in the prospect of early detec-
tion of NPC in high-risk population. Among 22 186 
participants, 1070 (4.8%) with VCA-IgA titer ≥ 1:5 were 
defined as high-risk NPC group and further followed 
up for NPC occurrence. A non-invasive nasopharyn-
geal swab was used in 905 high-risk group, and 89% 
was detected as EBV DNA positive, while eight subjects 

with EBV DNA load higher than the cut-off value, had 
EBV-DNA load elevation, and seven of them developed 
early-stage NPC. More than 95% subjects that had lower 
cut-off value which indicated low NPC occurrence, were 
excluded from follow up. Their finding suggested that 
EBV DNA was not only able to detect the early stage of 
NPC but also filter out the high risk individuals in pri-
ority and ease the burden of public health. The sensitiv-
ity, specificity, PPV, negative prediction value are 87.5%, 
98.9%, 41.2%, and 99.9%, respectively after the optimi-
zation of EBV load cut of value (means + 2SD) (4.7 ×  105 
copies/swab) [58].

A plasma DNA screening study in Hong Kong with 
large cohort of 20 174 participants was conducted 
between July 2013 and February 2016. Only Chinese 
males aged 40 to 62  years were recruited. All partici-
pants underwent circulating DNA screening and par-
ticipants with persistently positive result were assessed 
with endoscopy and MRI investigation. From the screen-
ing, 309 of participants was detected positive, while 34 of 
308 participants were confirmed to develop NPC within 
1 year. Proportion of stage I/II disease was 71%. One par-
ticipant who had positive result had declined to follow 
up thus excluded from the 309-positive analysis, but the 
participant developed advanced NPC within 32 months. 
Three participants who were screened positive had nega-
tive outcome in the initial nasal endoscopic evaluation 
and were detected with tumor in MRI examination. The 
results have highlighted that EBV DNA plasma load is 
a promising screening tool in detecting early asympto-
matic NPC, with PPV, sensitivity, and specificity of 11%, 
97.1% and 98.6%, respectively, and patients with NPC 
detected in this manner had significantly longer pro-
gression-free survival (PFS) [1]. The extensive study for 
plasma DNA profile of the cohort was reviewed by the 
same team. They perform quantitative analysis and size 

Table 1 Sensitivity, specificity and PPV of the studies

a 151 NPC patients + 254 healthy individuals
b 139 NPC patients + 178 healthy individuals

Study Sample size Marker Sensitivity (%) Specificity (%) PPV (%) Positive 
results 
(%)

[57] 12,932 VCA‑IgA
EA‑IgA (among positive 
VCA‑IgA)

– – – 5.3%
1.9%

[56] 405a EBNA1
VCA
EBNA1 + VCA

88.6
79.8
85.4

80.1
70.9
90.1

80.6
67.7
78.7

–

[58] 22,186 Plasma EBV DNA 87.5 98.9 41.2 –

[59] 317b IgA‑VCA
EBV DNA
IgA‑VCA + EBV DNA

81
95
99

96
98
96–98

– –
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profiling of the circulating tumor DNA (ctDNA) via real-
time polymerase chain reaction (PCR) and revealed that 
the amount of plasma EBV DNA is higher and the frag-
ment lengths of plasma viral molecules is longer in NPC 
patients when compared with non-NPC patients. This 
has enhanced the PPV to facilitate the single time-point 
testing for NPC screening [64]. Apart from combination 
of dual serological biomarkers, Leung and their team 
combined both most sensitive markers with two different 
mechanisms: IgA-VCA and plasma EBV DNA. The study 
has demonstrated a high accuracy result with 99% sen-
sitivity and 96–98% specificity [59]. Compared to other 
markers, EBV DNA has become a promising marker in 
clinical setting and was recommended in clinical practice 
guides. It aimed to NPC’s early diagnosis and prognosis 
surveillance. Several studies have proven combination 
assay of markers able to increase their sensitivity and 
specificity. However, false results may occur due to biases 
pathogenic of individuals, clinical setting and disease 
management of authorities. Since early detection would 
improve treatment outcome, establish more effectiveness 
molecular biomarkers and advance technologies may 
resolves the problems.

Of note, increasing implementation of New Genome 
Sequencing (NGS) has enhanced genomic, transcrip-
tomic, proteomic, and metabolomic research. Several 
types of NPC-associated genomic biomarkers have been 
identified for early diagnosis and prognosis determina-
tion [25, 65]. EBV tumorigenesis, genomic alteration, or 
somatic variants including single-nucleotide polymor-
phisms (SNPs) and copy number variations (CNVs) has 
played a role in the NPC development. Crucial factors 
of epigenetic alterations and DNA methylations are also 
documented for this complicated malignancy.

Polymorphism in HLA genes is well associated with 
NPC susceptibility; HLA-A, -B, -C, -DRB1, and -DQB1 
loci were determined as common and well-documented 
alleles in Chinese population. Genome-wide Associa-
tion Study (GWAS) mapping within the MHC region of 
chromosome 6p21 from Taiwan study had identified the 
association of HLA-A*0207 homozygous allele and the 
rs29232 (GABBR1) allele in high risk NPC. Strong asso-
ciation of HLA-A allele HLA-A*11:01 and NPC had been 
identified among Malaysian Chinese population. Interest-
ingly, HLA alleles and haplotypes had varied association 
in different geographical areas. HLA-A2 and HLA-B46 
have higher frequency in high risk incidence Chinese 
area, while HLA-A10 and HLA-B18 were reported to 
have higher frequency in Tunisian and Moroccans. The 
authors suggested the conductance of an extensive study 
for the relationship of EBV peptides and environmental 
factors to genetic predisposition for NPC development 
[66–68].

Aberrant DNA methylation in NPC is commonly asso-
ciated with epigenetic alteration. Sun et al. detected high 
frequency of CDH13 methylation which was signifi-
cantly showed in NPC biopsies with NP swab specific-
ity of 81% and 0% of false positive [15]. RERG, ZNF671, 
ITGA4, and SHISA3 plasma circulating cell-free DNA 
(ccfDNA) samples showed significant higher methyla-
tion rate, where combination of RERG and ZNF671 gave 
a 88.5% accuracy by Restriction Digestion and Real-Time 
PCR (qAMP) [23]. Another study of patients’ noninva-
sive tissue and brushing sample from Ye et  al., revealed 
that methylation of the RAS association domain family 
protein 1A (RASSF1A) promoter methylation was found 
significantly higher in later stage of NPC (T3–T4), sug-
gested RASSF1A promoter methylation which could be a 
promising diagnostic biomarker [69].

Bruce et  al. demonstrated a whole genome profiling, 
has revealed 90% of NPC undergone constitutive NF-κB 
activation, either of somatic alteration or interaction of 
viral LMP1 oncogene, implicated that NF-κB signalling 
pathway is the hallmark of NPC. From the mapping of 
this study shown there were 32–34% of NPC exhibited 
homozygous MAT2A deletion, which observed is phar-
macologically vulnerability to MAT2A inhibitors. Thus, 
identification of MAT2A inhibitors in MTAP-deleted 
NPC perhaps can be used as future precision therapy 
trial [70].

For future studies of NPC, comprehensive omics tech-
nology can be used to delineate EBV tumogenesis and 
NPC development, which will be beneficial to the algo-
rithm for precision diagnostic and therapeutic, as well as 
to facilitate clinical demonstration.

Existing NPC treatment and its limitation
Radiotherapy
A recommended current treatment guideline for NPC is 
shown in Table 2. Due to the high radiosensitivity of NPC 

Table 2 Current treatment guideline for NPC. Source: Referred 
to NPC clinical practice guideline [42]

AC adjuvant chemotherapy, CT chemotherapy, ICT induction chemotherapy, 
IMRT intensity-modulated radiotherapy, RT radiotherapy

Stage Treatment plan

I IMRT

II IMRT, IMRT + CT

III IMRT + CT, ICT + IMRT/CT, IMRT/
CT + AC

IV ICT + IMRT/CT, IMRT/CT + AC, IMRT/CT

Recurrence IMRT + surgery, IMRT + CT

Metastatic (newly diagnosed) CT

Metastatic (not newly diagnosed) CT + RT



Page 7 of 60Siak et al. Journal of Translational Medicine          (2023) 21:786  

(especially those with EBV infection), its anatomical loca-
tion, and structure, radiotherapy is the main standard 
treatment for NPC, but its success rate is depending on 
the cancer stage. Radiotherapy works effectively in stage 
I and II NPC patients, with good prognosis achieving 
5-year OS of 90% and 84%, respectively [71]. However, for 
stage III and IV NPC patients, 5-year OS was reported at 
55% and 30%, respectively [72]. Therefore, radiotherapy 
is only effective for early stage and non-metastatic NPC 
[73, 74]. Moreover, because the nasopharynx is located 
in close proximity with many critical organs and struc-
tures e.g. nerves, optic, parotid glands, brainstem, and 
temporomandibular joints structures, radiation in this 
area is associated with toxicities that significantly affects 
the patient’s quality of life [75–77]. Hence, a more precise 
approach is necessary to deliver the beam without affect-
ing normal tissues.

In recent decades, a more precise radiotherapy tech-
nique, intensity-modulated radiotherapy (IMRT), is 
widely used for NPC treatment. It allows the delivery of 
high radiation dose to complex tumor volume which is 
located close to the critical structure and low dose to the 
nearby healthy tissues. With the very satisfactory clinical 
outcome and minimized treatment-induced toxicities, 
IMRT is currently being applied as monotherapy particu-
larly in early stage of NPC [78]. IMRT showed excellence 
results in both locoregional control (90–100%) and OS 
for all stages of non-metastatic NPC [77, 79]. Although 
IMRT improved the toxicities and quality of life, there 
were 10–15% of these patients whose tumors developed 
radioresistance, distant metastases, and disease recur-
rence. In addition, reirradiation using IMRT with or 
without concurrent chemotherapy was recommended as 
the most effective treatment for recurrent NPC, which 
reported a 5-year OS of 41% and a long term survival can 
be achieved in local recurrence [80]. Unfortunately, reir-
radiation induces severe toxicities especially endanger-
ing to adjacent mucosal and neural structure, which lead 
to 50% of treatment-related mortality [80]. Of particular 
note in numerous studies, salvage IMRT could induce 
critical adverse toxicities and fatalities. Therefore, this 
has limited its application.

In-depth studies of radioresistance mechanisms in 
NPC are important for developing therapeutics that 
enhance radiosensitivity, which can facilitate tumor 
regression, minimize the radiation doses, achieve tumor 
control and ultimately improve patient survival rates and 
quality of life. Several mechanisms of radioresistnace in 
NPC have been reported, including abnormal of genes 
expression [RNA-binding motif protein 3 (RBM3)], gene 
mutation and aberrant activation of signalling pathways 
(NF-κB signalling) [81, 82]. For instance, RBM3 promote 
radioresistance by supressing the apoptotic response via 

PI3K/Akt/Bcl-2 signalling [81]. Aberrant activation of 
NF-κB signalling has also reported to contribute to radi-
oresistance in NPC [82]. RBM3 and abnormal NF-κB 
signalling could serve as potential biomarker to predict 
the radiosensitivity, and as target for targeted therapy or 
immunotherapy to develop its corresponding inhibitor 
for radiosensitization. Moreover, a study has reported 
that the combination of targeted therapy, nimotuzumab 
with IMRT significantly improved the PFS (83.29%) and 
OS (97.6%) and was associated with lower acute toxic-
ity [83]. However, more randomized clinical trials are 
needed to verify the clinical efficacy of this treatment. 
With this encouraging study, future endeavours could 
focus on exploring combination of targeted therapy or 
immunotherapy with IMRT to enhance radiosensitivity 
and reduce adverse toxicities, thus improving the IMRT 
treatment outcomes. Furthermore, identify molecular 
markers or genetic signatures associated with radiore-
sistance in NPC patients, allowing for more personalized 
treatment strategies. Also, exploring advanced imag-
ing methods like functional MRI or PET scans, to better 
delineate tumor boundaries and critical structures facili-
tate in precision of radiotherapy delivery.

Chemotherapy
Favorably, NPC is also highly sensitive to chemotherapy. 
Studies on cisplatin-based chemotherapy were reported 
with response rate up to 80% [84, 85]. For intermediate 
to advanced stages of NPC, radiotherapy alone is not 
sufficient. Concurrent chemoradiotherapy (CCRT) is 
recommended by National Comprehensive Cancer Net-
work (NCCN) as a primary treatment for locoregion-
ally advanced NPC. Cisplatin is the only chemo-drug 
recommended by NCCN clinical guidelines to be used 
in CCRT. Concurrent treatment with cisplatin-based 
chemotherapy and IMRT were reported with 5-year OS 
of up to 90% [86, 87]. Currently, more intensive systemic 
treatments such as induction therapy preceding chemo-
radiotherapy and adjuvant therapy after chemoradiother-
apy are required for stage II–IVA NPC. A clinical trial 
revealed that as compared to chemoradiotherapy alone, 
improved OS and PFS were achieved when docetaxel, 
cisplatin, and 5-fluorouracil (5-FU) were given prior 
to chemoradiotherapy [88]. Contrastingly, there was 
another study reporting the lack of significant difference 
of OS in using induction therapy, thus long-term follow-
up study is needed to confirm the clinical efficacy [89]. 
Meanwhile, the efficacy of adjuvant chemotherapy is also 
arguable [90, 91]. Moreover, complete administration of 
adjuvant chemotherapy is difficult to execute as approxi-
mately 40% of patients could not complete the treatment 
cycles and reduction of the planned dose was required 
[91]. A phase III trial showed no significant difference in 
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survival benefit with the addition of cisplatin and 5-FU 
as the adjuvant therapy after chemoradiotherapy in 
advanced stage of NPC [90]. In contrast, a cohort study 
revealed that an improved OS was achieved when com-
bination of cisplatin and 5-FU, cisplatin and docetaxel, 
or cisplatin, 5-FU, and docetaxel were given after chemo-
therapy in locoregionally advanced NPC [92]. In addition, 
study also demonstrated that up to 15% of these patients 
have developed distant metastasis and recurrence [75]. 
Therefore, the consensus on whether induction or adju-
vant therapy provides better survival with no increased 
toxicities has yet to be achieved. For patient selection 
criteria, individual patient characteristic or genetic and 
tumor profile should take into account when selecting 
the patient for treatment response evaluation.

Currently, platinum doublet of gemcitabine and cis-
platin chemotherapy has taken over the old standard 
5-FU plus cisplatin treatment as the first line therapy for 
recurrent and metastatic NPC [93]. Compared to 5-fluo-
rouracil plus cisplatin treatment, a phase III clinical trial 
demonstrated that overall response rate (ORR) and PFS 
were significantly improved when treated with gemcit-
abine and cisplatin [93]. There are numerous studies 
reported high response rate of using poly-drugs chemo-
therapy for recurrent NPC [26, 94]. However, it is associ-
ated with high toxicities such as leucopenia, neutropenia, 
mucosities and thrombocytopenia [94]. For early meta-
static NPC, combining locoregional radiotherapy with 
chemotherapy could improve the OS. Nevertheless, there 
is no standard second-line treatment for metastatic NPC.

Despite that, recent study has demonstrated that drug 
responses are well correlated with corresponding indi-
vidual genomic and tumor profile [95]. Therefore, patient 
with same stage of cancer may respond differently to 
the chemotherapy. To address this limitation, future 
researches should focus on studying the heterogeneity 
of NPC tumor, identifying the prognostic biomarker for 
specific chemotherapy regimens, as well as developing 
personalized treatment approaches.

Surgery
Surgery is generally used to remove the lymph node 
metastases in the neck or tumor from the nasophar-
ynx, which requires an incision on the roof of patient’s 
mouth in order to reach the nasopharynx to remove 
the tumor. Due to the anatomic localization adjacent to 
key neurovascular structures, surgery is not the upfront 
treatment in NPC, however, it plays a significant role 
in treating post radiation residual, NPC recurrence 
and neck nodes with or without combination of radio-
therapy or CCRT [75]. Salvage radical neck dissection 
was suggested as one of the treatment choice for persis-
tent or recuurence NPC following chemoradiotherapy 

[41]. With the advancement of technologies, minimally 
invasive approach has emerged such as endoscopic 
nasopharyngectomy, which is commonly used in Asia 
countries. Endoscopic nasopharyngectomy is a less 
destructive surgical for resection of early-stage recur-
rent NPC and locoregional residual, with disease free 
survival (DFS) and OS of 90% and 100% respectively 
[96]. Another study also demonstrated endoscopic 
nasopharyngectomy in recurrent NPC with 56.1% of 
them were T1 recurrence, the recurrence-free survival 
and OS were achieved up to 85.8% and 82.9%, respec-
tively [96]. Compared to reirradiation with IMRT in 
recurrent NPC, endoscopic nasopharyngectomy has 
resulted in better survival rate and reduced late treat-
ment complication. Therefore, salvage nasopharyngec-
tomy for recurrent NPC is highly promising. Moreover, 
the addition of adjuvant reirradiation prior to surgery 
for recurrent NPC has shown better OS (63% vs. 39%) 
compared to surgery alone [97].

More recent studies have also reported that¸ compared 
to IMRT, stage I patients treated with endoscopic naso-
pharyngectomy have shown improved 5-year OS (100% 
vs. 99.1%), local relapse-free survival (100% vs. 97.7%), 
regional relapse-free survival (100% vs. 99%) and distant 
metastasis-free survival (DMFS) (100% vs. 97.4%) [98]. 
This has supported the fact that endoscopic nasopharyn-
gectomy for early stage of NPC can improve clinical out-
come, provide better quality of life, and depress medical 
cost when compared to the IMRT procedures [96, 99]. 
Therefore, endoscopic nasopharyngectomy is suggested 
as an alternative treatment for stage I NPC patients. Nev-
ertheless, the success of surgical excision is varying with 
the tumor size and extent of the recurrent [41].

To overcome this constraint, forthcoming research 
should emphasize the enhancement of surgical tech-
niques and patient selection. This is especially crucial for 
individuals with larger tumors or extensive recurrences, 
aiming to enhance treatment effectiveness while mini-
mizing complications. Further verification studies are 
also required to compare surgery to re-irradition with 
or without combination with systemic therapy in recur-
rent or staged I NPC patients, and to cover variable fac-
tors such as tumor size and patient status could provide 
insights in discover optimal treatment method. Inves-
tigating combination therapies that integrate surgery 
with other modalities such as immunotherapy, presents 
a promising path for future research aimed at improv-
ing treatment results. Furthermore, exploring the long-
term survival benefits and advancement in quality of life 
among patient treated with endoscopic nasopharyngec-
tomy compared to traditional treatment methods, may 
offer valuable insights to shape forthcoming treatment 
guidelines.
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Summaries from above NPC treatments: although cur-
rent treatments in early stage and locoregional advanced 
NPC generally showed good prognosis and improved 
OS, but the outcome for those with recurrent and met-
astatic NPC remains poor. There were about 20–30% of 
patients with locoregionally advanced NPC died due to 
development of distant metastasis. Furthermore, the 
emergence of radioresistance, locoregional recurrence, 
and distant metastasis often happened after radiotherapy 
or chemotherapy, especially those with advanced stage. 
Since the benefits of concurrent chemotherapy in NPC 
have reached the plateau, thus a new precise treatment is 
urgently needed. Recently, immunotherapy which com-
prises immune checkpoint inhibitors combined with pre-
cision radiotherapy with or without chemotherapy has 
also been suggested as promising alternative to the cur-
rent treatment in NPC.

Existing NPC prevention and its limitation
NPC is highly associated with EBV infection with the 
prevalence of 95%, mainly in undifferentiated NPC [100–
102]. Since EBV is a highly relevant risk factor of NPC, 
scientists put effort on the vaccine to trigger human 
immune response against EBV infection since decades 
ago. However, there is no licensed prophylactic EBV vac-
cine so far.

EBV establishes latent infection in B cells and lytic 
infection in epithelial cells. While EBV primarily targets 
the human B-cells, a cell-to-cell infection is the dominant 
transmission of EBV virus. Five viral membrane envelope 
glycoproteins have involved in this mechanism: gp350, 
gB, gH, gL, and gp42; gp350 is the dominant glycopro-
tein expressed on EBV extracellular envelope [103]. EBV 
virions infects B-cells through gp350 by attaching them-
selves to CD21. By blocking the infection of B-cell, vac-
cination of gp350 is targeted as a potential candidate to 
prevent EBV-associated diseases. A gp350 vaccination 
phase II clinical trial which was performed on 181 EBV-
seronegative subjects aged 16–25  years was the largest 
gp350 vaccination cohort by far. Three doses of recombi-
nant gp350 vaccine with monophosphoryl lipid A (MPL) 
adjuvant system [aluminum hydroxide and 3-O-desacyl-
4′-monophosphoryl lipid A (AS04)] was given in the 
double-blind, placebo-controlled randomized trial. This 
study showed that the vaccine was immunogenic and it 
is capable of preventing NPC induced by EBV infection 
with 78% efficacy and successful induction of neutraliz-
ing antibodies for a period up to 18  months. However, 
it failed in preventing the asymptomatic EBV infection 
(Table 3) [104].

Another gp350 vaccination trial was performed to pre-
vent immunosuppressed patients from acquiring EBV 

Table 3 Summaries of EBV vaccine trials

Study Vaccine/(adjuvant) Target subjects Clinical trial Results

[104] Monomeric gp350/(MPL) 181 EBV‑seronegative young adults Phase II Efficacy: 78%; neutralizing antibodies 
was induced up to 18 months, but no pre‑
vention against asymptomatic EBV 
infection

[105] Monomeric gp350/(alhydrogel) 16 EBV‑negative children with CKD, 
candidates of renal transplantation

Phase I 13 recipients had IgG response; only 4 
recipients induced neutralizing antibodies 
but immune response declined rapidly. 
Poor immunogenicity against PTLD 
protection

[106] Trimeric gH/gL and gB/(alum + CpG‑
ODN)

Rabbit – Potent EBV‑neutralizing titers induced, 
neutralizing titre were
 > 100‑fold than monomeric gp350
 > 20‑fold than monomeric gh/gL
 > 18‑fold than trimeric gB, and
 > fourfold than tetrameric gp350

[107] Chimeric VLP: EBV gp350/220 BALB/c mice – Long‑term neutralizing antibodies 
was induced

[108] Packaging cell line VLP: modified EBV 
genome with deletion of TR

Epithelial cell line – Able to target B‑cell in vitro, unwanted 
recombinant DNA was performed

[109] Packaging cell line VLP: modified EBV 
genome with inactivation of six viral 
genes

293‑VII + producer cell line, and BALB/c 
mice

– High immunogenicity, induced potent 
neutralizing polyvalent antibodies 
and T‑cells responses in vitro and in vivo 
models

[110] Latent protein as vaccine candidates: 
 CD8+ T‑cell peptide
Epitope‑based/(water‑in‑oil emulsion)

14 HLA B*0801 positive, EBV‑seronega‑
tive adults

Phase I 1/2 placebo recipients acquired devel‑
oped IM
4/4 peptide recipients acquired asympto‑
matic EBV infection
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infection. To study the ability of vaccine to lower the risk 
of posttransplant lymphoproliferative disease (PTLD), 
16 EBV-negative children with chronic kidney (CDK) 
disease were recruited in a phase I trial for gp350/alum 
vaccination. The vaccine was immunogenic, all of the 
13 recipients had IgG response although 12 recipients 
received three doses vaccination and one received two 
doses vaccination. The neutralizing antibodies were only 
detected in four recipients. However, immune response 
declined rapidly before transplantation surgery which 
resulted in poor immunogenicity to protect patients from 
developing PTLD [105].

Beside the monomeric gp350 vaccine, a novel trim-
eric EBV gH/gL, and gB vaccine was studied in rabbit 
model. gH/gL and gB are EBV envelope glycoproteins 
contributing to fusion machinery during the viral entry 
to B-cells and epithelial cells [111, 112]. Multimeric vac-
cine was expected to elicit potent neutralizing antibod-
ies. The result was encouraging with neutralizing titer 
detected > 100-fold, 20-fold, 18-fold, and fourfold higher 
than monomeric gp350 vaccine, if compared to recom-
binant trimeric and monomeric gH/gL, trimeric gB, and 
tetrameric gp350 respectively. This had indicated that 
multimeric vaccine might be a better vaccine type for 
preventing EBV infection in B-cells and epithelial cells 
[106]. However, it still needs clinical demonstration to 
validate the vaccine efficacy and safety for human use.

One of the EBV vaccine strategy is focused on EBV 
Virus-like particles (VLPs). VLPs comprises viral capsid 
polymer, envelope, and tegument proteins, assembling 
the characteristic of native EBV but usually lack of viral 
DNA and thus, it is not pathogenic to host. One study has 
designed a chimeric VLP, the fusion of EBV gp350/220 
ectodomain to Newcastle disease virus (NDV) F protein. 
The chimeric VLP was immunized in BALB/c mice with-
out any adjuvant and long-term neutralizing antibodies 
was induced. However, the titer was lower if compared 
to the control UV-EBV; the authors addressed that it may 
due to misfolding of protein domain [107]. Delecluse 
et al. constructed the first generation of virus-like pack-
aging cell line VLP. This system contains modified EBV 
genome with deletion of terminal repeat (TR), and is able 
to target B-cell and epithelial cells to induce immune 
response, but unwanted recombination of helper virus 
genome and gene vector DNA was found [108]. To fur-
ther improve the safety issue, Ruiss et. al introduced the 
second generation packaging cell line VLP, with inactiva-
tion of six viral genes [EBNA2, latent membrane protein 
(LMP) 1, EBNA3A,-B, and -C, BZLF1]. The packag-
ing system elicited potent neutralizing polyvalent anti-
bodies and strong  CD8+ and  CD4+ T cell response in 
immunized BALB/c mice [109]. This VLP system was 
able to deliver large amount of genome and was highly 

immugenic, hence may be the potential alternative to 
human vaccination.

Another approach was the latent protein vaccine trial. 
A single blind, randomized, placebo-controlled, single-
center phase I clinical trial for 14 human leukocyte anti-
gen (HLA)-B*0801 positive, EBV-seronegative adults was 
conducted, where ten were peptides vaccine recipients 
and four were placebo recipients.  CD8+ T-cell peptide 
epitope with HLA-B*0801 restricted peptide epitope 
FLRGR AYGL and tetanus toxoid vaccine, adjuvant with 
water-in-oil emulsion was conducted. After vaccination, 
EBV-specific T-cell responses were detected in eight of 
nine recipients. None of the recipients developed Infec-
tious Mononucleosis (IM). After 2–12  years follow-
up, one of two placebo developed IM, while four of ten 
recipients who completed two doses vaccinations had 
asymptomatic EBV infection. The outcome was similar to 
monomeric gp350 trial, which denotes that there is still 
a challenge for developing vaccine to prevent EBV infec-
tion [110].

mRNA vaccine had been studied since 1960’s. mRNA 
vaccines were widely introduced for its high efficacy, 
rapid development, and cost effectiveness during the 
COVID-19 pandemic. Therefore, it has served as prom-
ising alternative to conventional vaccine approaches. By 
using lipid nanoparticles as a media, synthetic mRNA 
that corresponds to a viral protein has been introduced 
to human body. After cells translation machinery, viral 
protein was produced and subsequently triggering our 
immune response to create antibodies to fight against 
the virus infection [113]. This new type of vaccine has 
shed light to prophylactic EBV vaccines, with the aims 
to reduce the spread of contagious EBV infection and its 
global prevalence. It showed that mRNA vaccine can be 
a potential tool for preventing EBV-associated NPC. Of 
note, one of the pioneering mRNA vaccine companies, 
Moderna, is recruiting 18–30-year-old healthy adults 
to a phase I (NCT05164094) clinical trial for mRNA-
1189 EBV vaccination with four glycoproteins gH, gL, 
gp4, and gp220 as candidates. The other mRNA-1195 
(NCT05831111) also being developed by the company 
to fight against long-term EBV sequelae for preventing 
EBV reactivation in human body [114]. Nevertheless, 
the safety and efficacy of the mRNA vaccine need to be 
measured for prophylactic and preventive use.

