
Received: 28 August 2020 | Accepted: 25 December 2020

DOI: 10.1016/j.wjorl.2020.12.002

R EV I EW AR T I C L E

Surveillance tools for detection of recurrent nasopharyngeal
carcinoma: An evidence‐based review and recommendations

Andrew Thamboo1 | Kim H. Tran2 | Annette X. Ye3 | Issraa Shoucair4 |

Basel Jabarin1 | Eitan Prisman5 | Cathie Garnis4

1St. Paul's Sinus Centre, Otolaryngology Head

and Neck Surgery, 1081 Burrard St,

Vancouver, V6Z 1Y6, BC, Canada

2Department of Biomedical Physiology and

Kinesiology, Simon Fraser University, 8888

University Dr, Burnaby, V5A 1S6, BC, Canada

3The University of British Columbia Faculty of

Medicine, MD Program, 317 ‐ 2194 Health

Sciences Mall, Vancouver, V6T 1Z3, BC,

Canada

4British Columbia Cancer Research Centre,

Cancer Genetics and Developmental Biology,

675 W 10th Ave, Vancouver, V5Z 1L3, BC,

Canada

5Vancouver General Hospital, Otolaryngology

Head and Neck Surgery, 899 W 12th Ave,

Vancouver, V5Z 1M9, BC, Canada

Correspondence

Andrew Thamboo MD, MHSc, St. Paul's Sinus

Centre, Otolaryngology Head and Neck

Surgery, 1081 Burrard St, Vancouver,

BC V6Z 1Y6, CANADA.

Email: andrew.thamboo@gmail.com

Funding information

None

Abstract

Objective: Nasopharyngeal carcinomas (NPC) are tumors arising from epithelium of

the nasopharynx. The 5‐year survival rate of primary NPC is 80% with significant

risks of recurrence. The objective here is to provide an evidence‐based systemic

review of the diagnostic value of different modalities in detecting local, regional, and

distal recurrent NPC, as well as the associated costs with these modalities.

Methods: MEDLINE, EMBASE, and the Cochrane review database were queried.

Two hundred and twenty‐three abstracts were generated using the inclusion criteria:

patients >18 years of age; histopathological reference standard; and modalities

pertaining to imaging or microbiology.

Results: Twenty‐four manuscripts fulfilled the inclusion criteria and 5 surveillance

tools identified: endoscopy, MR, FDG‐PET, Tc‐99m MIBI and 201TI SPECT, and

EBV DNA.

Conclusions: For local surveillance, endoscopy is the gold standard recommendation,

with increased efficacy if Narrow Band Imaging or contact endoscopy are utilized.

MRI and FDG‐PET is also recommended to help with local to distal spread; however,

Tc‐99m MIBI and 201TI SPECT are options as well. EBV DNA is recommended as a

cheap and accessible adjunct surveillance tool if an available as an option.
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INTRODUCTION

Nasopharyngeal carcinoma (NPC) is the umbrella term for a group of

tumors arising from the epithelium of the nasopharynx. Approxi-

mately 86 000 new cases of NPC are diagnosed per year globally,1

but the incidence of NPC follows a distinct geographic distribution,

with 25–50 per 100 000 of population reported in Southeast Asia,

North Africa, and part of the Mediterranean basin.2 Additionally, a

greater risk of NPC carries over with migration to non‐endemic

regions.3 While there is a decreased risk of incidence in these migrant

populations, their risk is still 10–30 times greater than their

counterparts of other races (1 per 100 000).3–5

The 5‐year survival rate of primary NPC is 80%, however there

is a significant risk of recurrence in 15%–85% of patients.6,7 The

majority of recurrences will occur within 3 years of initial

treatment (52% within 2 years, 39% from 2 to 5 years).7 The
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5‐year survival for locoregional recurrence is about 41%. A North

American based study found 3‐year overall survival (OS) for

locoregionally recurrent NPC treated with IMRT was 49%, with

37% of patients experiencing late toxicities.8 A China based study

found similar rates of OS (46%) but with higher rates of late

toxicities (53%).9 Loco‐regionally recurrent disease can be treated

in a variety of modalities including re‐irradiation with or without

chemotherapy or surgical resection or a combination thereof.

