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1 | BACKGROUND

Nasopharyngeal carcinoma (NPC) is an epithelial cancer
arising from the nasopharynx epithelium [1]. In compar-
ison with other tumors, NPC has a distinct geographical
distribution of occurrence. Based on data from the Inter-
national Agency for Research on Cancer, about 129,000
people were diagnosed with NPC in 2018, accounting for
only 0.7% of all tumors diagnosed [2, 3]. Moreover, NPC is
highly prevalent in East and Southeast Asia, particularly
in South China [4]. In addition, the incidence of NPC is
higher in males than in females, with a ratio of about 2.5:1
in China in 2015 [5].

The World Health Organization (WHO) subdivides
NPC into three histological subtypes, namely, keratinizing
squamous cell carcinoma, non-keratinizing (differentiated
or undifferentiated) carcinoma, and basaloid carcinoma.
Undifferentiated carcinoma accounts for more than 95% of
NPC in high-incidence areas and is associated with better
survival [1, 4]. NPC is believed to result from interactions
among Epstein-Barr virus (EBV) infection, genetics, and
environmental factors, such as alcohol consumption and
smoking [6].

The management of NPC has improved because of
advances in radiotherapy technology, induction and con-
current chemotherapy, and accurate cancer staging sys-
tems [1, 4]. Here, the aim is to provide guidelines for the
diagnosis and management of NPC via a process of iter-
ative development among specialists based on their own
experiences together with published evidence. The goals
of these guidelines are to provide practical guidance to
assist clinicians to better manage patients with NPC. In this
guideline, the TNM staging descriptions are based on the
8t American Joint Committee on Cancer (AJCC) tumor-
node-metastasis (TNM) classification for NPC [7].

The recent Chinese Society of Clinical Oncology
(CSCO)-American Society of Clinical Oncology (ASCO)
guidelines took into account the conditions in different
regions of the world for the development of guidelines
[8]. In contrast, the discussed CSCO guidelines here are
completely based on the actual situations in China to
formulate diagnosis and treatment strategies for NPC.
Additionally, the standards for establishing the CSCO
guideline are completely based on the standards of CSCO.
Finally, and equally important, the recent CSCO-ASCO
guidelines provided evidence-based recommendations
on chemoradiotherapy for patients with stage II-IVa

NPC. Here, the CSCO guidelines, by contrast, include the
diagnosis, follow-up, and treatment of NPC of different
TNM stages.

2 | DIAGNOSTIC PRINCIPLES FOR
NASOPHARYNGEAL CARCINOMA

2.1 | Imaging diagnosis
Grade I Grade II Grade III
Assessment recommendations recommendations recommendations
Primary Nasopharyngeal 1. Nasopharyngeal PET-MR
tumor MRI CT
2. PET-CT
Regional Neck MRI 1. Neck CT 1. PET-MR
lymph 2. PET-CT 2. Ultrasound-
node guided needle
biopsy
Distant 1. ChestCT + Chest X-ray 1. PET-MR
metastasis upper Abdominal 2. CT / ultrasound-
abdominal ultrasound guided needle
ultrasound or biopsy
MRI/CT + bone
scan
2. PET-CT

Abbreviations: MRI, magnetic resonance imaging; CT, computed tomography;
PET, positron emission tomography.

Notes

Magnetic resonance imaging (MRI) has replaced com-
puted tomography (CT) as the first choice for the diagnosis,
staging, efficacy evaluation, and follow-up of NPC because
of its advantages of high soft-tissue resolution, multipara-
metric imaging, and non-ionizing radiation. Compared
with CT, MRI can better identify early-stage NPC (stage I-
II) and has more sensitivity and specificity discriminative
abilities for adjacent soft tissue infiltration, skull base inva-
sion, cranial nerve infiltration, and retropharyngeal lymph
node involvement [9, 10]. However, MRI involves a rela-
tively long scanning time and is not suitable for patients
who cannot tolerate long-term examinations or have con-
traindications to MRI examinations (e.g., strong magnetic
metal implants in the body, high fever, suffer from claustro-
phobia, and more). For such cases, CT scan is an alterna-
tive examination method. In addition, CT scans have thin-
ner slice thickness and higher z-axis resolution. Compared
with MRI, CT makes it easier to recognize small suspicious
metastatic lymph nodes [11]. Moreover, CT has a better
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display performance than MRI for bone destruction of the
osteogenic skull base. For the above cases, nasopharyngeal
MRI and CT examinations can be combined to improve the
accuracy of diagnosing and staging NPC.

Fluorodeoxyglucose (18F) (18F-FDG) positron emission
tomography (PET)-CT has high accuracy and sensitivity
to identify NPC and can provide important clues for the
diagnosis and treatment of cervical lymph node metasta-
sis with unknown primary sites, especially for the biopsy
of occult NPC. However, the soft tissue resolution of PET-
CT is worse than MRI, and the detected range of the
primary nasopharyngeal lesion is often smaller than the
actual lesion [12]. In addition, PET-CT has disadvantages
of high cost and the use of ionizing radiation. Therefore,
PET-CT is not recommended as the first choice for assess-
ing the extent of primary tumors. For lymph node evalu-
ations, PET-CT has higher sensitivity and specificity than
MRI, especially for detecting small lymph node metasta-
sis [13, 14]. Additionally, because of its metabolic imag-
ing, PET-CT is superior to MRI in the differential diagno-
sis of nasopharyngeal primary tumor recurrence or tumor
residuals and fibrosis after radiotherapy [15]. However, the
accuracy of MRI remains slightly superior to that of PET-
CT for detecting and restaging primary tumor recurrence
and tumor residuals [16]. Thus, it is recommended to com-
bine PET-CT with MRI for difficult diagnosis of recurrent
or residual nasopharyngeal tumors [16]. In terms of follow-
up, more than 90% of recurrence or metastasis of NPC
occurs within 5 years after the end of radical treatment, and
patients with locoregionally advanced stages (T3-4 or N2-
3) have a higher rate of recurrence or metastasis [17]. It is
recommended to adopt a stratification management strat-
egy for follow-up, emphasizing lifelong follow-up and pro-
viding close follow-up to high-risk patients within 5 years
after the end of treatment [17].

18F-FDG PET-MRI can not only achieve the same or
higher diagnostic sensitivity as PET-CT but also improve
the specificity of diagnosis, and effectively reduce the radi-
ation dose of CT examination [18]. However, in clinical
application, PET-MRI machines have a low field strength
(1.5 T), and the soft tissue resolution is lower than that of
conventional 3.0 T MRI. PET examination involves ioniz-
ing radiation; therefore, it is not conducive to the admin-
istration of contrast agents for MRI local enhancement,
thereby reducing the accuracy of the assessment of the
extent of invasion of the primary tumor. The high price
of PET-MRI also limits its clinical applicability. Currently,
whether PET-MRI can replace PET-CT and nasopharyn-
geal + neck MRI for pre-treatment evaluation is still in the
exploratory stage.

In the case of cervical lymph node swelling of unknown
primary site, suspected lymph node metastasis in uncon-
ventional areas (such as the parotid gland, posterior occip-

ital, and submental), and suspected small lymph node
metastasis, it is necessary to clarify whether the primary
tumor and lymph nodes in this area have metastasized and
to carefully assess and exclude the presence of a second pri-
mary tumor.

For NPC patients with a very low risk of metastasis
(stage NO-1 and Epstein-Barr virus (EBV) DNA < 4000
copies/mL), it is recommended to first perform abdominal
ultrasound examination [19]. If distant metastasis is sus-
pected, then an abdominal plain scan + enhanced MRI/CT
examination is recommended.

The distant metastasis rate of NPC has been reported
as 11%-36%. The early detection of distant metastasis is
very significant for accurate staging and the formulation
of treatment strategies. 18F-FDG PET-CT has higher sen-
sitivity and specificity to identify distant metastasis, com-
pared to conventional imaging methods (chest X-ray, ultra-
sound, and whole-body bone scanning) [11, 19, 20]. For
patients with a high risk of metastasis (such as stage NO-
1 and EBV DNA > 4000 copies/mL, stage N2-3, or stage
T3-4), PET/CT has higher sensitivity for identifying dis-
tant metastasis than conventional imaging methods. It is
recommended to perform PET-CT examination routinely
before treatment [19]. For patients with a continuous or
progressive increase in EBV DNA after treatment, but no
positive findings in conventional imaging examinations,
PET-CT examination is also recommended.

For patients with suspicious metastases in single dis-
tant organs or enlarged lymph nodes, atypical imaging
findings, or without elevated plasma EBV DNA, it is rec-
ommended to perform imaging-guided aspiration biopsy
to obtain pathological evidence of metastasis and find or
exclude the existence of a second primary tumor.

2.2 | Pathological diagnosis
Grade I Grade II Grade III
Content recommendations recommendations recommendations

Technique Mass biopsy via 1. Cervical lymph

toobtain  nasopharyn- node puncture

tissue or goscopy: using or biopsy

cytology forceps or (patients whose

analysis puncture biopsy cannot be

technique. obtained from
the
nasopharynx);
2. Puncture or

biopsy of
suspected
distant

metastasis (such
as soft tissue
masses).

(Continues)
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Grade I Grade II Grade III

Content recommendations recommendations recommendations

Patho-
logical
diagno-

Nasopharyngeal
tumors are
diagnosed as

sis NPC according to

histopathological
morphology. It
can be divided
into three
subtypes:
nasopharyngeal
keratinizing
squamous cell
carcinoma,
non-keratinizing
carcinoma
(differentiated
and
undifferentiated),
and basal-like
squamous cell
carcinoma. The
types of cervical
mass puncture
pathological
diagnosis include
metastatic
non-keratinizing
carcinoma or
metastatic
undifferentiated
carcinoma.

Plasma EBV DNA
copy number can
help in the

Molecular Immunohisto-
diagno- chemical/in situ
sis hybridization

detection: for diagnosis of

cases of NPC distant metastasis
whose or the recurrence
pathological of NPC after
morphology initial treatment.
cannot be Its diagnostic
accurately accuracy in
diagnosed, distant metastasis

immunohisto-
chemical (such as
pan-cytokeratin)

is higher than
that of
recurrence.

or in situ

hybridization

(such as EBER)

detection should

be performed to

assist the

pathological

diagnosis.
Peripheral blood

EBV antibody

and EBV DNA:

serum EBV

antibody and

plasma EBV DNA

copy number

may assist in the

diagnosis of NPC.

Abbreviations: NPC, nasopharyngeal carcinoma; EBER, Epstein-Barr encoding
region; EBV, Epstein-Barr virus.