Molecular aberrations exploitation in NPC 
for precision medicine
NPC carcinogenesis comprises a complex process of 
genetic and epigenetic alterations which are driven by 
diverse oncogenic molecular events. For example, onco-
genic DNA methylation, histone modification, abnor-
mal activation or miRNAs/lncRNAs silencing are the 
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epigenetic mechanisms that are involved in NPC patho-
genesis [115]. Besides that, hyperactivation of cellular 
signalling pathways such as prosurvival pathways, PI3K/
Akt, NF-κB, mitogen-activated protein kinase (MAPK)/
extracellular signal-regulated kinase (ERK), signal trans-
ducer and activator of transcription (STAT) 3, Wingless-
related integration site (Wnt)/β-catenin] and abnormal 
negative regulation of proapoptopsis pathways (p53, 
endoplasmic reticulum stress), and tumor necrosis fac-
tor (TNF) signalling pathway are associated with NPC 
pathogenesis [116] (Table 4). EBV infection is usually the 
main driver of these molecular alteration in non-kerati-
nizing NPC. Different molecular aberrations across the 
individual has led to different response towards similar 
treatment. Therefore, specifically targeting certain aber-
rant molecules that participate in NPC tumorigenesis 
could potentially improve the treatment response. In this 
section, we will describe commonly recurring molecular 
aberrations in NPC that could potentially be targeted and 
help segregating individual patient for a more precise dis-
ease management.

EBV driver molecular aberration
EBV is a γ-herpes virus that establishes lifelong asymp-
tomatic infection in human and is responsible for up 
to 95% of NPC incidence in endemic areas [9]. It has 
actively contributed in the multiple steps of oncogenesis 
in many cancer types especially in NPC. Circulating EBV 
DNA was recognized as the prognostic biomarker com-
plement to the current TNM classification and is used 
as the precise treatment decision guide for EBV-positive 
NPC patients [168, 169]. However, the measurement of 
the plasma EBV DNA is not standardized. EBV exhib-
its as type II latent infection in NPC which comprises 
the expression of oncoviral protein, latent membrane 
proteins (LMP1 and LMP2A or B), EBNA1, Epstein–
Barr virus BamHI-A rightward frame 1 (BARF1), small 
nuclear RNA, EBV-encoded small RNAs (EBERs) and 
microRNAs, and miR-BamHI-A rightwards transcripts 
(BARTs) [170]. The heterogeneous interplay between the 
EBV oncogenic proteins, tumor genetic, and immune 
microenvironment has led to different subset of NPC 
patients [171]. These oncogenic products, especially 
LMP1, aberrantly induced different intracellular signal-
ling pathways such as PI3K/Akt/mTOR, MAPK/EGFR 
(epidermal growth factor receptor), mitogen-activated 
protein kinase (MEK)/ERK, c-Jun N-terminal kinases 
(JNK/c-JUN), VEGF, NF-κB, Wnt/β-catenin, and janus 
kinase (JAK)/STAT to promote survival, angiogenesis, 
invasiveness, migration, and metastatic potential. It also 
assists in immune evasion by modulating the cytokine 
and chemokine productions [172].

Despite that, the transcriptional level of LMP1 was 
found in more than 70% of NPC patients [173]. The 
frequent expression of LMP1 and its role in mediating 
numerous oncogenic signalling have shown its critical 
role as a key effector viral oncoprotein in NPC pathogen-
esis. In recent years, molecular agents targeting EBNA1 
and LMP1 have been investigated for NPC treatments. 
Briefly, LMP1-targeted DNAzymes were used to sup-
press the expression of LMP1; inhibition of cell prolif-
eration and enhanced radiosensitivity in EBV-positive 
NPC patients by repressing of LMP1/JNKs/hypoxia-
inducible factor 1 (HIF-1)/VEGF-mediated angiogenesis 
and supressing the LMP1/Akt-induced telomerase activ-
ity [174–177]. Moreover, early phase clinical trial have 
reported that intratumoral administration of EBV-LMP1 
targeted DNAzyme with radiotherapy has resulted in 
significant reduction in tumor regression and associated 
with low toxicity [178, 179]. Besides that, a theragnos-
tic agent was constructed using the fluorophore L2 and 
the EBNA1-specific binding peptide P4, which disrupt 
EBNA1 homodimerization, and up to 93% of EBV-pos-
itive xenograft showed growth suppression [180]. With 
this encouraged studies, further investigations on the 
combination of therapies targeting EBV-associated pro-
teins with other targeted agents or immune checkpoint 
inhibitors for NPC treatment are anticipated. In addition, 
further research could also delve into the intricate inter-
play between oncogenic proteins of EBV and the immune 
microenvironment. This exploration might able to 
uncover novel possibilities for therapeutic intervention.

Aberration in lncRNA/miRNA
Distinct long non-coding RNA (lncRNA) and micro-
RNA (miRNA) have been demonstrated to play signifi-
cant role in NPC pathogenesis [181]. Upregulation of 
lncRNA/miRNA such as antidifferentiation non-coding 
RNA (ANCR), metastasis associated lung adenocarci-
noma transcript 1 (MALAT1), nuclear enriched abun-
dant transcript 1 (NEAT1), and miR-504 were reported 
to promote radioresistance via regulating the expression 
of phosphatase and tensin homolog (PTEN), miR-1/zinc 
finger protein SNAI2 (slug) axis, remodelling and spac-
ing factor 1 (Rsf-1)/rat sarcoma virus (Ras)-MAPK/let-
7a-5p axis, and inhibiting nuclear respiratory factor 1 
(NRF1) [182–185]. Besides that, upregulation of lncRNA 
such as antisense noncoding RNA in the INK4 locus 
(ANRIL), urothelial cancer associated 1 (UCA1), can-
cer susceptibility candidate 9 (CASC9), and actin fiber-
associated protein 1-antisense RNA1 (AFAP1-AS1) have 
been revealed to promote cell proliferation, epithelial to 
mesenchymal transition (EMT), metastasis, and inhibit 
apoptosis. In addition, upregulation of miR-149 and 
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Table 4 Signalling molecules targeted for therapeutic exploitation

Signalling pathway Target Oncogenic role Potential therapeutic approach Source

PI3K/Akt/mTOR PI3K NPC progression, CSC properties metas‑
tasis, radioresistance, cisplatin resistance 
and cytoskeleton dynamic

Inhibit PI3K by 2–4‑morpholinyl‑8‑phen‑
lchromone, omipalisib, gedatolisib, 
euscaphic acid or FOXO1

[36, 38, 117, 118]

FGF2 Proliferation, migration, and invasion Inhibited by miR‑16 [119]

Flot‑2 Metastasis and cell proliferation Silencing Flot‑2 [120]

DNMT1 Methylated miR152, downregulation 
of PTEN, activating Akt, inhibiting the miR‑
142‑3p/Zinc‑finger E‑box binding home‑
obox 2 (ZEB2) axis (Invasion, migration, 
EMT and metastasis)

Downregulation [121]

SREBP1 Lipid synthesis promote cell proliferation 
and invasion

Downregulation [122]

EpCAM CSC, metastasis Downregulate by MK2206 and rapamycin [123]

HIF‑1α VM formation Downregulation [124]

COL1A1 Radioresistance Downregulating by MiR‑29a [125]

RBM3 Radioresistance Downregulation RBM3 [81]

p85 Radioresistance and tumourigenesis Interacting with leucine zipper tumor sup‑
pressor 2 (LZTS2)

[126]

MK2 EMT, cisplatin resistance downregulating by miR‑296‑3p [127]

VPS33B Proliferation and chemoresistance Upregulated by disrupting interaction 
with NESG1

[128]

Cyclin D1(CCND1) EMT Downregulating miR‑374a [57]

MDK Angiogenesis Downregulating of by MiR‑9 [129]

TP53 MDM2 Chemoresistance Competitive binding with Nutlin‑3 
and Idasanutlin

[130, 131]

COX‑2 Chemoresistance Downregulation [132]

FOXO1 Chemoresistance, CSC and EMT Upregulated by CB [133]

miR‑125a and b Anti‑apoptosis Downregulation [134]

NF‑κB miR‑203 EMT and metastasis Upregulated by aspirin [135]

Pim 1 Cell proliferation Suppressed by quercetagetin [136]

IKK Anti‑apoptosis Downregulate by flavonoid glycoside 
vitexin

[137]

VEGF Angiogenesis Suppressed by andrographolide [138]

ICAM Apoptosis, cell proliferation

MMP‑9 Invasion and metastasis

IκBα Apoptosis and cell proliferation Suppressed by simvastatin [139]

BST2 Chemoresistance Downregulation [140]

SIRT6 Metastasis and anti‑apoptosis Upregulation [141]

NEAT1 Cell proliferation and anti‑apoptosis Knockout [142]

DLC‑1 EMT Upregulation [143]

NF‑κB RERG Angiogenesis cytokines, colony formation, 
invasion and migration

Demethylation [144]

NF‑κB p65 Cancer progression Inhibited by EGCG [145]
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downregulation of miR-422a were also reported to asso-
ciate with tumorigenesis [186–190].

Personalized modulation of certain miRNAs expres-
sion in individual NPC patient could be an alternative 
approach for NPC treatment. For example, upregulation 
of miRNAs including miR-7, miR17-5p, miR-20a-5p, 
miR-26b, miR29-c, miR-93, miR-101, miR-148b, miR-
150, miR-185-3p, miR-205, miR-212, miR-324-3p or miR-
432 were associated with tumor suppression by targeting 
associated genes or signalling as depicted in Table 5. In 

contrast, downregulation of certain lncRNA or miRNAs 
could also exert the anti-cancer effect (Table 5). Targeted 
oncogenic lncRNA or miRNAs can be suppressed by 
interfering 3′-untranslated regions (3′-UTR) region to 
inhibit transcription and translation of its oncogenic pro-
tein. For instance, downregulation of lncRNA maternally 
expressed gene 3 (MEG3) and plasmacytoma variant 
translocation 1 (PVT1) has retarded the NPC progres-
sion by inducing cell cycle arrest and apoptosis, and 
also inhibiting colony formation and cell proliferation 

Akt serine/threonine kinase 2, BLU zinc finger, MYNDtype containing 10, BST2 bone marrow stromal cell antigen 2, Capn4 calpain small subunit 1, CBP CREB binding 
protein, COL1A collagen type I alpha 1 chain, COX-2 cyclooxygenase-2, CSC cancer stem cell, CTAR1 carboxy-terminal activating region 1, DLC-1 deleted in liver 
cancer-1, D1(CCND1) cyclin D1, EGCG  epigallocatechin-3-gallate, EMT mesenchymal transition, EpCAM epithelial cell adhesion molecule, FGF2 fibroblast growth factor 
2, Flot-2 flotillin 2, FOXO1 forkhead box protein O1, FOXO3a forkhead box O3a, HIF-1α hypoxia-inducible factor 1-alpha, HI-TOPK-032 T-LAK-cell-originated protein 
kinase (TOPK) inhibitor, ICAM intercellular adhesion molecule 1, IKK IκB kinase, IκBα nuclear factor-kappa B inhibitor alpha, IVM ivermectin, Lgr5 G protein-coupled 
receptor 5, LHX2 LIM homeobox 2, MAP2K6 mitogen-activated protein kinase 6, MDK midkine, MDM2 murine double minute 2, MET mesenchymal epithelial transition, 
MK2 mitogen-activated protein kinase-activated protein kinase 2, MMP-9 matrix metalloproteinase, MNK1 mitogen activated protein kinase interacting kinases, 
mTOR mammalian target of rapamycin, NEAT1 nuclear enriched abundant transcript 1, NESG1 nasopharyngeal epithelium specific protein 1, NF-κB p65 nuclear factor 
kappa-light-chain-enhancer of activated B cells p65, NPC nasopharyngeal carcinoma, PAK1 P21 (RAC1) activated kinase 1, Pim 1 moloney murine leukemia virus-1, 
PIN 1 peptidyl-prolyl cis–trans isomerase NIMA-interacting 1, PI3K phosphoinositide 3-kinase, RBM3 RNA binding motif protein 3, RERG ras-like estrogen-regulated 
growth inhibitor, RKIP Raf kinase inhibitory protein, SIRT6 Sirtuin 6, STAT  janus kinase, UCA1 urothelial cancer associated 1, VEGF vascular endothelial growth factor, VM 
vasculogenic mimicry, VPS33B vacuolar protein sorting 33B

Table 4 (continued)

Signalling pathway Target Oncogenic role Potential therapeutic approach Source

MAPK/ERK/JNK Amyloid β precursor Migration, invasion and EMT Knockdown [146]

PAK1 Apoptosis Inhibited by IVM [147]

MAP2K6 ROS and apoptosis Inhibited by HI‑TOPK‑032 [148]

MNK1 Apoptosis Inhibited by compound 12dj [149]

MET Cell proliferation and radioresistance Inhibited by PHA‑665752 [150]

BLU Cell cycle and apoptosis Upregulation [151]

miR‑124 TGF‑β‑induced migration, invasion and cell 
proliferation

Upregulation [152]

miR‑483‑5p Colony formation, radioresistance 
and DNA damage

Downregulation [153]

CTAR1 Malignant transformation and cell survival Inhibition [154]

PIN 1 Cell proliferation Inhibited by juglone [155]

JAK/STAT STAT Angiogenesis, migration, EMT, anti‑apop‑
tosis, cell proliferation and metastasis

Directly inhibited by ovatodiolide [156]

RKIP Migration, invasion, metastasis and EMT Upregulation [157]

miR‑29a Cell proliferation, anti‑apoptosis and drug 
resistance (taxol)

Upregulation [158]

miR124‑3p Cell proliferation and anti‑apoptosis Upregulated by sulforaphane or knockout 
of UCA1 gene

[159, 160]

Wnt/β‑catenin CBP CSC Inhibited by foscenvivint [161]

β‑catenin CSC and radioresistance Inhibited by binding of Chibby (Cby) 
to C‑terminal of β‑catenin
• Inhibited it nuclear translocation 
by 14‑3‑3 adaptor proteins
• Upregulation of miR‑34c

[162, 163]

Capn4 Proliferation and invasion Inhibited by upregulation of miR‑124 [164]

LHX2 Radioresistance Inhibited by upregulation of miR‑506 [165]

FOXO3a Radioresistance Upregulation [166]

Lgr5 Chemoresistance and EMT Downregulation [167]
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Table 5 LncRNAs and miRNAs targeting for NPC therapeutic

LncRNAs/miRNAs Potential therapeutic approaches Anti-tumor effect Source

miR‑7 Upregulated by Curcumin Triggered cell cycle arrest and apoptosis, retarded cell 
proliferation, migration and invasion by inhibiting Skp2

[196]

miR17‑5p Downregulation Suppressed tumour proliferation via regulation of p21 
protein

[197, 198]

miR‑20a‑5p Downregulation Enhance radiosensitivity via regulation of neuronal PAS 
domain protein 2 (NPAS2) gene

[199]

miR‑26b Upregulation Enhance chemosensitivity (Cisplatin) by inhibiting JAG1 
expression

[200]

miR29‑c Upregulated by knockdown of lncRNA X inactive‑specific 
transcript (XIST) or HMG‑box transcription factor 1 (HBP1)

Suppressed cell proliferation and enhance radiosensitive 
via reduce level of cyclin D1 and cyclin D3

[201, 202]

miR‑93 Downregulation Suppressed tumour growth and migration [203]

miR‑101 Upregulation Suppressed metastasis and angiogenesis by negative 
regulation of integrin subunit alpha 3 (ITGA3) or Stathmin 
1 (STMN1)

[190, 204]

miR‑148b Upregulation Suppressed invasion, and metastasis by inhibiting 
metastasis-related gene 2 (MTA2)

[205]

miR‑149 Downregulation Suppressed proliferation, invasion and metastasis 
via the upregulation of plakophilin3 (PKP3) expression

[187]

miR‑150 Upregulation Suppressed cell proliferation and G1/S transition by tar‑
geting CCND1, CCND2, CDK2 and CCNE2

[206]

miR‑185‑3p Upregulation Enhance radiosensitivity through inhibition of mothers 
against decapentaplegic homolog 7 (SMAD7)

[207]

miR‑205 Downregulation Suppressed tumour growth and migration [203]

miR‑212 Upregulation Suppressed invasion and migration by targeting SRY‑Box 
Transcription Factor 4 (SOX4)

[208]

miR‑324‑3p Upregulation Suppressed invasion, cell proliferation, apoptosis by nega‑
tive regulation of GLI Family Zinc Finger 3 (GLI3) gene

[209]

miR‑422a Upregulation Suppressed EMT and metastasis by targeting FOXQ1 [186]

miR‑432 Upregulation Suppressed invasion and migration by regulation E2F 
transcription factor 3 (E2F3) expression

[210]

miR‑504 Downregulation Enhance radiosensitivity via upregulation of NRF1 [185]

LncRN UCA1 Downregulation Suppressed invasion and cell proliferation via miR‑145/A 
disintegrin and metalloprotease 17 (ADAM17) axis

[188]

LncRN CASC9 Downregulation Suppressed the cancer progression by destabilising 
the HIF1α

[189]

LncRN AFAP1‑AS1 Downregulation Prevent to be co‑expressed with PD‑1 to promote 
immune escape

[211]

LncRN MEG3 Upregulation Induced cell cycle arrest, inhibited cell proliferation 
and colony formation

[192]

LncRN PVT1 Downregulation Enhance radiosensitivity via regulation of DNA damage 
repair pathway

[191]

LncRN ANCR Downregulation Enhance radiosensitivity via regulation of PTEN expression [183]

LncRN MALAT1 Downregulation Enhance radiosensitivity via regulation of miR‑1/slug axis [184]

LncRN NEAT1 Downregulation Suppressed tumourigenesis and enhance chmeosensitiv‑
ity (cisplatin) via regulation of miR‑124 and Rsf‑1/Ras‑
MAPK/let‑7a‑5p axis

[182]

LncRNA LINC00460 Downregulation Suppressed EMT via regulation of miR‑30a‑3p/Ras‑related 
protein 1A (Rap1A) axis

[212]

LncRNA NKILA Upregulation Suppressed carcinogenesis through the inhibition 
of NF‑κB signalling

[213]

LncRNA FAM225A Downregulation Suppressed cell proliferation and invasion by regulation 
of ITGB3 and FAK/PI3K/Akt pathways

[194]

LncRNA DRAIC Downregulation Suppressed invasion and migration by miR‑122/SATB1 
axis

[214]

LncRNA TP73‑AS1 Downregulation Suppressed migration and invasion via regulation of miR‑
495/JAM‑A axis

[215]
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[191, 192]. Regulating the lncRNA cancer susceptibility 
2 (CASC2)/miR-18a-5p/retinoblastoma binding protein 
8 (RBBP8) axis could also suppress the tumor develop-
ment [193]. Another recent study also revealed that 
lncRNA, family with sequence similarity 225 member B 
(FAM225B) was found upregulated in NPC to promote 
cell proliferation and invasion via overexpression of inte-
grin β3 (ITGB3) and activation of focal adhesion kinase 
(FAK)/PI3K/Akt pathways [194]. In addition, knockdown 
of lncRNA forkhead box protein D3-antisense RNA 1 
(FOXD3-AS1) has repressed the colony formation, inva-
sion, and migration in NPC by regulating miR-185-3p/
FOXD3 axis [195]. Hence, lncRNA NKILA, FAM225A, 
downregulated RNA in cancer (DRAIC), and FOXD3-
AS1 may serve as potential personalized therapeutic tar-
gets for NPC.

Aberration in signalling pathways

a) Targeting PI3K/Akt/mTOR

 PI3K/Akt/mTOR pathway is constitutively activated 
in EBV positive NPC by EBV oncoproteins (LMP1 
and LMP2A) or through the infrequent mutations in 
its regulators such as phosphatidylinositol-4,5-bis-
phosphate 3-kinase catalytic subunit alpha (PIK3CA), 
PTEN, phosphoinositide-3-kinase regulatory subunit 
1 (PIK3R1), Akt serine/threonine kinase 2 (AKT2), 
and mTOR [216, 217]. The overexpression of PI3K 
was found in more than 40% of NPC [218]. LMP1 
and LMP2A activate the anti-TNF-related apoptosis 
ligand (TRAIL) activity, stimulate EMT, and promote 
the maintenance of cancer stem cell (CSC) pheno-
type, migration, and invasion via the PI3K pathways 
[219, 220]. Other than that, LMP1-activated PI3K/
Akt/mTOR through carboxy-terminal activating 
region (CTAR)1 has promoted resistance in NPC and 
defected the DNA repair system by modulating the 
expression of human miR-21 and inhibiting the activ-
ity of forkhead box O3a (FOXO3a), respectively [221, 

222]. In the view of PI3K playing key role in microtu-
bule polymerization in mitosis, LMP1 could, through 
this pathway, promote the microtubule polymeri-
zation by enhancing the interaction of cell division 
control protein 2 (cdc2) with microtubule regulator, 
oncoprotein 18 (Op18/stathmin) [223]. Further-
more, mTOR pathway activated by LMP1 could 
also promote cell survival and invasion by inducing 
lipid synthesis [122]. Despite that, LMP2A-activated 
PI3K/Akt/mTOR/hypoxia-inducible factor 1-alpha 
(HIF-1α) also stimulated vasculogenic mimicry for-
mation, which is usually found in advanced stage of 
tumor [124]. Hence, EBV-mediated PI3K activation 
is able to promote NPC progression, metastasis, radi-
oresistance, microtubule dynamic, and vasculogenic 
mimicry.

 Nevertheless, the aberrant PI3K signalling can be 
abolished by using its therapeutic inhibitor. Suppres-
sion of PI3K/Akt/mTOR pathway has been found to 
successfully inhibit metastasis in NPC via mesenchy-
mal epithelial transition (MET) [116]. For example, 
PI3K inhibitors such as 2-4-morpholinyl-8-phen-
lchromone, omipalisib, and gedatolisib are able to 
retard the cell survival and induce apoptosis in NPC 
cells [36, 38]. Cell cycle arrest and apoptosis were 
triggered when the PI3K/Akt/mTOR signalling was 
suppressed with euscaphic acid [117]. Besides direct 
targeting PI3K/Akt/mTOR, indirect suppression of 
its signalling as shown in Table 4 is another approach 
that can be utilized. Invasion, metastasis or CSC 
triggered by PI3K can be suppressed by targeting its 
upstream molecules, such as fibroblast growth fac-
tor 2 (FGF2), Flotillin 2 (Flot-2), sterol regulatory ele-
ment-binding transcription factor 1 (SREBP1), DNA 
methyltransferase (DNMT) 1, epithelial cell adhe-
sion molecule (EpCAM), and HIF-1α. Besides that, 
therapeutic resistance and EMT induced by PI3K 
can potentially be inhibited via targeting the collagen 
type I alpha 1 (COL1A), RBM3, regulator subunit 
p85, mitogen-activated protein kinase-activated pro-

AFAP1-AS actin fiber-associated protein 1-antisense RNA1, Akt serine/threonine kinase 2, ANCR antidifferentiation non-coding RNA, CASC9 cancer susceptibility 
candidate 9, CCND 1 or 2 cyclin D1 or 2, CCNE2 cyclin E2, CDK2 cyclin dependent kinase 2, DRAIC downregulated RNA in cancer, FAK focal adhesion kinase, FAM225A 
family with sequence similarity 225 member A, FOXD3 forkhead box protein D3, FOXD3-AS1 forkhead box protein D3-antisense RNA 1, FOXQ forkhead box protein Q1, 
ITGB3 integrin β3, JAG1 jagged 1, JAM-A junctional adhesion molecule-A, LINC00460 long intergenic non-protein coding RNA 460, LncRNA long non-coding RNA, NF-κB 
nuclear factor kappa B, MALAT1 metastasis associated lung adenocarcinoma transcript 1, MEG3 maternally expressed gene 3, NKILA NF-kappabeta-interacting long 
noncoding RNA, PD-1 programmed cell death 1, PI3K phosphoinositide 3-Kinase, PTEN phosphatase and tensin homolog, PVT1 plasmacytoma variant translocation 1, 
p21 cyclin-dependent kinase inhibitory protein-1, Ras-MAPK rat sacrcoma-mitogen-activated protein kinase, Rsf remodelling and spacing factor 1, SATB special AT-rich 
sequence-binding protein-1, Skp2 S-phase kinase-associated protein 2, slug zinc finger protein SNAI2, SRY-Box sex-determining region Y protein-Box, TP73-AS1 P73 
antisense RNA 1T, UCA1 urothelial cancer associated 1

Table 5 (continued)

LncRNAs/miRNAs Potential therapeutic approaches Anti-tumor effect Source

LncRNA FOXD3‑AS1 Downregulation Suppressed colony formation, invasion and migration 
via regulation of miR‑185‑3p/FOXD3 axis

[195]
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tein kinase 2 (MK2), and vacuolar protein sorting 33B 
(VPS33B). Lately, several promising PI3K inhibitors, 
such as buparlisib (NCT0152787, NCT01737450), 
alpelisib (NCT01602315), and sonolisib, are currently 
undergoing active evaluation in clinical trials for 
advanced cases of head and neck cancer [224, 225]. 
In a Phase I clinical study, buparlisib exhibited a clini-
cal response rate of 58.6% among patients with meta-
static breast cancer [226]. Alpelisib is a PI3K inhibi-
tor that specifically targets the α isoform, displaying 
strong antitumor efficacy while maintaining accepta-
ble levels of toxicity in both in vitro and in vivo study 
[227]. Notably, it received Food and Drug Adminis-
tration (FDA) approval in 2019 for its application in 
treating breast cancer [227]. The encouraging out-
comes observed in this Phase I clinical study provide 
a strong basis for pursuing further investigation in 
the context of NPC. Continuing investigations are 
currently underway to explore the synergistic effects 
of these inhibitors in combination with other thera-
pies for advanced NPC treatment. Illustratively, there 
are several ongoing Phase I clinical trials that exam-
ine combinations such as alpelisib with cetuximab 
and IMRT (NCT02282371), buparlisib with cetuxi-
mab (NCT01816984) or cisplatin (NCT02113878), as 
well as sonolisib with cetuximab (NCT01252628) for 
advanced NPC treatment. In a Phase I clinical trial, 
the combination of sonolisib and cetuximab demon-
strated a well-tolerated toxicity profile. Additionally, 
it showcased promising anticancer efficacy, achieving 
a response rate of 44.4%, maintaining stable disease 
in 44.4% of cases, and observing disease progression 
in 11.1% of instances [224]. Moreover, an alternate 
study demonstrated an amplified radiosensitivity 
within a xenograft model when treated with a com-
bination of PI3K and mTOR inhibitors (vistusertib 
with buparlisib or alpelisib) [228, 229]. Worth noting, 
although the PI3K/Akt/mTOR is typically reported 
in promoting tumorigenesis, but there are also few 
studies that demonstrated its activation have reduced 
the radioresistance and is negatively related to can-
cer progression [230, 231]. Therefore, further study 
exploring the role of PI3K/Akt/mTOR in NPC radi-
oresistance and tumorigenesis is required.

b) Targeting TP53

 TP53 (tumor protein P53) is a tumor suppressor 
gene (TSG) which plays a significant role in regu-
lating cell cycle and apoptosis [232]. Mutated TP53 
disturbed the cell cycle and is associated with cancer 
progression, CSC phenotype, and EMT. This muta-
tion is frequently found in other type of cancers but 

not in NPC [217]. Nevertheless, mutations in TP53 
have been detected up to 70% cases of head and 
neck cancer [233]. Overexpression of TP53 in NPC 
has induced the activation of glycolysis and apopto-
sis regulator (TIGAR), which led to cell proliferation 
and invasion [14]. Its aberrant regulation was also 
linked to cisplatin resistance. Cisplatin resistance in 
NPC could be triggered after chemotherapy inhibit-
ing the TP53 apoptotic signalling through the upreg-
ulation of miR-125a and miR-125b [134]. Apoptotic 
signalling of TP53 can be directly inhibited by inter-
fering its mRNA 3′UTR with EBV miR-BHRF-1 and 
miR-BART5-3p [234, 235]. However, this TP53 aber-
ration in NPC is also indirectly induced by LMP1 via 
the activation of NF-kB and activator protein 1 (AP-
1) signalling, or the overexpression of its negative 
regulator, E3 ubiquitin-protein ligase murine double 
minute 2 (MDM2) [131, 232].