Currently, there is a lack of level I evidence‐based management of

recurrent disease; nevertheless, early detection and treatment are

well known to correlate with improved disease control and overall

survival.2,10 However, an accurate modality and timing of surveil-

lance techniques to capture recurrent NPC (rNPC) remains

controversial. There is a lack of consistency between facilities in

endemic and non‐endemic regions, as well as in between clinical

practice guidelines (CPGs) for NPC follow‐up.11,12 The objective of

this review is to provide an evidence‐based approach for the

diagnostic value of different modalities in detecting local, regional,

and distant rNPC. Based on the level of evidence and evaluation of

benefit to harm, recommendations for surveillance techniques to

monitor rNPC are provided.

METHODS

This article was written in an online iterative process for evidence‐

based systematic reviews following the protocol outlined by Rudmik

and Smith.13 A systematic review of the literature on the surveillance

of recurrent NPC was performed using MEDLINE, EMBASE, and the

Cochrane Review Database up to January 2nd, 2020. The keywords

used in the search included: “recurrent nasopharyngeal carcinoma”,

“MR”, “PET‐CT”, “CT”, “EBV serology”, “EBV DNA”, and “HPV” up to

January 2nd, 2020. A total of 223 abstracts were reviewed and 5

surveillance tools were identified in the diagnosis of recurrent NPC

(Table 1).

Two reviewers (A.X.Y and K.H.T) independently reviewed all

eligible studies following the inclusion criteria: patients > 18 years

old; reference standard with histopathology; and modalities pertain-

ing to imaging or microbiology. Studies in contention were resolved

by a third reviewer (B.J) independently and the majority opinion was

used for further analysis. After applying these filters, 24 studies were

included in this review: 3 on endoscopy, 5 on magnetic resonance

imaging (MR), 5 on Fluorodeoxyglucose Positron Emission Tomogra-

phy (FDG‐PET), 6 on Tc‐99m MIBI and 201Tl single photon emission

computerized tomography (SPECT), and 5 on Epstein‐Barr virus

(EBV) DNA.

Each article deemed to fulfill the inclusion criteria were reviewed

and summarized. Articles are assigned a level of evidence and

recommendation as per the strategy outlined by the American

Academy of Pediatrics Steering Committee on Quality Improvement

and Management (Table 1).14

RESULTS

Endoscopy

Traditional diagnostic approaches in primary NPC involve naso-

pharyngeal endoscopy confirmed with a definitive biopsy of the

primary tumor site.15 However, assessment of the nasopharyngeal

space for recurrent disease may be confounded by post‐radiation

changes or obstructed by secretions and crusting. Improvements to

the flexible nasopharyngoscopy have been developed such as

narrow‐band imaging (NBI), a novel optical technique that enhances

the image of capillary vessels on the surface mucosa.16 In this review,

three studies evaluating the effectiveness of enhanced endoscopy

methods such as NBI and contact endoscopy were identified.17–19

Flexible endoscopes allow for the visualization of the texture,

color, and the extent of mucosal lesions; however unlike contact

endoscopy they lack the ability to provide histopathological data

during clinical examination.18 Contact endoscopy for the detection of

primary NPC tumors has been verified previously and allows in vivo

differentiation of normal and malignant cells of the nasopharynx by

using in vivo microscopy that allow the evaluation of superficial cell

layers of the epithelium.20 Pak and colleagues were able to verify that

this technique also extends to the surveillance of rNPC in patients

treated with radiation for NPC.17 They reported a specificity and

sensitivity of 100% in the detection of rNPC using contact endoscopy

with a diagnostic accuracy of 92.1%. It should be noted, however,

that only 5/64 patients enrolled in the study had recurrence and thus

the sample size for verification of this technique is rather small. The

authors recommended that contact endoscopy should be added as an

intermediate procedure between nasal endoscopy and biopsy for

patients with suspicious or normal nasal endoscopy results, to limit

the need for more invasive biopsy and more accurate surveillance

of rNPC.

