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Editorial on the Research Topic

Advances in the Pathogenesis and Therapeutic Strategies for Nasopharyngeal Carcinoma

BACKGROUND

Originating from the nasopharyngeal epithelium, nasopharyngeal carcinoma (NPC) is an Epstein-
Barr virus (EBV)-related cancer that features an extremely uneven geographical and racial
distribution. Its incidence varies widely from 30 in 100,000 individuals in endemic areas to <1
in 100,000 individuals within mainly white populations in non-endemic areas (1–3).

Given the anatomic constraints and the high radiosensitivity of NPC, radiotherapy (RT) is
currently the mainstay of definitive treatment for non-metastatic disease (4). Over the past
three decades, the management of NPC patients and, accordingly, their prognosis has shown
great improvement (5). Firstly, the innovations in RT technology and the extensive application
of intensity-modulated radiotherapy (IMRT) with advantageous dose distribution has improved
locoregional control and reduced toxic effects on adjacent organs (6–8). In parallel, the prognosis
was further improved with the addition of platinum-based chemotherapy to RT, especially for
locoregionally advanced NPC (LANPC), probably owing to the improved distant control and
enhanced sensitivity to RT. The survival benefits and safety of concurrent chemoradiotherapy
(CCRT) and neoadjuvant chemotherapy (NACT) for LANPC have been confirmed by several
clinical trials (9–15), and NACT+CCRT is currently the recommended therapy for LANPC in
international guidelines (16, 17). However, certain controversies still exist in the management and
prognosis of NPC, and a considerable number of studies have focused on tackling them. The present
article sheds light on these challenges and the solutions proposed by various research groups.

LIMITATIONS IN RT

Although the improved locoregional control and reduced toxicities has been achieved in the era of
IMRT, successful RT still relies on precise delineation and exact dose delivery to the target volume,
which is time-consuming and susceptible to inter-observer variability despite the establishment of
international contouring guidelines (18). In a retrospective study by Iacovelli et al., the predictive
effect of the dose and volume parameters of RT for non-metastatic NPC was evaluated. Since
there is a scarcity of medical evidence in non-endemic areas, this study can provide physicians
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and investigators with valuable information on the radiotherapy
of patients with NPC. Automated delineation through deep-
learning algorithms is an appealing option to overcome
the shortcomings of artificial contouring. A fully-automated
delineation method based on dual-sequence MRI of NPC was
proposed by Ye et al. Integrating the different image features
of NPC in T1W and T2W images using a dense connectivity
embedding U-net, their method demonstrated efficient, accurate,
and robust performance within an external validation dataset. In
particular, its fully automated design makes it convenient to use.

THE CHALLENGE OF RECURRENCE

Another challenge in NPC treatment is recurrence, especially in
patients with advanced disease, even after intensive treatment.
After definitive IMRT, 5–10% of NPC patients develop
locoregional recurrence, and most of them develop in the
first 5 years of follow-up, especially in the first 2 years (19).
Using 2 years as a cut-off, the recurrences were classified into
early type and late type, and the clinical characteristics and
prognostic factors of early vs. late relapses were investigated in
a retrospective study by Li F. et al. Surveillance following anti-
cancer treatment is another important strategy for tackling the
high failure rate of locoregional control. The NPC surveillance
guidelines provided by the National Comprehensive Cancer
Network and European Society for Medical Oncology were
evaluated by Zhou et al. in a retrospective study, and their
results showed that most recurrences would be missed if
either of the two guidelines was strictly followed, indicating an
urgent need for improved surveillance algorithms. Additionally,
the suspicion of a clinically recurrent event can be confused
with complications associated with radiotherapy. For example,
cervical spine osteoradionecrosis may be mistaken as metastasis
due to the increased radiotracer uptake on a bone scan.
In their retrospective study, Zhong et al. demonstrated the
additional value of MRI in differentiating between cervical
spine osteoradionecrosis and metastasis detected by bone scan,
further enabling the early detection and treatment of recurrent
diseases and the elimination of unnecessary intensive therapy for
benign lesions. Besides surveillance, treatment of recurrences also
remains a problem. Endoscopic nasopharyngectomy is one of the
treatment options for local recurrence after radiotherapy. Site-
specific and sinonasal-related quality of life (QoL) was shown
to be impaired immediately after salvage nasopharyngectomy
and to gradually recover to preoperative levels during long-term
follow-up in a prospective study by Li W. et al.. Their results
confirmed that endoscopic nasopharyngectomy is a valuable
management option for local recurrence and indicated that gross-
total resection was superior to subtotal resection considering the
postoperative QoL.

IMPAIRED QoL AND TOXICITY

Another current challenge in NPC is the substantial burden of
long-term toxicity and impaired QoL in survivors after successful
anti-cancer treatment. McDowell et al. have provided a detailed
review of the toxicity and long-term QoL data in prospective

studies of chemotherapy and RT from both endemic and non-
endemic areas. Factors affecting long-term QoL, the unmet
needs of NPC survivors in the contemporary era, and potential
and promising strategies to reduce the toxicity burden were all
highlighted. Their review provided a profile of unmet needs
in NPC survivors and, additionally, pointed out two major
shortcomings in the presently available data to provide valuable
guidance for future research. One of the shortcomings was that
the vast majority of QoL and toxicity data was reported from
the clinician’s perspective, which may result in unintentional
underestimation of symptoms and their severity. The second
shortcoming was that statistically determined, rather than
clinically meaningful, differences weremore commonly reported.