 TP53 was proposed as another target for NPC treat-
ment. Upregulation of a TSG, a Pin2 telomeric 
repeat factor 1-interacting telomerase inhibitor 1 
(PinX1), was found to activate the TP53/miRNA-200 
axis, which in turn suppressed the EMT of CSC in 
NPC [133]. A recent study also demonstrated that 
the upregulation of miR-4270 in NPC has inhibited 
TP53 signalling [236]. In addition, cyclooxygenase-2 
(COX-2)’s interaction with TP53 has been known to 
induce chemoresistance by inhibiting chemothera-
peutic-induced cellular senescence [132]. Therefore, 
interrupting this interaction could restore the effec-
tiveness of chemotherapy in inducing the cellular 
senescence. The oncogenic effect induced by TP53 
can potentially be suppressed by targeting the mol-
ecules as shown in Table 5.

 Although numerous TP53 targeted therapies have 
been developed and examined in pre-clinical model 
over the past few decades, but none of them have 
been approved by FDA as of today. To date, only a 
few TP53 targeted therapies have been approved for 
clinical trials, such as nutlin-3, COTI-2, and idasa-
nutlin. Nutlin-3 and idasanutlin are the small-mole-
cules developed to compete with MDM2 for binding 
to the p53-binding pocket of MDM2. This allows the 
activation of TP53 and enhances the chemo-sensitiv-
ity [130, 131]. Preliminary result of treatment with 
combination of nutlin, cisplatin and deocetaxel in 
phase I clinical trial (NCT02508246) demonstrated 
promising antitumor efficacy in advanced head and 
neck cancer [237]. When tested in NPC cell line, 
C666-1 cells using combination of nutlin-3 with 
cisplatin, a growth inhibition and higher apoptosis 
in C666-1 cells were observed [238]. Besides that, 
idasanutlin has been suggested as second generation 
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of nutlin with enhanced drug efficacy and reached 
clinical phase I/II stage testing in acute myeloid leu-
kemia (NCT04029688) [239, 240]. The efficacy of 
idasanutlin in NPC has been demonstrated in pre-
clinical models. This includes the activation of the 
TP53-dependent pathway, inhibition of cell growth, 
and the acceleration of apoptosis in an NPC xeno-
graft model. [130]. Another TP53 targeted therapy 
using COTI-2 has illustrated growth inhibition effect 
in xenograft model by restoring the p53 conforma-
tion [241]. COTI-2 has reached phase I clinical trial 
(NCT02433626) as monotherapy or combination 
with cisplatin tested in head and neck cancer, how-
ever the result is currently unknown [242]. Collec-
tively, the findings from these studies could support 
further clinical investigation as a potential therapy for 
NPC. Furthermore, novel immunotherapies could be 
discovered by studying the crosstalk between TP53 
and the immune microenvironment in NPC.

c) Targeting NF-κB

 NF-κB is constitutively activated in 90% of NPC cases 
through the somatic or frameshifts mutation in its 
negative regulators including NF-κB inhibitor alpha 
(NFKBIA), Cylindromatosis lysine 63 deubiquitinase 
(CYLD), tumor necrosis factor receptor-associated 
factor 3 (TRAF3), tumor necrosis factor-alpha-
induced protein 3 (TNFAIP3), and NOD-like recep-
tor family CARD domain containing 5 (NLRC5) [12, 
70, 243]. Whole-exome, genome, and targeted DNA 
sequencing studies conducted on both primary and 
recurrent NPC cases have unveiled an upregulation 
of NF-κB in 40% of the instances [7, 217, 244, 245]. 
Generally, NF-κB signalling regulates various genes 
that are involved in cytokines and chemokines pro-
duction. Hence, it plays a major role in inflammation, 
immune response, and cell proliferation. Aberrantly 
activated NF-κB could affect the TME, allow the 
immortalization of nasopharyngeal epithelial cells, 
maintain the CSC phenotypes, promote immuno-
suppression, and metabolic reprogramming [246]. 
The NF-κB signalling can be activated in an LMP1-
dependent manner. LMP1-mediated NF-κB has pro-
moted the NPC immortalization through the inter-
action between NF-κB subunit, p65, and human 
telomerase reverse transcriptase (hTERT), as well 
as downregulated the telomerase inhibitor, PINX1 
[247–249]. In contrast to LMP1, LMP2A promoted 
the immunosuppression through the inhibition of 
NF-κB inflammation pathway [250]. The regulatory 
effect of both latent membrane EBV oncoproteins 
in NF-κB activity balances immunosuppression and 

sustained proliferation to enable the immortalization 
of NPC. LMP1-mediated NF-κB activation has pro-
moted cell proliferation through the upregulation of 
provirus integration site for moloney murine leuke-
mia virus 1 (Pim1). Furthermore, the NF-κB signal-
ling can also be activated by caspase-12 (Casp12) 
through the activation of IκB kinase (IKK) (NF-
kappa-B essential modulator) [251]. All of these 
strengthened the role of NF-κB in NPC pathogenesis. 
Hence, therapeutic targeting its positive regulators is 
imperative to enhance the therapeutic sensitivity.

 LMP1-mediated NF-κB has also downregulated the 
miR-203, which is important for EMT inhibition, 
invasion, and metastasis [135]. Aspirin, an NF-κB 
inhibitor was reported with its function to upregu-
late the miR-203 expression, in turn promoting MET 
[135]. Moreover, NF-κB is also indirectly associated 
with cisplatin resistance through the overexpres-
sion of bone marrow stromal cell antigen 2 (BST2) 
[140]. Upregulation of Sirtuin 6 (SIRT6) was reported 
to inhibit NF-κB [141]. Therefore, downregulating 
NF-κB through inhibition of BST2 and activation of 
SIRT6 could enhance the sensitivity to cisplatin. In 
addition, an inhibitor, andrographolide can be used 
to suppress the NF-κB target genes including VEGF, 
intercellular adhesion molecule 1 (ICAM), and 
matrix metalloproteinase (MMP-9) [138]. Besides 
that, NF-κB signalling can be directly inhibited by a 
statin, namely simvastatin [139]. Additionally, the 
knockout of cancer-related lncRNA such as NEAT1 
has been reported as another therapeutic inter-
est since it suppressed the miR-124 expression and 
upregulated NF-κB axis to promote proliferation and 
anti-apoptosis [142]. Upregulation of GTPase-acti-
vating protein (GAP) and deleted in liver cancer-1 
(DLC-1) were shown to inhibit EMT and induce 
apoptosis through the suppression of EGFR/Akt/
NF-κB cascade pathway [143]. Demethylation of ras-
like estrogen-regulated growth inhibitor (RERG) has 
suppressed the ERK/NF-κB pathway and retarded 
the NPC progression by inhibiting the migra-
tion, invasion, and angiogenesis [144]. Targeting its 
upstream pathway or molecules such as EGFR/MEK/
ERK/IKK/mammalian target of rapamycin complex 1 
(mTORC1) could be another area of interest to focus 
[252]. As far as our understanding goes, there are 
scarce pre-clinical investigations and no clinical stud-
ies that have specifically aimed at targeting the NF-κB 
pathway as a therapeutic strategy in NPC. However, 
it’s worth noting that there are small molecule inhibi-
tors designed to target NF-κB and its upstream IKK 
complex, which have progressed to the clinical trial 
stage for the treatment of head and neck cancer. As 
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abovementioned, IKK complex (comprising IKKα, 
IKKβ and IKKγ) mediates the dimerization of NF-κB. 
Notably, IKKβ serves as a pivotal catalytic subunit 
within this IKK complex [253]. Comparative study 
in NPC and nasopharyngitis revealed IKKβ positive 
expression rate is significantly higher in NPC com-
pare to nasopharyngitis (56.7% vs. 33.3%) and is asso-
ciated with shorted DFS rate (69.2% vs. 90.6%) [253]. 
IKKβ/NF-κB pathway has been suggested as one of 
the potential targets for NPC treatment. Acalabru-
tinib, a specific inhibitor of bruton tyrosine kinase 
that targets the upstream IKK Complex within the 
NF-κB pathway, has progressed to phase II of clinical 
trials (NCT02454179) [254]. In the phase II clinical 
trial, the combination of acalabrutinib and pembroli-
zumab was investigated in advanced head and neck 
cancer. However, the trial was terminated due to the 
lack of significant clinical benefit. When compared 
to pembrolizumab alone, the combination showed 
no substantial improvement, with median PFS at 
2.7 months vs. 1.7 months and an overall ORR of 18% 
vs. 14% [254]. Nonetheless, conclusive findings could 
not be reached due to the restricted size of the sample 
population. Furthermore, an analysis of immune sub-
sets within a similar clinical trial has demonstrated 
that acalabrutinib resulted in an improved immune 
response. This improvement encompassed aug-
mented  CD45+ leukocyte infiltration, alleviation of 
 CD8+ T cell suppression, and an increase in memory 
response [254]. Additional comprehensive research is 
required to delve into the immune-related impacts of 
combining pembrolizumab and acalabrutinib in the 
context of TME. Another inhibitor targeted at NF-κB 
is xevinapant, a small molecule apoptosis antagonist. 
Its mechanism involves enhancing apoptosis by regu-
lating the NF-κB signalling pathway [255]. Despite 
that, xevinapant also serves a role in re-establishing 
numerous caspase activities through the inhibition of 
various apoptosis inhibitors [256]. Recently, notable 
phase II results from a clinical study investigating the 
combination of xevinapant with cisplatin and IMRT 
in head and neck cancer have led to the designation 
of breakthrough therapy status [257]. Noteworthy 
enhancements were observed in outcomes with the 
inclusion of xevinapant, showcasing an ORR of 67% 
compared to 48% without, and a complete response 
rate of 52% compared to 38% without it [257]. With 
the encouraging data from this clinical trial, explor-
ing the efficacy of acalabrutinib and xevinapant in 
NPC is anticipated. Moroever, a remarkable enhance-
ment in survival and a substantial inhibition of tumor 
growth were observed with the combination of xevi-
napant and an anti-programmed cell death protein 

1 (PD-1) [258]. Therefore, combinating these NF-κB 
targeted therapies with immunotherapy is another 
focus in NPC treatment.

d) Targeting MAPK/ERK/MEK/JNK

 MAPK, ERK, and JNK pathways are abnormally 
activated in the tumors of certain NPC patients. 
These pathways play significant roles in various cel-
lular processes and communications. It has been 
proposed that the increased expression of these sig-
nalling pathways plays a role in the onset of NPC. 
Research findings indicated that the overexpres-
sion of ERK protein in NPC is notably more pro-
nounced compared to the levels observed in the 
normal nasopharyngeal mucosa (83.33% vs. 24.14%) 
[259]. Moreover, the expression rates of ERK, JNK, 
and MAPK, were found to be associated with TNM 
stage of NPC. Briefly, patients with N1-3 stage or M1 
(83.85%, 100%) have higher expression level of ERK 
protein compared to N0 or M0 patients (75.00%, 
82.54) [259]. Consistent finding was also observed in 
another study, where JNK expression was markedly 
higher in the advanced stages of NPC (III and IV) 
(89.2% ± 11.7%) compared to individuals in the early 
stages (I and II) (58.90% ± 4.90%) [260]. Subsequent 
investigations further substantiated these findings 
by revealing that the overexpression of JNK is more 
prevalent in patients with recurrence as opposed to 
those without recurrence. Moreover, patients show-
ing notably lower JNK expression exhibited improved 
survival rates, with 1-year, 3-year, and 5-year overall 
survival rates of 100%, 90%, and 80%, respectively 
[260]. Collectively, this indicates that MAPK/ERK/
MEK/JNK signalling is associated with NPC progres-
sion. Despite that, LMP1 overexpression is found to 
associated with dysregulation of these pathways. In 
LMP1-independent manner, MAPK can be deregu-
lated by the mutation of its positive or negative 
regulators such as Erb-B2 receptor tyrosine kinase 
3 (ERBB3), v-raf murine sarcoma viral oncogene 
homolog B1 (BRAF1), FGFR2, FGFR3, and neurofi-
bromatosis 1 (NF1) [217]. Unusual activation of p38/
MAPK has led to metastasis, angiogenesis, radiore-
sistance, and poor prognosis [261]. Besides that, 
numerous studies have revealed that LMP1-mediated 
EMT was promoted via the activation of RAF/MEK/
ERK pathway [262]. Nevertheless, LMP1-mediated 
JNK activation silenced the E-cadherin, inactivated 
p53, promoted DNA methylation, and contributed in 
telomerase activity [263, 264]. In addition to LMP1, 
LMP2A also mediated the activation of JNK pathway, 
thereby induced the aggressive phosphorylation of 
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c-Jun which is commonly detected in advanced stage 
of NPC [260]. Taken together, the inhibition of these 
signalling pathways is very important for NPC thera-
peutic.

 Numerous studies have explored several strategies 
to inhibit or retard the effect of MAPK/ERK/JNK 
pathways activation. MAPK can be deactivated by 
knockdown of amyloid β precursor protein, which 
has been shown to retard the NPC progression [146]. 
Macrocyclic lactone antibiotic ivermectin (IVM) 
was reported to inhibit MAPK/ERK activator, P21 
(RAC1) activated kinase 1 (PAK1), by preventing the 
phosphorylation of Raf1 and Mek [147]. Besides that, 
a tumor suppressor gene, zinc finger, MYNDtype 
containing 10 (BLU) was found to inhibit ERK signal-
ling and its downstream effector (cyclins D1), thus 
promoted cell cycle arrest and apoptosis [151]. Over-
expression of miR-124 inhibited the cell proliferation, 
migration, and invasion through regulation of trans-
forming growth factor beta (TGF-β)/MALAT1//ERK 
axis [152]. Moreover, miR-483-5p also plays a role in 
activating ERK pathway through downregulation of 
death-associated protein kinase 1 (DAPK1) protein 
expression which resulted in increased colony forma-
tion, radioresistance, and DNA damage (broken dou-
ble strand of DNA) [153]. Therefore, overexpression 
of miR-124, inhibition of miR-483-5p, or upregula-
tion of BLU could increase radiosensitivity. Further-
more, since LMP1 required CTAR1 to activate ERK 
in order to induce EMT, interfering the signalling 
between CTAR1-LMP1 could inhibit the ERK activa-
tion [154].

 Currently, there are no ongoing clinical trials focus-
ing on targeting these pathways for NPC. Instead, the 
majority of trials primarily concentrate on targeting 
the EGFR and the VEGF/VEGF receptor (VEGFR) 
pathways, as outlined in detail in “Recent clinical 
advancement of precision medicine in NPC” sec-
tion. However, several MEK/MAPK inhibitors have 
entered clinical trial for head and neck cancers, 
such as cobimetinib (NCT00467779), selumetinib 
(NCT00085787), tremelimumab (NCT02586987), 
and TAK-733 (NCT00948467). Nevertheless, all 
of these clinical trials have failed to demonstrate 
therapeutic efficacy in the treatment of head and 
neck cancers [265, 266]. Among these endeavors, 
trametinib stands out with promising results. In a 
Phase II clinical trial (NCT01553851), trametinib 
administered as a neoadjuvant treatment showcased 
its effectiveness in significantly reducing tumor size, 
with reductions of up to 74% observed in all patients 
[267]. Furthermore, considering the intricate nature 
of oncogenic signalling pathways, employing combi-

nation therapies that target multiple pathways simul-
taneously could potentially yield improved clinical 
outcomes. For example, the combination of MEK 
inhibitor trametinib with BRAF inhibitor dabrafenib 
has demonstrated an enhanced therapeutic response, 
and the PFS was observed [268]. Trametinib is cur-
rently used to treat metastatic melanoma and serves 
as a combination therapy for managing advanced 
and metastatic solid tumors [269, 270]. These clinical 
findings offer crucial scientific evidence, suggesting 
the necessity to explore potent MEK/MAPK inhibi-
tors in precision trials for the effective treatment of 
NPC. Continued investigation into the interaction 
between MAPK/ERK/MEK/JNK pathways and the 
TME is essential to formulate effective therapeutic 
strategies.

e) Targeting JAK/STAT 

 Previous studies have investigated the role of JAK/
STAT3 in NPC initiation, progression, and metas-
tasis, as well as associated with advanced stages of 
NPC [271, 272]. The activation of STAT3 has been 
detected in 70.5% of NPC patients, and LMP1 has 
been suggested to play role in this activation by 
enhancing its dimerization and DNA binding in 
B-cells [271, 273]. A research discovery unveiled 
the expression pattern of JAK/STAT3 in both NPC 
and chronic nasopharyngitis. Notably, the JAK/
STAT3 signalling exhibited markedly elevated lev-
els in NPC (60.2% and 70.9%), contrasting with the 
figures observed in chronic nasopharyngitis (12.8% 
and 14.1%) [274]. Moreover, high activation of this 
pathway is associated with poor prognosis [271, 272]. 
NPC patients with elevated JAK2/STAT3 expres-
sion experienced notably reduced survival times. 
Specifically, the median survival for patients with 
no expression of JAK2 or STAT3 was 58.7 ± 5.3 or 
53.6 ± 13.1 months, while those with positive expres-
sion of JAK2 or STAT3 had median survival times of 
33.6 ± 19.7 or 39.5 ± 20.8  months, respectively [274, 
275].

 In NPC, this pathway is constitutively activated by 
LMP1 through CTAR3 activation and upregulation 
of IL-6 [276–278]. In fact, STAT is activated in a 
positive feedback loop manner, whereby STAT acti-
vation signalling upregulates the expression of LMP1, 
in turn induces the LMP1-mediated IL-6 production 
and results in activation of STAT [277]. Abnormal 
activation of this pathway contributed to aggres-
sive characteristic of NPC including angiogenesis, 
migration, EMT, anti-apoptosis, cell proliferation, 
and metastasis [279]. Upregulation of STAT pathway 
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was also positively linked to VEGF expression and 
associated with poor survival in NPC patients [274]. 
Among the STAT family proteins, STAT1, STAT3, 
and STAT5 are the most commonly associated with 
NPC [280, 281].

 Generally, JAK/STAT pathways can be therapeutic 
targeted through several strategies. For example, the 
upregulation of Raf kinase inhibitory protein (RKIP) 
can potentially supress the activation of STAT path-
way [157]. Moreover, STAT pathway can be inhibited 
by using the regulator miRNA, such as miR-29a and 
miR124-3p, which can interfere the 3′UTR of STAT3 
mRNA [158, 160]. With this, the expression of B-cell 
lymphoma 2 (BCL-2) which plays a role in promoting 
cell proliferation can be supressed, in turn enhanced 
the chemo- and apoptotic sensitivity [282]. Further-
more, lncRNA LINC00669 was found to promote the 
cell proliferation and invasion in NPC through the 
upregulation of JAK/STAT signalling [283]. Thera-
peutic targeting LINC0669 was proposed as a poten-
tial treatment for NPC with aberrant JAK/STAT 
oncogenic signalling.

 Numerous inhibitors have been developed to supress 
STAT3 activation, such as peptidomimetics, PM-
73G, ISS-610, and tyrosine-phosphorylated peptide, 
phosphopeptide inhibitor (PY*LKTK) which func-
tion to interfere its DNA binding and dimerization 
[284]. A phase 0 clinical study (NCT00696176) on 
STAT3 decoy oligonucleotide observed supressed 
level of STAT3 expression and retarded cell prolif-
eration in head and neck squamous cell carcinomas 
[285]. Stattic, a STAT inhibitor, has demonstrated 
encouraging outcomes in enhancing chemosensitiv-
ity and radiosensitivity across various cancer types, 
including NPC [286–288]. In an in vitro NPC model, 
the application of a combination treatment involv-
ing stattic, cisplatin, and radiation resulted in growth 
inhibition and heightened apoptosis [288]. However, 
these JAK/STAT targeted therapies are currently in 
the preclinical stage, and there is still an inadequate 
understanding of their mechanisms of action. Hence, 
further experimental research is necessary to gain a 
deeper insight into the underlying mechanisms.

 Nonetheless, it’s worth noting that a few JAK/STAT 
inhibitors, such as ruxolitinib and danvatirsen, have 
progressed to the clinical trial stage for the treat-
ment of head and neck cancer and may be beneficial 
for NPC treatment. Ruxolitinib, which has demon-
strated growth inhibition in both two-dimensional 
and patient-derived xenograft models, is currently in 
the recruitment phase (NCT03153982) to assess its 
effectiveness in treating head and neck cancer [289]. 
Furthermore, ruxolitinib has also gained the approval 

for myelofibrosis treatment [290]. Apart from that, 
danvartisen, an antisense oligonucleotide molecule 
that targets STAT3 by intefering mRNA translation, 
is being examined in clinical trials (NCT02499328) 
involving cases of metastatic head and neck cancer. 
This trial aims to explore its potential as a monother-
apy or in combination with MED14736, an immuno-
therapy that disrupts the interaction between PD-1 
and PD-L1 [291]. The clinical investigation has shown 
elevated anticancer activity resulting from the com-
bination of a PD-L1 inhibitor with a STAT3 inhibitor, 
outperforming the effectiveness of PD-L1 monother-
apy [291]. Therefore, further research is warranted 
to investigate the potential of these JAK1,2/STAT3 
inhibitors and their combination with PD-L1 immu-
notherapy as a treatment strategy for NPC. In addi-
tion, delving into the correlation between JAK/STAT 
activation and metabolic reprogramming in NPC 
could reveal potential metabolic targets that could 
be harnessed for therapeutic purposes in NPC treat-
ment.

f ) Targeting Wnt/β-catenin pathway

 NPC patients’ tumors with aberrant Wnt/β-catenin 
signalling are associated with CSC phenotype and 
radioresistance [292]. The aberrant upregulation 
of Wnt/β-catenin signalling was observed in NPC 
through the examination of the expression of canoni-
cal WNT ligands, such as WNT8B. In the study, a 
substantial 75.6% of NPC cases were exhibited high 
expression of WNT8B [293]. Subsequent observa-
tions of NPC patients with overexpressed WNT8B 
revealed a correlation with shorter survival dura-
tions. Among patients displaying overexpression of 
WNT8B, the median survival was 37.0 ± 3  months, 
whereas those with no expression of WNT8B had 
a median survival of 52.3 ± 7  months [293]. A com-
parable pattern was also reported in another study, 
wherein 60.4% of NPC patients showed upregula-
tion of β-catenin expression. Among individuals with 
β-catenin overexpression, there was a decrease in 
rates for OS, distant metastasis-free survival (DMFS), 
locoregional recurrence-free survival (LRFS), and 
DFS in contrast to the group with low expression 
(49.2% vs. 48.7%, 64.2% vs. 65%, 62.5% vs. 62.4%, and 
37.5% vs. 39.3%, respectively) [294]. Moreover, within 
the same study, among NPC patients exhibiting over-
expression of β-catenin expression, 39% of them 
experienced mortality attributed to factors such as 
local recurrence (43.8%), distant metastasis (46.9%), 
or other causes (9.4%) [294]. A comprehensive meta-
analysis that included eight studies has unveiled a sig-
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nificant association between β-catenin overexpres-
sion and adverse OS (HR = 2.45, 95% CIs 1.45–4.16, 
p = 0.001), as well as a reduction in DFS or PFS (HR 
1.79, 95% CIs 1.29–2.49, p = 0.000) [295]. In short, 
the overexpression of Wnt/β-catenin signalling has 
been significantly associated with advanced disease 
stages and unfavorable survival outcomes in NPC 
patients.

 Similarly, Wnt/β-catenin pathway can be deregulated 
by EBV infection. LMP2A induces the phosphoryla-
tion of glycogen synthase kinase 3β (GSK3β) via the 
stimulation of metastatic tumor antigen 1 (MTA1) 
signalling, consequently leads to mass nuclear trans-
location of β-catenin [296]. Besides that, miR-150 
also inhibits the GSK3β expression by targeting its 
3′UTR, thereby results in accumulation of β-catenin 
to promote radioresistance, EMT, and invasion 
[297]. Further research into potential therapeutic 
approaches targeting the Wnt/β-catenin pathway 
is imperative to improve the survival prospects for 
individuals diagnosed with NPC. Up to date, only 
three drugs specifically targeting the Wnt/β-catenin 
signalling pathway, namely niclosamide, sulindac, 
and pyrvinium, have received FDA approval for the 
treatment of conditions such as ovarian cancer, colon 
cancer, and intestinal polyposis [298–300].

 Several studies have aimed to counteract the onco-
genic effect in NPC which is imparted via Wnt/β-
catenin pathway by targeting its carboxyl terminus 
or co-activator, CREB binding protein (CBP). Tran-
scription and nuclear translocation of β-catenin can 
be repressed by the binding of a small nuclear pro-
tein, Chibby (Cby) to its c-terminal and 14-3-3 adap-
tor proteins [163]. An antagonist of CBP/β-catenin, 
referred to as ICG-001, has been created to inhibit 
the transcriptional activity of CREB binding proteins. 
This inhibition is accomplished by ICG-001 bind-
ing to cyclic AMP response element-binding protein 
[301, 302]. Consequently, this approach has resulted 
in the suppression of gene transcription that encour-
ages the proliferation and self-renewal of stem cells, 
leading to a reduction in the population of CSC-like 
entities, which are implicated in drug resistance. 
Thus, ICG-001 also holds the potential to augment 
drug sensitivity. The synergistic effect of combining 
ICG-001 with the chemotherapy drug cisplatin was 
investigated in both an in  vitro three-dimensional 
model of EBV-positive C666-1 and an in vivo xeno-
graft model. This combination demonstrated a nota-
ble suppression of tumor growth in both models 
[161]. In contrast to the effects of cisplatin alone, the 
combination of cisplatin with ICG-001 exhibited an 
intensified tumor suppression effect and improved 

overall health condition. These findings serve as evi-
dence of the efficacy of ICG-001 as a potential drug 
targeting CSCs and highlight the synergistic benefits 
of combining ICG-001 with conventional therapies, 
ultimately enhancing treatment outcomes in NPC 
[161]. These promising findings may justify the need 
for further clinical studies involving NPC patients. 
Currently, ICG-001 has progressed to a phase I 
clinical trial (NCT01302405) involving patients with 
advanced solid tumors. Another CBP/β-catenin 
antagonist, known as PRI-724, has been developed 
with a potency 20 times greater than that of ICG-
001. Currently, PRI-724 is undergoing investigation 
in a variety of clinical trials. Briefly, there is a phase 
Ia clinical study (NCT01302405) assessing the tox-
icity profile of PRI-724 in advanced solid tumors, a 
phase Ib trial (NCT01764477) examining its effi-
cacy in combination with gemcitabine in refractory 
pancreatic cancer treatment, and a phase I/II trial 
(NCT01606579) studying the safety and efficacy in 
leukemia treatment. Both pre-clinical and clinical 
evidence substantiates the safety and effectiveness 
of CBP/β-catenin antagonists when combined with 
conventional drug treatments for cancer [161, 303]. 
Hence, future clinical investigations focusing on the 
combination of PRI-724 with cisplatin could offer 
potential benefits for NPC patients, potentially lead-
ing to improved treatment outcomes. Other mol-
ecules that have shown efficacy in intefering with 
β-catenin complex or impeding it transcription, 
such as vantictumab, XAV939, WNT974, JW55, and 
iCRT3 in other cancer types, could also be explored 
for their potential effectiveness in treating NPC 
[304–310].