In a case report presented by Lin and colleagues, they

validated the effectiveness of NBI in rNPC surveillance for a

51‐year old NPC patient treated with radiation.18 NBI was able to

accurately detect recurrence at an earlier stage compared to nasal

endoscopy when the patient did not present with clinical

symptoms. Follow‐up with MR imaging confirmed local rNPC and

prompt treatment was initiated for the patient. The authors

suggest that NBI may serve as the ideal surveillance tool in the

early months post‐radiation after NPC treatment as it uniquely

TABLE 1 Surveillance tools to diagnose recurrent
nasopharyngeal carcinoma

Endoscopy

MRI

FDG‐PET Imaging

Tc‐99m MIBI and 201Tl SPECT

EBV DNA
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detects lesion areas that are not visually apparent on nasal

endoscopy alone. The authors themselves did not define what

constituted the ‘early post‐radiation period' in this study. How-

ever, several other papers share the consensus that this period

ranges up to 4 to 6 months post‐treatment.21–24 Wang and

colleagues verified the effectiveness of NBI in monitoring rNPC in

a case study of 106 patients with NPC, although the rate of false

positives was quite high (25/106) using NBI.19 Thus, Wang and

colleagues suggested a modified NBI technique coined NBI closer

view where areas suspicious on NBI were followed with further

endoscopic closer view. Using this modified technique, the authors

reported a sensitivity, specificity, and accuracy of 87.5%, 87.8%,

and 87.7%, respectively, and conclude that NBI closer view had

lower rates of false positives due to inflammation, necrosis, or

non‐neoplastic brownish spots mistaken for recurrence.

Overall, while modified endoscopy techniques prove to be cost‐

effective and may aid in earlier detection of tumor recurrence in NPC,

validation of NBI and contact endoscopy warrant multi‐centre,

randomized controlled trials to determine its efficacy. Furthermore,

this technique is limited to evaluating nasopharyngeal mucosa alone,

and not the parapharyngeal, or cervical node for recurrence (see

Table 2A for summary of endoscopy review; see Table 2B for

summary of endoscopy manuscripts).

(1) Detection of local recurrence: We recommend using endoscopy

for detecting recurrent/residual NPC at the local site. Clinician

should be aware of submucosal rNPC and other modalities

should be employed to detect rNPC. Limitation of detecting

exophytic recurrences can be hampered by post‐radiation

fibrosis and mucositis.21

(2) Detection of regional recurrence: Not recommended. Recurrent

NPC can spread submucosal and into the parapharyngeal space

or other submucosal pockets of the head and neck where

endoscopy cannot assess.

(3) Detection of distant recurrence: Not recommended.

(4) Cost: Endoscopy is the cheapest diagnostic tool for detecting

regionally recurrent/residual NPC as it only costs approximately

$80 USD.25 However, it has a higher chance of yielding false

negatives, so we recommend utilizing it with other imaging

modalities.

MR

In the background of post‐radiation changes to the skull and

submucosa after treatment, it has been argued that magnetic

resonance imaging (MR) should be favored over conventional CT

imaging because MRI has higher sensitivity for soft tissue structures.

Indeed, in a prospective case series study performed by King and

colleagues, the authors demonstrated that the specificity of MRI was

equivalent to endoscopy with superior sensitivity in detecting

primary NPC.26 With respect to rNPC, five studies comparing the

specificity, sensitivity, and accuracy of MRI to conventional imaging

methods were identified.27–31

In a case study performed by Gong and colleagues, 88

participants diagnosed with NPC were classified into either the

control (n = 16) group if they had not yet received radiotherapy, or

patient (n = 72) group if they had undergone radiotherapy.30 The

researchers then scanned each participant using both CT and MR

imaging and characterized the signal intensity patterns of the

MR images in patients with rNPC (n = 29). They concluded that MR

images demonstrating signal intensity in T2, weighted, spin‐echo

pulse sequences were most accurate in distinguishing rNPC from

fibrosis or primary NPC.30 One drawback to the study is that it is

fairly descriptive and qualitative in nature with no numerical data

depicting accuracy rates or sensitivity and specificity values to

compare and quantify the imaging modalities. In a 2 013 case study,

Lin and colleagues took a similar approach and used MR imaging in

108 patients to evaluate post‐radiation changes 1, 3, and 6 months

after treatment.28 The authors also concluded that residual tumor

shows enhanced signal intensity on T2‐weighted images and the

appearance of tumor after radiotherapy correlated with rNPC up to

five years following treatment.

Two case studies by Comoretto et al.29 and Ng et al.31 both

compared the effectiveness of MR vs FDG‐PET imaging to identify

rNPC. Comoretto and colleagues retrospectively examined 63 patients

TABLE 2A Summary of endoscopy

Aggregate quality evidence D (Level 4: 2 studies; Level 5: 1 study)

Benefit Timely, convenient office based procedure. NBI and contact endoscopy adjunct allow for reliable detection
of persistent or recurrent NPC even in normal‐appearing nasopharynx. Utility for guiding site of biopsy at
suspicious area.