Since more intensive therapies generally facilitate disease
control at the expense of more severe toxicity, striking a balance
between disease control and toxicity is key to the optimal
treatment of all cancers, including NPC. To assist in the
comprehensive evaluation of both the efficacy and toxicities of
different cancer treatment options, the ASCO-VF and ESMO-
MCBS frameworks were proposed (20, 21). In a field test of
these two frameworks in the context of NPC, Zhang et al.
reported significant variations in the toxicity data reported by
different trials and inconsistent scores generated by ASCO-VF
for treatments that were defined as “substantial clinical benefit”
in ESMO-MCBS. Thus, there seems to be some inconsistency
between the two frameworks, which requires more attention in
the future. Given the additional toxicity and economic burden
of CCRT and NACT, identification of the potential beneficiaries
for these treatments to help avoid unnecessary chemotherapy
is another feasible measure to achieve better balance between
treatment efficacy and toxicity. In their Phase 2 Multicenter
Clinical Trial, Huang et al. evaluated the efficacy of CCRT in stage
II NPC in the IMRT era. In contrast to the results in another
phase 3 trial adopting conventional 2-dimensional radiotherapy
published previously (22), their results showed that CCRT failed
to further improve the prognosis of stage II NPC compared with
IMRT alone. Thus, additional concurrent chemotherapy may be
unnecessary for stage II NPC in the IMRT era. Prediction of
the potential beneficiaries for NACT in LANPC has also been
extensively studied via two relevant retrospective studies from
endemic areas. One of the studies targeted the entire LANPC
population and established a prognostic index model that uses
gender, T status, N status, LDH level, and EBV-DNA level to
identify high-risk patients for additional NACT (Sun et al.), while
the other one focused on the usually excluded T3N0-1 and T4N0
subgroups. Combining real-world and clinical trial data together,
a risk stratification model including gender and EBV-DNA level
was generated and validated using recursive partitioning analysis
(Xu et al.). Notably, gender and EBV-DNA level were identified
as risk factors in both studies, indicating their close association
with the patient’s prognosis.

PATHOGENESIS OF NPC

Besides the clinical studies on therapeutic strategies, research
effort has also been devoted to deepening our understanding
of the pathogenesis of NPC, with the intention of promoting
the development of novel screening strategies and targeted
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therapies with high efficacy and low toxicity, especially to better
treat NPC recurrences and distant metastasis. Since NPC is
consistently related to the EBV infection in endemic areas,
extensive research has focused on the role of multiple viral
latent gene products, such as EBNA1, LMP1, and LMP2, in the
malignant transformation of the nasopharyngeal epithelium and
EBV-targeting therapy for NPC. These studies and their findings
have been reviewed in detail by Hau et al., who report that EBV-
targeting therapeutic strategies for NPC include targeting EBV
latent proteins and switching the latent cycle of EBV to the lytic
cycle. Although no specific EBV-targeting therapeutic strategy
has been approved for NPC at present, this strategy remains
promising and appealing for this EBV-related malignancy.

Abnormal function of proto-oncogenes and tumor suppressor
genes form a common pathogenic mechanism in all cancers,
including NPC. Accordingly, Qin et al. reported a heterozygous
mutation of p53, a well-known tumor suppressor gene, and its
oncogenic effect through activation of the PI3K-Akt signaling
pathway in NPC cells. Additionally, Wang et al. found that
the internal ribosome entry sites of Bmi1, a proto-oncogene in
polycomb-repressive complex 1, mediated its cap-independent
translation in NPC cells.

Extensive application of high-throughput sequencing
techniques has greatly promoted research on the pathogenesis of
cancer. With the help of these techniques, the altered intestinal
flora in NPC patients and circRNA expression profiles in NPC
were revealed by Jiang et al. and Yang et al., respectively.
While the alteration of flora might be useful in early screening
and individualized prevention and treatment of NPC, the
differentially expressed circRNAs and their target pathways
might provide novel targets for NPC therapy.

OTHER LIMITATIONS

A notable shortcoming in research on NPC is that it is poorly
studied in children and adolescents, probably due to its rarity in

younger age groups. In a large cohort study of childhood and
adolescent NPC treated with IMRT, the clinical significance of
plasma EBV-DNA was confirmed (Qiu et al.). However, more
research effort is required to facilitate optimization of treatment
for patients from this group, as the findings for adulthood NPC
may not be translatable to children and adolescents with NPC.

CONCLUSION

Despite the advances in research on the management and
treatment of NPC over the past three decades, toxicity,
recurrence, and standardization of RT remain major challenges,
along with a lack of research about NPC in children and
adolescents. Nonetheless, advances are being witnessed in
research on the pathogenesis and therapeutic strategies of NPC.
With concerted global research efforts, the current obstacles in
NPC treatment will be overcome, and we are bound to win the
battle against NPC eventually.
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