 Apart from that, numerous fundamental studies have 
been conducted to target Wnt/β-catenin pathway 
in NPC. Leucine-rich repeat-containing G protein-
coupled receptor 5 (Lgr5) which acts as Wnt receptor 
activates the Wnt/β-catenin signalling to promote the 
EMT and chemoresistance [167]. Hence, Lgr5 was 
suggested as another interesting candidate to sup-
press the Wnt/β-catenin signalling. Other than that, 
targeting miRNA which is involved in the regulation 
of Wnt/β-catenin pathway including miR-124, miR-
506, and miR-34c have been explored. Downregu-
lation of miR-124 was observed in NPC, while the 
upregulation of miR-124 has suppressed the prolif-
eration and invasion in NPC cells via the inhibition of 
Wnt/β-catenin signalling by targeting Calpain small 
subunit 1 (Capn4) [164]. Activation of LIM Home-
obox 2 (LHX2) through the Wnt/β-catenin signalling 
is required for NPC metastasis and EMT, whereas 
upregulation of miR-506 has inactivated the Wnt/β-
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catenin signalling and led to inhibition of LHX2 
[165]. Study showed that Wnt/β-catenin-conferred 
radioresistance could be reversed by external delivery 
of miR-34c which suppressed the β-catenin expres-
sion [162]. Moreover, silencing of FOXO3a in NPC 
was also associated with Wnt/β-catenin mediated 
radioresistance, thereby its activation could enhance 
the radiosensitivity in NPC patients [166]. Further 
investigations into these therapies targeting the 
Wnt/β-catenin pathway in NPC patients are war-
ranted. Conducting comprehensive research into the 
interaction between the Wnt/β-catenin pathway and 
the immune microenvironment has the potential to 
yield valuable insights, which could in turn advance 
immunotherapy strategies for NPC.

Aberration in DNA methylation and histone modification
Distinct epigenetic alterations derived by EBV infec-
tion such as DNA methylation and histone modification 
which contributed to NPC pathogenesis were reported. 
Overall, common methods employed for assessing dem-
ethylation and gene re-expression include methylation-
specific polymerase chain reaction, bisulfite genomic 
sequencing, immunohistochemistry, and chromatin 
immunoprecipitation.

Aberrant DNA methylation downregulates the TSGs 
that play important role in various biological processes. 
In NPC, TSGs such as Ras association domain family 
member 1 (RASSF1A), cyclin-dependent kinase inhibitor 
2A (CDKN2A), BLU, and deleted in lung and esophageal 
cancer protein 1 (DLEC1) which are involved in regulat-
ing the DNA repair and cell proliferation were silenced 
by promoter hypermethylation [25, 311, 312]. Besides 
that, checkpoint with forkhead and ring finger (CHFR) 
which regulates the mitotic checkpoint and MMP-19, 
promotes anti-cancer effect and suppresses angiogenesis; 
it was also found to be inhibited by aberrant promoter 
hypermethylation in NPC [313, 314]. The downregula-
tion of MMP-19, which is known to contribute to NPC 
tumorigenesis through enhancing invasion and metas-
tasis, was observed in up to 70% of early NPC [313]. 
However, the upregulation of ten–eleven translocation 
methylcytosine dioxygenase 1 (TET1) has been reported 
to suppress tumor cell survival, migration, and invasion 
via the activation of Wnt antagonist, dishevelled bind-
ing antagonist of beta catenin 2 (DACT2), and SFRP2. 
Nevertheless, in NPC, TET1 expression was inhibited by 
methylation [315].

Recent developments in next-generation genome 
sequencing (NGS) and array-based methylome studies 
have revealed significant changes in the host cell meth-
ylome in NPC, characterized by cytosine-phosphate-
guanine (CpG) hypermethylation [316, 317]. EBV latent 

protein LMP1 has also been found to involve in modu-
lating the epigenetic modification through its interaction 
with DNA methyltransferases (DNMTs) or demethylases. 
For example, research has provided evidence that LMP1 
triggered hypermethylation and silencing of the tumor 
suppressor phosphatase and tensin homologue (PTEN). 
This occurs through the activation of DNA methyltrans-
ferase 3 beta (DNMT3b) via the NF-κB signalling path-
way, where the NF-κB p65 subunit binds to the DNMT3b 
promoter [318]. Moreover, the LMP1 transfected EBV-
negative NPC cells have showed an elevation of LMP1 
mediated DNMT3b expression [318]. Another study 
have showed that LMP1 inducing hypermethylation 
in E-cadherin genes through the activation of DNMT1 
[264]. Activation of DNMT1 was found to be initiated 
by LMP1-mediated AP-1/JUN signalling [264, 319]. 
Additionally, further investigation has demonstrated 
that in the presence of LMP1, the levels of all three 
DNMT enzymes (DNMT1, DNMT3a, and DNMT3b) 
are increased [320]. Moreover, there are various genes 
in the aforementioned cellular signalling pathways that 
were also interfered by promoter hypermethylation and 
contributed in NPC tumorigenesis. In a gene expression 
profiling study of NPC initial tumor, the promoter of Wnt 
signalling inhibitor including secreted frizzled related 
protein 1 (SFRP1), SFRP2, SFRP4, SFRP5, Wnt inhibitory 
factor 1 (WIF1), and dickkopf WNT signalling pathway 
inhibitor 1 (DKK1) were turned off by DNA methylation, 
thus leading to abnormal activation of Wnt signalling 
and its downstream components [321]. Consistent find-
ings from another study have reported that 67–95% of 
40 NPC cases had methylation in SFRP1, 2, 4 and 5, and 
DKK2 [317]. In addition, these promoter methylations 
often occur in numerous chromosomal regions such as 
3p21.3, 9p21, and 6p21.3. Apart from that, a more com-
prehensive analysis of 9 studies on methylation in NPC 
showed that p16 hypermethylation occurs in 41.1% of 
NPC [322]. Furthermore, RAFFS1, multiple genes includ-
ing zinc finger MYND-type containing 10 (ZMYND10), 
leucyl-TRNA synthetase 2, mitochondrial (LARS2), MutL 
Homolog 1 (MLH1), lactotransferrin (LTF), and DLEC1 
in 3p21.3 region were promoter methylated in the tumors 
of certain NPC patients [316]. CDKN2A and CDKN2B 
located in 9p21 were also inactivated by promoter meth-
ylation [25]. The transcriptional silencing of CDKN2A via 
promoter hypermethylation has been identified in over 
80% of NPC cases. This phenomenon is suggested to be 
a significant mechanism that interferes normal cell cycle 
regulation and facilitates persistent EBV infection in 
NPC [323]. Besides that, BLU and DLEC1 were detected 
in 40–70% of NPC, and methylation in both gene has led 
to dysregulation of cell cycle, stress-response, and STAT3 
pathways [324–326].
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Histone modification involves the modification of 
histones N-terminal tails by several post-translational 
mechanisms including ubiquitination, methylation, acet-
ylation, sulfonylation, and phosphorylation. This modi-
fication often occurs in side chain of lysine residues on 
histone H3. Histone acetylation and deacetylation are 
important in mediating the expression of host gene and 
cellular processes [327]. Dysregulation of histone biva-
lent switch including H3K4me3 (activation mark) and 
H3K27me3 (suppression mark) has immortalized the 
NPC cells. In NPC, histone modification suppresses the 
DNA repair gene and regulates the expression of EBV 
genes, especially histone deacetylation (HDAC) which is 
involved in regulating EBV latency and EBV-associated 
tumorigenesis [328]. Study showed that enhanced level of 
histone 3 lysine 9 trimethylation (H3K9me3) was associ-
ated with NPC metastasis, and chemo- and radio-resist-
ance [329]. Besides that, LMP1 was found to upregulate 
the H3K27ac signal, in turn upregulated the oncogene 
translocation-Ets-leukemia virus and activated NFκB 
pathway [330]. Studies also proposed that EBNA1 has 
mediated this aberrant histone modification by reducing 
the activation of H3K4me3 and promoting the activation 
of H3K27me3 in DNA damage repair gene [331, 332]. In 
addition to these two bivalent switches, aberrations in 
other histone marks such as H3K27ac, H3K26me3, and 
H3K9me3 were also suggested for their synergetic role in 
abnormal regulation of the host genes expression [332].

Recent study has demonstrated that P53 and p21 
were typically methylated in NPC, and restoration of its 
expression via demethylation of DNMT3B was shown to 
reverse EMT and induce apoptosis [333]. Furthermore, 
protocadherin 17 (PCDH17) was methylated in 100% 
of NPC cell lines, while demethylation of PCDH17 or 
knockout of DNMT has inhibited the NPC oncogenesis 
[334]. Moreover, CCAAT enhancer binding protein alpha 
(CEBPA) expression that was required to inhibit TGF-
β-mediated EMT was downregulated in NPC by LMP1 
through the activation of STAT5 and suppression of his-
tone acetylation via recruitment of HDAC to CEBPA 
locus [335]. CEBPA was also found silenced in LMP1 
negative NPC [335]. Study conducted by Xie’s team has 
reported that EMT can be reversed by restoring CEBPA 
expression through the inhibition of HDAC [335]. In 
addition, inhibition of HDAC could also potentially sup-
press the oncogenic-activated NF-κB pathway in NPC 
[336].

The oncogenic epigenetic alterations observed in NPC 
tumors have the potential to be reversed by employing 
specific inhibitors tailored to target these changes. For 
example, small molecule inhibitors can be developed to 
target the epigenetic enzyme involved in histone modi-
fication and hypermethylation, such as histone acetyl 

transferases (HATs), HDACs, and DMNT1. Recently, 
HDAC inhibitors like romidepsin, vorinostat, and chida-
mide have received clinical approval for the treatment of 
conditions such as cutaneous T-cell lymphoma, periph-
eral T-cell lymphoma, and multiple myeloma [337–340]. 
Agents that target DNMTs, such as 5‐azacytidine and 
decitabine, have also been developed. Numerous pre-
clinical and clinical studies have provided evidence of the 
efficacy of HDACs and DNMTs inhibitors in NPC.

The DNMT inhibitor, 5‐azacytidine, has shown its effi-
cacy in restoring the expression of E-cadherin and inhib-
iting cell migration in NPC [320]. A significant inhibition 
of tumor growth was observed when a combination of 
5-azacytidine and radiotherapy was administered [341]. 
These findings indicated that 5-azacytidine enhances the 
radiosensitivity of NPC cell lines and xenograft models, 
leading to an increased apoptosis in irradiated cells [341]. 
The combination of 5-azacytidine with radiotherapy 
may represent an attractive alternative strategy for NPC 
treatment. An orally bioavailable formulation of 5-aza-
cytidine, known as CC-486, has been developed and has 
demonstrated the potential to enhance treatment out-
comes when combined with radiotherapy in pre-clinical 
NPC models. This formulation is currently undergoing 
clinical trials for the treatment of NPC. In a phase I clini-
cal trial (NCT01478685), CC-486 was administered alone 
and in combination with carboplatin or nab-paclitaxel, 
resulting in three partial responses and four cases of sta-
ble disease among eight NPC patients [342]. However, 
combining CC-486 with cytotoxic chemotherapy did not 
significantly enhance response rates [342]. The clinical 
activity of CC-486 as a monotherapy in NPC has pro-
vided the foundation for advancing to a phase II clinical 
trial. However, the results of the phase II clinical trial 
(NCT02269943), which included 36 patients with locally 
advanced or metastatic NPC, did not demonstrate sig-
nificant clinical benefits. The trial reported an objective 
response rate (ORR) of 12% and a median progression-
free survival (PFS) of 4.7  months [343]. Although the 
response rates were low, it is worth noting that among 
the 25 evaluable patients, 19 of them (76%) exhibited 
some degree of response [343]. The disease control rate 
(DCR) of 52% was actually better than expected, espe-
cially considering that the patient population consisted 
mainly of individuals with heavily pretreated metastatic 
NPC [343]. These findings suggest the possibility that 
CC-486 primarily exerts its effects by stabilizing the 
disease rather than inducing substantial tumor regres-
sion. Moreover, the toxicity of CC-486 was overall well 
tolerated. Decitabine, another DNMT inhibitor, is also 
undergoing clinical investigation in a phase I/II clini-
cal trial (NCT03701451), where 30 NPC patients were 
received treatment with decitabine in combination with 
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cisplatin-induced chemotherapy, followed by concurrent 
chemoradiotherapy.

HDAC inhibitors, specifically Vorinostat and 
Romidepsin, have been found to effectively suppress 
NPC proliferation both in  vitro and in  vivo [335, 344, 
345]. Synergistic cytotoxic effects were observed when 
combining HDAC inhibitor with chemo-drugs or radia-
tion [346]. The combination of Abexinosta with either 
cisplatin or irradiation could potentially reduce treat-
ment resistance in preclinical NPC model [346]. Study 
has also examined HDAC inhibitor in NPC metastasis 
in  vivo. The increased expression of deoxynucleotidyl-
transferase terminal-interacting protein 1 (DNTTIP1) 
has been shown to facilitate NPC tumorigenesis by 
inhibiting the expression of the dual specificity phos-
phatase 2 (DUSP2) gene. This inhibition occurs through 
the recruitment of HDAC1 to the promoter region of 
DUSP2, thereby preserving a deacetylated state of his-
tone H3K27 [347]. The decreased expression of DUSP2 
leads to the abnormal activation of the ERK signalling 
pathway and increased levels of MMP2, which in turn 
facilitate the metastasis of NPC. Research has reported 
that the class I HDAC inhibitor Chidamide plays a role 
in increasing the levels of H3K27-Ac and DUSP2 while 
decreasing the levels of DNTTIP1, p-ERK, and MMP2. 
This action inhibits the proliferation, migration, and 
invasion of NPC cells in both in vitro and in vivo mod-
els [347]. These initial findings indicate that HDAC 
inhibitors, particularly in combination with chemother-
apeutic agents, hold a great promise for the treatment 
of NPC. A phase I clinical trial (NCT00336063) is cur-
rently assessing the impact of combining vorinostat and 
5-azacitidine in recurrent or metastatic NPC patients, 
but the results of this trial have not been reported yet. 
Moreover, further clinical investigations into the use 
of other HDAC inhibitors in the treatment of NPC are 
warranted.

Likewise, the use of DNMT and HDAC inhibitors 
is believed to reactivate the host immune response 
by reversing the methylation-induced gene silencing. 
This effect is particularly significant in EBV-associated 
tumors, as it can reactivate silenced immunodominant 
antigens in infected cells [348]. Such an approach could 
potentially create a more conducive microenviron-
ment for immunotherapies by improving the presenta-
tion of tumor-specific antigens. This, in turn, could lead 
to the expansion of both primary and adaptive immune 
responses against the tumor. In a phase I study, changes 
in several EBV promoters were investigated at the molec-
ular level before and after 5-azacitidine treatment in 
patients with NPC. The study revealed varying degrees 
of demethylation in all latent and early lytic EBV pro-
moters following treatment [349]. Given the potential 

clinical benefits observed with CC-486 as monotherapy 
in clinical studies, exploring the combination of CC-486 
with immune checkpoint inhibitors holds promise as an 
area for further clinical investigation. Therefore, further 
investigation into the crosstalk between different epige-
netic modifications, such as H3K9me3, H3K27ac, and 
H3K26me3, and their collaborative impact on the control 
of host gene expression may pave the way for more accu-
rate and effective epigenetic-targeted treatments.

Aberration in immunomodulatory components
The immune environment of NPC is characterized 
by the intense filtration of tumor-infiltrating immune 
cells (TIICs). Despite that, there is a supressed immune 
response, and the presence of immunosuppressive 
infiltrates such as regulatory T-cells (Tregs), M2 mac-
rophages, and myeloid-derived suppressor cells, leads to 
immunotolerance, thereby promoting tumor progression 
[350–352]. The detailed discussion of each immunomod-
ulatory component in NPC contributing to immune eva-
sion can be found in our previous review [353].

Immune evasion is the crucial key for tumor cells to 
survive. In EBV-positive NPC, many EBV oncopro-
teins have assisted in immune evasion by suppressing 
the immune cells through the modulation of cytokines, 
immune checkpoint regulators as well as tumor associ-
ated exosomes in TME [354, 355]. As aforementioned, 
the overexpression of LMP1 is able to activate several cel-
lular signalling pathways including NF-κB and STAT3 to 
induce inflammatory responses. Hence, due to its immu-
nomodulatory properties, LMP1 was suggested as the 
main EBV oncoprotein that can promote immune eva-
sion as well as NPC tumorigenesis.

Studies reported that EBV-positive NPC patients 
released the LMP1-derived exosome which was able 
to exert its immunosuppressive and oncogenic effect 
to the surrounding stromal cells in TME [356–358]. 
Therefore, LMP1 is capable of modulating the stromal 
cells and tumor infiltrating leukocytes (TILs) response 
in TME to promote the immune evasion and NPC 
progression by several strategies, including (1) sup-
pressing natural killer- and T-cells by inducing IL-18 
and IP-10 [359]; (2) mediating programmed cell death 
protein 1 (PD-1)/programmed death-ligand 1 (PD-L1) 
signalling through NF-κB, STAT3, and AP-1 pathways 
to suppress the TILs action [360]; (3) promoting dif-
ferentiation and expansion of myeloid-derived sup-
pressor cells by upregulating the production of IL-1β, 
IL-6, IL-18, and granulocyte–macrophage colony-
stimulating factor (GM-CSF) via the activation of 
aerobic glycolysis [361]; (4) suppressing the innate 
immune response by sumoylation of interferon regu-
latory factor 7 (IRF7) [362]; (5) affecting the cell–cell 
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interaction by regulating the cell adhesion molecules 
ICAM-1, CD18, and lymphocyte function associated 
antigen (LFA) [359]; (6) disturbing the antigen process-
ing and presentation by modulating the expression of 
transporter associated with antigen processing (TAP), 
major histocompatibility complex (MHC) class I and 
II molecules [363]; (7) creating chronic inflammatory 
infiltrate by regulating expression of immunomodula-
tory cytokines [359]; (8) regulating the expression of 
COX-2, VEGF, EGFR as well as HIF-1α [124, 355]; and 
(9) inducing apoptosis in T-helper-type 1 (Th1) cells via 
the regulation of galectin-9 (Gal-9) expression in NPC 
exosome [364]. In addition, LMP2A and B also inhib-
ited the anti-tumor immunity by suppressing the inter-
feron (IFN) signalling [365]. Furthermore, exosomes 
derived from LMP1 have the capability to upregulate 
the MAPK/Akt signalling pathway, thereby promoting 
cell proliferation and inhibiting the differentiation of B 
cells into antibody-secreting cells. Exosomes derived 
from NPC containing C15 have the ability to convert 
 CD4+CD25− T lymphocytes into Treg cells, promoting 
Treg cell aggregation and immunosuppressive effects. 
Consequently, this allows tumor cells to evade immune 
clearance [366].

Besides EBV oncoproteins, its miRNAs including miR-
BART and miR-BHRF are also participating in immune 
evasion in NPC. MiR-BART6-3p and miR-BART16-
5p were found to suppress the type-1 IFN signalling by 
interfering the retinoic acid-inducible gene I (RIG-I) 
mRNA and CREB-binding protein mRNA, respectively 
[367, 368]. MiR-BART1, miR-BART2, and miR-BART22 
have also been shown to suppress the maturation of 
T-cells, and reduce the activation of cytotoxic T lym-
phocytes (CTLs) and natural killer (NK) cells by down-
regulating the production of interleukin (IL)-2 [369]. 
Moreover, miR-BART2-5p repressed the expression of 
stress-induced NK cell ligand, MHC class I polypep-
tide-related sequence B (MICB), thus enabling the EBV 
infected cells to escape from immune recognition [370]. 
Besides that, the antigen processing and presentation are 
also disturbed by miR-BART17 and miR-BHRF1-3 via 
targeting the antigen processing protein, Cathepsin B and 
antigen peptide transporter 2 (TAP2) [371]. Worth not-
ing, EBV EBER1 is also capable of upregulating the anti-
inflammatory and growth promoting IL-10 through the 
binding with RIG-I receptor and activation of interferon 
regulatory factor 3 (IRF-3) [372]. Furthermore, the anti-
tumor immune response was also found to be repressed 
by the overexpression of TAP inhibitor, EBV BNLF2a. 
Uncovering the distinct mechanism of immune evasion 
among the NPC patients may help to explore the NPC 
therapeutic strategies through the restoration of anti-
tumor immune response. For example, EBER-induced 

upregulation of IL-10 secretion in NPC can be blocked 
through indirect or direct knockdown of IRF-3 or IL-10, 
small interfering RNA (siRNA), respectively [373, 374]. 
Both reverse transcription PCR and enzyme-linked 
immunosorbent assay (ELISA) results have shown that 
the knockdown of RIG-I led to a decrease level of IL-10 
[373, 374].

Nowadays, PD-1/PD-L1 checkpoint is the most com-
mon immunecheckpoint axis observed in NPC, with 
up to 80% of NPC are observed with PD-L1 expres-
sion [375–378]. A study has reported that EBV-positive 
NPC exhibited higher levels of CD3, CD4 and  CD8+ 
TILs compared to EBV-negative NPC [379]. Addition-
ally, these  CD8+ cells often expressed high levels of 
PD-L1. Other immune-suppressive cell types, includ-
ing forkhead box P (Foxp)  3+ Treg and  CD68+ tumour-
associated macrophages (TAMs), also exhibited higher 
levels in EBV-positive NPC [380, 381]. Aside from LMP1, 
research has revealed that interferon-gamma (IFNγ), 
such as IFNβ, plays a role in stimulating the expression of 
PD-L1 and PD-L2 in NPC cells [382]. Hence, therapeutic 
targeting of the PD-1/PD-L1 axis in EBV-positive NPC 
could enhance cytotoxic responses, potentially reversing 
T-cell exhaustion and restoring their anti-tumor func-
tions. To date, a wide array of immunotherapies targeting 
the PD-1/PD-L1 axis has been explored in the treatment 
of various types of neoplasms. These therapies include 
anti-PD-1 antibodies like nivolumab, cemiplimab, pem-
brolizumab, and anti-PD-L1 antibodies such as atezoli-
zumab, durvalumab, and avelumab [383, 384]. Anti-PD-1 
antibodies, including nivolumab and pembrolizumab, 
have shown promising antitumor efficacy in individuals 
with recurrent and metastatic NPC [385, 386]. Among 
patients who received nivolumab treatment, an ORR of 
20.5% was observed, along with a one-year OS rate that 
exceeded historical data for comparable patient groups 
[386]. Moreover pembrolizumab was recently evaluated 
in a clinical trial (NCT02339558), with the results show-
ing a deceased in lesion size in 66% of the patients and 
a DCR of 77.8% [387]. In a single-arm and multicenter 
phase II study (CAPTAIN study) assessing the safety and 
efficacy of camrelizumab [244], recurrent and metastatic 
NPC patients achieved an ORR of 34.00%, a DCR of 
59.00%, and a median PFS of 5.6 months. The most fre-
quently encountered adverse effects of this treatment are 
stomatitis, anemia, and abnormal liver function. Addi-
tionally, two randomized clinical trials, NCT02605967 
and the KEYNOTE-122 study, were performed to assess 
the efficacy and safety of immune checkpoint inhibi-
tor monotherapy compared to chemotherapy [388, 
389]. Nevertheless, there were no significant differences 
observed in ORR and DCR, indicating that the moder-
ate anti-tumor efficacy of PD-1 antibody monotherapy 
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is comparable to that of chemotherapy. However, there 
was a notable reduction in the toxicity profile when uti-
lizing PD-1 antibody monotherapy. Nonetheless, there 
are numerous limitations of using PD-1/PD-L1 inhibitors 
as monotherapy, primarily the limitation of anti-tumor 
response rate [390, 391]. The emergence of resistance to 
PD-1/PD-L1 inhibitors is another significant concern. A 
study revealed that approximately 30% of patients ini-
tially respond well to treatment but eventually develop 
acquired resistance, leading to a loss of response to 
this form of immunotherapy [392, 393]. Therefore, 
other immune checkpoint such as lymphocyte activat-
ing 3 (LAG3), T-cell immunoglobulin mucin-3 (TIM3), 
and T cell immunoreceptor with Ig and ITIM domains 
(TIGIT) and cytotoxic T lymphocyte-associated protein 
4 (CTLA4) were also studied as therapeutic target in 
NPC. Studies showed that some  CD8+ T-cells expressed 
high level of genes encoding immunosuppressive check-
point proteins TIM-3 and LAG3, as well as populations 
of  CD4+ T-cells expressing genes encoding TIGIT and 
CTLA4 [394]. The Galactin-9/TIM-3 axis was also found 
to contribute to an immune-suppressive TME in NPC, as 
Galectin-9 is highly expressed in tumor cells and higher 
levels of Tim-3  Foxp3+ lymphocytes are found in paired 
NPC primary and recurrent tissues. Inhibition of TIM3 
ligand, Galectin-9, was found to revigorate infiltrating 
T lymphocytes through interfering with the interaction 
between PD-1 and TIM3 [395]. Hence, this was sug-
gested as alternative approach to overcome the resistance 
to the PD-1/PD-L1 inhibitors.

The EBV oncoproteins and miRNAs, especially LMP1, 
that contributed to numerous oncogenic effects in 
EBV-NPC patients can be suppressed by blocking these 
EBV-associated signalling. Consistent studies have dem-
onstrated that knockdown of LMP1 using DNAzymes 
such as DZ509 and DZ1 has successfully inhibited the 
NPC cells growth and restored the anti-tumor effect 
[178, 396]. Hence, direct targeting of the viral oncopro-
teins or miRNAs in EBV-positive NPC patients was pro-
posed as an attractive target for therapeutic development 
for EBV-positive NPC.

Meanwhile, immunotherapy that precisely targets EBV 
has been proposed as the most promising approach for 
NPC treatment. This includes (1) therapeutic vaccine 
constituted of EBV latent antigens; (2) infusion of EBV 
processed CTLs; and (3) antibodies targeting EBV latent 
antigens such as human antibody Fab conjugated with 
mitomycin C (HLFAFab-MCC) targeting extracellular 
domain of LMP [101, 397, 398]. Adoptive therapy, a ther-
apeutic strategy that uses immune cells including CTLs 
and cytokine induced killer cells that directly and pref-
erentially target cancer cells, has been explored in NPC 
treatment. Considering that nearly all EBV-positive NPC 

cases encode LMP1, a clinical trial employed the ade-
novirus-DeltaLMP1-LMP2 gene to transduce dendritic 
cells in patients with advanced NPC, yielding promis-
ing results [399]. Several studies have also suggested 
the safety and efficacy of EBV-specific cytotoxic T cell 
infusion, which targets EBV antigens including EBNA1, 
LMP1 and LMP2 (NCT01447056, NCT02065362) 
[400]. On the other hand, another therapeutic strategy, 
active immunotherapy, which utilizes tumor vaccines 
to enhance immune recognition, has also been explored 
in NPC treatment. These strategies encompass LMP2-
expressing dendritic cells (DCs) and the use of a recombi-
nant modified vaccinia Ankara vaccine (MVA-EL). Both 
approaches have demonstrated safety and good toler-
ability. Evidence from studies supported the efficacy of 
directly administering the MVA-EL vaccine in inducing 
LMP/EBNA1-specific CTL responses in patients [401, 
402]. This recombinant vaccinia virus-based vaccine, 
encoding a functionally inactive fusion protein compris-
ing the CD4 epitope-rich C-terminal half of EBNA1 and 
the CD8 epitope-rich LMP2A, demonstrated the ability 
to induce a T-cell response in 80% of patients [403]. In 
certain cases, it even enhanced responses involving both 
 CD4+ and  CD8+ mediated immunity against EBNA1 
and/or LMP2. This vaccine is currently undergoing 
evaluation in a phase II trial that includes patients with 
detectable plasma EBV DNA levels after radiotherapy or 
those who have achieved an optimal response to pallia-
tive chemotherapy (NCT01094405). Besides that, LMP2 
expressing DCs was also assessed in a phase II clinical 
trial with an adenovirus-DeltaLMP1-LMP2 vector [399]. 
However, there was no improvement observed in the 
levels of LMP1/2-specific T cells [399]. Immunotherapy 
alone may have limited effects on certain cancers. There-
fore, combining therapeutic strategies may be necessary 
to enhance the therapeutic response.