Harm Hindered by post‐radiation changes. Reach is limited to accessible regions and visualization does not extend
well beyond superficial mucosa.

Cost Low cost (~$80 USD) as standard equipment in Otolaryngologist office but associated moderate costs if
adjunct endoscopy used.

Benefits‐harm assessment Preponderance of benefit over harm.

Recommendation level Recommended ‐ for detection of local recurrence.

Intervention Perform endoscopy for detection of superficial tumours during routine clinical evaluations.
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who were deemed high risk of residual disease for recurrence or

restaging.29 They reported the MR outperformed FDG‐PET at

detecting residual or recurrent NPC at the primary site (P = 0.16,

accuracy = 92.1% for MR vs 85.7% for FDG‐PET) but was inferior

compared to FDG‐PET at detecting rNPC in patients in regional

lymph nodes. The authors attributed the limited use of the field of

view and distant metastases to the inferiority of MRI at distant sites,

suggesting that expansion of the MR scan to include supraclavicular

lymph nodes may aid with detection of distant rNPC in MR

imaging.29 Using whole body MR imaging in 179 patients at high risk

of residual or rNPC, Ng and colleagues found that MRI was similar

to FDG‐PET at detecting local rNPC (96.8% and 96.1% specificity

for MRI and FDG‐PET, respectively).31 In contrast, whole body MR

was superior to FDG‐PET in detecting distant rNPC (99.7% and

97.5% specificity, respectively). Since specificity was comparable

between the two imaging modalities, the authors concluded that

whole body MR and FDG‐PET complement each other across

different body sites. Whole body MRI is preferred over FDG‐PET

for brain and splenic metastases, intracranial invasion, and necrotic

adenopathy.31 Ng and colleagues could not recommend the routine

use of either modality for routine detection of rNPC due to lack of

cost effectiveness evaluation.

In a study by Huang et al.27 the authors noted the value of

dynamic contrast enhanced T1W perfusion MR imaging in the

detection of local head and neck primary tumors. However, patients

with a history of iodine allergy would not be suitable for intravenous

uptake of the contrast agent. Using 27 patients diagnosed with rNPC

and 35 patients treated for NPC with tumor free post‐

chemoradiation fibrosis, the authors compared the diagnostic value

of diffusion weighted MR imaging based on turbo spin‐echo (TSE)

and echo‐planar (EP) imaging techniques. The latter is prone to

distortion and susceptibility artifacts especially in areas of the head

and neck, including the nasopharynx. Huang et al. found that TSE‐

DWI showed superior image quality and greater diagnostic accuracy

for rNPC compared to conventional EP‐DWI. TSE‐DWI was able to

efficiently differentiate between rNPC and post‐chemoradiation

changes (area under curve of 0.932).

MRI has proven efficacy in the surveillance of rNPC, particularly

in the early follow‐up period where anatomical changes due to

radiation therapy may confound more conventional techniques such

as CT imaging. However, this technique demonstrates limitations in

detecting recurrence at distant sites due to its limited image

acquisition in the head and neck region. In instances where distant

recurrence is suspected, whole body MRI may be beneficial although

such techniques may be limited due to cost or resource availability

(see Table 3A for summary of MR review; Table 3B for summary of

MRI manuscripts).

(1) Detection of local recurrence: MR is recommended in detecting

local recurrence. There are some recognized limitations such as

fibrosis, inflammation, and treatment‐related edema that can

alter the shape of the nasopharyngeal mucosal outline, which

might be interpreted by MR as recurring/residual NPC even

though they are harmless,32 but it is much more superior than

endoscopy in assessing the submucosal spread of rNPC in the

local and regional area.

(2) Detection of regional recurrence: Recommended to detect for

regional recurrence. Only one study was found that compared

the diagnostic value of whole body MRI (WB‐MRI) and FDG‐

PET‐CT in identifying recurrent/residual NPC at a regional site.31

14% of the patients in this study had regional nodal metastases

(25 out of 179 patients) and the authors observed that WB‐MRI

and FDG‐PET‐CT were equally effective in detecting regional

cancerous nodes (96.8% and 96.1% specificity, respectively).31

Combined interpretation of both modalities had a sensitivity of

up to 96%. Since WB‐MRI has been suggested to be a more cost‐

efficient and time‐efficient alternative to conventional imaging

modalities such as CT and PET, we recommend the use of MRI in

monitoring rNPC at regional sites because its diagnostic accuracy

is as equally effective as FDG‐PET‐CT whilst allowing healthcare

costs to be reduced.33 When an MR is ordered, it should include

the nasopharynx and the neck.