Notes

In 1962, Liang et al. [21] first proposed the histopatho-
logical classification of NPC, dividing NPC into three cat-
egories: undifferentiated, poorly differentiated, and well-
differentiated carcinoma. Among them, undifferentiated
carcinoma is a pleomorphic cell carcinoma; poorly dif-
ferentiated carcinoma includes large round cell carci-
noma, spindle cell carcinoma, and squamous cell carci-
noma grade III (equivalent to poorly differentiated squa-
mous cell carcinoma); and well-differentiated carcinoma
includes squamous cell carcinoma grade 11, basal cell car-
cinoma, and columnar cell carcinoma (adenocarcinoma).
Since then, China and the WHO have repeatedly revised
the pathological classification of NPC. Currently, the third
edition of the WHO staging (2003) is used internationally
and classifies NPC into the following three categories: ker-
atinizing squamous cell carcinoma, non-keratinizing car-
cinoma, and basaloid squamous cell carcinoma. Among
them, non-keratinizing cancer accounts for the vast major-
ity of NPC in China and can be further subdivided into
differentiated and undifferentiated non-keratinizing can-
cer [22]. A clear pathological classification is essential
for accurate staging and to evaluate optimal treatment
options [23]. However, the current pathological classifica-
tion cannot effectively distinguish the prognosis of patients
[22]. At present, the CSCO guidelines do not recommend
determining subsequent individualized treatment strate-
gies based on pathological test results [24]. For patients
with NPC, the positive peripheral blood EBV antibody
and EBV DNA copy number can assist in a diagnosis of
NPC [25, 26]. A recent prospective randomized controlled
trial found that the combination of two EBV antibodies,
based on viral capsid antigen (VCA)-IgA and Epstein-Barr
nuclear antigen 1 (EBNA1)-IgA, could increase the early
diagnostic rate of NPC by 21%-79%, and reduce the risk
of NPC-related death by 88% [25]. Another prospective
study found that the sensitivity and specificity of plasma
EBV DNA copy numbers for the diagnosis of NPC were
as high as 97.1% and 98.6%, respectively [26]. Please note
that even if these molecular indicators are negative, the
possibility of NPC cannot be ruled out [4]. Currently, real-
time fluorescent quantitative polymerase chain reaction
(PCR) is mainly used for the quantitative detection of
plasma/serum EBV DNA copy number, and the commonly
amplified target gene is the BamHI-W fragment. It should
be noted that currently, there is no internationally recog-
nized EBV DNA standardized testing process, and only the
National Cancer Institute of the United States has made
recommendations for EBV DNA standardized testing [27].
A recent retrospective study [28] found that the sensitivity,
specificity, and accuracy of plasma EBV DNA copy num-
ber in the diagnosis of distant metastasis after initial treat-
ment of NPC were 91.1%, 80.0%, and 92.8%, respectively
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(Note: The diagnostic accuracy of extrapulmonary metas-
tasis is higher than that of lung metastasis). The sensitivity,
specificity, and accuracy in the diagnosis of regional recur-
rence were 80.2%, 80.0%, and 85.9%, respectively, and were
68.8%, 80.0%, and 78.2%, respectively, in the diagnosis of
local recurrence [28].

2.3 | Clinical staging
Classification of the primary tumor based on the 8th
AJCC/UICC TNM staging system

Primary tumor (T)
TX: The primary tumor cannot be assessed

TO: No tumor identified, but there is EBV-positive cervical lymph
node(s) involvement.

Tis: Carcinoma in situ

T1: Tumor confined to the nasopharynx, or extension to the
oropharynx and/or the nasal cavity without parapharyngeal
involvement

T2: Tumor with extension to the parapharyngeal space, and/or
adjacent soft tissue involvement (medial pterygoid, lateral
pterygoid, and prevertebral muscles)

T3: Tumor with infiltration of bony structures at the skull base,
cervical vertebra, pterygoid structures, and/or paranasal sinuses

T4: Tumor with intracranial extension, involvement of cranial
nerves, the hypopharynx, orbit, parotid gland, and/or extensive
soft tissue infiltration beyond the lateral surface of the lateral
pterygoid muscle

Abbreviations: AJCC, American Joint Committee on Cancer; T, tumor

stage; N, nodal stage; M, metastatic stage; International Union Against Cancer
Classification, UICC.

Lymph node classification based on the 8th AJCC/UICC
TNM staging system

Regional lymph node (N)
Nx: Regional lymph nodes cannot be assessed
NO: No regional lymph node metastasis

N1: Unilateral metastasis in cervical lymph node(s) and/or
unilateral or bilateral metastasis in retropharyngeal lymph
node(s), 6 cm or smaller in their greatest dimension, above the
caudal border of the cricoid cartilage

N2: Bilateral metastasis in cervical lymph node(s), 6 cm or smaller
in their greatest dimension, above the caudal border of the
cricoid cartilage

N3: Unilateral or bilateral metastasis in cervical lymph node(s),
larger than 6 cm in their greatest dimension, and/or extend
below the caudal border of the cricoid cartilage

Abbreviations: AJCC, American Joint Committee on Cancer; T, tumor

stage; N, nodal stage; M, metastatic stage; International Union Against Cancer
Classification, UICC.

Distant metastasis classification based on the 8th
AJCC/UICC TNM staging system

Distant metastasis (M)
MO: No distant metastasis

MI1: Distant metastasis

Abbreviations: AJCC, American Joint Committee on Cancer; T, tumor
stage; N, nodal stage; M, metastatic stage; UICC, International Union Against
Cancer Classification.

Overall classification based on the 8th edition of the
AJCC/UICC TNM staging system

TNM Stage T stage N stage M stage
0 Tis NO MO
I T1 NO MO
I TO-1 N1 MO
T2 NO-1 MO
II1 TO-2 N2 MO
T3 NO-2 MO
IVa T4 NO-2 MO
Any T N3 MO
IVb Any T Any N M1

Abbreviations: AJCC, American Joint Committee on Cancer; T, tumor
stage; N, nodal stage; M, metastatic stage; UICC, International Union Against
Cancer Classification.

Notes

These guidelines use the 8th edition of the AJCC TNM
staging system for the clinical staging of NPC [7]. Studies
have shown that plasma EBV DNA combined with TNM
staging can further improve the predictive power to accu-
rately assess the prognosis of patients with NPC [29]. Med-
ical institutions can combine the AJCC TNM staging and
plasma EBV DNA copy number to determine the severity
of a patient’s disease.

3 | RADIOTHERAPY FOR
NASOPHARYNGEAL CARCINOMA

3.1 | Basic principles of radiotherapy
Content Basic principle
Radiotherapy It is recommended to use daily

technology image-guided

intensity-modulated radiotherapy,
which can be used for sequential
incremental radiotherapy or
simultaneous push-dose
radiotherapy.

(Continues)
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Content Basic principle

Prescription dose The recommended prescription dose

is 70 Gy (33-35 fractions, 2.0-2.12
Gy per fraction), completed
within 7 weeks (1 fraction per day,
5 fractions per week). The dose
can be adjusted according to the
tumor volume and its response to
radiotherapy/chemotherapy.

Notes

Compared with traditional two-dimensional (2D) or
three-dimensional (3D) radiotherapy, intensity-modulated
radiotherapy (IMRT) can produce a dose distribution that
is highly suitable for the shape of the tumor target area.
Thus, it can provide high-dose radiation to NPC while pro-
tecting adjacent important structures.

Moreover, the benefits of IMRT in reducing adverse
events, such as neurotoxicity, dry mouth, and dysphagia,
have been demonstrated in three randomized controlled
trials [30-32] and in meta-analyses [33, 34]. A randomized
controlled trial [30] and several meta-analyses [34-36] also
showed that IMRT improved the disease control rate and
survival rate in patients with NPC.

The survival rate of patients with NPC has been
improved significantly. However, long-term survivors of
NPC after radiotherapy often suffer severe adverse reac-
tions [37]. The dose per fraction is one of the main fac-
tors affecting late adverse events. The Intergroup 0099
[38] and RTOG 0225 trials [39] adopted a radiotherapy
scheme with 70 Gy/33-35 fractions, 5 fractions per week,
2.0-2.12 Gy/fraction, which showed good survival rates and
manageable adverse events. Patients with residual lesions
have poor prognoses [40, 41], therefore, one or two addi-
tional doses of radiotherapy of 2-4 Gy can be consid-
ered for patients with residual lesions detected by MRI
at the end of IMRT. For small primary lesions with good
response, clinicians should consider slightly reducing the
total dose (for example, to 66-68 Gy). Hypofractionation
should be avoided because of the risk of increased late tox-
icity, especially when radiotherapy is used in combination
with chemotherapy. The Hong Kong NPC-9902 [41] and
NPC-0501 trials [42] failed to prove that the clinical ben-
efit of accelerated fractionation with 6 fractions per week
was better than traditional fractionation with 5 fractions
per week.

The most common acute adverse events in patients
with NPC during radiotherapy include dermatitis and
oral mucositis. Dermatitis mainly manifests as erythema,
hyperpigmentation, alopecia, skin swelling, blisters, and

ulceration of the epithelium. The common prevention and
treatment measures are as follows: 1) During radiother-
apy, patients should keep the local skin clean and dry. The
exposed skin should not be scrubbed with rough towels
or soap. The water temperature should not be too high
when cleaning the face. Patients should wear a hat to avoid
direct sunlight when going out. 2) When there is desqua-
mation in the irradiated field, let it fall off by itself instead
of tearing it by hand. 3) When a skin wet reaction occurs,
effective ointment can be used on the skin of the irradi-
ated field to promote repair of the injury. 4) The local skin
of the irradiation field should be exposed and kept clean.
Avoid using ethanol, iodine, or medical fabric. If infection
occurs, antibiotics, per clinician recommendations, should
be used in a timely manner. The common manifestations
of radioactive mucositis are redness, swelling, pain, and
ulceration of the oral mucosa. The occurrence and sever-
ity of radiation-induced oral mucosal reactions increase
with increasing cumulative doses. The parotid and salivary
glands are within the irradiation range, therefore, the func-
tions of the parotid and salivary glands are inhibited after
radiotherapy, which reduces saliva secretion and leads to
dry mouth. The common prevention and treatment mea-
sures for radioactive mucositis are as follows: 1) Always
have drinking water bottles at hand for consumption and
keeping the mouth moist. Drinking honeysuckle or Ophio-
pogon japonicus can also be considered. 2) A mouthwash
can be prepared with ambroxol, dexamethasone, recombi-
nant human epidermal growth factor, and compound vita-
min B12. To prevent fungal infections, sodium bicarbonate
solution can be used. 3) Use soft toothbrushes and fluo-
ride toothpaste to brush teeth in the morning and evening.
Gargle after meals and before sleeping. Perform mouth
tapping exercises frequently to allow full gas exchange
at the wrinkled walls of the oral mucosa, to destroy the
microbiologic milieu of anaerobic bacteria, and to prevent
secondary infection of the oral cavity. 4) Eat light, easy-
to-digest liquid foods, and semi-liquid foods. Eat high-
protein and vitamin-rich foods at the same time. Avoid
spicy foods. 5) If the pain is severe, non-steroidal anti-
inflammatory drugs, weak opioids, or strong opioids can
be used for symptomatic treatment according to the degree
of pain.

When the oral ulcer is becoming severe or an infection
occurs, antibiotics can be used. If the fungal infection is
severe, antifungal drugs such as Diflucan (fluconazole) can
be used. It is recommended to use throat swab culture and
bacterial susceptibility tests to identify the infective bacte-
ria. All treatments should be performed based on clinician
consultation and recommendations.
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3.2 | Radiotherapy process
Content Basi incipl
Content Basic principles onten asic principies
IGRT Before treat t, at least 2D IGRT
Position Head, neck, and shoulder thermoplastic et;)(ffmzz m:u:tl b:?lsse d to verify the
immobilization film + individualized Styrofoam head and &Y

neck cushion (recommended); head,
neck, and shoulder thermoplastic film +
head, neck and shoulder vacuum bag;
head, neck, and shoulder thermoplastic
film + water-activated fixed pillow; head,
neck, and shoulder thermoplastic film +
standard resin headrest.

CT localization The scanning position is the head-first
supine position. The scanning and
reconstruction layer thickness is 3 mm.
The scanning method is a 140 KV plain
scan + 120 KV enhanced scan. Field of
view includes the space sufficient to cover

the widest part of the patient’s shoulder.

MRI localization ~ The scanning position is the head-first
supine position. The scanning sequence
is T1, T2, T1 enhancement, and T1 fat
compression enhancement. The scanning
layer thickness is 3 mm, layer spacing is 0
mm, and the scanning method is plain

scanning + enhanced scanning.

Planning and IMRT reverse plan design is recommended
design for nasopharyngeal carcinoma

radiotherapy plan. The fixed-beam IMRT
method is usually used, and the
irradiation field is > 5 beams, which are
uniformly distributed in the same plane.
Single arc or double arc VMAT can also
be used. The weight or intensity of each
subfield is adjusted through the inverse
optimization process, such that the
high-dose distribution is highly
conformed to the contour of the tumor
target area in the three-dimensional
direction.