The combination of PD-1/PD-L1 blockade with other 
immune checkpoint inhibitors, like anti-CTLA-4 or anti-
angiogenic agents such as anti-VEGFR inhibitors, repre-
sents an enhanced therapeutic strategies for NPC. The 
efficacy of the combination of ipilimumab and nivolumab 
in NPC has been investigate in phase II clinical trial 
(NCT03097939) [404]. Preliminary data showed a partial 
response rate of 35% with a median response duration of 
5.9  months, demonstrating a synergistic enhancement 
in the efficacy of PD-1 monotherapy. There is an ongo-
ing phase I/II clinical trial (NCT02460224) evaluating the 
safety and efficacy of an anti LAG3 antibody, ieramili-
mab, as a standalone treatment and in combination with 
spartalizumab, an anti-PD1 antibody, for patients with 
advanced malignancies [405]. Ieramilimab demonstrated 
good tolerability when administered as a monotherapy 
and in combination with spartalizumab. The toxicity 
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profile of ieramilimab in combination with spartalizumab 
was found similar to that of spartalizumab alone [405]. 
Additionally, combining PD-L1/PD-1 inhibitors with 
chemotherapy or radiotherapy has also been proposed as 
an alternative approach to enhance treatment outcomes. 
The combination of chemoradiation and PD-1/PD-L1 
inhibitors has shown the potential to promote synergis-
tic anti-tumor immunity through enhancing immune 
recognition, cytotoxic activity, and inhibiting T-cell 
apoptosis. Recent studies have reported the approval 
of camrelizumab or toripalimab combined with gem-
citabine plus cisplatin regimen as first-line setting for 
recurrent and metastatic NPC treatment [244, 406]. For 
instance, a phase I trial on anti-PD1 antibody, camreli-
zumab achieved an ORR of 34% [244, 406]. In contrast, 
a combination of camrelizumab with gemcitabine and 
cisplatin achieved an impressive ORR of 91% (CAP-
TAIN study) [244, 406]. Furthermore, the addition of 
toripalimab to gemcitabine plus cisplatin chemotherapy 
for recurrent and metastatic NPC patients demonstrated 
impressive results, with a median PFS of 11.7  months 
(JUPITER-02 study) [407]. More recently, a phase III 
clinical trial (NCT03924986) demonstrated that the com-
bination of tislelizumab with gemcitabine and cisplatin 
significantly extended the median PFS of recurrent or 
metastatic NPC patients. This improvement was notable, 
with a median PFS of 13.9 months, following a follow-up 
period of 15.5  months, when compared to placebo plus 
gemcitabine and cisplatin. Apart from this, combining 
PD-1 antibodies with chemotherapy to co-targeting the 
PD-1 axis with anti-VEGFR represents the third most 
frequently used clinical strategy in oncology treatment. 
There are ongoing clinical trials propose the combina-
tion of PD-1/PD-L1 blockade with other immune check-
point inhibitors such as anti-CTLA-4 or anti-angiogenic 
agents such as anti-VEGFR inhibitors as recommended 
therapeutic approach for NPC [408, 409]. In a phase II 
clinical trial (NCT04586088), the combination of apat-
inib and camrelizumab has demonstrated promising 
antitumor activity in patients with refractory, recurrent, 
or metastatic NPC who had previously failed first-line 
therapy [410]. The trial reported an ORR of 65.50%, a 
DCR of 86.20% and a median PFS of 10.4 months [410]. 
Another combinational strategy involves the combina-
tion of cytotoxic T-cell (CTL) adoptive therapy with 
chemotherapy. In a phase II study, the application of a 
combination of chemotherapy with engineered EBV-spe-
cific CTLs (adoptive immunotherapy) as a first-line treat-
ment for metastatic or recurrent NPC patients resulted 
in a favorable outcome, achieving a 2-year Overall Sur-
vival (OS) rate of 62.9% [40]. In an ongoing phase III 
trial (NCT02578641), a treatment regimen consisting of 
chemotherapy (gemcitabine and carboplatin) followed by 

autologous, in  vitro-expanded EBV-specific cytotoxic T 
cells for recurrent and metastatic NPC patients treatment 
has yielded promising efficacy with an overall response 
rate of 71.4% [40]. Similar studies are underway, explor-
ing adoptive cellular-based immunotherapies using EBV-
T-cell receptor-T cell therapy (NCT03648697) and LMP-, 
BARF1-, and EBNA1-specific CTLs (NCT02287311).

Future studies focusing on exploring the crosstalk 
between various immune evasion mechanisms and their 
collective influence on the immune landscape within 
the TME could pave the way for more comprehen-
sive therapeutic strategies. The heterogeneity of NPC 
tumor cell population within TME has enabled it to 
display diverse phenotypes for cancer progression. The 
interaction among these cells in TME is through secre-
tion of cytokines, chemokines, membrane contact, and 
exosomes, in turn aberrantly regulating the biological 
process and immune evasion [411]. Therefore, uncover-
ing the aberrantly regulated molecules in TME could 
help to explore the potential NPC therapeutic to block 
the immunosuppressive and tumor growth promot-
ing effect. Furthermore, in order to achieve personal-
ized NPC therapeutic, more international collaboration 
studies of oncogenic genetic and epigenetic alteration 
occurrence in NPC are required to further investigate the 
different subset of NPC patients.

Recent clinical advancement of precision medicine 
in NPC
As we have comprehensively described the currently 
practiced treatment modalities and highlighted the limi-
tations therein such as toxicities, therapeutic resistance, 
and limited applicability due to high cost, the unique 
physiological location of tumor, and the lack of efficacy 
in certain patients, more effort is warranted to pursue 
new therapeutic strategy for NPC patients. Knowing how 
tumor heterogeneity contributes to variable treatment 
outcomes in patients, precision medicine becomes the 
terminal avenue for seeking full remission. Below, we will 
summarize the recent clinical advancement in developing 
treatment strategies to meet a true precision medicinal 
practice that addresses the limitations listed above.

Cytotoxic chemotherapy
Cytotoxic drugs have been the integral part of therapies 
for NPC patients due to their efficacies. However, the 
side effects commonly experienced by the recipients of 
such treatment options are the downsides that warrant a 
search for newer cytotoxic chemotherapy that is safe and 
efficacious.

A phase II clinical trial performing prospective rand-
omized trial to compare the efficacy between CCRT plus 
S-1 (oral fluoropyrimidine) treatment regimen and CCRT 
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plus cisplatin control regimen in patients with locore-
gionally advanced NPC [412]. Based upon Karnofsky 
performance status (KPS) ≥ 60%, adequate organ func-
tion, and null systemic metastasis, 105 stage III–IV (M0) 
NPC patients with no prior cancer history were assigned 
randomly into groups receiving chemoradiotherapy with 
400 mg oral S-1 (twice/day, 7 days/week for 4 weeks) or 
chemoradiotherapy with 40 mg/m2 cisplatin (weekly for 
7 weeks). Radiotherapy was given at 66–76 Gy/7–8 weeks 
to the primary tumor, 60–66 Gy/6–7 weeks to the posi-
tive neck region, and 50–55 Gy/5–6 weeks to the nega-
tive neck region. The study with a median follow up of 
28.4  months (interquartile range (IQR), 9–50  months) 
found that the two regimens (CCRT plus S-1 vs. CCRT 
plus cisplatin) were not different significantly in terms 
of their efficacy measures measuring complete response 
(67.3% vs. 54%, respectively, P = 0.235), partial response 
(23.6% vs. 26%, respectively, P = 0.779), 2-year PFS (81.3% 
vs. 65.8%, respectively, P = 0.090), and OS 2-year OS 
(86.2% vs. 82.5%, respectively, P = 0.103). However, the 
treatment regimen consisting of CCRT plus S-1 was able 
to tone down some grade 3–4 toxicities, such as leukope-
nia (5.5% vs. 22%, respectively, P = 0.013), mucositis (20% 
vs. 46%, respectively, P = 0.004), dermatitis (14.5% vs. 
36%, respectively, P = 0.011), and nausea (9.1% vs. 40%, 
respectively, P = 0.000) when compared to control regi-
men. This suggests that by replacing cisplatin with S-1 
in current standard treatment regimen, toxicities may 
potentially be minimized when treating locoregionally 
advanced NPC patients. A larger trial with longer follow-
up should be established to support the findings.

Another oral fluoropyrimidine cytotoxic drug called 
capecitabine was also assessed for its efficacy as adjuvant 
by combining with cisplatin compared to the efficacy 
when cisplatin was used alone [413]. Chemo- and radi-
otherapy-naïve patients aged ≥ 18  years old with locally 
advanced (stage III–IVa) NPC, and no other tumor 
were enrolled. A total of 136 patients with KPS ≥ 70%; 
adequate organ function; complete medical history and 
physical examination; complete hematologic and bio-
chemical analyses; and complete imageological exami-
nation like MRI, CT, or PET–CT were assigned into 
two groups consisting of 66 patients in group A and 70 
patients in group B. Three cycles of treatment were given 
consisting of 1  week rest after 2  weeks of treatment in 
each cycle. In the group of patients receiving intravenous 
drip of 20 mg/m2 cisplatin alone (group A, 5 days/week), 
the effective rate was 60.6% with 21 patients (31.8%) hav-
ing complete response, 19 patients (28.8%) having par-
tial response, 12 patients (18.2%) having stable disease, 
and 14 patients (21.2%) having progressive disease. In 
the group receiving 1000  mg/m2 adjuvant drug capecit-
abine in addition to group A’s cisplatin dosing strategy 

(group B, twice/day), the effective rate was 81.4% with 34 
patients (48.6%) having complete response, 23 patients 
(32.9%) having partial response, 7 patients (10%) hav-
ing stable disease, and 6 patients (8.6%) having progres-
sive disease. The 3-year OS for the two groups of patients 
were 77.3% vs. 85.7% (P = 0.039), respectively. Lower 
recurrence and metastasis rates were observed in group 
of patients treated with capecitabine and cisplatin com-
pared to patients treated with cisplatin alone (7.1% vs. 
19.7, P = 0.030, respectively and 10% vs. 22.7%, P = 0.044, 
respectively). Interestingly, the total patients experienc-
ing toxicities were fewer in the patients treated with cis-
platin and capecitabine than in the patients treated with 
cisplatin alone (10% vs. 24.2%, respectively, P = 0.026). 
This may suggest that adding capecitabine into cispl-
atin treatment regimen may reduce toxicities in NPC 
patients. The benefit of adding capecitabine as an adju-
vant still need further confirmation such as through ran-
domized controlled trials that recruit larger sample size 
and follow-up for longer term.

Although S-1 and capecitabine appear to have more 
favorable toxicity profiles when compared to regimen 
that includes chemoradiotherapy or chemotherapy 
alone, respectively, other notable adverse effect such as 
cardiotoxicities including events like chest pain, coro-
nary syndrom/infarction, arrhythmia, heart failure/car-
diomyopathy, cardiac arrest, and malignant hypertension 
might be a problem, despite occurring at a much lower 
frequency and of lower grade of adverse event when 
using S-1 [414]. Hand–foot syndrome is also a com-
mon side-effect of S-1 and capecitabine treatments, and 
again, it is less likely to occur and of lower severity in 
S-1 treatments [415]. It would be insightful to study the 
molecular mechanisms of S-1 and capecitabine’s appar-
ent reduced toxicity when used together with other treat-
ment modalities in order to figure out how to best apply 
these two drugs and their potential synergies with other 
available therapies such as targeted therapy and immu-
notherapy. Furthemore, utilizing a technology like RNA-
sequencing to obtain gene expression profiles of best 
responding subjects before and after treatment would 
unravel potential biomarkers that can predict treatment 
response, hence helping in guiding biomarkers-based 
personalized treatment. Overall, trial recruiting larger 
patient sample size with diverse patient population and 
longer follow-up should be established to firmly decide 
on whether S-1 should replace cisplatin and capecitabine 
can be added into cisplatin treatment regimen for safer 
NPC management.

Targeted therapy
With the increasing understandings of the aberrations 
in genetics, epigenetics, and signalling pathways in NPC 
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tumors, the need to develop targeted therapy to inhibit 
potential drivers for CSCs transformation becomes 
apparent. The testing of such small molecule or antibody-
based inhibitors has already been reported in several 
clinical trials summarized below.

An AKT inhibitor, MK-2206, was tested in multicenter 
phase II clinical trial enrolling patients with local and/
or distant sites metastatic and/or recurrent non-kerati-
nizing NPC [127]. Patients were selected to have dis-
ease progression within 24  months of receiving one or 
two prior lines of chemotherapy for recurrent disease 
with at least one of the regimens containing platinum 
agents. The patients should also have Eastern Coopera-
tive Oncology Group (ECOG) performance status of 0 to 
2, adequate organ, and bone marrow function. MK-2206 
was given at 200  mg once a week on days 1, 8, 15, and 
22 in a 28-day interval until disease progression, devel-
opment of intolerable toxicity, or refusal by patient. Out 
of 21 patients analyzed, one patient (5%) had partial 
response and 11 patients (52%) had stable disease. The 
median PFS was 3.5 months (IQR, 0.9–7.3 months) and 
the 6-month PFS rate was 43%. On the other hand, the 
median OS was 10.0 months (IQR, 5.9–20.0 months) and 
6-month OS rate was 70%. Nine patients (42.9%) were 
progression-free at 6  months and two patients (10%) 
were progression-free beyond 12 months. Some grade 3 
toxicities were observed including macular–papular rash, 
hyperglycemia, and fatigue. Although the study was ter-
minated prematurely due to limited activity observed, 
the study observed a benefit from inhibiting AKT for a 
patient with NPC possessing PIK3CA gene amplification 
as the patient with the aforementioned amplification in 
primary tumor was observed to maintain stable disease 
condition over 12 months period. The author emphasized 
the need to developed predictive biomarkers of response 
to inhibitors of AKT and the need to use combinatorial 
approach to tackle the activation of compensatory path-
ways in NPC. Testing of MK-2206 in a specific popula-
tion of patients harboring PIK3CA gene amplification 
should be performed in larger and longer term rand-
omized trials to demonstrate its clinical efficacy in this 
particular subgroup of patients.

In an attempt to address amplified EGFR gene and 
overexpressed EGFR protein of in NPC, tyrosine kinase 
inhibitors (TKIs) are also used to treat NPC patients. A 
phase I clinical trial employing a novel highly selective 
EGFR-targeting TKI drug icotinib attempted to study the 
combination of the EGFR TKI drug with IMRT in NPC 
patients [416]. NPC patients aged 18–70 years old with-
out distant metastasis with KPS ≥ 70; adequate renal, 
hepatic, and bone marrow function were recruited. Oral 
icotinib was given until the completion of radiotherapy; 
IMRT was implemented 3–6  h after icotinib treatment. 

The dose-escalation study was started at 125  mg/day, 
escalated by increasing the frequency of treatment (one, 
twice, to thrice daily). If less than two patients suffered 
dose-limiting toxicity, i.e., grade 4 mucositis and skin tox-
icity, grade 3 mucositis with delay of more than 1  week 
due to toxicity treatment, or any other grade 3 non-
hematologic toxicity (except nausea and vomiting) that 
was considered dose-limiting, the escalation continued, 
otherwise the escalation was stopped. At least 4  weeks 
of observation was required after IMRT within each ico-
tinib dose level before moving onto the next level. The 
study concluded a dose at 125 mg/day of icotinib to have 
an acceptable safety profile and was well-tolerated when 
combined with IMRT in NPC patients, whereas the dose 
at 250  mg/day induced mucositis as the dose-limiting 
toxicity in half of the enrolled patients in that particu-
lar cohort. Patients with EGFR mutation (four patients) 
appeared to suffer more serious adverse effects than 
the patient without. Further study needs to investigate 
whether there is an association between the presence of 
mutation of EGFR in exon 18 and 20 with the adverse 
event. Better biomarkers than EGFR are also needed to 
better predict the response of TKI treatment in this case. 
Since this was a phase I study, phase II trial recruiting 
more patients with longer term follow-up is necessary to 
further demonstrate its safety and potential efficacy.

The EGFR-targeting TKI drug cetuximab had also 
been evaluated for efficacy and toxicity in several studies. 
In a multicenter phase II clinical study, cetuximab was 
assessed in combination with carboplatin in patients with 
recurrent or metastatic NPC who had disease progres-
sion on or within 12 months after the end of platinum-
based chemotherapy for their recurrent or metastatic 
diseases [417]. More specifically, the patients had to have 
EGFR expression in the NPC tumor, aged ≥ 18 years old, 
KPS ≥ 60, and adequate organ function. Cetuximab was 
given at 400 mg/m2 over 120 min initially, and then con-
tinued with weekly dose of 250 mg/m2 over 60 min. Car-
boplatin with a targeted area under the curve (AUC) of 
5 (according to the Calvert formula) was administered 
after the cetuximab infusion on day 1 of a 21-day treat-
ment cycle. The combination was given till a maximum 
of eight cycles or progression disease or patients suffered 
unacceptable toxicity. Cetuximab dose was modified to 
200 and then 150  mg/m2, respectively if the treatment 
was interrupted for up to two consecutive infusions on 
the second and third occurrence due to grade 3 skin tox-
icity. Cetuximab was discontinued on the fourth of such 
an occurrence. Fifty-nine patients’ response was assessa-
ble out of the 60 enrolled patients. Seven patients (11.7%) 
had partial response, 29 patients (48.3%) had stable dis-
ease, whereas 23 patients (38.3%) suffered progressive 
disease. The median time to progression was 81 days and 
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median OS time was 233 days in all patients. Six patients 
(10%) suffered serious treatment-related adverse events 
and 31 patients (51.7%) suffered grade 3/4 toxicities, from 
which 19 patients (31.7%) were claimed to have toxic-
ity related to cetuximab. Since the patients were heavily 
pretreated, the occurrence of many adverse events was 
expected. It was clear that the combination was tolerable 
as there were no dose modifications necessary. Future tri-
als should aim to enroll more patients and with longer 
follow-up time.

Cetuximab was also evaluated when used in com-
bination with CCRT in locoregionally advanced NPC 
patients [418]. The analyses included 225 patients 
from the enrolled 681 newly-diagnosed locoregionally 
advanced (stage III–IVB) non-keratinizing NPC patients 
who received CCRT with (75 patients) or without (150 
patients) cetuximab. IMRT was given with the prescribed 
doses of 66–75 Gy at 2.10–2.25 Gy/fraction to the plan-
ning target volume (PTV) of the primary gross tumor 
volume, 64–72 Gy per 28–33 fractions to the PTV of the 
involved lymph nodes volume, 60–62 Gy per 28–31 frac-
tions to the PTV of the high-risk clinical target volume, 
and 50–52 Gy per 25–30 fractions to the PTV of the low-
risk clinical target volume. The group with the addition 
of cetuximab received concurrent chemotherapy regi-
men consisting of paclitaxel and nedaplatin, whereas the 
concurrent chemotherapy regimen for the group without 
the addition of cetuximab could vary between docetaxel 
(70  mg/m2 on day 1) with cisplatin (60  mg/m2 on day 
1–3), or 3-weekly cisplatin (80 mg/m2 on day 1–3)/neda-
platin (80  mg/m2 on day 2–4). Cetuximab was initially 
given at 400 mg/m2 by intravenous infusion over 120 min 
and subsequently 250  mg/m2 over 60  min on a weekly 
basis. The median follow-up time was 43.6  months 
(IQR, 5.6–75.3  months) for CCRT only group, wheras 
the median follow-up time was 41.0 months (IQR, 6.0–
71.2  months) for CCRT plus cetuximab group. Statisti-
cally, significant improvement in 3-year PFS (83.7% vs. 
71.9%, respectively, P = 0.036), locoregional failure free-
survival (LRFS) (98.6% vs. 90.2%, respectively, P = 0.034) 
but not OS (91.4% vs. 85.4%, respectively, P = 0.117) was 
observed in group of patients treated with CCRT com-
bined with cetuximab compared to CCRT alone. Spe-
cific subgroup of patients with T4 and/or N3 category 
was seen to benefit from combination of cetuximab with 
CCRT with significant prolonged 3-year PFS (81.0% 
vs. 61.4%, respectively, P = 0.022) and longer 3-year OS 
(88.0% vs. 77.9%, respectively, P = 0.086), whereas there 
were no significant differences observed for PFS, LRFS, 
OS, and distant metastasis-free survival (DMFS) rates 
in general for stage III patients. Adverse events such as 
acute oral and oropharyngeal mucositis were more fre-
quently seen in group with cetuximab addition, although 

late toxicities were similar in both arms. There were sev-
eral limitations highlighted by the authors of the present 
study. The fact that data were obtained from patients 
of a single institution limited the generalizability of the 
results. There was limited toxicity statistics obtained in 
the relatively short period of follow-up to better justify 
the proposed combinatorial treatment and there was 
potential bias in choosing the patients data being pre-
sented in this study. Hence, future multicenter prospec-
tive studies with longer period of follow-up should be 
conducted to better generalize the results from this study.

Recently, the long-term survival of patients with 
chemotherapy-naïve metastatic NPC was assessed with 
the inclusion of cetuximab in docetaxel and cisplatin 
treatment regimen [419]. Patients aged 18–65  years 
old with newly diagnosed metastatic NPC and patients 
with first metastatic NPC relapse after radiotherapy 
were eligible for the study. Patients had to have ECOG 
performance status of 0 or 1; had not received previous 
treatment with any investigational drug, surgery, irra-
diation or other anticancer therapies within the prior 
4 weeks; had no known central nervous system metas-
tases; had adequate organ function; had no uncon-
trolled cardiac or other disease with life expectancy 
of 3  months to be eligible. All patients had  EGFR+ 
NPC. Induction chemotherapy consisting of 75  mg/
m2 intravenous docetaxel on day 1, 25 mg/m2 cisplatin 
on days 1, 2, and 3, and 250 mg/m2 cetuximab on days 
0, 7, and 14 with initial dose of 400  mg/m2 was given 
to all patients, followed by CCRT consisting of IMRT 
plus concomitant 75 mg/m2 cisplatin (every 3 weeks for 
two cycles) and cetuximab (every week for six cycles) 
for patients with objective remission, and followed by 
maintenance therapy consisting of 1000 mg/m2 capecit-
abine twice daily on days 1 through 14 (every 21 days). 
IMRT was given at 68–70  Gy (30 daily fractions over 
6  weeks) to the PTV of existing primary tumor in 17 
patients with newly diagnosed metastatic disease and 
at 64–66  Gy in 26 patients with first relapse-metasta-
ses after curative radiotherapy. The latter group was 
given additional dose of 62–66  Gy over 30 fractions 
to metastatic regional neck node if indicated. Induc-
tion therapy was given for a maximum of six cycles, 
until disease progression, development of intolerable 
toxicity, or refusal by patient. Patients receiving con-
ventional therapy, i.e., CCRT served as control group. 
The median follow-up time was 89  months (IQR, 
32–135  months). The overall median OS and PFS 
time were 32.9  months (IQR, 18.2–47.5  months) and 
18.3 months (IQR, 10.6–26.0 months), respectively. The 
5-year OS and PFS rates for all patients were 34.9% and 
30%, respectively. Patients with newly diagnosed meta-
static NPC seemed to benefit from the regimen more 
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than those who previously received radiotherapy and 
then experienced relapse with metastases with 5-year 
OS rate of 58.8% vs. 19.2% and 5-year PFS rate of 52.9% 
vs. 19.2%, respectively. These patients when compared 
to control patients (5-year OS, 10.9%) had significantly 
more long-term survivors. Importantly, there were 
only few patients sufferring grade 3 skin reactions with 
no treatment-related mortalities in the present study. 
The most common grade 3/4 side effects of the induc-
tion therapy were leucopenia (39.5%), acne-like rash 
(11.6%), febrile neutropenia (14%), and thrombocyto-
penia (9.3%). About 10% of the patients were suscepti-
ble to grade 3/4 toxicities during CCRT, including oral 
mucositis (39.1%), dermatitis (in-field) (26.1%), leuko-
penia (17.4%), acne-like rash (13%), and thrombocyto-
penia (13%). Grade 3/4 adverse events were rare during 
maintenance therapy. Due to its safety, cost effective-
ness, and convenience, capecitabine was selected as the 
maintenance therapy. As a result, one-third of patients 
experienced progression disease. Hence, the role of 
targeted therapy such as cetuximab or even immuno-
therapy can be assessed in this setting. Nevertheless, 
the regimen assessed in this study conferred long-term 
survival for 15 patients (34.9%), 12 of which were still 
alive with no evidence of disease at 60–135 months of 
follow-up. Future studies should focus on recruiting 
more patients with diverse background to confirm the 
versatility of the regimen to wider population.

To summarize, cetuximab may be beneficial for a spe-
cific subgroup of patients such as those with T4 and/or 
N3 category and those who never receive chemother-
apy and radiotherapy after diagnosis.

An alternative TKI drug for targeting EGFR called 
nimotuzumab was also explored to treat NPC patients. 
In a retrospective study, 42 locally advanced NPC 
patients who receiving nimotuzumab combined with 
CCRT were studied and analyzed [35]. Four to six 
cycles of cisplatin-based concurrent chemotherapy 
was received by all patients; 27 received concurrent 
chemotherapy only, 7 received induction plus concur-
rent chemotherapy, and 8 received induction, concur-
rent plus adjuvant chemotherapy. All patients also 
were administered with nimotuzumab for four to 
seven cycles; 13 patients received 100 mg/week and 29 
patients received 200 mg/week. The study reported that 
patients who received the aforementioned regimen had 
complete response and partial response rate of 90.5% 
and 9.5%, respectively. The 2-year LRFS, DMFS, and 
OS rates were 96.4%, 93.1%, and 96.6%, respectively. At 
the last follow-up, four patients (9.5%) were reported to 
have progressive disease and two patients (4.8%) died 
of distant metastasis. Mucositis and hematology tox-
icities were the most common adverse events and some 

grade 3/4 toxicities in few cases. From the report, it was 
not clear how the patients were assigned to each group 
of CCRT treatment, what were the constituent of the 
CCRT regimen, and what doses were used for respec-
tive constituent. Furthermore, the data were generated 
from a short follow-up and small sample size. Further 
randomized trial with larger sample size and longer 
follow-up is required to confirm the conclusion of the 
study.