(3) Detection of distant recurrence: Ng and colleagues observed that

WB‐MR is the most accurate in detecting bone marrow and brain

TABLE 3A Summary of magnetic resonance imaging (MR)

Aggregate quality evidence C (Level 3b: 2 studies; Level 4: 3 studies)

Benefit High sensitivity to soft tissue structures. Ability to distinguish rNPC from fibrosis. Proven efficacy in detection of

residual NPC in early post‐radiation period. Utility in detection of rNPC at primary site and distant sites including
lymph nodes.

Harm Limited accessibility. High false positive and false negative rate earlier than 1‐month post‐radiation treatment. Risk of
allergy to contrast agents.

Cost Equipment, imaging, and associated costs very high ($165–2 048 USD).

Benefits‐harm assessment Preponderance of benefit over harm.

Recommendation level Recommended – for detection of local and regional recurrence. WB‐MRI is recommended for detection of distance
recurrence.

Intervention Perform MR multiple times through surveillance period as it detects submucosal recurrence not detected by standard
endoscopy.
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metastases whereas FDG‐PET‐CT (another imaging modality that

has a similar diagnostic accuracy as WB‐MR) is more effective in

detecting bowel or peritoneal malignant lesions, distant nodal

metastases or lung metastasis.31 The authors further noted that

when WB‐MR is used in conjunction with FDG‐PET‐CT, they

have a combined sensitivity of up to 94.5%.31 Thus, we

recommend either the use of WB‐MRI or FDG‐PET‐CT for

better assessment of distal rNPC. Combination is superior but

may not be cost‐effective.

(4) Cost: Using data from 171 hospitals in Florida, United States,

Sistrom and McKay discovered that the average cost per scan for

MRI can range from $165–2048 USD, making it one of the most

expensive surveillance tools for detecting rNPC.25

FDG‐PET

Radiation therapy is a mainstay component of NPC due to anatomical

constraints and the high radiosensitivity of NPC.34 However, long‐

term post‐radiation changes are often observed such as crusting,

mucositis, or varying degrees of trismus,35 which compromise results

using conventional techniques such as flexible endoscopy or CT

imaging. Fluorodeoxyglucose positron emission tomography (FDG‐

PET) bypasses traditional imaging techniques by identifying head‐

and‐neck malignancy through regions of increased glucose metabo-

lism. FDG‐PET has been shown to be sensitive and specific at

detecting residual or recurrent tumors from post‐radiation

changes.36,37 In this review, 5 studies evaluating the effectiveness

of FDG‐PET were identified.21,23,24,29,38

The mainstay imaging modality for identifying mucosal recur-

rence has traditionally been MRI but arguments have been made

for the effectiveness of FDG‐PET, particularly in patients with

indeterminant MRI findings. In case series by Tsai et al.24 and Ng

et al.,23 patients who underwent radiotherapy and subsequently

had non‐conclusive MRI findings 4 months after completion of

therapy were re‐scanned using FDG‐PET. Half of the patients

(n = 14) enrolled in Tsai et al.'s study presented with recurrence, all

which were accurately identified using FDG‐PET, with only one

false positive finding. Ng et al. enrolled 37 patients and while FDG‐

PET correctly identified 17/19 patients with residual or recurrent

NPC, the rates of false‐positives (8) and false‐negatives (2) were

higher, yielding an overall specificity of 89.5% and sensitivity

of 55.6%.

Al‐Amro et al.38 compared the accuracy of FDG‐PET to

conventional CT imaging and found that FDG‐PET was superior to

CT with respect to specificity and sensitivity of rNPC detection at

both primary and nodal sites. Similarly, Comoretto and colleagues29

directly compared rNPC detection using both MRI and FDG‐PET and

concluded that FDG‐PET had higher sensitivity and specificity at

regional lymph nodes and distant metastases whereas MRI fared

better at the primary site. The authors also found that combining

imaging results from both MRI and FDG‐PET was more accurate than

each modality independently. In line with these results, Chan et al.21T
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reported similar findings such that FDG‐PET was superior to MRI at

detecting tumor recurrence in patients with initial T4 disease but not

early stage (T1‐T2) disease. Authors from theTsai et al., Ng et al., and

Chan et al. studies noted that the accumulation of FDG in

inflammatory tissue may have led to the false positive readings in

recently irradiated patients.21,23,24 Almost all (6/8) false positive

cases from the Chan et al. study showed regression on follow‐up

imaging 3 months after the initial false positive finding, indicating the

less pronounced influence of post‐irradiation inflammation on

imaging studies over time.21 For this reason, the authors highlighted

that FDG‐PET may not be a suitable surveillance tool during the early

post‐radiation period (~4–6 months).