The content of IMRT dose verification
should include point dose verification
and dose distribution verification, and
three-dimensional dose verification,
based on the patient’s anatomy, is
encouraged. The plan verification
suggests that the actual gantry angle
measurement and the multi-angle
synthetic dose verification method are
optimized, and the absolute dose mode
should be used to analyze the results. It is
recommended to use global
normalization to calculate the Gamma
pass rate. Its tolerance limit: 3%/2 mm,
10% dose threshold, Gamma pass rate >
95%; intervention limit: 3%/2 mm, 10%
dose threshold, Gamma pass rate> 90%.

Plan validation

patient’s positioning. If possible, medical
institutions can use kV or MV CBCT,
MRYI, and other imaging technologies to
implement daily image guidance during
high-precision radiotherapy.
Abbreviations: CBCT, cone-beam CT; CT, computed tomography; IGRT,
image-guided radiotherapy; IMRT, intensity-modulated radiotherapy; MRI,
magnetic resonance imaging; VMAT, volumetric-modulated arc therapy.

Notes

The recommended radiotherapy for NPC is IMRT, char-
acterized by a highly conformable target dose and a steep
edge dose, requiring higher accuracy of postural fixation
[43]. At present, the main methods of position immobiliza-
tion for patients with NPC are as follows: head, neck, and
shoulder thermoplastic film + individualized styrofoam
head and neck cushion; head, neck, and shoulder thermo-
plastic film + head, neck, and shoulder vacuum bag; head,
neck, and shoulder thermoplastic film + water-activated
fixed pillow; and head, neck, and shoulder thermoplastic
film + standard resin headrest. Among them, styrofoam
fixation is more ideal in terms of fitness and accuracy, can
achieve a high degree of individualized fitness, and has a
good fixation effect on the head and neck [44-46]. In addi-
tion, an oral support articulator can be added to the above
fixing methods. The use of oral support can reduce oral
reactions, protect taste, reduce head and neck positioning
errors, and better control the elevation of the mandible.

CT simulation is the most commonly used radiother-
apy positioning technology in radiotherapy [47]. Position-
ing CT images is the basis of treatment plan design, and
the electronic density information obtained through image
CT value conversion can be used for accurate dose calcu-
lation of treatment plans. The positioning CT image has
other functions, such as the establishment of a 3D coordi-
nate system for the treatment plan, delineation of the tar-
get area, virtual simulation of the field, evaluation of the
curative effect, and as a reference image for image-guided
radiotherapy. Compared with CT simulation, MR simula-
tion has higher image resolution and can display soft tis-
sues, such as the nerves and lymph nodes, more clearly.
It also has better resolution and display ability for tumor
infiltration [10]. Thus, MR simulation can be used as a sup-
plementary method to CT simulation to help doctors bet-
ter delineate the clinical target area [48]. When using MR
simulation, all metal objects on the patient’s body should
be removed, and an MR-specific posture fixation device
should be used. It is suggested to choose a layer thickness of
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<3 mm when simulating the localization scanning which
is beneficial to provide sufficient anatomical details for the
target area and to outline organs at risk (OARs) [43].

Patients should maintain a consistent posture dur-
ing fixed posture and simulated scanning. They should
adopt the head-first supine position, place hands naturally
drooping on both sides of the body, and remove all items
in the treatment area, such as dentures, hearing aids, wigs,
earrings, and necklaces [43]. After the thermoplastic film
is fixed, it is necessary to observe the fit with the human
body contours, such as the forehead, nose bridge, chin,
and shoulders to ensure that the patient’s posture is cor-
rect [49, 50]. The specific data collected from the enhanced
scan should be determined according to the patient’s age,
blood vessel condition, the type and concentration of the
contrast agent, and the configuration of the machine. After
the enhanced scan, the patient should be observed for 15
min and ensure the absence of discomforts after the injec-
tion of the contrast agent before leaving.

Compared with traditional 3D-conformal radiation ther-
apy (CRT), IMRT can optimize the weight of the beam
in the irradiation field, such that the high-dose distribu-
tion in the 3D volume is highly conformed to the con-
tour of the tumor target area, thereby, reducing damage to
the surrounding normal tissues. It is the preferred treat-
ment technique in current NPC radiotherapy [51, 52]. The
IMRT plan design for NPC mostly uses fixed-beam IMRT
or volumetric-modulated arc therapy (VMAT) [53, 54]. To
meet the clinical dosimetry requirements, fixed field inten-
sity modulation should use more than five fields with uni-
form coplanar distribution; VMAT should use a single
arc or double arc design. It is strongly recommended to
design the intensity-modulated reverse plan according to
the dose distribution of the target area and the dose limit
of the organ at risk. Using an optimization algorithm, the
computer-aided planning system calculates the weight of
each subfield and the distribution of the ray intensity [55].

Currently, radiotherapy planning and dose calculation
are mainly based on CT images. This is because the CT
value can reflect the electron density of different tissues
of the human body, which facilitates the corresponding
correction for tissue inhomogeneity [56]. The range of
dose calculation should generally cover the patient’s outer
contour, the body position fixation device, and the treat-
ment bed [57]. Considering the calculation of accuracy and
efficiency, it is recommended to use a 2.5-3 mm calcula-
tion grid [58-60]. Accurate algorithms, such as anisotropic
analytical algorithm (AAA), collapsed cone convolution
(CCC), and Monte Carlo (MC), can be used to better cal-
culate the final dose distribution to ensure the accuracy of
IMRT [61].

In view of the high resolution of MRI for soft tissue
and no additional X-ray exposure risk, medical institutions

can also generate virtual CT (synthetic CT) using MR-CT
image conversion to achieve an independent plan design
and dose calculation based on MR images [62-65].

Dose verification of IMRT plans is an important part of
radiotherapy quality control and assurance. It can not only
detect the accuracy of treatment planning system (TPS)
dose calculation but also assure the integrity of treatment
data transmission and the working status of accelerators.
The content of dose verification usually includes point
dose verification and dose distribution verification [66].
Medical institutions are also encouraged to carry out 3D
dose verification based on the patient’s anatomy.

The verification of the intensity modulation plan prefer-
ably uses the actual gantry angle measurement and the
method of multi-angle synthetic dose verification. The
actual multi-frame angle measurement is closer to the
actual treatment situation. It can accurately reflect the
influence of gravity on the accelerator frame, small hand-
piece, the multileaf collimator, and the attenuation of the
treatment bed [67]. When comparing the measured results
with the planned calculated dose distribution, it is recom-
mended to use global normalization. The dose return point
should be selected at the maximum dose point or other
points in the high-dose plateau area (at which the dose
is higher than 90% of the maximum dose). Dose distribu-
tion comparison should use the absolute dose mode for
comparison, and relative dose comparison or normaliza-
tion of the dose in the relative dose mode should not be
performed to avoid missing factors that may cause abso-
lute dose deviation [67]. When using gamma analysis, the
range of the gamma calculation should exclude low-dose
areas that have no clinical significance but could affect the
results of the dose verification analysis. According to the
recommendation of the AAPM TG218 report [67], when the
tolerance limit of gamma analysis is 3%/2 mm under 10%
dose threshold conditions, the pass rate should be > 95%.
If the pass rate of the gamma analysis is less than 90%, and
the points that do not pass are widely distributed in the tar-
get area or OARs, the treatment plan cannot be executed.

Image-guided radiotherapy (IGRT) wuses various
advanced imaging equipment to track the position
and morphology of the tumor and its surrounding
normal organs before and during treatment. Thus, it
can minimize the placement error between fractional
radiotherapy and achieve accurate irradiation [68-74].
Common IGRT techniques include 2D planar imaging,
kilo-voltage/mega-voltage cone-beam computed tomogra-
phy (kV/MV CBCT), MR, and other 3D volume imaging
techniques[75]. To ensure the accuracy of treatment, at
least 2D IGRT technology must be used to verify the
patient’s positioning before treatment. It is recommended
to use kV or MV CBCT to implement daily image guidance
during high-precision radiotherapy.
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When CBCT is registered with the planned CT image,
the registration range should include the tumor target area
and the surrounding normal tissue structure. It is recom-
mended to use bony registration algorithms to automati-
cally register images and manually adjust the registration
results according to bony landmarks (such as the upper
cervical spine, skull base, and/or the mandible), cavities,
and soft tissues. In this way, the superior-inferior, anterior-
posterior, and left-right direction offsets can be determined
accurately [76].

In view of the high resolution of MR images of soft tis-
sue and no additional X-ray exposure risk, medical insti-
tutions are recommended to perform radiotherapy based
on MRI guidance. Compared with kV/MV CBCT images,
MR images can clearly show the morphology and con-
tours of tumor target areas and surrounding normal tissues
and organs. Virtual CT (synthetic CT) is generated through
MRI-CT image modal conversion, which can further real-
ize MRI-based independent plan design and dose calcula-
tion [62-65], providing technical support for online adjust-
ment of treatment conditions and enabling the implemen-
tation of adaptive radiotherapy.

3.3 | Target delineation and the normal
tissue limit

3.3.1 | Target delineation and dose

Basic principles

GTV: Including primary
GTV (GTVp) and lymph
node GTV (GTVn)

No induction chemotherapy

Description

Tumor range (primary tumor +
lymph node) is shown by
clinical examination
(physical examination +
nasopharyngoscopy +
imaging).

Induction chemotherapy The tumor area (primary tumor
+ lymph node) after
induction chemotherapy, and
the range of bone and
paranasal sinus infiltration,
are determined according to
the range before induction
chemotherapy.

Primary CTV

High-risk CTVpl (70 Gy) GTVp + 5 mm (including the
whole nasopharynx).

When adjacent to important
OAR, the distance can be
reduced to 1 mm.

Basic principles

GTV: Including primary
GTV (GTVp) and lymph
node GTV (GTVn)

Medium risk CTVp2 (60 Gy)

Nasal cavity: posterior

Maxillary sinus: posterior

Posterior ethmoid sinus

Skull base

Cavernous sinus

Pterygoid fossa
Parapharyngeal space
Sphenoid sinus

Steep hill

Cervical lymph node CTV
High-risk CTVnl (70 Gy)

Medium risk CTVn2 (60 Gy)

Retropharyngeal, II, III, Va
area

Area VIIb

Area Ib

Description

GTVp + 10 mm

When adjacent to an important
OAR, the distance can be
reduced to 2 mm.

At least 5 mm away from the
posterior nostril.

At least 5 mm away from the
back wall.

Including the vomer.

Including the foramen ovale,
foramen rotundum, foramen
rupture, and apex.

If the T stage is T3-4 (including
the affected side only).

All
All
T1-2: Lower half; T3-4: All

If there is no invasion: First 1/3;
if there is invasion: AlL

CTVnl + 5 mm (if there is
capsule invasion, it should be
considered as 10 mm).

CTVnl + 10 mm.

Both sides should be included,
and the ipsilateral area
should be at least one area
lower than the invaded area.

The upper boundary of region
II lymph nodes should be
extended upwards to reach
the bottom surface of the
skull, covering the space of
the posterior styloid process
to include the lymph node of
the posterior styloid process.

The submandibular gland is
involved, or tumors involve
the anatomical structure of
the drainage area of the
lymph node with area Ib as
the first station (the oral
cavity and the anterior half of
the nasal cavity).

Invasion of area IT lymph nodes
with extracapsular invasion,
or involvement of area II
lymph nodes, with a
maximum diameter of more
than 2 cm, without
extracapsular invasion.

(Continues)
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Basic principles
GTV: Including primary

GTV (GTVp) and lymph
node GTV (GTVn) Description
Low-risk CTVn3 (50 Gy)
Areas IV and Vb to the If the ipsilateral cervical lymph
clavicle nodes are not involved, areas
IV and Vb may not be
irradiated.