Nimotuzumab was recently evaluated for its best mode 
of application whether it is best applied along with induc-
tion chemotherapy or along with CCRT in a regimen that 
includes induction chemotherapy and chemoradiother-
apy [420]. The enrollment criteria were: age 17–73 years 
old; KPS ≥ 70; adequate organ function; no known aller-
gies; no history of mental illness; no drug abuse or other 
unhealthy habits; no metastasis or malignancy in other 
organ; no history of other malignancy, participation in 
other clinical trials, severe allergies, pregnancies, lacta-
tions, treatment of anti-EGFR; and tolerance to ther-
apy. One hundred eighty patients were categorized into 
group A consisting of 120 patients receiving induction 
chemotherapy followed by CCRT, group B consisting of 
30 patients receiving nimotuzumab at the beginning of 
induction chemotherapy followed by CCRT, and group C 
consisting of 30 patients receiving induction chemother-
apy followed by nimotuzumab applied at the beginning 
of radiotherapy plus CCRT. Induction chemotherapy 
regimens were given for two to three cycles consisting of 
docetaxel plus cisplatin plus 5-FU, docetaxel plus cispl-
atin, or cisplatin plus 5-FU. Docetaxel was at 70 mg/m2 
on day 1 over 1 h, cisplatin was at 75 mg/m2 on day 1–3, 
and 5-FU was at 500 mg/m2 from day 1–4 as an intrave-
nous infusion every 3 weeks. Concurrent chemotherapy 
was given for one to three cycles with 80 mg/m2 cisplatin 
that was evenly distributed across 3 days (every 3 weeks). 
Nimotuzumab was given weekly at 200 mg in 250 mL of 
intravenous infusion within physiological saline adminis-
tered over 60 min. IMRT (66–69.75 Gy) or three-dimen-
sional conformal radiotherapy (68–73  Gy) was used for 
radiotherapy of gross tumor volume. For lymph node, 
60–70 Gy was delivered, whereas for clinical tumor vol-
ume, 50–62  Gy was delivered. In this prospective non-
randomized study with 168 assessable advanced NPC 
patient data, the median follow-up time was 61.4 months 
(IQR, 17–96.5  months). The, addition of nimotuzumab 
regardless of the mode of application resulted to signifi-
cant improvement of 5-year OS (87.0 ± 4.6%) vs. with-
out nimotuzumab (74.8 ± 4.1%, P = 0.043) but not 5-year 
PFS (83.1 ± 5.1% vs. 72.7 ± 4.3%, respectively, P = 0.243). 
In the course of follow-up, disease progression occurred 
in 34 and 13 patients receiving regimen without and 
with nimotuzumab, respectively, and the median time 
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to progression was 26.6 and 45.3  months, respectively. 
When considering the mode of application, adding nimo-
tuzumab during the induction chemotherapy stage had 
higher benefit for 5-year OS (93.0 ± 4.8%) vs. without 
nimotuzumab (74.8 ± 4.1%, P = 0.038) but not for 5-year 
PFS (89.3 ± 5.9% vs. 72.7 ± 4.3%, respectively, P = 0.144). 
No significant improvement was observed when com-
paring the addition of nimotuzumab during chemora-
diotherapy stage and without nimotuzumab for both OS 
(80.4 ± 7.9% vs. 74.8 ± 4.1%, respectively, P = 0.257) and 
PFS (76.4 ± 8.5% vs. 72.7 ± 4.3%, respectively, P = 0.611). 
Notably, there was no grade 3/4 toxicities in induction 
chemotherapy setting. In concurrent chemotherapy set-
ting, nausea and vomiting were common in patients 
receiving cisplatin. Other common side effects were oral 
mucositis, leukocytopenia, and skin reaction. Specific 
toxicity induced by the addition of nimotuzumab was a 
rare find. Xerostomia was the most common late adverse 
effect but was self-limiting. To avoid bias, future clinical 
trials should randomize the patients in the assignment of 
regimens.

Despite the improvement offered, a phase III rand-
omized trial concluded that nimotuzumab (200  mg/
week for 8 weeks) did not differ much in OS (93.5% vs. 
94.8%, respectively, P = 0.95) and PFS (79.8% vs. 83.5%, 
respectively, P = 0.69) rate when compared to cisplatin 
(40 mg/m2/week for 5 weeks) in a combinatory regimen 
with radiotherapy (70 Gy, 35 fractions) after initial induc-
tion chemotherapy consisting of docetaxel, cisplatin, and 
5-FU in stage III–IVB locally-advanced NPC patients 
[421]. However, the occurrence of grade 3/4 gastroin-
tenstinal toxicities were significantly higher in cisplatin 
group compared to nimotuzumab group (33.7% vs. 4.2%, 
respectively, P < 0.001). The instance for grade 2/4 hema-
tologic reactions was also higher in cisplatin-treated 
patients than in nimotuzumab-treated patients (59% vs. 
9.7%, respectively, P < 0.001). Nonetheless, there was no 
difference between the two groups for the occurrence 
of grade 3/4 mucositis and dermatitis (41% vs. 27.8%, 
respectively, P = 0.13).

In conclusion, nimotuzumab may be given during the 
induction chemotherapy stage to be advantageous from 
the improvement of OS for advanced NPC patients.

A multikinase inhibitor called famitinib which tar-
gets stem cell growth factor receptor Kit (KIT), platelet-
derived growth factor receptor (PDGFR), and VEGFR 
was tested in patients with recurrent and/or metastatic 
NPC after failing more than two previous treatment regi-
mens [37]. Eligible patients should have ECOG perfor-
mance status ≤ 2, adequate organ function, and no prior 
exposure to other c-Kit, PDGFR or VEGFR TKIs. The 
single-arm study revealed that a daily dose of 25  mg of 
famitinib was able to confer clinical benefit rate (CBR) 

of 32.8% that was maintained throughout ≥ 12  weeks 
period with five and 16 patients demonstrated partial 
response and stable disease, respectively. The median 
PFS was 3.2 months. Adverse events were generally mild-
to-moderate and manageable, whereas the occurrence 
of grade 3/4 toxicity was rare. They included hemato-
logic toxicities such as thrombocytopenia, leucopenia, 
and neutropenia; non-hematologic adverse events were 
hypertension, proteinuria, and hand-foot syndrome. The 
next phase trials should further demonstrate this clini-
cal finding in trials recruiting more patients with longer 
follow-up.

A phase I non-randomized dose-escalation study 
then assessed famitinib combination with CCRT in 20 
treatment-naïve patients with locoregionally advanced 
NPC(M0) [422]. Eligible patients had to have ECOG 
performance status of 0 or 1; aged 18–65  years old; 
have adequate renal, hepatic, and bone marrow func-
tion; have no history of or the presence other malig-
nancy; have no history of spinal cord compression or 
diseases of the brain; have no hypertension, myocardial 
ischemia, arrhythmia, or cardiac insufficiency; have no 
long-term untreated wounds or fractures; no preexsist-
ing thyroid dysfunction; have no history of psychiatric 
drug abuse or dysphrenia; and be not subject of hepatitis 
B/C or human immunodeficiency virus (HIV) infection.
The oral famitinib was given in two courses consist-
ing of neoadjuvant monotherapy for 2  weeks prior to 
chemoradiotherapy and then given in combination with 
chemoradiotherapy for 7  weeks. If dose-limiting toxici-
ties were developed in one of three patients, three addi-
tional patients were added and escalation continued; 
if two of six patients faced dose-limiting toxicities, the 
dose was defined as above the maximum tolerable dose. 
The dose was started at 12.5  mg/day, then increased to 
16.5, 20, and to a maximum 25 mg/day. IMRT was used 
at 70 Gy (33 fractions) for PTV of gross tumor volume, 
60 Gy (33 fractions) for PTV of high risk clinical target 
volume, 54  Gy (33 fractions) for PTV of low risk clini-
cal target volume, and 66–68 Gy for PTV of nodal gross 
tumor volume. Cisplatin was given at 100 mg/m2 on days 
1, 22, and 43 of radiotherapy. If two of three patients had 
a dose-limiting toxicity at the intial dose of famitinib, the 
concurrent cisplatin dose was reduced to 80  mg/m2 for 
remaining patients. Some dose-limiting toxicities were 
noted including grade 3 toxicity hypertension and grade 
4 toxicity thrombocytopenia in 25  mg/day cohort. Par-
tial response was already seen at the famitinib mono-
therapy stage at 15%, whereas the complete response was 
shown at 65% and 95% after completion of treatment and 
3  months after completion of treatment, respectively. 
The median follow-up time was 44  months and during 
the 3 years follow-up, five patients were found to suffer 
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distant organ metastasis. All five patients received pal-
liative care, two of whom died of the disease. The 3-year 
PFS and DMFS were 70% and 75%, respectively. This 
encouraging result suggested a 20  mg of famitinib in 
combination with CCRT (80 mg/m2 cisplatin) to be given 
to locoregionally advanced NPC patients for future phase 
II clinical trial. Potential limitations for the study was that 
the conclusion was derived from low number of patients 
in a non-randomized open-label study that also used a 
relatively new tool called contrast-enhanced ultrasound 
to predict early treatment response. Future study should 
explore the efficacy of famitinib in larger sample size of 
NPC patients with longer term of follow-up.

Yet another TKI drug targeting VEGFR called axitinib 
was evaluated in patients with recurrent or metastatic 
NPC in a phase II clinical trial reported by Hui et  al. 
[423]. The selection criteria included patients having 
ECOG performance status 0 or 1; aged ≥ 18; adequate 
bone marrow, renal and hepatic reserve; disease pro-
gression following at least one line of prior platinum-
based chemotherapy; no presence of local recurrence; 
no presence of neck lymph node or central lung lesions 
invading vascular structure; no history of hemoptysis 
or epistaxis within 4  weeks; and no preexisting uncon-
trolled hypertension. Axitinib was taken orally with 
food starting at 5 mg twice daily for 4 weeks. Tolerance 
towards axitinib throughout the 4 weeks treatment with 
no grade > 2 adverse event warranted dose escalation up 
to two doses (7 and 10  mg). For patients experiencing 
grade 3/4 adverse effect, dose reduction to 3 and 2  mg 
was allowed. Out of 40 enrolled patients who received a 
median of three lines of prior chemotherapy, 37 patients 
had evaluable response with CBR of 78.4% after 3 months 
and 43.2% after 6  months. The 1-year survival rate was 
46.3%. The median OS and time to progression was 
10.4  months (IQR, 6.8–19.0  months) and 5.0  months 
(IQR, 3.9–5.7 months), respectively. Less than 10% of the 
patients experienced grade 3/4 toxicities including diar-
rhea (5%), hypertension (8%), pain (5%), and weight loss 
(5%). Hemorrhagic events occurred during treatments 
were either grade 1 (15%) or grade 2 (3%). Other com-
mon adverse events (grade 1 or above) included hand–
foot syndrome (50%), hypothyroidism (50%), and fatigue 
(40%). The down side of using axitinib appeared to be its 
effect in inducing hypothyroidism which was the second 
most common adverse events regardless of grade. Fatigue 
symptom appeared to be related with hypothyroidism as 
the onset of the latter was significantly associated with 
the former (P = 0.039, Fisher exact test). Thyroid function 
returned to normal after ceasing treatment of axitinib, 
indicating hypothyroidism to be temporary side-effect. 
Due to the immunomodulatory effect of VEGFR inhibi-
tors and the favorable toxicity profiles of axitinib, the 

authors suggested combinatorial approach to enhance 
the depth and durability of response in future trials.

An anti-angiogenic agent called endostar (recombinant 
human endostatin) was also used to treat NPC patients. 
Patients with locally recurrent III–IVB NPC were 
selected based on the criteria such as age ≥ 18; KPS ≥ 70; 
adequate bone marrow, hepatic, and renal function; 
no evidence of distant metastasis; at least 6  months 
after the end of initial course of radiotherapy; and had 
received Endostar combined with radiotherapy/chemo-
therapy [424]. In the retrospective study, 22 patients with 
relapsed NPC underwent treatment with neoadjuvant 
platinum-based chemotherapy and salvage radiotherapy 
combined with endostar. All patients received IMRT with 
median prescribed dose of 64 Gy (60–68 Gy)/32 fractions 
(28–33 fractions) and median fractionated prescribed 
dose of 2.10 Gy (1.88–2.29 Gy). Among the 22 patients, 
18 of them was administered with cisplatin-based neoad-
juvant chemotherapy. On the other hand, endostar was 
administered at 105  mg/m2/day for 14  days in a 21-day 
cycle. With a median follow-up time of 13  months, 20 
patients had complete response and 2 patients had par-
tial response. The 1-year and 2-year survival statistics 
were OS: 93.3% vs. 66.4%, respectively; LRFS: 89.3% vs. 
78.1%, respectively; DMFS: 90% vs. 78.8%, respectively; 
and PFS: 92.3% vs. 52.7%, respectively. Some grade 3–5 
late adverse events included radiation injury (50%) and 
nasopharyngeal mucosal necrosis (31.8%). Other toxici-
ties were cardiotoxicity (5%), mucositis (14%), and mye-
losuppression (14%). Four fatalities were encountered 
due to tumor metastases (two patients), nasopharyngeal 
hemorrhage (one patient), and radiation temporal lobe 
necrosis (one patient). Metastasis occurred in multi-sites 
in one case and liver in another. Despite the drawbacks, 
the authors urged for the conductance of prospective tri-
als recruiting more patients and with longer follow-up 
term for confirmation of the encouraging efficacies.

One case study reporting three patients with refractory 
NPC receiving continuous infusion of endostar (15 mg/
m2/day, 30-day cycle) combined with chemoradiotherapy 
consisting of intravenous drip of nedaplatin (80 mg/m2/
day on days 1 and day 28) plus continuous low-dose intra-
venous infusion of 5-FU (200  mg/m2/day, 30-day cycle) 
plus concurrent low dose radiation (100 to 120  cGy, at 
first cycle) saw that the two-cycle regimen could decrease 
the load of EBV DNA in plasma and regress tumor; two 
of which had complete response and the other had par-
tial response [425]. Efficacy should be replicated in tri-
als enrolling larger sample size with longer follow-up 
duration.

Overall, the usage of targeted therapy is flexible; it can 
be administered along with induction chemotherapy, 
along with radiotherapy, along with chemoradiotherapy, 
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or as a single agent. However, the above studies suggested 
that combinatorial approach demonstrated higher effica-
cies for patients with the correct mode of application. It is 
often able to reverse resistance (hence its usage), however 
it also tends to induce additional toxicities. Therefore, the 
effort to optimize dose, selection of targeted therapy, and 
selection of the right population of patients to be treated 
are crucial in order to minimize adverse effects during 
treatment. The targets of therapy, e.g., EGFR, did not 
seem to always guarantee efficacy. The study of icotinib 
found a worse scenario where EGFR mutation predicted 
for more serious adverse effects. Clearly, there is a need 
to find alternative biomarkers to more definitively predict 
response of targeted therapy. This can simply be done 
by assessing the molecular profiles of patients who per-
form exceptionally well to the targeted therapy. Applying 
multiple targeted therapies after finding out the poten-
tial resistance mechanisms and compensatory pathways 
might confer better clinical efficacy. Immunotherapy can 
also be a clear combinatorial candidate to harness the 
adaptive capability of the immune system.

Radiotherapy
In response to the observed sensitivity of NPC to radi-
otherapy as well as the looking-to-improve toxicity 
imposed by widely used photon-based radiotherapy, i.e., 
IMRT, a better technique of radiotherapy is currently 
considered. The proton radiotherapy uses proton beam 
that is characterized by significant dose reduction after 
hitting the tumor as the initial target and thus leaving the 
normal tissue located behind the tumor that is along the 
beam path minimally afflicted [426].

Usage of proton radiotherapy has been evaluated clini-
cally in several studies. A retrospective analysis of proton-
reirradiation was conducted from the data of 17 patients 
with recurrent NPC [427]. Patients were recruited based 
on the criteria that they had no metastatic disease with 
ECOG performance status of ≤ 2 and the absence of 
severe comorbidities. The median dose of reirradia-
tion using proton therapy was 60  Gy with a median 
reirradiation fractionation dose of 2  Gy. Most patients 
(53%) received proton therapy plus chemotherapy; one 
(5.9%) receiving induction chemotherapy, one (5.9%) 
receiving induction plus concomitant chemotherapy, 
three (17.6%) receiving concomitant cisplatin, and four 
(23.5%) receiving concomitant carboplatin. Most patients 
(64.7%) received IMRT before proton therapy reirradia-
tion. The median follow-up time was 10  months (IQR, 
2–41 months). The results suggested that the 18-month 
OS and local control rates were 54.4% and 66.6%, respec-
tively. Of seven patients who died during the follow-up, 
four of them died of local cancer progression. A fatal 
bleeding case was identified with uncertain cause in 

one patient, which could be due to tumor recurrence or 
carotid blowout. Acute grade 2 mucositis only occurred 
in three patients (17.6%). Grade 2 soft tissue necrosis 
occurred as a late adverse effect in two patients (11.8%) 
whereasgrade 3 and 4 late event toxicities occurred in 
four patients (23.5%) with the most frequent event being 
hearing impairment (17.6%). Further comparative studies 
with larger sample size and longer follow-up are still nec-
essary to confirm whether proton therapy is really more 
superior than IMRT in offering survival and toxicity ben-
efits in this reirradiation setting.

Consistently, another cohort of 21 patients suffering 
locally advanced NPC had also evaluated the feasibility 
of proton therapy treatment as the replacement of the 
standard care [428]. The 16-month median follow-up 
revealed that OS, DMFS, and local control rates were 
90%, 90% and 95%, respectively with only one patient suf-
fering local failure, two patients having distant metasta-
ses, and some patients developing acute grade 3 toxicities 
including mucositis (66.7%) and dermatitis (42.9%). Late 
event toxicities included grade 2 xerostomia (10%) and 
hearing loss (14.3%). To clearly show the superiority of 
proton therapy over IMRT in treating locally advanced 
NPC patients, comparative study in larger trials with 
longer follow-up is necessary.

Another retrospective study was done by collecting 
data from 77 patients with newly diagnosed nonmeta-
static NPC who underwent IMRT or intensity-modu-
lated proton therapy (IMPT) [429]. The analysis included 
data from patients that fulfilled the criteria such as 
patients who were ≥ 18  years old, treated with chemo-
radiotherapy or radiotherapy alone with curative intent, 
and having follow-up data after the completion of treat-
ment. To the gross tumor volume, high-risk anatomic 
sites, and low-risk anatomic sites, radiation doses were 
delivered at 69.96, 56–59.4, and 54.12 Gray equivalent 
(GyE), respectively, in 33 fractions or 70, 59–63, and 56 
GyE, respectively, in 35 fractions. Cisplatin was admin-
istered as the concurrent chemotherapy at 40  mg/m2 
weekly for seven cycles or 100  mg/m2 every 3  weeks 
for three cycles. From 77 patients, 7.8% received radio-
therapy alone, whereas 92.2% received chemoradio-
therapy. Twenty eight patients (36.4%) were treated with 
IMPT and 49 patients (63.6%) were treated with IMRT. 
The median follow-up time for the entire cohort, IMPT 
group, and IMRT group was 30.3  months (IQR, 17.9–
41.5 months), 18.7 months (IQR, 13.5–30.0 months), and 
37.0 months (IQR, 26.0–44.0 months), respectively. After 
accounting for the loss of follow-up for two patients in 
the IMPT group, the median follow-up time increased 
to 23.0  months (14.6–30.2  months). Improved toxicity 
outcomes were observed in IMPT when compared to 
IMRT based on multivariable logistic regression analysis 
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with lower grade 2 or worse acute adverse events occur-
rence in IMPT group (67.9% vs. 93.9%, respectively, 
P = 0.01) Those specific acute adverse events included 
dysphagia, fatigue, xerostomia, dysgeusia, oral mucosi-
tis, weight loss, and hoarseness. Acute grade 3 adverse 
events occurred in three patients (10.7%) who received 
IMPT, whereas 11 patients (22.4%) who received IMRT 
suffered the same toxic effects which included dysphagia, 
oral mucositis, weight loss, and nausea. Chronic grade 
3 adverse events occurred in one case (3.8%) of IMPT 
group, i.e., dysphagia, compared to eight cases (16.3%) 
of IMRT group, i.e., severe dysphagia, severe hearing 
impairment, severe weight loss, severe oral pain (multi-
variable logistic regression analysis, P = 0.11). Judging by 
the radiation delivery to organ at risk, IMPT was asso-
ciated with significantly lower median of mean oral cav-
ity dose (15.4 vs. 32.8 GyE, respectively, P < 0.001), lower 
median of mean larynx dose (16.0 vs. 29.6 GyE, respec-
tively, P < 0.001), and lower median of mean parotid gland 
dose (22.5 vs. 25.2 GyE, respectively, P = 0.01) compared 
to IMRT. The2-year LRFS was 100% vs. 86.2%, P = 0.08; 
2-year PFS was 95.7% vs. 76.7%, P = 0.14; and 3-year OS 
was 100% vs. 94.1%, P = 0.42 in IMPT group and IMRT 
group, respectively. Although there was not statistically 
significant difference between the two methods when 
looking at the survival statistics, IMPT clearly conferred 
better survival outcomes with huge benefit in reducing 
toxicities. Owing to the retrospective nature, low sample 
size, and imbalanced median follow-up time of the study, 
the conclusion limits the comparative strength between 
the two methods. Prospective studies with larger sample 
size and sufficient follow-up time should clearly justify 
the use of IMPT in the future.

These studies suggest that IMPT may be further 
employed to further improve the toxicity induced 
and clinical outcomes in IMRT-treated NPC patients, 
potentially replacing IMRT as standard care to mini-
mize toxicity altogether. Because late toxicity imposed 
by radiotherapy is also a concern, long-term outcomes 
of IMPT should be pursued by observing its effects in 
larger patient cohorts to further balance its benefits and 
potential risks. Comparative studies comparing not only 
IMRT, but also other radiotherapy technique like ste-
reotactic body radiation therapy (SBRT) could provide 
a better informed decision in the selection of the right 
technique for the right situation with tolerable toxicities 
and expected efficacies. Finally, with further exploration 
of optimal dose, patient selection criteria, and poten-
tial combinatorial regimen with targeted therapy and 
immunotherapy, proton therapy may shape a personal-
ized treatment that is safe even for heavily treated NPC 
patients.

Immunotherapy
The inherent ability of the human’s body immune sys-
tem to prevent and eliminate tumorigenic growth can 
be exploited to achieve a more sustainable cancer-free 
remission through immunotherapy. Hitherto, immuno-
therapy has used several methods to induce a more active 
immune-dependent cancer clearance, including immune 
checkpoint inhibition, adoptive immunotherapy, and 
active immunotherapy [2].

Immune checkpoint inhibitor
Nivolumab, a recombinant, humanized monoclonal 
antibody designed to binds to PD1—an immune check-
point molecule, had been studied for its therapeutic 
effect in a couple of trials enrolling NPC patients. In a 
multicenter trial studying nivolumab’s antitumor activ-
ity in 44 patients with recurrent and metastatic NPC 
were recruited based on the criteria that they had at least 
one prior line of platinum-based chemotherapy treat-
ment for relapse, were untreatable for curative intent, 
and they had adequate organ function [385]. Intravenous 
3 mg/kg nivolumab was administered every 2 weeks for 
4-week cycle until disease progression. The median fol-
low-up was 12.5  months (IQR, 2.2–22.0  months). The 
ORR was 20.5% with one patient (2.3%) having complete 
response, eight patients (18.2%) having partial response, 
15 patients (34.1%) having stable disease, 18 patients 
(40.9%) having disease progression, and two patients 
(4.5%) were not assessed for response. The median OS 
and PFS were 17.1  months (IQR, 10.9  months–not 
reached) and 2.8 months (IQR, 1.8–7.4 months), respec-
tively. The 1-year OS and PFS rates were 59% and 19.3%, 
respectively. Thirteen patients (29.5%) were still on the 
nivolumab treatment 6  months beyond enrollment and 
nine patients (20.5%) received it for > 12 months. Major-
ity of patients (69.2%) dropped out of the trial due to dis-
ease progression and some cases (10.3%) due to adverse 
events. Grade 3 or higher adverse events were noted 
in around 22% of patients, including colitis, diarrhea, 
fatigue, increased aspartate transaminase (AST) or ala-
nine transaminase (ALT) levels, neutropenia, hypona-
tremia, and lymphopenia. One patient died of pulmonary 
tuberculosis during treatment.

The correlation between the response of nivolumab 
and the presence of some biomarkers was also assessed 
in this study. Although there was not statistically signifi-
cant association between ORR and biomarker’s levels 
(EBV DNA, PD-L1, HLA-A, and HLA-B), the descrip-
tive analysis showed that there were more patients (33%) 
having PD-L1+ tumors (> 1% expression) responded 
to treatment than those (13%) with PD-L1− tumors. In 
addition, the loss of expression of one or both HLA was 
associated with better PFS than when both HLA were 
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expressed (1-year PFS, 30.9% vs. 5.6%, respectively, log-
rank P = 0.01). The median PFS was 4.8  months (IQR, 
2.7–14.0 months) and 1.8 months (IQR, 1.7–7.4 months), 
respectively. Interesting finding among the responders 
was that the plasma EBV of seven patients out of eight 
responders were detectable before treatment and already 
showed a decreasing trend during the first month of 
nivolumab treatment. Future study should confirm the 
observations in this study by recruiting larger cohort.

The safety of nivolumab was particularly assessed in 
a phase I/II clinical study enrolling patients with previ-
ously treated advanced or recurrent NPC and other solid 
tumors [430]. Patients were recruited if they fulfilled the 
criteria, including age ≥ 18 years old, ECOG performance 
status of 0 or 1, having progression disease after at least 
one prior line of systemic therapy, no central nervous 
system metastases, no prior malignancy with complete 
remission < 2  years, no autoimmune disease, no prior 
immunotherapy, no active tuberculosis infection, no 
pregnancy, and no immunosuppressive agent treatment. 
Nivolumab was given at 3 mg/kg once every 2 weeks for 
8 weeks initially to 15 patients. With the absence of dose-
limiting toxicity, the study proceed to cohort expansion 
that enrolled patients into three different cohorts with 
their respective cohort nivolumab regimens consisting of 
3 mg/kg once every 2 weeks, 240 mg once every 2 weeks, 
and 360 mg once every 3 weeks, given in a 8-week cycle 
until disease progression or unacceptable toxicity for a 
maximum of 2 years.Nivolumab was demonstrated to be 
well-tolerated with 76% (out of total 46 evaluable safety) 
only experiencing grade 1–2 adverse events and only 
one patient discontinued due to toxicity associated to 
nivolumab. Three patients stopped the treatment due to 
adverse effects unrelated to nivolumab, whereas 35 other 
patients (76%) quit due to disease progression. More 
specifically for the NPC patients, the median follow-up 
time was 7.5 months (IQR, 0.8–24.7 months). Out of 32 
NPC patients, 15 patients (47%) had reduction of tumor 
burden, four patients (13%) had partial response, and 17 
patients (53%) had stable disease. Notably, six patients 
(19%) received the treatment for > 1  year. The median 
PFS was 3.5 months (IQR, 1.8–5.5 months), whereas the 
median OS was not reached. The 3-month OS and PFS 
were 87.5% and 64.2%, respectively. This study suggested 
that the flat doses of 240 mg and 360 mg were tolerable 
with minimal grade 1/2 toxic effects. This encouraging 
results need to be replicated in trials recruiting larger 
NPC patient population.

A clinical retrospective study reporting nivolumab 
efficacy in recurrent and metastatic NPC patients was 
conducted by Sato et al. [431]. Twelve patients were eval-
uated based on the inclusion criteria that the patients had 
distant metastasis or unresectable lesion after receiving 

radiotherapy alone or with concurrent chemotherapy; 
had distant metastasis at visit and had received chemo-
therapy; or had received platinum-based chemotherapy 
regimen. Nivolumab was given at 30  mg/kg or 240  mg 
by intravenous drip every 2  weeks until disease pro-
gression or unacceptable toxicity. The median follow-
up was 11.9  months (IQR, 2.8–21.7  months). The study 
concluded that the 1-year OS and PFS were 75.8% and 
33.3%, respectively with the median PFS of 2.8  months 
(IQR, 0.5–5.0  months). Of the 12 patients, two patients 
(16.7%) died of primary disease while one patient was 
lost to follow-up. The ORR was 16.7% with two patients 
(16.7%) having complete response, three patients (25%) 
having stable disease, and seven patients (58.3%) having 
progressive disease. There were several grade 1/2 adverse 
events observed in the patients (50%), including liver dys-
function, interstitial lung disease, anemia, hypothyroid-
ism, arthritis, dermatitis, and myositis. Only one patient 
suffered grade 3 liver dysfunction, therefore nivolumab 
treatment was stopped promptly for this patient. Being 
yet another restrospective study analyzing low number 
of patients, the conclusion’s validity needs to be dem-
onstrated further in prospective studies enrolling larger 
cohort.

In a single arm phase II trial nivolumab was combined 
with ipilimumab that targets cytotoxic T-lymphocyte 
protein 4 (CTLA4) in patients with recurrent or meta-
static NPC. Eligible patients had measurable EBV DNA, 
had no more than one prior line of chemotherapy, ECOG 
performance status of 0–1, and adequate organ function. 
Nivolumab was administered at 3  mg/kg every 2  weeks 
and ipilimumab at 1 mg/kg every 6 weeks.,From the, 40 
patients analyzed, 12 patients (30%) had best of response 
of partial response. The median OS and PFS were 
17.6  months (IQR, 13.1–30.0  months) and 5.3  months 
(IQR, 3.0–6.4  months), respectively from a median fol-
low-up of 17.3 months [432]. Treatment related adverse 
events such as maculopapular rash and hypothyroidism 
were commonly found from 34 patients 85% who suf-
fered adverse events. Among those, 10% suffered grade 
3/4 toxicities, such as hypocortisolism, pneumonia, 
myasthenia, gravis, and raised lipase.