Overall, FDG‐PET is superior to CT imaging in detection of rNPC

but may be comparable to surveillance results yielded using MR

imaging techniques. FDG‐PET yields the best diagnostic accuracy

when combined with MR imaging in NPC patients and may be

warranted as a combined approach rather than stand‐alone modality

in the surveillance of rNPC (see Table 4A for summary of FDG‐PET

review; Table 4B for summary of FDG‐PET manuscripts).

(1) Detection of local recurrence: We recommend the use of 18F‐

FDG PET in conjunction with MRI to better localize the recurrent

tumor because both modalities have similar diagnostic accuracies

and can mutually complement one another.29,31 Unlike CT and

MR,18F‐FDG PET does not detect cancerous tissues based on

morphological changes.

(2) Detection of regional recurrence: We recommend the use of

either FDG‐PET‐CT or MRI of the nasopharynx/neck whenever

possible for detecting regional rNPC. As described above, the

information from both modalities will provide the clinician better

understanding whether there is recurrence but MRI does provide

additional morphological information to determine if salvage

surgery is achievable.

(3) Detection of distant recurrence: We recommend either the use

of WB‐MR or FDG‐PET‐CT for better assessment of distal rNPC.

Combination is superior but may not be cost‐effective.31

(4) Cost: Based on data from 8 American health institutions, Berger

and colleagues state that the average cost per scan for FDG‐PET

is $1885–1898 USD, similar to the price of an MR scan.39

Tc‐99m MIBI and 201Tl SPECT

Nuclear medicine techniques such as FDG‐PET have shown to be

highly sensitive and specific at distinguishing residual or recur-

rent NPC from post‐radiation changes, but are relatively costly,

have lower resolution, and have limited availability. The consid-

eration of SPECT imaging using either Tc‐99m MIBI or 201Tl has

been debated in the literature as alternatives or adjuncts to

conventional endoscopy or imaging methods such as FDG‐PET or

MRI where conventional methods may fail due to post‐radiation

changes in the nasopharyngeal area. In this review, six studies

were identified evaluating the specificity, sensitivity, and accu-

racy of Tc‐99m MIBI or 201Tl in surveillance of recurrent

NPC.22,40–44

In a prospective study of 18 NPC patients, Kostakoglu et al.22

compared the effectiveness of post‐therapy evaluation for rNPC

using 201Tl, Tc‐99m MIBI, and MR imaging at 3 and 6 months post‐

treatment. Whereas MR demonstrated early false positives at the

3‐month follow‐up scan (15% specificity, 100% sensitivity, and

39% accuracy), MIBI imaging was superior at both time points with

regards to specificity, sensitivity, and accuracy (85%, 100%, and

89%; 93%, 100%, and 94%, respectively at 3 and 6 months).22 In

the 18 patients studied by Kostakoglu and colleagues,201Tl yielded

the lowest diagnostic accuracy (72% and 71% at 3 and 6 months

post‐treatment). In a later study with a larger sample of 46 NPC

patients, Sobic‐Saranovic and colleagues presented differing

results demonstrating that the specificity, sensitivity, and accuracy

of 201Tl was actually similar to that of MIBI SPECT imaging (88%,

78%, and 82% versus 86%, 77%, and 81%).44 It is unclear,

however, if these results can be directly compared to the earlier

study performed by Kostakoglu et al. as patients in the latter study

were subdivided into two groups to receive different imaging

modalities (either MIBI SPECT or 201Tl) rather than both imaging

modalities due to the limited availability of tracers and high

radiation exposure.