Accordingly, if cervical lymph
nodes are involved,
ipsilateral areas IV and Vb
need to be irradiated

Abbreviations: GTV, gross tumor volume; CTV, clinical target volume;
OAR, organs at risk.

Notes

The gross tumor volume (GTV) of NPC includes the
primary tumor and cervical lymph nodes. Delineation is
mainly based on clinical physical examination, electronic
nasopharyngoscopy, and enhanced MRI examination of
the nasopharynx and neck. To delineate the primary tumor
GTV, we recommend using MRI and planned CT fusion.
If possible, it is recommended to use an MRI-compatible
fixture to perform MRI scans in the treatment position.
PET/CT has a certain guiding significance for the diagno-
sis of neck metastatic lymph nodes that do not meet the
MRI diagnostic criteria [77]. There is no uniform standard
for the delineation of the GTV after induction chemother-
apy for NPC. However, based on published studies, it is
recommended to delineate the tumor volume after induc-
tion chemotherapy. A phase III, multi-center, random-
ized controlled clinical study involving 233 patients [78]
and a phase II single-arm clinical study involving 112
patients [79] indicated that in patients receiving induc-
tion chemotherapy, delineating the GTV according to the
tumor volume after induction chemotherapy and the pre-
induction tumor area receiving at least a moderate dose
(60-64 Gy) irradiation did not affect the local area con-
trol rate and patients’ survival rate, compared with adopt-
ing the GTV before induction chemotherapy. Adopting
the GTV after induction chemotherapy could improve the
patient’s quality of life (QoL) score significantly [78].

The clinical target volume (CTV) range of the primary
tumor in the IMRT target area of NPC is mainly based on
its local progression [80, 81], which can be divided into
high-, medium-, and low-risk areas. Currently, there is no
fully unified CTV range. Therefore, taking the previously
proposed international expert consensus as an example for
reference [82], domestic centers can adjust the CTV range
according to the actual situation. Overall, this recommen-
dation has a good effect in clinical practice [83]. The CTV
range of the cervical lymph nodes is mainly based on the

law of lymph node metastasis: the cervical lymph nodes of
patients NPC usually follow the same side sequence from
top to bottom, and there are few jumping metastases [84].
For patients with negative cervical lymph nodes (includ-
ing NO and patients with only post-pharyngeal lymph node
metastasis), the preventive irradiation range is postpharyn-
geal, I1, III, and Va areas [84-87]. For patients with N1 dis-
ease, the preventive irradiation range on the negative side
of the cervical lymph nodes is the posterior pharynx, II, I1I,
and Va areas, and the positive side is the preventive irra-
diation of the whole neck [88, 89]. Generally, area Ia does
not require preventive irradiation. Area Ib mainly needs
preventive irradiation in the following high-risk groups:
submandibular gland involvement, disease involving the
anatomical structure of the lymph node drainage area (oral
and nasal front half) with area Ib as the first stop, lymph
node invasion in area Il accompanied by extracapsular
invasion, or in cases where the maximum diameter of the
lymph node in area IT exceeds 2 cm [83, 90]. In general, the
structure of the NPC target area is relatively complex, and
the establishment of an automatic target area delineation
system based on deep learning algorithms can improve the
accuracy, consistency, and efficiency of target area delin-
eation [91].

3.3.2 | Normal tissue delineation and dose
limitation

Structure

(TPS

standard Dose

naming) Delineation principles limitation

Brain stem The boundary with surrounding PRV D0.03
tissues is clear; the upper cm? <54
boundary is the optic tract, Gy, MAC
which is drawn until the <60 Gy
cerebellum disappears.

Spinal cord The spinal cord is delineated PRV D0.03
from the disappearance of the cm?® < 45
cerebellum to 2 cm below the Gy, MAC
lower edge of the clavicle head. <50 Gy

Temporal lobe From the upper boundary of the  T1-T2: PRV
Sylvian fissure to the base of D0.03 cm?®
the middle cranial fossa; the <65Gy
posterior boundary is the T3-T4: PRV
petrous part of the temporal D0.03 cm?
bone/tentorium/preoccipital <70 Gy
notch, and the medial (MAC <72

boundary is the cavernous Gy)
sinus/sphenoid sinus/sella/
Sylvian fissure, including the
hippocampus, parahippo-
campal gyrus, and sulcus
hippocampus, excluding the
basal ganglia and insula.
(Continues)
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Structure
(TPS
standard
naming)

Optic nerve

Chiasm

Pituitary gland

Eye

Lens

Inner ear

Middle ear

Parotid gland

Submandi-
bular gland

Oral cavity

Temporoman-
dibular joint

Delineation principles

Including the intraorbital
segment and the optic canal
segment.

It is located above the pituitary
gland and inside the middle
cerebral artery, in a crisscross
pattern, which can be seen in
1~2 layers on a CT scan with a
thickness of 3 mm.

It is in the sella pituitary, which
can be seen in 1~2 layers on a
CT scan with a thickness of 3
mm.

Ensure that the retina is fully
delineated.

The boundary between the lens
and the surrounding vitreous
is clear.

The cochlea and IAC are
delineated separately.

Tympanic cavity and ET_Bone
are delineated separately.

The upper boundary is the
zygoma, and the lower
boundary is the styloid process.
The delineation of the parotid
gland includes the superficial
and deep lobes of the parotid
and paraparotid glands.

The boundary between the
submandibular gland and
surrounding tissues is clear.

Including tongue, gums, lip
mucosa, buccal mucosa, and
floor of the mouth.

Including the joint head and
joint socket, starting from the
disappearance of the joint
cavity, it is drawn to the upper
level where the mandibular
neck is curved in a C shape.

TANG ET AL.
Structure
(TPS
:?os.e . standard Dose
R ator naming) Delineation principles limitation

PRV D0.03 . :

3 < 5g Mandible The mandible should serve as an D2% < 70 Gy,
cm = OAR and not be divided into MAC <75
Gy, MAC left and right. Gy
<60 Gy .

Thyroid The boundary between the V50 Gy <

PRV D0.03 hvroi .

3 <54 thyroid and surrounding tissue  60%, or
E’}m = " is clear. MAC of

Y, MA V60 Gy <
<60 Gy 10 cm?
Pharyngeal The upper, middle, and Dmean < 45
PRV D0.03 const hypopharyngeal constrictors Gy, MAC
) are delineated separately. <55Gy
cm?® <60
Pharyngeal const was
Gy, MAC delineated from the lower edge
<65 Cy of the wing plate to the lower
Dmean < 35 edge of the cricoid cartilage.
Gy, or The upper/middle boundary is

MAC of the upper edge of the hyoid
D0.03 cm? bone, and the middle/lower
<54 Gy boundary is the lower edge of

D0.03 cm?® < the hyoid bone.

6 Gy, MAC Larynx The larynx supraglottic and Dmean < 35
<15Gy larynx glottic are delineated Gy, or D2%

Dmean < 45 separately. <50 Gy
Gy, MAC Brachial 1t is difficult to identify on the PRV D0.03
<55Gy plexus image. It is delineated cm®< 66

Tympanum according to the anatomy. It Gy, MAC
dmean < originates from the <70 Gy
34 Gy intervertebral foramen of neck
Bony 5/6, 6/7, neck 7/thorax 1,
eustachian thoracic 1/2, passed through
tube the scalene muscle space, and
dmean < travels above and behind the
54 Gy subclavian artery.

Dmean < 26 Abbreviations: CT, computed tomography; D2%, the dose specified for pre-
Gy, or at scription is the 2% of the volume of PRV; Dmean, mean dose; ET_Bone,
least one Eustachian tube bone; IAC, internal auditory canal; MAC, maximum accep-
parotid tance criteria; OAR, organs at risk; PRV, planning organ at risk volume.

V30 Gy <
0% Notes
There is no fully unified standard reference for the scope
< - . . .
Dnéean <3 and dose limit requirements of important OARs in NPC;
Y therefore, two international expert consensuses previously
reported could be used taken as examples for reference

Dmean < 40 R L.

Gy, MAC [92, 93]. To improve the degree of data standardization, the
<50 Gy naming of OAR recommends using the standard naming

D2% < 70 Gy, of the “camel-case body”, and the underline (_) followed by
MAC <75 the L or R to distinguish the left and right sides when nam-
Gy ing the bilateral organs [94]. The middle ear, inner ear, and

temporomandibular joints are delineated using bone win-
dows (1400-1600/400-600 HU or 3000-4500/600-800 HU),
brain stem and temporal lobes are delineated using brain
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windows (80-100/5-50 HU), and the lateral boundary of the
temporal lobe and other organs are delineated using soft

Grade I

ANCER
COMMUNICATIONS

1207

Grade II Grade III

tissue windows (300_400 /20_120 HU). The recommenda- Stage recommendations recommendations recommendations
tion of the delineation principle is mainly based on the [I-IVa Induction Concurrent
. .. . (except chemotherapy + chemoradiother-

anatomical definition of the OAR. Nerve tissues are rec- T3NO) concurrent apy + adjuvant
ommended to be evaluated for a planning organ at risk chemoradiother-  chemotherapy
volume (PRV) dose of 3 mm external expansion of the apy [106-110] (38, 111, 112]
OAR. Except for the middle ear [95], the dose limits for Ini‘:gzgce ) (evidence 18)
other OARs are based on international expert consensus. chemotherapy +
Although the delineation of the target volume and OAR concurrent
has international expert consensus for reference, clinicians zg;?madwthep
have significant differences in opinions, and we should metronomic
pay more attention to the impact of delineation differences adjuvant
in multi-center clinical research [96]. Atlas-based auto- fhe?itther?f’hy
segmentation (ABAS) has been proven to improve the con- hﬁzhiisz‘:f ‘
sistency of multi-center delineation and OAR dose consis- recurrence or
tency [97]. Auto-segmentation based on artificial intelli- metastasis) [113]

. . . . (evidence 1A)
gence shows a higher delineation accuracy [98, 99], and is
obtained when applied to plan the optimization to obtain
good results [100]. To improve the efficiency and consis-
tency of OAR delineation, it is recommended to use ABAS
or artificial intelligence-based auto-segmentation.

Type of Grade II Grade III
chemother- Grade I recom- recommenda- recommenda-
4 | CHEMOTHERAPY FOR apy mendations tions tions
NASOPHARYNGEAL CARCINOMA Induction  Docetaxel +  Cisplatin + Grade I/ I rec-
chemother- cisplatin + 5-fluorouracil ommended
Types of chemotherapy apy 5-fluorouracil  [110] induction
[106, 107] (evidence 1B)  chemother-
(evidence 1A) Cisplatin + apy +
Gemcitabine + capecitabine Cetuximab /
Grade I Grade II Grade III cisplatin [108]  [114] Nimo-

Stage recommendations recommendations recommendations (evidence 1A)  (evidence 1B) tuzumab [115]

TINO  No chemotherapy Docetaxel + (evidence 2B)
[101] (evidence cisplatin [109]

24) (evidence 2A)
T2NO  Radiotherapy alone Concurrent . . .
[101] (evidence AR T Concurrent Cisplatin [38, Nedaplatin [116] Grade I / II rec-
2B) [102, 103] (with poor chemother- 104, 105, 111, (evidence1B) ommended
prognostic factors, apy 112] (evidence Oxaliplatin [117,  concurrent
such as large tumor 1A) 118] (evidence  chemother-
volume or high EBV 1B) apy +
R i) Carboplatin Cetuximab /
(evidence 2A) [ 1 9] Nimo-

T1-2N1 Concurrent . Radiothera.py alone (evidence 2A4)  tuzumab [120,
chemoradiother- [101] (evidence 2A) R
apy [102, 103] 121] (evidence
(evidence 2A) 2B)

T3NO  Concurrent Induction Adjuvant Metronomic Cisplatin + Capecitabine
chemoradiother- chemotherapy + chemother- adjuvant capecitabine [4] (evidence
apy [104, 105] concurrent apy capecitabine [114] 2B)