In summary, the use of nivolumab is useful in treating 
previously treated recurrent and metastatic NPC patients 
for prolonging their survival, hence can be used as the 
second-line systemic treatment.

Also an antibody targeting PD-1, pembrolizumab has 
been assessed for its safety and antitumor activity in 
KEYNOTE-028 phase Ib trial treating patients with PD-
L1+unresectable or metastatic NPC [386]. Patients were 
recruited based on eligible criteria such as those hav-
ing tumor with PD-L1+ NPC, those who did or did not 
receive prior standard therapy or was deemed ineffective 
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or inappopriate, those aged ≥ 18  years old, those with 
ECOG performance status of 0 or 1, and those with 
adequate organ function. Exclusion criteria included 
diagnosis of immunodeficiency or used of systemic corti-
costeroid; prior use of monoclonal antibody therapy, can-
cer therapy, or other immune checkpoint inhibitors; had 
active autoimmune disease, interstitial lung disease, other 
malignancy, or active central nervous system metastases. 
Pembrolizumab was administered at 10  mg/kg intrave-
nously once every 2 weeks for 24 months or until disease 
progression, unacceptable toxicity, or refusal by patients. 
After the intial delay of treatment due to toxicity, treat-
ment can be resumed if the adverse effect is reduced to 
grade 0 or 1 within 12  weeks of the last infusion, oth-
erwise the treatment was discontinued. Among the 47 
patients screened, 44 patients were evaluable for PD-L1. 
PD-L1 expression was confirmed in 41 patients (93.2%). 
Only 27 patients met enrollment criteria, hence were 
given pembrolizumab. Only three from these patients 
finished the 2-year treatment. The majority of patients 
(48.1%) withdrew due to progressive disease. Other rea-
sons included adverse effects (18.5%), physician decision 
(7.4%), and patient decision (7.4%). The ORR was 25.9% 
with seven patients having partial response, 14 patients 
(51.9%) having stable disease, and six patients (22.2%) 
having progressive disease. The median follow-up time 
was 20  months (IQR, 2.2–26.8  months). The median 
time to response, duration of response (DOR), and 
duration of stable disease were 1.9  months (IQR, 1.4–
16.4 months), 17.1 months (IQR, 4.8 to ≥ 22.1+ months), 
and 5.6  months (IQR, ≥ 1.7+ to  ≥ 12.9+ months), 
respectively. The median PFS was 6.5 months (IQR, 3.6–
13.4 months). The 6- and 12-month PFS rates were 50% 
and 34.4%. The median OS, 6- and 12-month rates were 
16.5  months (IQR, 10.1  months–not reached), 85.2%, 
and 63.0%, respectively. Twenty patients (74.1%) suf-
fered adverse events with eight patients (29.6%) suffered 
grade ≥ 3 toxicities. The most common adverse events 
included rash (25.9%), pruritus (25.9%), pain (22.2%), 
hypothyroidism (18.5%), and fatigue (18.5%). Grade 3–5 
adverse events were grade 3: pneumonitis (7.4%), pro-
teniuria, anemia, hepatitis, and facial pain (3.7% each); 
grade 4: hepatitis and increased blood creatine phospho-
kinase level (3.7% each); and grade 5: sepsis (3.7%). The 
patient who suffered sepsis succumbed to drug-related 
death. Dose interruption with successful resolution 
occurred due to grade 1 upper respiratory tract conges-
tion, cough, autoimmune hepatitis, and diplopia; grade 
2 fatigue, arthritis, and herpes zoster; and grade 3 hep-
atitis. Immune-related adverse effects included hepa-
titis (14.8%), hypothyroidism (7.4%), and pneumonitis 
(7.4%). Immune-related adverse events also resulted to 
study discontinuation in patients, including proteinuria, 

penumonitis, hepatitis (3.7% each), and increased blood 
creatine phosphokinase level (7.4%). Interestingly, all 
seven patients having partial response after pembroli-
zumab treatment had PD-L1 expression that was found 
only in tumor, although there were 18 other patients who 
also had PD-L1 only positive in tumor. Overall, pembroli-
zumab was also effective in managing patients who were 
previously heavily treated. Despite the observed adverse 
events, pembrolizumab along with nivolumab were sug-
gested to be safer in general than other PD-1 blockers in 
a comparative study of safety and efficacy [391].

Toripalimab as an alternative therapeutic agent for 
PD1-binding monoclonal antibody had been tested in 
several studies. In POLARIS-02 phase II clinical trial, 190 
patients with recurrent and metastatic NPC were suc-
cessfully recruited based on the criteria of age ≥ 18 years 
old, ECOG performance status of 0 or 1, refractory to 
prior standard chemoradiotherapy or disease progres-
sion within 6  months after adjuvant chemotherapy/
chemoradiotherapy, adequate organ function, not using 
anticancer monoclonal antibody, not using any other 
anticancer therapy, no prior immune checkpoint inhibi-
tors use, not using systemic corticosteroid therapy, no 
other malignancies, and not having active central nerv-
ous system metastases [244]. Patients were given 3 mg/kg 
intravenous infusion of toripalimab every 2  weeks until 
disease progression, development of intolerable toxic-
ity, or voluntary withdrawal. From this patient popula-
tion, 92 patients (48.4%) had at least two prior lines of 
systemic chemotherapy. One year after the last enroll-
ment date, 94 patients (49.5%) died, 78 patients (41.1%) 
stopped the treatment, and 18 patients (9.5%) were still 
treated. The median treatment duration was 3.7 months 
(IQR, 0.2–34.8  months). The study reported an ORR 
of 20.5% and the disease control of 40.0%. The median 
time to response was 1.8 months (IQR, 1.8–2.1 months) 
with a DOR of 12.8 months (IQR, 9.4 months–not esti-
mable). The median PFS and OS were 1.9 months (IQR, 
1.8–3.5  months) and 17.4  months (11.7–22.9  months), 
respectively. Specifically, for 92 patients treated by at least 
2 pior lines of chemotherapy, the ORR was 23.9% and the 
disease control was 41.3%. The median DOR, OS, and 
PFS were 21.5 months (IQR, 7.7 months–not estimable), 
15.1  months (IQR, 10.4–20.4  months), and 2.0  months 
(IQR, 1.8–3.6  months), respectively. There were no dif-
ferences in ORR between patients with different status 
of PD-1 (PD-1+, 27.1% vs.  PD1−, 19.4%, P = 0.31). Albeit 
not statistically significant, patients with high expression 
of PD-L1 (> 25%) had higher ORR (38.1% vs. 19.3%), bet-
ter median PFS (7.2 months vs. 1.9 months), and median 
OS (unreached vs. 15.1  months) than patients with low 
PD-L1 expression. The study also observed a significantly 
higher ORR in patients with ≥ 50% decrease of plasma 
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EBV DNA load than those with < 50% decrease (48.3% 
vs. 5.7%, P = 0.0001). Poor outcomes from patients pos-
sessing genomic amplification of 11q13 region (includ-
ing CCND1, FGF14, FGF3, and FGF4 genes) or ETV6 
genomic alterations (including 17 amplifications) may 
suggest that toripalimab is not suitable for them. Nota-
bly, eight patients (4.2%) with keratinizing NPC had an 
especially high ORR of 62.5%. There were 141 patients 
(74.2%) experiencing adverse events of any grade; 27 
(14.2%) of them suffered grade 3–5 toxicities. Immune-
related adverse effects included hypothyroidism (23.7%), 
hyperthyroidism (2.6%), abnormal liver function (1.6%), 
interstitial lung disease (1.6%), dermatomyositis (0.5%), 
and autoimmune myocarditis (0.5%). Other lower grade 
adverse events included anemia, AST/ALT increased, 
asthenia, proteinuria, leukopenia, pyrexia, pruritus, rash, 
and neutropenia.

In JUPITER-02 randomized, double-blinded phase III 
clinical trial assessing sequential toripalimab combina-
tion with gemcitabine and cisplatin and monotherapy 
toripalimab (146 patients) vs. gemcitabine plus cisplatin 
only and placebo regimen (143 patients) in chemother-
apy-naïve patients with recurrent or metastatic NPC 
[433]. Toripalimab (240 mg) or placebo was given on day 
1 along with gemcitabine (1 000  mg/m2) on days 1 and 
8, and cisplatin (80  mg/m2) on day 1 every 3  weeks for 
six cycles, followed by monotherapy with toripalimab or 
placebo every 3  weeks until disease progression, devel-
opment of intolerable toxicity, or completion of 2  years 
of treatment. The median treatment duration for tori-
palimab and placebo arms were 39 weeks and 36 weeks, 
respectively. A significant improvement of 1-year PFS 
(49% vs. 28%, respectively P = 0.0003) with median PFS 
duration of 11.7 vs. 8  months, P = 0.0003, respectively 
were observed. The ORR and median DOR were 77.4% 
vs. 66.4% (P = 0.033) and 10  months vs. 5.7  months, 
respectively. Similar incidence of adverse events of 
grade ≥ 3, those leading to discontinuation of treatments, 
as well as fatal adverse events were demonstrated in both 
arms, i.e., 89.0% vs. 89.5%, 7.5% vs. 4.9%, 2.7% vs. 2.8%, 
respectively, except for immune-related ones that were 
more common in toripalimab arm than placebo arm (in 
general, 39.7% vs. 18.9% and grade ≥ 3, 7.5% vs. 0.7%, 
respectively), although there were still manageable.

In conclusion, toripalimab is useful in improving the 
survival outcomes as both first line and second line 
therapy. It might also potentially be useful for specific 
subgroups, particularly patients with keratinizing NPC. 
More specific trial recruiting this particular subgroups is 
necessary to confirm its usefulness.

Yet another PD-1-targeting antibody called camreli-
zumab has demonstrated promising antitumor activity 

in NPC patients. In CAPTAIN phase II trial enrolling 
patients with recurrent or metastatic NPC who had 
at least two prior line of chemotherapy [34]. Camre-
lizumab was administered at 200  mg by intravenous 
infusion every 2  weeks. The median follow-up time 
was 9.2  months (IQR, 0.7–19.1  months). The ORR was 
28.2% with one patient having complete response and 
43 patients having partial response. The median DOR 
was not reached (IQR, 7.4  months–not estimable). The 
12-month DOR rate was 53.7% with median OS and PFS 
of 17.1  months (IQR, 15.2  months–not estimable) and 
3.7 months (IQR, 2.0–3.9 months), respectively. Adverse 
events occurred in 96.8% of the 156 enrolled patients 
with 14.1% suffering grade ≥ 3 adverse events and 10.9% 
of patients had serious toxicities. A couple of the major 
grade ≥ 3 adverse events included increased gamma-glu-
tamyl transferase (3.2%) and anemia (3.2%). Treatment 
interruption and discontinuation also occurred in 18 
patients (11.5%) and one patient (0.6%), respectively. One 
fatal case was considered to be drug-related.

In a randomized, double-blind phase III trial, camre-
lizumab was compared to regimen consisting placebo 
combined with gemcitabine and cisplatin in recurrent 
or metastatic NPC patients [434]. Patients were eligible 
if they aged 18–75 years old; had primary metastatic or 
local recurrence after curative radiotherapy, which was 
not amenable to local treatments; had not received previ-
ous systemic therapy for recurrent or metastatic disease 
for at least 6 months before the onset of disease progres-
sion; had ECOG performance status of 0 or 1; had an 
estimated life expectancy of at least 12 weeks; had at least 
one measurable lesion; and had adequate organ func-
tion. The exclusion criteria included if they had options 
for curative treatment available for their condition; cen-
tral nervous system metastases; other malignancies 
(except already cured for more than 5 years ago); previ-
ous treatment with anti-PD-1 or anti-PD-L1 antibodies 
or CTLA4 inhibitors; medical conditions requiring the 
use of steroids or other immunosuppressive medica-
tions; a history of immunodeficiency disease; a history 
of non-infectious pneumonitis; active heaptitis B or C 
infection; active tuberculosis infection; or uncontrolled 
cardiac disease. Camrelizumab (134 patients) or pla-
cebo (129 patients) was given intravenously at 200  mg 
on day 1 plus 1000 mg/m2 gemcitabine on days 1 and 8, 
and 80  mg/m2 cisplatin on day 1 every 3  week for four 
to six cycles, followed by camrelizumab monotherapy or 
placebo on day 1 of 3-week cycle as maintenance therapy 
until disease progression, development of intolerable tox-
icity, voluntary withdrawal, or start of new anticancer 
treatment. Dose reduction could happen twice in case of 
intolerance before deciding to discontinue the treatment. 
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The median follow-up time was 15..6  months (IQR, 
12.3–19.2  months). The median number of treatment 
cycles was 16 for camrelizumab and 10 for placebo. The 
rate of participants for the planned six cycles of chemo-
therapy was 69% in camrelizumab group and 66% for 
placebo group. Twenty percent and 22% received four or 
less cycles from respective groups. Disease progression 
or death occurred in 58% and 78%, respectively in cam-
relizumab group and placebo group. Camerelizumab arm 
had better median PFS duration of 10.8  months (IQR, 
8.5–13.6  months) when compared to placebo arm that 
had 6.9  months (IQR, 5.9–7.9  months) of median PFS 
duration (P = 0.0002). The 12-, 15-, and 18-month PFS 
rate was 45.8%, 38.4%, and 34.8%, respectively in camre-
lizumab arm and 20.5%, 14.8%, and 12.7%, respectively 
in placebo arm. The ORR was higher in patients with 
camrelizumab treatment (87.3% vs. 80.6%, respectively). 
The median DOR was also longer in camrelizumab arm 
(8.5 months, IQR, 6.9–11.1 months) than in placebo arm 
(5.6  months, IQR, 5.2–6.9  months). The instances of 
grade 3 or worse adverse events occurred at comparable 
rate in between the two arms of treatment regimen, i.e., 
94% in camrelizumab group vs. 91% in placebo group. 
Ninety three percent and 90% cases of adverse events, 
respectively were treatment-related.. Some common 
adverse events observed were leukopenia (66% vs. 70%, 
respectively), neutropenia (64% vs. 66%, respectively), 
anemia (40% vs. 44%, respectively), and thrombocytope-
nia (40% vs. 40%, respectively). The occurrence of serious 
adverse events was slightly higher in the camrelizumab 
arm compared to placebo arm (44% vs. 37%, respec-
tively). Treatment-related adverse events frequency 
occurred at 36% vs. 29% in camrelizumab arm vs. placebo 
arm, respectively. Treatment-related deaths occurred 
at 4% vs. < 1% in camrelizumab arm vs. placebo arm, 
respectively. Immune-related adverse events occurred at 
the rate of 84% vs. 50%, respectively. The grade 3 or worse 
of these events occurred at a lower rate at 15% and 1% in 
camrelizumab group and placebo group, respectively. The 
most common immune-related adverse events associ-
ated with camrelizumab treatment were reactive capillary 
endothelial proliferation (58%), hypothyroidism (43%), 
and rash (25%). This study also showed that early clear-
ance of plasma EBV DNA was associated with longer 
PFS in patients receiving camrelizumab regimen whose 
baseline EBV DNA levels were positive, compared to 
patients whose EBV DNA remained positive after treat-
ment. This indicates that EBV DNA could potentially be 
used as a predictor of response for treatment in patients 
with recurrent or metastatic NPC. In a comparative 
study, camrelizumab was considered as most efficacious 
PD1 inhibitor when used as second line therapy or used 
in first line when combined with chemotherapy [391]. In 

terms of safety, camrelizumab and nivolumab were con-
sidered safer options when considering grade ≥ 3 adverse 
events.

In conclusion, camrelizumab consistently demon-
strated that it is useful for clinical application both act-
ing as first line and second line therapy for recurrent or 
metastatic NPC patients. Future trial should consider 
establishing a longer follow-up for demonstrating its 
long-term survival benefit.

One of the newest PDI inhibitor, spartalizumab, has 
been tested in randomized phase II trial in patients with 
recurrent or metastatic NPC comparing to chemotherapy 
regimen [389]. This open-label randomized controlled 
study recruited patients who aged ≥ 18  years old, had 
non-keratinizing recurrent or metastatic NPC and pro-
gressed on or after platinum-based chemotherapy treat-
ment. Spartalizumab was administered intravenously 
in 82 patients at 400  mg every 4  weeks until disease 
progression, unacceptable toxicity, or discontinuation 
due to patient or physician’s decision. Patients treated 
in the chemotherapy arm (39 patients) either received 
monochemotherapy (69.2%) or combination of two or 
more chemotherapy (30.8%). All patients had received 
prior anticancer treatment before enrollment. Among 
the patients enrolled in spartilizumab arm and chemo-
therapy arm, majority had received radiotherapy (84.1% 
vs. 92.5%, respectively) and ≥ 2 prior lines of systemic 
therapy (80.5% vs. 77.5%, respectively). Cisplatin was the 
most commonly given systemic therapy in both arms 
(84% vs. 82.5%). The ORR of the last line of prior therapy 
was 28.1% and 32.5% for spartalizumab arm and chemo-
therapy arm, respectively. Progressive disease occurred 
at a rate of 34.1% vs. 20%, respectively. The median dura-
tion of treatment was 14.4 weeks (IQR, 3.1–120.1 weeks) 
and 19.3  weeks (IQR, 3.0–77.4  weeks), respectively for 
spartalizumab arm and chemotherapy arm. There were 
27 patients (32.9%) and 18 patients (46.2%) in respective 
group receiving treatments for > 24 weeks. Patients who 
initially were treated with chemotherapy and moved to 
spartalizumab arm was referred as crossover group. This 
group combined with the spartalizumab group formed 
all-spartalizumab group. This combined group had 33 
patients (30.8%) treatment exposure of > 24  weeks. The 
OS was assessed by an intention-to-treat analysis, there-
fore patients in the crossover group was considered as 
patients in the chemotherapy arm for this particular sur-
vival statistic. The trial demonstrated that the median 
OS and PFS of spartalizumab arm vs. chemotherapy 
arm were 25.2  months (IQR, 13.1  months–not estima-
ble) vs. 15.5  months (IQR, 8.3–21.3  months) (P = 0.138) 
and 1.9  months (IQR, 1.8–3.6  months) vs. 6.6  months 
(IQR, 3.7–9.3  months) (P = 0.915), respectively. The 
median PFS of crossover group was 1.7  months 
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(IQR, 1.6–1.9  months). The ORR were 17.1% vs. 35%, 
respectively with median DOR of 10.2  months (IQR, 
7.4  months–not estimable) vs. 5.7  months (IQR, 3.7–
7.4  months), respectively. The disease control rate was 
42.7% and 70%, respectively in spartalizumab and chemo-
therapy groups. Most patients in all-spartalizumab group 
(96.3%) and chemotherapy group (94.9%) experienced 
adverse events. Suspected treatment-related toxicities 
were at 65.4% and 87.2% in the two groups, respectively. 
The occurrence of grade 3/4 treatment-related toxicities 
was lower in all-spartalizumab group (16.8%) compared 
to chemotherapy group (41%), and such serious adverse 
effects were slightly lower also in the all-spartalizumab 
group (11.2% vs. 17.9%, respectively). Adverse events 
that led to treatment discontinuation occurred at a lower 
rate in all-spartalizumab group compared to chemother-
apy group (1.9% vs. 10.3%, respectively). There were five 
cases of death on treatment, but they were not treatment-
related. A couple of common adverse events (mostly 
grade ≤ 2) observed in all spartalizumab arm were fatigue 
(10.3%) and pruritus (9.3%). Although the overall per-
formance of PFS was lower, spartalizumab may be more 
beneficial than chemotherapy when considering its abil-
ity in prolonging OS and DOR in addition to its less toxic 
nature. In this study, plasma EBV DNA was also shown 
to be a response predictor. Both in spartalizumab and 
chemotherapy arms, the ORR was higher in patients with 
EBV DNA levels < the weighted median level that those 
with EBV DNA levels ≥ the weighted median level (22.2% 
vs. 11.1% in spartalizumab arm and 42.9% vs. 29.4% 
in chemotherapy arm, respectively). RNA-sequencing 
data also showed that there was a negative correlation 
between the response of spartalizumab and the expres-
sion of T cell immunoglobulin and mucin domain-con-
taining protein 3 (TIM-3), lymphocyte activation gene 
3 (LAG-3), and IFNγ signature gene at baseline. More 
study is necessary to validate this novel finding.

All of these suggested that immune checkpoint inhibi-
tors are not only useful as monotherapy but also benefi-
cial when used in combinatorial manner. However, a lot 
of works still need to be done to demonstrate long-term 
survival benefit as well as finding novel inhibitors that 
are associated with lower toxicity without compromis-
ing their efficacies, especially for the notoriously difficult 
to treat NPC patients with recurrence and metastatic 
disease.

Adoptive immunotherapy
Adoptive immunotherapy involves the transfer of 
active immune components like NK cells or CTLs 
to NPC patients. In an open-label non-randomized 
phase II trial, EBV-specific CTL was developed and 
transferred to patients with recurrent or metastatic 

NPC [40]. Such treatment setting was combined with 
chemotherapy consisting of gemcitabine and carbo-
platin for assessment of safety and efficacy. The inclu-
sion criteria for the study included if patients had no 
active or severe cardiac, pulmonary, or cerebrovascular 
disease; had adequate organ function; and had no HIV 
infection. Venesection was performed on patients to 
take 300  mL of peripheral blood for the generation of 
lymphoblastoid cell line (LCL) and EBV-CTL. Patients 
were administered with 1 000 mg/m2 gemcitabine and 
carboplatin (AUC 2) on days 1, 8, and 15 every 4 weeks 
for four cycles. When necessary, two more cycles 
were added to allow sufficient time for CTL genera-
tion. After 2–4  weeks from the last treatment course, 
EBV-CTLs were administered at 1 ×  108  cells/m2 
on weeks 0, 2, 8, 16, 24, and 32. Half of the recruited 
patients (19 patients) had distant metastatic disease, 
23.7% (9 patients) had metastatic disease at locore-
gional sites, and 26.3% (10 patients) had both. Major-
ity of the patients (97.4%) had type III NPC. EBV-CTL 
lines were successfully generated in 37 patients with 
the median time taken to produce and release the first 
dose of 13  weeks (IQR, 8–22  weeks). The EBV-CTL 
lines were predominantly  CD8+ T-cells plus other 
T-cells such as effector memory, late effector memory, 
and central memory T-cells. When evaluating 35 cell 
lines, the cells were specific for immunodominant EBV 
antigens (BZLF1, BRLF1, BRMF1, or EBNAs 3A, B, 
C). LMP2-specific T-cells were found in 26 cell lines; 
LMP1-specific T-cells were found in 8 cell lines and 
those targeting EBNA1 in 3 cell lines. Induction chem-
otherapy was completed as planned in 31 patients and 
with additional cycles (up to six) in three patients. Four 
patients did not complete the chemotherapy due to 
either progressive disease or death on treatment. Of the 
35 patients receiving EBV-CTLs, 24 patients (68.6%) 
completed all six cycles with the median CTL dose of 
9.6 ×  108 cells (IQR, 6.3–10.3 ×  108 cells). The rest of 
patients did not receive fullcycle of CTL administra-
tion due to disease progression. The median follow-up 
duration was 29.9  months.The ORR and CBR rates of 
38 patients receiving chemotherapy before the admin-
istration of CTLs were 63.2% and 94.7%, respectively 
with three patients (7.9%) having complete response, 
21 patients (55.3%) having partial response, and 12 
patients (31.6%) having stable disease. Twelve patients 
(31.5%) were still alive, two (5.3%) of which displayed 
no evidence of disease progression. One patient 
(2.6%) had disease progression on chemotherapy and 
one (2.6%) was not evaluable. Out of 35 patients who 
received CTLs after chemotherapy, 2 patients (5.7%) 
having complete response, 13 patients (31.7%) having 
partial response, and 7 patients (20%) having stable 



Page 41 of 60Siak et al. Journal of Translational Medicine          (2023) 21:786  

disease, which translates to ORR and CBR of 42.9% and 
62.9%, respectively. With a median OS of 29.9 months 
(IQR, 20.8–39.3 months), the 1-year, 2-year and 3-year 
OS rates for the 35 patients who underwent chemother-
apy and CTL treatments were 77.1%, 62.9% and 37.1%, 
respectively. The median PFS was 7.6  months (IQR, 
7.4–8.4 months). At 1-year mark, there were still 25.7% 
patients being free of disease progression. The median 
PFS for CTL phase was 3.7  months (IQR, 2.0–35.3%). 
A subgroup of 25 patients receiving CTLs specific for 
LMP2 displayed better OS than 9 patients who received 
CTLs lacking LMP2 specificity. Grade 3 or worse tox-
icities occurred during the chemotherapy phase. Two 
out of three patients who suffered severe effects died 
of aspiration pneumonia and neutropenic sepsis (one 
patient) and bacterial meningitis due to tumor invasion 
to the brain (the other patient). One other patients had 
grade 3 epistaxis secondary to grade 3 thrombocyto-
penia but was resolved. CTLs were well-tolerated with 
no grade ≥ 3 adverse events.The most common toxici-
ties were grade 1 and 2 fatigue, grade 1 rash, and grade 
1 myalgia. In this study, the EBV DNA load was found 
to correate with tumor burden, but no correlation was 
found between the baseline EBV DNA and response to 
therapies. For other biomarkers such as the baseline 
cytokine levels of interferon gamma-induced protein 10 
(IP-10) and macrophage inflammatory protein-3 alpha 
(MIP-3α) were shown to negatively correlate with long-
term survival (P = 0.029 and P = 0.035, respectively).

Recently, a case report reported an NPC patient with 
metastatic disease receiving EBV-specific CTL com-
bined with PD1 blockade therapy nivolumab [435]. The 
patient’s initial diagnosis was T4N2M0 poorly differenti-
ated NPC. The patient received chemoradiotherapy con-
sisting of volumetric modulated arc therapy (VMAT) and 
high dose cisplatin. After 3 months, metastasis was found 
and patient was given SBRT and then palliative chemo-
therapy consisting of carboplatin plus gemcitabine after 
1 month. The patient was then enrolled to the prospec-
tive study testing EBV-specific adoptive T-cell therapy. 
Venesection was performed to collect peripheral blood 
mononuclear cells (PBMCs) to generate EBV-specific 
T-cells. From the 8 ×  108 T-cells, 22% were  CD3+CD8+ 
cells, 21.6% of which displayed EBV-specific reactivity. 
Sixty eight percent were  CD3+CD4+ cells. The patient 
received six doses of 4 ×  107 T-cells containing 1.9 ×  106 
EBV-specific T-cells per dose every 2 weeks. Soon after 
the completion of CTL therapy, the patient was given 
240  mg nivolumab every 2  weeks for 21 cycles. After 
the completion of four cycles of nivolumab, PET scan 
revealed complete resolution of active disease. Scans 
beyond the completion of immune checkpoint inhibitor 
treatment showed no evidence of relapse. The patient 

displayed a complete resolution of metastatic disease 
with relapse-free duration of 22  months. Such response 
correlated well with the presence of high expression of 
PD-L1 in tumor; 80% of tumor cells were PD-L1 positive. 
When looking at the load of plasma EBV DNA, its level 
followed the pattern of disease activity; EBV DNA load 
decreased following chemotherapy and was undectect-
able after 3  weeks after the start of nivolumab therapy. 
This persisted for more than 250  days after nivolumab 
treatment. Such favorable observation should be repli-
cated in trials with large cohort.