The effectiveness of 201Tl imaging in detection of rNPC was

further evaluated by two case series by Shiau et al.42 and Tai et al.43

Shiau and colleagues presented a case study of 30 NPC patients with

indeterminant CT findings,42 whereas Tai et al. applied 201Tl imaging

TABLE 4A Summary of fluorodeoxyglucose positron emission tomography (FDG‐PET)

Aggregate quality evidence D (Level 4: 5 studies)

Benefit Increased FDG uptake by tumor in irradiated field allows for differentiation of tumor from fibrosis or scar tissue. High
sensitivity/specificity to residual or recurrent disease from post radiation changes.

Harm Limited accessibility. Low dose radiation exposure. Imaging during early post‐radiation period may produce false
positives.

Cost Equipment, imaging studies, and associated costs very high ($1 885–1 898 USD).

Benefits‐harm assessment Preponderance of benefit over harm.

Recommendation level Recommended – for detection of local, regional and distant recurrence and best when combined with MRI.

Intervention Best used for distal spread if MRI is solely used for local and regional disease.
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to 26 NPC patients with indeterminant MRI findings.43 In both

studies, the use of 201Tl imaging yielded effective detection of tumor

recurrence when traditional imaging modalities failed. Since these

two imaging studies were performed by the same group, it is unclear

if there was overlap between the patients included in both studies

whom had both indeterminant findings on CT and MR — and whether

these patients represent a unique subset of NPC patients with

anatomical difficulties yielding poor radiographic findings that may be

especially beneficial to non‐traditional imaging such as 201Tl imaging

techniques.

Evidence for the effectiveness of MIBI SPECT was also

further elucidated by Kao and colleagues in a case series.41 The

authors compared the efficacy of MIBI SPECT to traditional

imaging techniques (CT and FDG‐PET imaging) in 36 NPC

patients and found that MIBI SPECT demonstrated comparable

specificity to CT imaging (both 73%), though MIBI SPECT had

slightly higher sensitivity and accuracy than CT alone (88% and

83% sensitivity and accuracy for FDG‐PET vs 96% and 89%,

respectively, for MIBI SPECT).41 In contrast, MIBI SPECT was not

superior to FDG‐PET in detecting rNPC (100% specificity, 96%

sensitivity, and 97% accuracy). The authors concluded that while

MIBI SPECT was more effective than CT at identifying rNPC,

congruence between MIBI SPECT and CT imaging yielded the

best predictive results. In patients with incongruent imaging

results on MIBI SPECT and CT, FDG‐PET was still the most

effective surveillance modality.41

It is currently unclear whether MIBI SPECT is more effective then
201Tl, nevertheless there is evidence to support the use of SPECT

imaging when conventional techniques such as CT and MR imaging

yield indeterminant results (see Table 5A for summary of Tc‐99m

MIBI and 201TI SPECT review; Table 5B for summary of Tc‐99m MIBI

and 201TI SPECT manuscripts).

(1) Detection of local recurrence: Optional. Similar to FDG‐PET,

TC‐99mMIBI and 201Tl SPECT detect cancerous tissues based on

metabolic activity (201Tl accumulates in cells with high Na‐K‐

ATPase activity whereas TC‐99m MIBI concentrates in the

mitochondria of tumor tissues) instead of morphological

changes.44 For indeterminate MRI findings, TC‐99m MIBI and
201Tl SPECT can serve as an adjunctive alternative.43

(2) Detection of regional recurrence: Optional.201Tl SPECT and

TC‐99m MIBI had an 87% and 89% sensitivity in detecting

cervical lymph node involvement, respectively.44 For

indeterminate MRI findings, TC‐99m MIBI and 201Tl SPECT can

serve as an adjunctive alternative.43

(3) Detection of distant recurrence: Optional. We recommend using

TC‐99m MIBI for detecting lymph node and lung metastases but

not for bone metastases because it had a 32% sensitivity for the

latter.40 Pui and colleagues further commented that most of the

missed lesions were in the extremities, pelvis, ribs, and spine.40

As for 201Tl SPECT, nothing was found in the literature regarding

its diagnostic accuracy and sensitivity for detecting meta-

static rNPC.