(evidence 2A) chemoradiot?lerapy [113] (evidence 1B) Tegafur [4]
[106-110] (evidence 3 ) . .
1B) (evidence 1A) Gemcitabine + (evidence 2B)
Concurrent Cisplatin + cisplatin [122] Tegafur-uracil
chemoradiotherapy 5-fluorouracil ~ (evidence 2A)  [123]
+ adjuvant [38, 111, 112] (evidence 2B)
chemotherapy [38, (evidence 1A) S-1[124]

111, 112] (evidence 1B)

(evidence 2B)
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Notes

In the era of traditional 2D radiotherapy, the results of
arandomized controlled trial reported by Chen et al. [102]
revealed that compared with radiotherapy alone, concur-
rent chemoradiotherapy could significantly improve the
5-year overall survival (OS) and progression-free survival
(PFS) of patients with stage II NPC. Compared with radio-
therapy alone, concurrent chemoradiotherapy was associ-
ated with reduced distant metastasis rate but did not signif-
icantly improve the local control rate. However, it is worth
noting that the study used the Chinese 1992 staging sys-
tem. According to the 7th edition of the AJCC TNM clas-
sification criteria, 13% of patients would be reclassified as
N2/III. The 10-year long-term results of the trial are consis-
tent with the conclusions of the initial report, which sug-
gested that the survival benefits of concurrent chemoradio-
therapy are mainly reflected in patients with T2N1 disease
[103]. In the era of IMRT, the role of concurrent chemother-
apy in stage II NPC remains unclear. Recently, Huang et al.
[125] reported a phase II randomized trial involving 84
patients with stage II NPC. The patients’ median follow-
up time in this trial was 75 months. The trial showed that
the 5-year OS and PFS for the concurrent chemoradiother-
apy group and the IMRT group were 94% vs. 100% (P =
0.25) and 87% vs. 90% (P = 0.72), respectively. The concur-
rent chemoradiotherapy group was not superior to those
in the IMRT group. Stage II NPC includes three subgroups
(T2NO, TIN1, and T2N1). Among them, patients with N1
disease had a higher risk of distant metastasis. An ongo-
ing large randomized controlled trial (CinicalTrials.gov,
ID: NCT02633202) is evaluating the efficacy of IMRT com-
bined with concurrent chemotherapy. It is expected to pro-
vide appropriate treatment recommendations for patients
in this subgroup.

The Intergroup 0099 randomized controlled trial found
that the survival outcomes of concurrent chemoradiother-
apy and adjuvant chemotherapy were better than those of
radiotherapy alone, thus, establishing the status of con-
current chemoradiotherapy as the standard treatment for
locoregionally advanced (stage III-IVa) NPC [38]. Subse-
quent randomized controlled trials from endemic areas
also confirmed that the survival benefit of concurrent
chemoradiotherapy, with or without adjuvant chemother-
apy, was greater than that of radiotherapy alone in locore-
gionally advanced NPC (stage III-IVa) [104, 105, 111, 112,
118]. A meta-analysis of individual patient data, which
included 19 randomized controlled trials, showed that
concurrent chemoradiotherapy, with or without adjuvant
chemotherapy, could remarkably improve OS (stage II-
IV) [126]. In contrast, adjuvant chemotherapy or induction
chemotherapy plus radiotherapy could not significantly
improve the survival rate. Therefore, concurrent chemora-

diotherapy is regarded as the core treatment for locoregion-
ally advanced NPC.

Notably, the Intergroup 0099 trial was conducted in the
era of traditional radiotherapy. In the era of IMRT, it is
controversial whether concurrent chemoradiotherapy plus
adjuvant chemotherapy can bring additional benefits to
patients with NPC. The preliminary results of a phase III
randomized controlled trial [127] indicated that there was
no significant difference in all outcome endpoints between
the concurrent chemoradiotherapy group and the con-
current chemoradiotherapy plus adjuvant chemotherapy
group in locoregionally advanced NPC (non-metastatic
stage III-IV). The long-term results [128] also confirmed
these findings (5-year OS rate: 80% vs. 83%, P = 0.35; 5-year
PFS rate: 71% vs. 75%, P = 0.72) (stage III-IV). In another
phase III trial [122], 104 high-risk patients with NPC (stage
IIB-IV) with positive plasma EBV DNA after radiother-
apy were randomly assigned to the observation group or
the gemcitabine + cisplatin adjuvant chemotherapy group.
This study was the first biomarker-driven randomized con-
trolled trial in NPC. The results displayed that adjuvant
chemotherapy could not significantly improve OS and PFS
(5-year OS rate: 64% vs. 68%; P = 0.79; 5-year PFS rate: 49%
vs. 55%; P = 0.75).

The results of several meta-analyses [129-132] claimed
that although concurrent chemoradiotherapy plus adju-
vant chemotherapy has a potential benefit trend, the
survival outcome of patients after concurrent chemora-
diotherapy plus adjuvant chemotherapy has not been
significantly improved (stage II-IV). The tolerance of
patients with NPC to adjuvant chemotherapy after radical
radiotherapy is relatively poor. Only 50%-76% of patients
with NPC completed the prescribed course of adjuvant
chemotherapy [38, 111, 112, 122, 127, 133, 134], which may
explain why it is difficult for adjuvant chemotherapy to
bring additional survival benefits to patients with NPC
(stage II-IV).

Compared with adjuvant chemotherapy, induction
chemotherapy has many potential advantages such as
early relief of patient symptoms, elimination of tiny
metastatic lesions, and better compliance (stage IIB-IV)
[135]. In recent years, three large-scale multi-center ran-
domized controlled trials from Guangzhou (China) have
been published internationally [106-108, 110, 136]. These
studies used docetaxel, cisplatin and 5-fluorouracil (TPF)
[106, 107], cisplatin plus 5-fluorouracil (PF) [110, 136], and
gemcitabine plus cisplatin (GP) [108] as the induction
chemotherapy regimens, respectively (stage III-IV). Long-
term follow-up confirmed that concurrent chemoradio-
therapy (CCRT) plus TPF, PF or GP could significantly
improve survival in locoregionally advanced NPC (stage
III-IVa) with no marked increase in late adverse events.
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These studies confirmed the advantages of induction
chemotherapy combined with concurrent chemoradio-
therapy in terms of OS, PFS, and distant metastasis-
free survival. The combined analysis of individual patient
data of four trials from endemic areas (stage I1I-IV) [137]
validated that induction chemotherapy plus concurrent
chemoradiotherapy could significantly improve the OS
(hazard ratio [HR] = 0.75; 95% confidence interval [CI] =
0.57-0.99; 5-year absolute benefit = 6%) and PFS (HR =
0.70; 95% CI = 0.56-0.86; 5-year absolute benefit = 9%), and
the survival benefit was mainly from the reduction of the
distant metastasis rate. A randomized controlled trial from
Tunisia and France included 83 patients with locoregion-
ally advanced NPC (stage III-IVa) [138]. The results illus-
trated that TPF induction chemotherapy could markedly
improve PFS and OS [138]. Therefore, in addition to con-
current chemoradiotherapy, induction chemotherapy also
plays an important role in the treatment of locoregion-
ally advanced NPC. It can improve the survival of patients
with NPC, mainly via improving the control rate of distant
metastasis.

However, it should be noted that most trials evaluating
concurrent chemoradiotherapy plus induction chemother-
apy are conducted in endemic areas. The applicability of
induction chemotherapy in patients with NPC in non-
endemic areas requires further research. Additionally,
because of the lack of data from prospective randomized
trials that directly compared the two methods (induction
chemotherapy plus concurrent chemoradiotherapy and
concurrent chemoradiotherapy plus adjuvant chemother-
apy), it is currently uncertain which chemotherapy
sequence, induction-concurrent or concurrent-adjuvant,
is more effective. Based on the above findings, inferen-
tial comparisons of clinical trials whose control group
was concurrent chemoradiotherapy suggested that induc-
tion chemotherapy was superior to adjuvant chemother-
apy in reducing distant metastasis rate. In the future,
a head-to-head randomized trial comparing induction
chemotherapy plus concurrent chemoradiotherapy and
concurrent chemoradiotherapy plus adjuvant chemother-
apy is needed.

Compared with other patients having locoregionally
advanced NPC, patients with T3NO disease have a rel-
atively low risk of treatment failure [29]. Therefore,
this subgroup has been excluded in some studies that
added adjuvant chemotherapy or induction chemother-
apy on the basis of concurrent chemoradiotherapy (stage
III-IV) [107, 108, 127, 136]. Considering the lack of
data from randomized trials, experts recommend that
patients with T3NO NPC should carefully weigh the
advantages and disadvantages of adjuvant chemotherapy

or induction chemotherapy on the basis of concurrent
chemoradiotherapy.

According to previous phase III clinical trials compar-
ing the efficacy of concurrent chemoradiotherapy with or
without adjuvant chemotherapy and radiotherapy alone
(stage II-IV) [38, 102, 105, 111], we recommend the use
of cisplatin 100 mg/m? once every three weeks or 40
mg/m? once a week on the basis of radiotherapy. These
trials confirmed that concurrent chemoradiotherapy is
superior to radiotherapy alone in locoregionally advanced
NPC. Three trials [38, 111, 112] used a chemotherapy reg-
imen every three weeks (stage III-IV); two trials [105,
133] used a weekly chemotherapy regimen (stage III-IV);
and one trial carried out by Chen et al. [102] used 7
cycles of 30 mg/m? once a week (stage II). There have
been head-to-head clinical trials comparing three-week
and weekly schedules. A phase II randomized controlled
trial reported by Lee et al. [139] found that the effi-
cacy and adverse events of the two regimens were not
significantly different, and the weekly regimen seemed
to be more conducive to improving the QoL of the
patients (stage II-IV). A large phase III randomized con-
trolled trial involving 526 patients with locoregionally
advanced NPC is underway (ChiCTR-TRC-12001979). The
preliminary results revealed that there was no differ-
ence in the survival outcome of the two regimens. How-
ever, compared with the once every three weeks regi-
men (100 mg/m? x 2), the weekly regimen (40 mg/m?
X 6) had higher rates of leukopenia (24.8% vs. 15.9%,
P = 0.015) and thrombocytopenia (5.2% vs. 1.1%, P =
0.01) (stage II-IV) [140]. The final results of this study
would help to evaluate different dosing regimens com-
prehensively. It is worth noting that the cumulative
dose of cisplatin in the once every three weeks regimen
(200 mg/m?) is lower than that in the weekly regimen
(240 mg/m?).