NK cell transfer was also recently reported in a case 
study with the combination of chemoradiotherapy in 
a patient with recurrent NPC and intracranial metasta-
sis [39]. The patient was diagnosed with T4N1M0 non-
keratinizing undifferentiated NPC. CCRT consisting of 
paclitaxel and nedaplatin concurrent chemotherapy com-
bined with nimotuzumab was used to treat the patient. 
Upon subsequent reduction of tumor size, the patient 
came back for more treatment for recurrent disease after 
just 2 years. The regimen prescribed was CCRT consist-
ing of gemcitabine, cisplatin, and IMRT. In one and half 
a year time, intracranial metastases were found. Gem-
citabine and cisplatin were again given to patient plus 
capecitabine for maintenance. Three months from the 
start of the last treatment, the patient started to receive 
NK cell therapy using umbilical cord blood as the source. 
A dose of 2 ×  109  CD56+/CD3− cells was given intrave-
nously three times a year, up to the year of report. Six 
months after therapy, no evidence of efficacy was shown. 
However, intracranial metastasis gradually decreased 
31 months after the onset of treatment with partial disap-
pearance of the metastases and the decrement continued 
until 42  months after the onset of treatment. The tox-
icities were mild, although caution should be exercised 
when receiving allogeneic NK cells. This strategy should 
be evaluated further in large clinical trial to confirm its 
efficacy.

In summary, the adoptive immunotherapy seemed 
to demonstrate delayed tumor response but was able to 
mitigate the disease progression even in patients who 
already have metastases at multi-sites. Some subgroups 
of patients even achieved prolonged survival with no 
requirement for systemic therapy for approximately 
3 years. The use of immune checkpoint inhibitors along 
with adoptive transfer of CTL or NK cells may mount 
even better clinical efficacies, and also for more rapid and 
lasting disease resolution.

Active immunotherapy
The most prominent clinical study for active immu-
notherapy involves the development of a recombinant 
Modified Vaccinia Ankara (MVA) vaccine that encodes 
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EBV target antigens. In a phase I trial, patients were vac-
cinated against the EBNA1 and LMP2 using the inactive 
fusion of those antigens (MVA-EL) in Chinese EBV-
positive NPC patients [403]. Patients having poorly dif-
ferentiated NPC who were enrolled into this study had 
to fulfill several criteria, including ≥ 12  weeks following 
completion of first line treatment and were in remis-
sion; aged ≥ 18  years old; free from > grade 1 toxicities; 
using adequate birth control; ECOG performance status 
of 0 or 1; life expectancy of > 4 months; adequate organ 
function; no active hepatitis B/C and HIV infection; no 
autoimmune or skin disease requiring therapy; and no 
active infection, severe egg allergy, splenic dysfunction, 
previous myeloablative or current immunosuppresive 
therapy. Three intra-dermal vaccinations of MVA-EL 
were given at 3  weeks interval. There were five sequen-
tial doses examined, i.e., 5 ×  107, 1 ×  108, 2 ×  108, 3.3 ×  108, 
and 5 ×  108 plaque forming units per vaccination across a 
cohort of three patients in each dose, except there were 
six patients in the highest dose. All patients had received 
prior radiotherapy and 14 of them also received chemo-
therapy. All patients were clinically disease-free and the 
median time from last treatment to the first vaccination 
was 20 weeks (IQR, 14–42 weeks). All patients received 
their planned dose and the five levels of increasing doses 
was executed without dose-limiting toxicity. Adverse 
events were only observed as grade 1 at most and rarely 
as grade 2 and 3. Three common side effects occurred 
occasionally in all dose settings were fatigue, flu-like 
symptoms, and arthralgia. In patients treated with dose 
level 4 and 5, myalgia was reported also as a side effect. 
Using ELIspot, the T-cell response to EBNA1 and/
or LMP2 was assessed and was found increased dose-
dependently after vaccinations, especially after the sec-
ond cycle and with stronger response seen in the highest 
dose tested. The response seen in the 15 patients out of 
18 patients could be mapped, in many cases, to known 
CD4 and CD8 epitopes in EBNA1 and/or LMP2. The 
study suggested benefits of using vaccination strategy on 
the induction of  CD4+ and  CD8+ T-cells to recognize the 
EBV antigens and demonstrated its general safe of use.

In another phase I clinical trial enrolling United King-
dom’s EBV-positive NPC patients, MVA-EL was simi-
larly tested [402]. Patients were recruited based on the 
criteria that they were in complete (or unconfirmed 
complete) remission at least 12  weeks post-completion 
of first line treatment; had toxicity resolved to grade ≤ 1; 
aged ≥ 18  years old; were using adequate birth control; 
had life expectancy > 4 months; had ECOG performance 
status of 0 or 1; had adequate organ function; had no 
active hepatitis B/C or HIV infection; had no autoim-
mune or skin disease requiring therapy; had no active 
infection; had no history of allergy of egg; and had no 

history of myeloablative therapy, splenic dysfunction, 
and not undergoing immunosuppressive therapy. The 
same vaccine as previous study (MVA-EL) was given 
intradermally three times at a 3-week intervals. The same 
five level doses were employed with a 3 + 3 cohort in 
each dose. Sixteen patients who received the vaccination 
were previously treated either with radical locoregional 
radiotherapy (four patients) or chemoradiotherapy (12 
patients), with some (10 patients) also received adjuvant 
chemotherapy. There were six strains of EBV identified 
across eight patients examined. All vaccinated patients 
suffered self-limiting injection site reaction which was 
mostly grade 1, except that it was grade 2 for seven 
cases. Due to the grade 2 advese effect, the cohort was 
expanded in dose level 1. Nine patients suffered systemic 
toxicities, five cases of which were grade 2 regional pain 
and lymphadenopathy, fatigue, and flu-like symptoms. 
One patient withdrew from the study. Patients who had 
residual disease and received more than one line of prior 
therapy had a detectable plasma EBV DNA either before 
or 4 weeks after vaccination. Of those, two patients had 
sustained rises of EBV DNA due to progressive disease 
and one patient had the level rose and fell transiently dur-
ing the course of vaccination but became stabilized and 
went below baseline later before disease relapse became 
apparent at 25  months after the onset of vaccination. 
Vaccination did not change the counts of lymphocytes 
much. The proportions of  CD3+CD4+,  CD3+CD8+, and 
 CD4+ forkhead box P3 (FOXP3)+ remained comparable 
to those of healthy individuals. The ELIspot assays dem-
onstrated that there was low level of recognition of anti-
gen or epitope of EBNA1 and LMP2 in 11 patients (73%) 
and 10 patients (66%) pre-vaccination, respectively, but 
more than twofold increase of recognition after vaccina-
tion in 7 patients (50%) and 6 patients (43%), respectively. 
The vaccination also improved the functional diversifi-
cation of both  CD4+ and  CD8+ T-cells indicated by the 
increased of polyfunctional T-cells producing TNFα, 
INFγ, and IL-2, and/or monofunctional T-cells produc-
ing macrophage inflammatory protein-1 beta (MIP-1β) in 
specific populations targeting EBNA1 and LMP2. Impor-
tantly, the developed MVA-EL vaccine was also shown 
to provide immunogenicity to individuals from diverse 
ethnic backgrounds, hence is favorable for worldwide 
deployment.

Although both trials were performed in patients who 
were in remission, the studies noted modulation of 
immune response needed for cancer clearance, includ-
ing fluctuation of circulating EBV genome level and the 
magnitude of induction of the effector cytokines of T-cell 
response.

Immunotherapy has been useful in prolonging the 
survival outcome of patients, especially those with 
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recurrence and metastatic disease. However, the con-
sequence of messing with the immune system is that it 
can react back to our own body resulting to the observed 
immune-related adverse events. Because the exact 
mechanisms of immunotherapy, especially the immune 
checkpoint inhibitors is still not fully understood, the 
underlying mechanism of the immune-related adverse 
events should be further studied and checkup of poten-
tial toxicities should be regular, so that appropriate strat-
egy can be implemented in time [436]. This can ensure 
the patients to tolerate and continue to benefit from 
immunotherapy. In response to the need to achieve a 
long-lasting response of immunotherapy, combinato-
rial approach can be done between immunotherapies or 
with other form of therapies such as targeted therapy and 
other novel therapies not mentioned in this review, i.e., 
oncolytic virus and nanoparticles. Data demonstrating 
long-term durability, resistance development, and poten-
tial late toxicities are still lacking for immunotherapy. 
Hence, further studies should conduct longer duration 
of follow-up in view of establishing efficacy and toxicity 
record for immunotherapy in NPC patients.

The above completed studies indicate that clinical stud-
ies are actively testing drugs to improve treatments for 
NPC patients by employing different type of therapies, 
assessing different doses, assigning different regimens, 
and implementing all of these in different patient popu-
lations. Some recruiting and ongoing clinical trials are 
already established to further study the promising drugs 
listed above in NPC patients, including axitinib, camer-
elizumab, capecitabine, cetuximab, endostar, nimotu-
zumab, nivolumab, pembrolizumab, proton therapy, and 
toripalimab (Table 6).

Based on the studies above, treatment decision seems 
to be still being guided by solely the past performance 
of treatment modalities/regimens and disease status of 
the patients. With some patient stratification such as 
by disease stage and treatment status, targeted therapy 
drugs like those inhibiting EGFR is used in combination 
for the purpose of preventing resistance development 
in general. This motivation makes sense because heavily 
treated patients inevitably face progressive disease due 
to the emergence of CSCs, hence justifying the inhibition 
of the commonly-associated signalling pathways. How-
ever, tumor heterogeneity in NPC patients is a problem 
that complicates disease situations and makes treatment 
outcomes to be inevitably variable. There was not even 
a definitive remission despite that drugs were developed 
based on a specific target protein. When study attempted 
to stratify patient based on the presence/level of expres-
sion of the target protein in tumor like in the case for 
cetuximab, the best outcome was only 11.7% partial 
responders [417] and 34.9% long-term survivors [419] as 

found by two separate studies. Not only that, there were 
only 33% patients bearing PD-L1+ tumor responded 
to nivolumab treatment [385] and 28% of such patients 
being partial responders in pembrolizumab treatment 
[386]. In the context of PD-1/PD-L1 signalling, targeting 
PD-L1 might have been a wiser choice [437].

Better response-predicting biomarkers are obviously 
needed to better guide personalized medicine moving 
towards the implementation of precision medicine. For 
 EBV+ NPCs, plasma EBV DNA load could at least in 
some way used to track the disease status apart from its 
use as diagnostic tool, but for other NPCs, novel mole-
cule should be discovered. At this moment, the transition 
point is to start using genomic profiles and transcrip-
tomic profiles to complement the clinical presentation of 
NPC patients besides the information regarding lifestyle, 
environment, and symptoms. From the traditional clini-
cal trials, molecular profiles from exceptional responders 
can be analyzed and suitable biomarkers can be selected 
for patient stratification and then biomarkers can then be 
reassessed on how good they are as response predictors. 
Data of such associations between drugs and biomarkers 
are very much needed to established precise prescription 
of medication.

The ideal state of precision medicine is to make com-
prehensive use of omics technologies. There are inte-
grations of omics data encompassing the genomics, 
transcriptomics, proteomics, epigenomics, metabo-
lomics, and microbiomics with unique individual’s situ-
ations [438]. By using algorithms made sense by the 
artificial intelligence, these data can get associated to 
available pharmacokinetics and pharmacodynamics data 
of drugs to yield comprehensive predictions of efficacies 
and toxicities at different doses. When such data avail-
able in excess, machine learning can consume such data 
to form big knowledge and then help making automated 
decision of cancer therapy.

Current practice of making individualized treatment 
decision still relies on the availability of actionable tar-
gets. There is stilla lacking in the availability of drugs 
to match each and every potential therapeutical target. 
Hence, the closest initiative we get to the ideal preci-
sion medicine today is the existence of multidisciplinary 
molecular tumor boards (MTBs) that serve as the unify-
ing platform to achieve a profile-based, patient-tailored 
consensus recommendation based on the identification/
prioritization of genomic alterations and potential drug 
actionability and the assessment of availability of clini-
cal trials or compassionate use drugs for eligible patients 
[439]. As also expected in precision medicine, MTBs can 
make recommendation for both diagnostic and thera-
peutic purposes. MTBs’ members consist of oncolo-
gists, pathologist, and clinical scientists in molecular 
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Table 6 New clinical studies evaluating cancer therapeutics for nasopharyngeal cancer patients

Drug Identifier no Trial status Trial phase Control arm Experiment arm Patient enrolled

Axitinib NCT04562441 Recruiting II n.a Axitinib + avelumab R/M NPC

Camerelizumab NCT04944914 Recruiting III Camrelizumab Camrelizumab + SBRT Metastatic NPC

NCT03707509 Ongoing III Placebos + gemcit‑
abine + cisplatin

Camrelizumab + gemcit‑
abine + cisplatin

R/M NPC chemo‑naïve

NCT05011227 Recruiting II n.a Camrelizumab + chemo‑
therapy + endoscopic 
surgery

Recurrent NPC

NCT04586088 Recruiting II n.a Camrelizumab + apatinib R/M NPC

NCT04453826 Recruiting III IC (gemcitabine + cis‑
platin) + CCRT (cispl‑
atin + IMRT)

Camrelizumab + IC (gem‑
citabine + cisplatin) + CCRT 
(cisplatin + IMRT)

High risk NPC

NCT04782765 Recruiting II n.a IC (camrelizumab + cispl‑
atin) + CCRT + maintenance 
therapy (camrelizumab)

NPC with no distant metas‑
tasis

NCT03427827 Recruiting III Chemoradiotherapy + best 
supportive care

Chemoradiother‑
apy + camerelizumab

Locoregionally advanced 
NPC

Capecitabine NCT02958111 Ongoing III No intervention capecitabine Locoregionally advanced 
NPC

NCT02973386 Recruiting III CCRT (IMRT + cisplatin) CCRT (IMRT + cispl‑
atin) + capecitabine

Locally advanced high risk 
NPC

NCT04220528 Recruiting II n.a IC (gemcitabine) + CCRT 
(IMRT + nidapatin) + capecit‑
abine/teggio

N3 NPC

Cetuximab NCT02633176 Recruiting III IC (cisplatin + doc‑
etaxel) + CCRT (cispl‑
atin) + maintenance therapy 
(capecitabine)

IC (cetuximab + cispl‑
atin + docetaxel) + CCRT 
(cetuximab + cispl‑
atin) + maintenance therapy 
(capecitabine)

Untreated metastatic NPC

Endostar NCT02636231 Ongoing II IMRT Endostar + IMRT Locally recurrent NPC

Nimotuzumab NCT03666221 Recruiting II n.a Nimotuzumab + IMRT Recurrent NPC

NCT04456322 Recruiting III IC (paclitaxel) + CCRT (cispl‑
atin + IMRT)

IC (paclitaxel) + CCRT (nimo‑
tuzumab + RT)

Locoregionally advanced low 
risk NPC

NCT04223024 Ongoing II IC (paclitaxel) + CCRT (cispl‑
atin + IMRT)

IC (paclitaxel) + CCRT (cispl‑
atin + IMRT + nimotuzumab)

Advanced high risk NPC

NCT03915132 Recruiting II n.a Nimotuzumab + VMAT 
(IMRT)

Elderly NPC

NCT03708822 Recruiting II n.a Docetaxel + cispl‑
atin + nimotuzumab

R/M NPC

NCT03837808 Recruiting III CCRT (IMRT + cisplatin) IMRT + concurrent nimotu‑
zumab

Stage II and III NPC

Nivolumab NCT03097939 Recruiting II n.a Nivolumab + ipilimumab EBV‑driven NPC

NCT03267498 Recruiting II n.a Nivolumab + CCRT (cispl‑
atin)

Stage II–IVB NPC

Pembrolizumab NCT03734809 Ongoing II n.a IC (pembrolizumab + gem‑
citabine + cisplatin) + CCRT 
(cisplatin + pembroli‑
zumab) + maintenance 
therapy (pembrolizumab)

Untreated stage IVA NPC

NCT02538510 Ongoing I, II n.a Pembrolizumab + vorinostat R/M NPC

NCT03849469 Ongoing I XmAb22841 XmAb22841 + pembroli‑
zumab

Advanced NPC

NCT03674567 Recruiting I, II FLX475 FLX475 + pembrolizumab Advanced NPC

Proton therapy NCT04870840 Recruiting I n.a Image‑guided hyper‑frac‑
tioned proton therapy

Locally Advanced NPC
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pathology. When necessary, clinical geneticists and bio-
informaticians can join in to support interpretation of 
large-scale sequencing data.

An example for MTB recommendation workflow per-
formed in University Medical Center Groningen of The 
Netherlands for rare or complex mutational profiles of 
non-small cell lung carcinoma (NSCLC) patients is delin-
eated in the following [440]. Review request is typically 
submitted by treating physician, pathologist, or clinical 
scientist. Clinical scientist annotates the patient’s molec-
ular profile. Somatic variants are annotated according to 
the Human Genome Variant Society recommendations 
for the description of sequence variants. Variants are 
classified as single nucleotide polymorphisms (SNPs) on 
the basis of the variant allele frequency in combination 
with a database search consulted for known SNPs, such 
as in dbSNP, ExAC, GnomAD, and the 1000 Genomes 

Browser. Actionability of oncogenic variants is tiered 
according to the 2017 American College of Medical 
Genetics and Genomics (ACMG)/American Society of 
Clinical Oncology (ASCO)/College of American Patholo-
gists (CAP) guidelines, by consulting knowledge data-
bases, such as in cBioPortal, CIViC, ClinVar, COSMIC, 
JAX-CKB, and OncoKB, and by a systematic review of 
the literature. Assessment is also based on prior experi-
ence. Structural biologists can be involved in the case of 
rare or unknown variants to seek reference from molec-
ular modeling for the testing of binding affinities even 
for drugs that are not indicated for the assessed disease. 
Decision needed for first-line treatment choice or for 
progressive disease often affects the direction of assess-
ment. For the discussion of first-line choice of therapy, 
guide-line based therapeutics are usually followed. When 
it is not directly apparent, patients may be enrolled to 

CCRT  concurrent chemoradiotherapy, EBV Epstein–Barr virus, IC induction chemotherapy, IMRT intensity-modulated radiotherapy, R/M NPC recurrent or metastatic 
nasopharyngeal cancer, RT radiotherapy, SBRT stereotactic body radiation therapy, VMAT volumetric modulated arc therapy

Table 6 (continued)

Drug Identifier no Trial status Trial phase Control arm Experiment arm Patient enrolled

Toripalimab NCT04398056 Ongoing II n.a Chemoradiotherapy 
(fluorouracil + cispl‑
atin + IMRT) + toripalimab

De novo metastatic NPC

NCT04376866 Recruiting III CCRT (cisplatin + IMRT) CCRT (toripalimab + cispl‑
atin + IMRT) + toripalimab

Locoregionally recurrent NPC

NCT04517214 Recruiting II Gemcitabine + cispl‑
atin + IMRT + maintenance 
therapy (capecitabine)

Toripalimab + gem‑
citabine + cispl‑
atin + IMRT + maintenance 
therapy (capecitabine + tori‑
palimab)

Metastatic NPC

NCT04992988 Recruiting II n.a Toripalimab + CCRT (cis‑
platin)

Locoregionally recurrent NPC

NCT04778956 Recruiting III Salvage surgery Salvage surgery + toripali‑
mab

Resectable locally recurrent 
NPC

NCT03925090 Recruiting II CCRT (cisplatin) CCRT (cisplatin + IMRT + tori‑
palimab) + toripalimab

Locoregionally advanced 
high risk NPC

NCT04405622 Ongoing II n.a Toripalimab + gemcit‑
abine + maintenance 
therapy (toripalimab)

R/M NPC

NCT04453813 Recruiting III CCRT (cisplatin + IMRT) CCRT (toripalimab + cispl‑
atin + IMRT) + toripalimab

Unresectable locally recur‑
rent NPC

NCT03854838 Ongoing II n.a IMRT + toripalimab Unresectable locally recur‑
rent NPC

NCT02915432 Ongoing I, II n.a First line chemother‑
apy + toripalimab

Advanced NPC

NCT03907826 Recruiting III Chemoradiotherapy (gem‑
citabine + cisplatin + IMRT)

Toripalimab + chemoradio‑
therapy (gemcitabine + cis‑
platin + IMRT)

Recurrent NPC

Toripalimab NCT03930498 Recruiting II n.a Toripalimab + chemoradio‑
therapy (gemcitabine + cis‑
platin + IMRT)

Recurrent high risk NPC

NCT03474640 Ongoing I n.a Toripalimab Advanced NPC
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clinical trials, even for non-targeted therapy trials. Oth-
erwise off-label targeted therapy may be considered 
based on the availability of evidence-based prescription 
from 2017 ACMG/ASCO/CAP guidelines. Treating phy-
sician then considers the recommendation with other 
considerations, such as performance status, comorbidi-
ties, and drug availability. In a retrospective study, high 
adherence to targeted therapy recommended by MTB 
had led to high ORR and long-lasting PFS and OS in 
NSCLC patients with rare or complex mutational cancer 
profiles analyzed [440]. To ensure an even higher level 
of consistency for the recommendation provided by the 
MTB, a support system has been established to bring the 
realization of precision medicine even closer [441].

There are also concerns associated with the adoption 
of precision medicine. Since more advanced tools and 
more individualized plans are used starting from diagno-
ses to therapeutic decisions, it could be associated with 
more cost along the line, i.e.,molecular test, data stor-
age, and data processing cost. Certainly, a realistic com-
parison of cost between the traditional way of treating 
patients and the protocol of executing precision medi-
cine should be presented down the line in order to judge 
whether the new implementation of precision medicine 
worths the cost and is beneficial for prolonging patients’ 
treatment outcomes. Whole genome sequencing of one 
sample alone generates about 200 gigabytes of data [438]. 
That much of information generated per patient com-
bining with other sets of data will quickly overload the 
data storage and will undoubtedly require computer with 
higher processing power to read the data more quickly. 
Dilemma about the ethical issues from the data obtained 
from patients is also a concern [442, 443]. We are defi-
nitely worried that there is an overwhelming amount of 
information about us that is not within our control that 
may be susceptible to data breach risk. Not to say that 
there is small chance of false positive or negative that 
will directly influence the treatment decision in preci-
sion medicine. This could amplifies to unnecessary feel-
ing of anxiety that might emerge due to the prediction 
of disease that might happen in the future or incurring 
of unnecessary medical intervention cost. In financial 
aspect, susceptibility to certain disease identified through 
molecular predictions will likely disqualify patient from 
having insurance plan or coverage. Being aware of the 
potential ethical and financial risks of implementing pre-
cision medicine could definitely further help us to create 
an accommodating and reliable system.

Challenge and future outlook
The main challenge of treatment management for 
advanced stages NPC patients is the complexity of the 
tumor biology which is attributed by the heterogeneity, 

diverse epigenetic pattern and distinct molecular aberra-
tions associated with self-renewal, proliferation, migra-
tion and invasion. The tumor complexity is also conferred 
by the interactions between host and environmental fac-
tors. Cellular evolution in tumor have further amplified 
its complexity. In view of this, personalized medicine has 
gained the greatest interest in NPC management includ-
ing diagnosis and treatment. It is a promising approach 
that seeks to tailor treatment to each individual patient 
based on the genetic makeup of their tumor and other 
personalized factors.

Radio- and chemo-therapy remain useful for patients, 
especially those with early stage of NPC. However, 
aggressive radio- and chemo-therapy are needed for 
advance stages of NPC which are associated with fatal 
toxicity. In future, the precision of radiotherapy with 
more refined plan and delivery in individual can hope-
fully be achieved with the emergence of image-guided 
radiotherapy (IGRT), adaptive radiotherapy (ART), 
intensity-modulated carbon ion therapy (IMCT), and 
IMPT. Further comparative and randomized studies 
using these novel technologies in prospective clinical 
trial with IMRT are required to confirm their efficacy 
and toxicities. Despite that, cancer therapy has slowly 
shifted from using cytotoxic therapy to a more targeted 
approach with the inclusion of targeted therapy and 
immunotherapy which respectively aim specifically on a 
cellular protein target. This shift has prompted research-
ers to evaluate whether segregating patients based on 
the positivity/degree of expression of molecular target is 
helpful. Observation thus far only saw additional benefits 
in some cases. However, certain subgroup of patients 
or certain mode of application, i.e., whether applied as 
induction therapy or combined with chemoradiotherapy 
can modify the efficacy of specific drugs, hence it may 
be advantageous when segregating patients in this man-
ner. The overview of cancer therapy discussed in current 
review conclude that targeted therapies are the most 
efficient option. Nevertheless, immunotherapy is still 
required further studies to compare its efficacy with the 
current standard care. Collectively, with the rapid devel-
opment of precision medicine, optimized combination of 
immunotherapy, targeted therapy, precision radiotherapy 
or chemotherapy according to the individual patient’s 
cancer stage, genomic characteristic and immune status 
to customize the treatment may ultimately enhance the 
treatment outcome for advanced stage of NPC patients.

Precision medicine in cancer, although a promis-
ing approach, it has both opportunities and challenges. 
First, there is lack of understanding of the genomic basis 
of cancer. Despite advances in genome sequencing and 
other technologies, our understanding of the genomic 
basis of cancer is still limited. This can make it difficult 
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to develop targeted treatments that are effective for all 
patients with a particular type of cancer. Second, cancer 
is a highly heterogeneous disease, with each tumor pos-
sessing its own unique genomic alterations. This make 
it become more challenging to develop a one-size-fits-
all treatment approach for each type of cancer. Third, 
there is limited availability of targeted therapies. Despite 
advances in our understanding of the genomic basis 
of cancer, there are still relatively few targeted thera-
pies available for the treatment of many types of cancer. 
This has also limited the ability of precision medicine to 
improve patient outcomes. Fourth, genomic testing is 
essential for the implementation of precision medicine 
in cancer, but it can be expensive and may not be readily 
available to all patients. However, this could be solve by 
increasing medical insurance coverage. Besides that, the 
clinical trial design is challenging as precision medicine 
in cancer required a different approach to clinical trial 
design compared to traditional trials. For example, it may 
be necessary to enroll smaller patient population and to 
use more complex endpoints to evaluate treatment effi-
cacy. Moreover, low implementation is the main obsta-
cle for precision medicine. Precision medicine in cancer 
must be integrated with the existing standard of care in 
order to be widely adopted and to improve patient out-
comes. Lastly, sharing of patient data and samples is cru-
cial for the advancement of precision medicine in cancer, 
but this raises the concerns about patient privacy and 
data security.

To reduce the financial burden, economic models and 
frameworks were studied to establish precision medicine 
into clinical practice. Cost effective analysis is an eco-
nomic method, which can be used to evaluate the poten-
tial challenge of precision medicine interventions. Gavan 
et al. exemplified four studied cases, commented the cost 
of research and development should be considered at the 
early stage, while the later stage of clinical and economic 
evidence could practice in an iterative process. Base on 
the value of information of both, it can be utilized as a 
prioritized program for further research to reduce the 
uncertainly by decision-makers [444]. Notably, public 
sector tends to bear most of the drugs cost in the single 
payer health systems, Lu et al. postulated a government-
industry collaborative engagement model, by integrating 
clinical trials into the standard of care. This allows more 
participants access to early stage of drug development, 
which able to benefit to health system-industry collabora-
tion bodies, in terms of the value of information sharing 
ethically, enhance the efficiency of biomarker-dependent 
drug development as well as reduce the cost [445].

Other than that, future research could focus on discov-
ery of distinct genetic markers (novel molecular aber-
rations) or molecular patterns that forecast therapeutic 

target, treatment responses and outcomes. Study on 
investigating combination therapies that simultaneously 
targeting numerous of aberrant pathways is anticipated. 
It is also important to discovering the advance tech-
nologies such as single-cell sequencing, liquid biopsies, 
advanced imaging approaches and pre-clinical models 
such as individualized pharmacokinetics, organoids, and 
the patient derived-xenograft (PDX) or -spheroid model 
in NPC. These avenues have the potential to shed light on 
the disease’s heterogeneity and progression, a crucial step 
towards implementing precision medicine in NPC. Con-
tinued investigation into the complex interplay among 
the TME, immune response, and molecular abnormali-
ties is vital for the development of novel approaches to 
precision immunotherapy in treating NPC. With the 
development of biomarker-based diagnostic and prog-
nostic tools, personalize medicine that tailored individual 
NPC patient’s characteristic can be developed.
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