Taken together, the above summary of previous stud-
ies suggests that the cumulative dose of cisplatin is more
important than the dosing regimen in terms of efficacy.
In this regard, there is currently no evidence to guide the
optimal dose intensity of concurrent cisplatin chemother-
apy. However, exploratory analysis in some phase III clin-
ical trials indicated that the cumulative dose of cisplatin
should not be less than 200 mg/m? to ensure efficacy (stage
III-IV) [141-143]. For patients with contraindications and
cannot receive cisplatin chemotherapy, other concurrent
chemotherapy drugs such as carboplatin (area under the
curve [AUC] = 5-6) (stage III-IV) [119, 144], oxaliplatin
(70 mg/m?, once a week) [21] and nedaplatin (100 mg/m?,
once every three weeks) can be selected (stage II-IV)
[116].
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A phase II randomized controlled trial published in 2009
[109] reported for the first time that the addition of two
courses of docetaxel (75 mg/m?) plus cisplatin (75 mg/m?)
induction chemotherapy before concurrent chemoradio-
therapy could increase the 3-year OS rate of patients with
NPC from 68% to 94% (HR = 0.24; 95% CI = 0.08-0.73)
(stage II-IV). Subsequently, two large phase IIl randomized
controlled trials [106-108] assessed the TPF regimen (doc-
etaxel 60 mg/m?, cisplatin 60 mg/m?, and 5-fluorouracil
600 mg/m? per day; continuous intravenous infusion for
120 hours; once every 3 weeks; a total of 3 courses) and GP
regimen (gemcitabine 1000 mg/m? on day 1 and days, cis-
platin 80 mg/mz; once every 3 weeks, a total of 3 courses)
in patients with locoregionally advanced NPC (except T3-
4NO0). In the TPF trials [106, 107], compared with the
concurrent chemoradiotherapy group alone, the induction
chemotherapy plus concurrent chemoradiotherapy group
showed a significantly improved 5-year OS (HR = 0.65; 95%
CI = 0.43-0.98), PFS (HR = 0.65; 95% CI = 0.43-0.98), dis-
tant recurrence-free survival (DFS) (HR = 0.60; 95% CI
= 0.38-0.95), and local recurrence-free survival rates (HR
= 0.58; 95% CI = 0.34-0.99) (stage III-IV). Although the
doses of various drugs were reduced by 20% compared with
another trial (75 mg/m? of docetaxel, 75 mg/m? of cisplatin,
and 750 mg/m? of 5-fluorouracil per day, continuous intra-
venous infusion for 120 hours) [138], the rates of grade 3-
4 adverse events, such as neutropenia (35%), leukopenia
(27%), and diarrhea (8%) remained high (stages T2b, T3,
T4 and/or N1-N3, MO). In another trial using GP induc-
tion chemotherapy [108], the patients’ 3-year OS (HR =
0.43; 95% CI = 0.24-0.77), PFS (HR = 0.51; 95% CI = 0.34-
0.77), and distant metastasis-free survival rates(HR = 0.43;
95% CI = 0.25-0.73) were improved compared with the con-
current chemoradiotherapy group (stage III-IV). Patients
tolerated the GP regimen relatively well, and the rates of
grade 3-4 neutropenia, leukopenia, and diarrhea were 21%,
11%, and 0.4%, respectively. Other recommended induc-
tion chemotherapy regimens include the PF regimen (cis-
platin 80-100 mg/m?, 5-fluorouracil 800-1000 mg/m? per
day, continuous intravenous infusion for 120 hours) and PX
regimen (cisplatin 100 mg/m?, capecitabine 2000 mg/m?
per day, continuous administration for 14 days) (stage I11I-
IV) [110, 114, 136].

No randomized controlled study that directly com-
pared different induction chemotherapy regimens has
been published. Therefore, the induction chemother-
apy regimen can be selected according to the patient’s
condition. Currently, some clinical trials are evaluating
whether the use of lobaplatin or nedaplatin and other
platinum drugs in induction chemotherapy could replace
cisplatin, or capecitabine to replace 5-fluorouracil, would
improve the QoL of patients with NPC while ensur-

ing non-inferiority of efficacy (ChiCTR-TRC-13003285,
NCT03503136).

The results of the Intergroup study determined the PF
regimen (cisplatin 80 mg/m? on day 1; 5-fluorouracil 1000
mg/m? on days 1-4, continuous intravenous infusion for
96 hours, once every 4 weeks) as the standard regimen
of adjuvant chemotherapy (stage III-IV) [38]. If patients
have contraindications and cannot tolerate cisplatin, car-
boplatin can be used instead of cisplatin. A single-center
non-inferiority randomized trial compared the Intergroup
regimen with adjuvant carboplatin (AUC 5, intravenous
injection) + 5-fluorouracil regimen (1000 mg/m? daily con-
tinuous intravenous drip for 96 hours) (stage III-IV) [119].
The results showed that 42% of patients using cisplatin
completed the cycles of adjuvant chemotherapy, while
73% of patients using carboplatin completed adjuvant
chemotherapy. The survival outcomes of the two groups
were similar. The rates of nephrotoxicity, leukopenia, and
anemia in the cisplatin group were higher, while the rate
of thrombocytopenia in the carboplatin group was higher
[119]. The team also conducted a multicenter randomized
trial that compared carboplatin concurrent chemoradia-
tion with carboplatin concurrent chemoradiation plus car-
boplatin and 5-fluorouracil adjuvant chemotherapy in 175
patients with NPC (T2NO-T4N2MO) (UICC/AJCC seventh
edition) [145]. The results showed that the addition of car-
boplatin and 5-fluorouracil adjuvant chemotherapy could
significantly improve the patients’ 2-year DFS.

As mentioned above, the main disadvantage of adjuvant
chemotherapy is poor tolerability. Metronomic chemother-
apy is an emerging antitumor modality. Unlike conven-
tional chemotherapy which uses the maximum toler-
ated dose to treat tumors, the metronomic administra-
tion of chemotherapeutic agents such as 5-fluorouracil by
low-dose and prolonged oral administration can main-
tain chemotherapeutic agents at a relatively low blood
concentration for a long time. Metronomic chemother-
apy can reduce adverse events while continuing antitu-
mor therapy, especially suitable for the adjuvant treat-
ment of patients after the end of chemoradiotherapy. A
phase IIT trial validated that the addition of metronomic
adjuvant capecitabine (650 mg/m? twice daily) to rad-
ical chemoradiotherapy (concurrent chemoradiotherapy
+ induction chemotherapy) significantly improved sur-
vival in patients with high-risk locoregionally advanced
(stage III-IVa, excluding T3-4NO as well as T3N1) NPC
[113]. Meanwhile, the regimen was safe, and the rates of
serious adverse events were only 17%, which was tolera-
ble by patients. Therefore, metronomic chemotherapy as
adjuvant therapy after the end of radical chemoradiother-
apy is recommended for patients at high risk of recur-
rence/metastasis.
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5 | TREATMENT OF RECURRENT AND
METASTATIC NASOPHARYNGEAL
CARCINOMA®

Grade I recom- Grade Il recom-  Grade III recom-

Stratificationmendations mendations mendations
First-line Cisplatin + Cisplatin / Cisplatin +
treatment gemcitabine + carboplatin + gemcitabine +
camrelizumab [146] 5-fluorouracil [150, Endostar [156]
(evidence 1A) 151] (evidence 1A)  (evidence 2B)
Cisplatin + Cisplatin + docetaxel
gemcitabine + [152] (evidence 2A)
toripalimab [147]  Carboplatin +
(evidence 1A) paclitaxel [153]
Cisplatin + (evidence 2A)
gemcitabine [148] Cisplatin +
(evidence 1A) capecitabine [154]
Systemic (evidence 2A)
chemotherapy +  Cisplatin +
local radiotherapy ©  albumin-bound
[149] (evidence 1A)  paclitaxel [155]
(evidence 2A)
Second- or Monotherapy Gemcitabine + Camrelizumab

further-line chemotherapy vinorelbine [161, [164] (evidence
treatment Capecitabine [157,158] 162] (evidence 2A) 2B)

(evidence 2A) Irinotecan [163] Toripalimab [165]
or docetaxel [159] (evidence 2A) (evidence 2B)
(evidence 2A) (If the same drugs ~ Nivolumab [166]
or gemcitabine [160]  are not accepted in (evidence 2B)
(evidence 2A) the first-line Pembrolizumab
(If the same drugs are  treatment) [167] (evidence
not accepted in the 2B) (Limited to

PD-L1 TPS > 1%)
(If PD-1/ PD-L1
inhibitors are not

first-line treatment)
Encourage patients to
participate in

clinical trials accepted in the

first-line
treatment)
Third- or Toripalimab [165] Gemcitabine + Nivolumab [166]
further-line  (evidence 2A) vinorelbine [161, (evidence 2B)

treatment Camrelizumab [164, 162] (evidence 2A) Pembrolizumab
168] (evidence 2A) Irinotecan [163] [167] (evidence
(If PD-1/ PD-L1 (evidence 2A) 2B) (Limited to
inhibitors were not (If the same drugs PD-L1TPS > 1%)
received in the past) are not accepted (If PD-1/PD-L1

Capecitabine [157,158] in the past) inhibitors are not

(evidence 2A) accepted in the
or docetaxel [159] first-line
(evidence 2A) treatment)
or gemcitabine [160]
(evidence 2A)

(If the same drugs
were not received
in the past)

Encourage patients to
participate in
clinical trials

Abbreviations: PD-1, programmed cell death 1; PD-LI, programmed cell death 1
ligand 1; TPS, treatment planning system.

“This recommendation is based on published papers only. Recurrent NPC, which
can be treated by surgery or local radiotherapy should be referred to the part of the
treatment of recurrent NPC.

"These treatments are limited to patients with newly diagnosed metastatic NPC
who achieved partial or complete remission after 3 cycles of chemotherapy.

Notes

Recurrent or metastatic NPC is a group of heterogeneous
diseases usually divided into: de novo metastasis, locore-
gional recurrence, and locoregional recurrence with dis-
tant metastasis [169]. Therefore, before deciding the treat-
ment strategy, it is necessary to perform a comprehensive
re-staging assessment, including the nasopharynx, neck-
enhanced MRI, and whole-body PET/CT or corresponding
part-enhanced CT scans, and/or whole-body bone scans
to identify local recurrences and the status of systemic
metastases. For locoregionally recurrent NPC, patients can
undergo salvage surgical treatment or re-radiotherapy.

Currently, most recurrent NPC is not suitable for local
treatment. For recurrent NPC and NPC with distant metas-
tasis, the mainstream treatment option is still palliative
systemic chemotherapy (Table 1). There is a lack of high-
quality clinical research in the field of systemic treat-
ment of recurrent and metastatic NPC; therefore, previ-
ous chemotherapy regimens usually refer to platinum-
containing two-drug or three-drug regimens for head and
neck squamous cell carcinomas [170, 171]. The most com-
monly used in the past has been platinum combined with
5-fluorouracil (PF regimen) [150, 151]. For patients who
cannot tolerate 5-fluorouracil, capecitabine can be consid-
ered as an alternative [154].

In 2016, a phase III randomized controlled study
(GEM20110714) from the Sun Yat-sen University Cancer
Center confirmed that for first-line treatment of recurrent
metastatic NPC, GP regimen (gemcitabine 1 g/m?, on days
1 and 8; cisplatin 80 mg/m?; once every 3 weeks, up to 6
courses of treatment) demonstrated better efficacy com-
pared with FP regimen (cisplatin 80 mg/m?; 5-fluorouracil
1 g/mz, days 1-4; once every 3 weeks, up to 6 courses of treat-
ment) [148]. For the primary endpoint, the median PFS of
the GP group was 7.0 months (interquartile range, IQR:
4.4-9.9 months), and that of the FP group was 5.6 months
(IQR: 3.0-7.0 months), (HR = 0.55; 95% CI = 0.44-0.68; P <
0.0001). In terms of secondary endpoints, the OS and objec-
tive response rate (ORR), the GP group was also better than
the FP group (median OS, 29.1 months vs. 20.9 months;
ORR, 64% vs. 42%). The adverse event spectrums of the
GP and FP groups were different, but their overall safety
was controllable. The GP regimen had a higher cost-benefit
ratio than the FP regimen [172]. This trial represented land-
mark significance and has since been used as the first-line
optimal plan for advanced NPC. Many subsequent stud-
ies evaluated the efficacy and safety of immunotherapy
or anti-angiogenesis therapy based on the GP regimen as
standard first-line chemotherapy. Among them, a phase
I study reported the safety and anti-tumor activity of GP
combined with camrelizumab in the first-line treatment
of patients with recurrent and metastatic NPC. The ORR
reached 91%, and the PFS rates at 6 and 12 months were
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TABLE 1

Chemotherapy regimen

Cisplatin + gemcitabine +
camrelizumab

Cisplatin + gemcitabine +
toripalimab

Cisplatin + gemcitabine

Cisplatin + 5-fluorouracil

Cisplatin + docetaxel

Cisplatin + docetaxel

Carboplatin + paclitaxel

Cisplatin + albumin-bound
paclitaxel

Cisplatin + albumin-bound
paclitaxel

Cisplatin + albumin-bound
paclitaxel

Cisplatin + capecitabine

Cisplatin + gemcitabine +
Endostar

86% and 61%, respectively, which were worthy of further

Dose

Cisplatin 80 mg/m?

Gemcitabine 1000 mg/m?

Camrelizumab 200 mg

Cisplatin 80 mg/m?

Gemcitabine 1000 mg/m?
Toripalimab 240mg

Cisplatin 80 mg/m?
Gemcitabine 1000 mg/m?
Cisplatin 100 mg/m?
5-fluorouracil 1000 mg/m?
Cisplatin 75 mg/m?
Docetaxel 75 mg/m?
Cisplatin 70 mg/m?
Docetaxel 35 mg/m?
Carboplatin AUC 5
Paclitaxel 175 mg/m?
Cisplatin 75 mg/m?

Albumin-bound paclitaxel 100
mg/m?

Cisplatin 75 mg/m?

Albumin-bound paclitaxel 140
mg/m?

Cisplatin 75 mg/m?

Albumin-bound paclitaxel 260
mg/m?

Cisplatin 80~100 mg/m?

Capecitabine 1000 mg/m?

Cisplatin 80 mg/m?

Gemcitabine 1000 mg/m?
Endostar 15 mg

First-line chemotherapy for recurrent and metastatic nasopharyngeal carcinoma

Medication time Duration and cycles

Day1 21 days as a cycle, 4-6 cycles

Day1, 8 21 days as a cycle, 4-6 cycles

Day1 21 days as a cycle, continue to maintain until
the disease progresses or the toxicity is
intolerable

Day 1 21 days as a cycle, 4-6 cycles

Day1,8 21 days as a cycle, 4-6 cycles

Day 1 21 days as a cycle, continue to maintain until
the disease progresses or the adverse events
are intolerable

Day 1 21 days as a cycle, 4-6 cycles

Day1,8

Day 1 21 days as a cycle, 4-6 cycles

Day 1-4

Day 1 21 days as a cycle, 4-6 cycles

Day 1

Day 1 21 days as a cycle, 4-6 cycles

Day1, 8

Day1 21 days as a cycle, 4-6 cycles

Day1

Day 1 21 days as a cycle, 4-6 cycles

Days 1, 8, 15

Day 1 21 days as a cycle, 4-6 cycles

Day1, 8

Day 1 21 days as a cycle, 4-6 cycles

Day 1

Day 1 21 days as a cycle, 4-6 cycles

Days 1-14 Maintained until disease progression or
intolerable adverse events

Day 1 21 days as a cycle, no more than 4 cycles

Day1,8 21 days as a cycle, no more than 4 cycles

Day 1-14 21 days as a cycle, no more than 4 cycles

In 2021, the phase III CAPTAIN-1st study

verification in a phase III study [164]. In addition, a phase
IT study [164] reported the safety and efficacy of the GP reg-
imen combined with Endostar in the first-line treatment
of recurrent and metastatic NPC. The ORR of 28 patients
reached 85.7%, the median PFS of these patients reached
19.4 months, and the 1-year OS rate was 90.2%.

(NCT03707509) from the Sun Yat-sen University Cancer
Center confirmed that camrelizumab (200 mg on day 1)
combined with the GP regimen (gemcitabine 1 g/m? on
days 1 and 8; cisplatin 80 mg/m?; once every 3 weeks, 4-6
courses) had better efficacy as the first-line treatment of
locoregionally recurrent or metastatic NPC compared with
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placebo combined with the GP regimen [146]. The median
PFS assessed by the independent review committee as the
primary endpoint was 10.8 (IQR: 8.5-13.6) months in the
camrelizumab group and 6.9 (IQR: 5.9-7.9) months in the
placebo group, respectively (HR = 0.51, 95% CI = 0.37-0.69;
P < 0.0001). In the duration of response (DoR) and ORR,
the camrelizumab group was also better than the placebo
group (median DoR, 9.9 months vs. 5.7 months; ORR,
88.1% vs. 80.6%). The median OS of both groups have not
been completed yet. Preliminary data suggest that patients
receiving camrelizumab combined with chemotherapy
have a trend of improvement in survival (median OS, not
reached vs. 22.6 months; HR = 0.67, 95% CI = 0.41-1.11).
The adverse event spectrums of the two groups were
different, but the overall safety was controllable. Based on
the results of the CAPTAIN-1st study, the National Med-
ical Products Administration (NMPA) has approved the
combination of camrelizumab, cisplatin, and gemcitabine
to be used as the first-line treatment of locoregionally
recurrent or metastatic NPC.

In the same year, the phase III JUPITER-02 study
(NCT03581786) from the Sun Yat-sen University Cancer
Center confirmed that in the first-line treatment of locore-
gionally recurrent or metastatic NPC, toripalimab (240 mg
on day 1) combined with the GP regimen (gemcitabine 1
g/m? on days 1 and 8; cisplatin 80 mg/m?; once every 3
weeks, no more than 6 courses) had better efficacy than
placebo combined with the GP regimen [147]. The median
PFS assessed by the independent review committee as the
primary endpoint was 11.7 months (95% CI: 11.0 to not
estimable) in the toripalimab group and 8.0 (95% CI: 7.0-
9.5) months in the placebo group (HR 0.52, 95% CI 0.36-
0.74; P=0.0003). The result indicated the significant differ-
ences between the two groups. In the secondary endpoint,
including DoR and ORR, the toripalimab group was also
better than the placebo group (median DoR, 10.0 months
vs. 5.7 months; ORR, 77.4% vs. 66.4%). The adverse events
of toripalimab combined with the GP regimen were man-
ageable.

In addition, platinum combined with paclitaxel or doc-
etaxel is also a common choice for first-line chemother-
apy. Although the platinum-containing three-drug regi-
men has a good objective effective rate and short-term
effect, it did not have significant OS benefit compared
with platinum combined with paclitaxel, docetaxel or 5-
fluorouracil [152, 153, 170, 171, 173]. A phase I/II study
indicated that albumin-bound paclitaxel combined with
cisplatin had a higher effective rate for recurrent and
metastatic NPC, with reasonable safety [155]. The study
found that there was no significant difference in the safety
and efficacy of albumin-bound paclitaxel used with single-
dosage (100 mg/m? on days 1, 8, and 15, three weeks per
course), two-dosage (140 mg/m?, on days 1 and 8, three

weeks per course), and three-dosage (260 mg/m? on day
1, three weeks per course). The combination of albumin-
bound paclitaxel and cisplatin is worthy of further large-
scale phase III studies.

In 2020, a small sample, phase III, randomized con-
trolled trial reported the safety and efficacy of local radio-
therapy in patients with newly diagnosed metastatic NPC
[149]. The study found that for newly diagnosed patients
with distant metastatic NPC who achieved partial or com-
plete remission after 6 courses of the PF regimen (cisplatin
100 mg/mz; 5-fluorouracil 1 g/mz, on days 1-5; once every
3 weeks), the chemotherapy plus local regional radiother-
apy group had a significantly longer OS (HR = 0.42; 95%
CI = 0.23-0.77; P = 0.004) and PFS (HR = 0.36; 95% CI =
0.23-0.57) compared with the chemotherapy alone group.
Moreover, there were no significant differences in acute
hematological or gastrointestinal adverse events between
the chemotherapy plus local regional radiotherapy group
and the chemotherapy alone group. The safety of the PF
regimen combined with local regional radiotherapy after
chemotherapy was controllable. The final results of this
study could help to further guide the application of local
radiotherapy in distant metastatic NPC. However, in the
era of standard first-line chemotherapy of gemcitabine
combined with cisplatin, the significance of local radio-
therapy requires further study.

For patients with the first-line platinum-containing
regimen failure, there is currently no standard salvage
treatment plan, and the first-line unused drugs are usu-
ally selected for single-agent treatment. A number of
studies have shown that capecitabine [157, 158], doc-
etaxel [159], gemcitabine [160], vinorelbine combined with
gemcitabine [161, 162], and irinotecan [163] have a cer-
tain efficacy on salvage treatment after the failure of
platinum-containing regimens. In recent years, multiple
anti-programmed cell death 1 (PD-1) monoclonal antibod-
ies have revealed certain salvage treatment values after
the first-line standard treatment for advanced NPC, with
the single-agent effective rates of 20%-30% [163-165, 167]. A
multicenter phase II study (CAPTAIN) [168] reported the
results of camrelizumab in the treatment of 156 patients
with recurrent or metastatic NPC who experienced failure
of first- and second-line chemotherapy at the 2020 ESMO
Conference. The results showed that the ORR was 28.2%,
the median PFS was 3.7 months, and the median OS was
17.1 months. In January 2021, a phase II study (POLARIS-
02) [165] from the Sun Yat-sen University Cancer Cen-
ter showed that for patients (n = 190) with recurrent
or metastatic NPC who received toripalimab monother-
apy (51.6% as second-line treatment, 48.4% as third- or
further-line treatment), their ORR was 20.5%, median
PFS was 1.9 months, and median OS was 17.4 months.
Based on the results of the POLARIS-02 study, NMPA
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approved toripalimab for the treatment of patients with
recurrent/metastatic NPC who had experienced failure of
second- or further-line systematic therapy. Currently, there
are no phase III study results of anti-PD-1/programmed
cell death-ligand 1 (PD-L1) antibodies in treating NPC.
Therefore, it is a reasonable choice for patients with the
first-line platinum-containing regimen failure to partici-
pate in a clinical study of anti-PD-1/PD-L1 antibodies.

6 | TREATMENT OF RECURRENT
NASOPHARYNGEAL CARCINOMA”™

Grade II Grade III
Stratifi-  Stratifi- Grade I recom- recom- recom-
cationl cation2 mendations mendations mendations
Suitable for Local Surgery [174-183] Re-
surgery recurrence of  (evidence 1A) radiotherapy
nasopharynx [174-178]
(evidence 2A)
Chemotherapy/
immunother-
apy/ targeted
therapy"
(evidence 2A)
Neck Surgery [174, 175, Radiotherapy
recurrence 184] (evidence  [174,175,178]
2A) (evidence 2A)
Unsuitable Suitable for Radiotherapy Chemotherapy/
for radiotherapy ~ with or immunother-
surgery without apy/ targeted
chemotherapy’ therapy®
[4,177,178,185]  (evidence 2A)

(evidence 2A)

Unsuitable for Chemotherapy/
radiotherapy ~ immunother-

apy/ targeted

therapy’

(evidence 2A)

“This recommendation is based on published papers only.

Refers to chemotherapy/immunotherapy/targeted therapy for metastatic NPC.

Definition of patients unsuitable for surgery: The patient’s physical condition
does not allow it, the surgery is refused for various reasons, or the tumor burden is
too large to be removed.

Definition of patients unsuitable for radiotherapy: They are not expected to ben-
efit from radiotherapy; taking into account factors such as age, Karnofsky perfor-
mance status (KPS), gross tumor volume (GTV), recurrence T stage; they have
regional lymph node metastasis; and they have grade >3 adverse events in the pre-
vious radiotherapy.

Notes

For patients with recurrent NPC, a comprehensive re-
staging assessment is needed to assess the recurrence or
distant metastasis before treatment, including pathological
biopsy of the nasopharynx, MRI of the nasopharyngeal and
neck, and whole-body PET-CT.

For NPC patients whose tumor only recurs in the neck,
neck lymph node dissection is an important part of rad-
ical treatment. Some patients may benefit from selective
neck lymph node dissection [174, 175, 184]. Radiotherapy
or lymph node dissection plus radiotherapy might also an
alternative treatment approach [174, 175].

For NPC patients who only have local or regional recur-
rence of the primary tumor, surgery or re-radiotherapy can
be selected [176-178]. Re-radiotherapy is an effective rescue
treatment, especially for patients whose recurrence inter-
val is more than 1 year [186]. The time interval of recur-
rence of the lesion, the location of the recurrent lesion,
the relationship with adjacent organs, the dose of radio-
therapy to the previous primary lesion, and the sensitiv-
ity of previous chemoradiotherapy all affect the choice of
treatment. For patients with T1-2 recurrent NPC, salvage
surgery can be selected [186]. Among patients with T1-2
recurrent NPC receiving salvage surgery, the 3-year OS rate
can reach 60%, while for patients with advanced T stage,
positive surgical margins, and lymph node metastasis, sal-
vage surgery cannot improve their prognosis significantly
[187,188]. A large multicenter randomized controlled study
(ChiCTR-TRC-11001573) compared the efficacy and safety
of endoscopic sinus surgery with those of IMRT in patients
with surgically resectable recurrent NPC. The results indi-
cated that the OS rate of patients in the surgery group
was significantly higher than that in the radiotherapy
group, and the risk of radiotherapy-related complications
in the surgery group was markedly reduced [179]. For
patients with inoperable recurrent NPC, after comprehen-
sively considering whether the patient was more than 50
years old, had KPS <70 points, whether the GTV was more
than 30 cm?, whether it was recurrent T3-4, whether the
disease had regional lymph node metastasis, and whether
there had been grade >3 adverse events in previous radio-
therapy, patients were divided into high- and low-risk
groups [178, 185]. Patients in the low-risk group had sur-
vival benefits from re-radiotherapy and were suitable for
re-radiotherapy, while those in the high-risk group did not
benefit from radiotherapy, thus re-radiotherapy was not
recommended [178, 185]. For patients in the low-risk group,
after receiving re-radiotherapy, they still had a chance for
long-time survival; whether radiotherapy should be com-
bined with chemotherapy is still unclear [4, 176-178, 185].
Re-radiotherapy requires a full assessment of the inten-
sity of the first course of radiotherapy, the time inter-
val of recurrence of the lesion, the tolerance of normal
tissues, the influence of the re-radiotherapy dose on the
therapeutic effect, and the possible short-term and long-
term adverse events to the patients. Compared with IMRT,
proton and heavy-ion radiotherapy can further reduce
the damage to normal tissues. Although no random-
ized controlled study has been published, a retrospective
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study suggested that proton and heavy-ion radiotherapy
have important application prospects in recurrent and
metastatic NPC [4]. For patients who cannot receive local
radical treatment again, they require palliative systemic
treatment or best supportive treatment, just like patients
with metastatic NPC.

7 | FOLLOW-UP VISITS
Grade III
Grade I recom- Grade II recom- recom-
Visits mendations mendations mendations
The first 3 Symptom inquiry and  Nasopharyngeal and
years after ~ physical examination; neck CT (for
treatment Nasopharyngoscopy;  patients with
(every 3-6  Detection of EBV DNA contraindications to
months) copy number in MRI examination);
peripheral blood; Chest X-ray;
Nasopharyngeal + neck PET-CT (for patients
MRI; with suspected
Chest CT; distant metastasis
Abdominal ultrasound or T4 or N3);
or upper abdominal Oral examination;
CT; Assessment of
Whole-body bone scan; hearing, vision,
Thyroid function tests swallowing,
(every 6-12 months). nutrition, and
function.
The 4thand Symptom inquiry and Nasopharyngeal and
5th years physical examination; neck CT (for
after Nasopharyngoscopy;  patients with
treatment Detection of EBV DNA  contraindications to
(every 6-12  copy number in MRI examination);
months) peripheral blood; Chest X-ray;
Nasopharyngeal + neck PET-CT (for patients
MRI; with suspected
Chest CT; distant metastasis
Abdominal ultrasound or T4 or N3);
or upper abdominal Oral examination;
CT; Assessment of
Whole-body bone scan;  hearing, vision,
Thyroid function tests swallowing,
(every 6-12 months). nutrition, and
function.
More than5  Symptom inquiry and Nasopharyngeal and

years after ~ physical examination; neck CT (for

treatment Nasopharyngoscopy; patients with
(every12  Detection of EBV DNA contraindications to
months) copy number in MRI examination);

peripheral blood; Chest X-ray;

Nasopharyngeal + neck PET-CT (for patients
MRI; with suspected

Chest CT;

Abdominal ultrasound

distant metastasis
or T4 or N3);
or upper abdominal Oral examination;
CT; Assessment of
‘Whole-body bone scan;
Thyroid function tests

hearing, vision,
swallowing,
nutrition, and
function.

(every 6-12 months).

Abbreviations: EBV, Epstein-Barr virus; CT, computed tomography; MRI, mag-
netic resonance imaging; PET, positron emission tomography.

Notes

Post-treatment follow-up of NPC is very important. Its
purpose is to evaluate the effect of treatment, to early
detect recurrence and metastasis, to monitor and deal with
treatment-related complications, and to promote func-
tional rehabilitation [189]. The first follow-up of NPC
is mainly the systematic and complete assessment of
local and systemic lesions, which should start at 12-16
weeks after the completion of chemoradiotherapy [108,
189]. Follow-up of patients with NPC mainly includes two
aspects. On the one hand, follow-up can detect tumor fail-
ure events in a timely manner to allow rescue treatment to
be administered as soon as possible to improve the patient’s
curative effect; on the other hand, follow-up also assesses
and deals with the late adverse events of patients after
treatment, improving their QoL [187, 188]. However, as the
frequency of patients’ follow-up and the number of exam-
ination items increases, the required medical resources
also increase accordingly. Therefore, it is necessary to for-
mulate reasonable strategies to ensure timely detection of
tumor recurrence events, without blindly increasing the
frequency of follow-up and examination items.

At present, the best follow-up strategy for NPC has
not been established. High-quality randomized controlled
clinical trial data are lacking, and evidence-based medicine
is scarce. Prospective follow-up data are difficult to obtain;
therefore, some experts have used big data platforms for
long-term follow-up of NPC to explore the time limit, fre-
quency, and follow-up items [190-192].

In terms of the follow-up time limit after treatment
of NPC, a retrospective study showed that the risk of
death within 5 years after treatment of patients with NPC
mainly comes from tumor failure, and the risk of non-
tumor death is relatively small [192]. Therefore, patients
with NPC should be followed up mainly for tumor recur-
rence and metastasis within 5 years after treatment. Cur-
rently, many studies have reported the 10-year survival
of patients with NPC after IMRT [193-195]. The results
revealed that the disease risk of patients after treatment
is mainly concentrated in the first 5 years after treatment.
There are fewer failures afterward. Therefore, the follow-
up of patients with NPC should focus on the first 5 years
after treatment.

There are little current data regarding the frequency
of follow-up for NPC. A real-world study involving 7,043
patients with NPC described the dynamic changes in the
risk of recurrence within 5 years after treatment. The study
established a follow-up strategy that balances the follow-
up effect and time cost, and constructed the basis for indi-
vidualized follow-up (Figure 1) [190]. Patients with NPC
were grouped based on T category, N category, and EBV
DNA according to a previous study in that it demonstrated
better prognostic performance than the AJCC staging
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FIGURE 1

Individualized follow-up strategy for patients with nasopharyngeal carcinoma. For patients in subgroup 1, the risk-based

follow-up arrangement is a total of 10 follow-up visits within 5 years (No. of follow-up for the first 1 to 5 years, sequentially: 2, 3, 2, 2, and 1 per

year, respectively); patients in subgroup 2 require a total of 11 follow-up visits (No. of follow-up for the first 1 to 5 years, sequentially: 2, 4, 2, 2,

and 1 per year, respectively); subgroup 3 patients need a total of 13 follow-up visits (No. of follow-up for the first 1 to 5 years, sequentially: 4, 4,

3,1, and 1 per year, respectively); subgroup 4 patients require a total of 14 follow-up visits (No. of follow-up for the first 1 to 5 years,

sequentially: 4, 5, 3, 1, and 1 per year, respectively)

system [29]: subgroup 1 (TINO), subgroup 2 (T2-3NO or
T1-3N1; T1-3N2, EBV DNA <2000 copies/mL), subgroup 3
(T1-3N2, EBV DNA > 2000 copies/mL; T4NO0-2), and sub-
group 4 (any T and N3).

Figure 1 illustrates the individualized follow-up strat-
egy for patients with NPC. For patients in subgroup 1, the
risk-based follow-up arrangement is a total of 10 follow-up
visits within 5 years (No. of follow-up for the first 1 to 5
years, sequentially: 2, 3, 2, 2, and 1 per year, respectively);
patients in subgroup 2 require a total of 11 follow-up visits
(No. of follow-up for the first 1 to 5 years, sequentially: 2, 4,
2,2, and 1 per year, respectively); subgroup 3 patients need
a total of 13 follow-up visits (No. of follow-up for the first
1 to 5 years, sequentially: 4, 4, 3, 1, and 1 per year, respec-
tively); subgroup 4 patients require a total of 14 follow-up
visits (No. of follow-up for the first 1 to 5 years, sequentially:
4,5,3,1, and 1 per year, respectively).

In terms of follow-up methods for NPC, there is
currently little evidence-based medicine for formulat-
ing recommendations. For local recurrence and regional
recurrence of NPC, current follow-up methods include
nasopharyngoscopy, nasopharyngeal and neck MRI, and
EBV-DNA detection [189, 196, 197]. In patients with locore-
gionally recurrent NPC, the proportion of patients with
elevated plasma EBV-DNA is about 50% [28]. Nasopharyn-
goscopy is more sensitive in recognizing recurrence in the
nasopharyngeal mucosal surface but it cannot detect recur-
rence in the parapharyngeal, skull base, and intracranial
lesions. MRI has good diagnostic sensitivity and specificity
for recurrent NPC beyond the mucosal surface, and cur-
rently is a common clinical method used to review local
and regional recurrence [198, 199]. A retrospective study
suggested that patients with asymptomatic local early-
stage (stage T1-2) disease after treatment might not need
routine follow-up with MRI, while patients with locore-

gionally advanced stage (stage T3-4) disease are recom-
mended to undergo MRI follow-up once a year [191].

Distant metastasis has now become the main mode of
treatment failure of NPC [52, 200, 201]; therefore, reex-
aminations of distant metastasis are the focus of follow-
up after treatment for patients with NPC. Examinations
for distant metastasis mainly include PET/CT, chest and
abdomen CT, whole-body bone imaging, and EBV-DNA
detection [189, 196, 201]. The detection of EBV-DNA is sim-
ple and easy to perform and has good diagnostic value
for distant metastasis of NPC, representing a promising
follow-up method [28, 202-204]. PET/CT has ideal speci-
ficity and sensitivity for the diagnosis of distant metas-
tases. However, the current high cost of PET/CT limits
its wide application in the follow-up of NPC. Currently,
chest and abdomen CT and whole-body bone imaging are
used commonly in the routine follow-up of NPC. However,
their clinical value is not yet clear, and further research
is needed. Some studies have shown that under the guid-
ance of EBV-DNA detection, targeted imaging examina-
tions might improve the economic benefit ratio of reexam-
ination in patients with NPC [202, 205].

After IMRT in patients with NPC, there is a probabil-
ity of about 3% of developing a second primary tumor,
such as lung cancer, upper gastrointestinal tumor, hep-
atocellular carcinoma, colorectal carcinoma, and thyroid
carcinoma [206]. Thus, follow-up after treatment needs
to pay attention to screening for common early second
primary tumors. For patients with NPC after radiother-
apy, it is recommended to examine thyroid function regu-
larly to prevent hypothyroidism and to assess their dental
function regularly [189, 196]. Radical radiotherapy might
damage the important physiological functions of the head
and neck organs. It is recommended that patients receive
regular functional assessments, such as hearing, vision,
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swallowing, and nutrition, and actively receive rehabilita-
tion [189, 196].
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