(4) Cost: Using data from a hospital in South Carolina, United States,

Nightengale reported that a TC‐99m MIBI kit costs approxi-

mately $315 USD whereas a 9.9mCI vial of 201Tl costs

approximately $250 USD.45 These prices are for the radio-

pharmaceuticals only and does not take into account other cost

variables such as the wages of the pharmacists and nuclear

medicine technologists. We were unable to find an exact cost for

these modalities in the literature. However, it has been noted

that both TC‐99m MIBI and 201Tl SPECT are cheaper than FDG‐

PET.22,41,43

Epstein‐Barr Virus DNA

Several risk factors have been identified in NPC, in particular the

association between Epstein ‐ Barr virus (EBV) infection and NPC

pathogenesis is considered crucial in the etiology of NPC.46 Using

real‐time quantitative PCR (rt‐qPCR), Lo and colleagues demon-

strated both quantitative and temporal correlations with circulating

cell‐free levels of EBV DNA and tumor recurrence in NPC.47

Circulating EBV DNA has been evaluated as an adjunct to endoscopy

and imaging in the pre‐, mid‐, and post‐treatment surveillance of

patients with NPC.48,49 In this review, five studies were identified

TABLE 5A Summary of Tc‐99m MIBI and 201TI single photon emission computerized tomography (SPECT)

Aggregate quality evidence D (Level 3b: 1 study; Level 4: 5 studies)

Benefit Offers alternative imaging for patients with post‐radiation anatomical difficulties yielding poor radiographic findings
from conventional imaging (i.e. MR, CT).

Harm Radiation exposure. Limited availability of tracers. Spatial resolution of SPECT limits ability to detect lesions.

Cost Radiopharmaceuticals alone cost ~$250–315 USD, excluding imaging procedures.

Benefits‐harm assessment Preponderance of benefit over harm.

Recommendation level Option – alterative for indeterminate MR findings for detection of local recurrence; option for detection of regional
and distant recurrence.

Intervention Perform Tc‐99m MIBI or 201TI SPECT for additional imaging studies during surveillance period if MRI and FDG‐PET
inconclusive.
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evaluating the effectiveness of EBV DNA detection in the surveil-

lance of recurrent NPC.50–54

Leung and colleagues quantified and compared plasma EBV DNA

levels from 189 patients with NPC (140 with primary NPC, 24 with

rNPC, 25 with metastatic NPC) to evaluate the sensitivity of using

EBV DNA as a surveillance tool for local recurrence.53 They

demonstrated that detection of plasma EBV DNA was significantly

lower in sensitivity in patients with local rNPC (15 out of 24 patients)

compared with patients with primary NPC (135 out of 140 patients)

and even in patients with distant, metastatic rNPC (24 out of

25 patients). Among the rNPC tumors positive for plasma EBV DNA,

the authors quantified the median EBV DNA level and reported

significantly lower levels of EBV DNA in rNPC tumors compared to

primary NPC tumors. Thus, the authors suggest that EBV DNA is only

sensitive for the diagnosis of primary NPC and metastatic NPC but

should not be used as a sole surveillance technique in rNPC

detection, especially in local sites. Leung et al.53 hypothesized that

the clearance of EBV DNA in rNPC tumors may be due to post‐

radiation changes that are found locally and not at distant sites,

resulting in metastatic rNPC sites still demonstrating high levels of

EBV DNA.

In a 2004 case series by Shao and colleagues,52 the authors used

a similar stratification of 149 patients (120 patients with primary

NPC, 8 with rNPC, 20 with distant metastatic NPC) to compare the

effectiveness of EBV DNA versus EBV immunoglobulin A/viral capsid

antigen and early antigen in diagnosing and monitoring patients with

NPC. They found similar patterns of plasma EBV DNA levels to the

study performed by Leung et al.53 such that quantitatively, EBV DNA

levels were lowest in local rNPC tumors compared to primary and

metastatic NPC. When comparing the methods of plasma detection

of EBV DNA versus immunoglobulin detection, Shao and colleagues

report that plasma EBV DNA is a more sensitive and specific marker

such that patients in remission demonstrate negative testing on EBV

DNA (0 copies/mL) but not EBV immunoglobulin A/viral capsid

antigen (levels remained high in all patients groups). The authors

suggest that serologic techniques to diagnose and monitor NPC are

only semi‐quantitative and plasma EBV DNA surveillance is a more

superior and sensitive technique in monitoring patients with NPC.

These findings demonstrating the superiority of plasma EBV DNA to

serology techniques in surveillance of rNPC were also verified by

Stoker and colleagues,51 in a case study to evaluate the application of

nasopharyngeal brush to detect EBV DNA. Stoker et al. compared

pre‐ and post‐treatment EBV DNA levels and serology obtained from

traditional blood samples in 72 patients to those obtained from their

newer technique, the nasopharyngeal brush, which is minimally

invasive and easier to perform in the clinic compared to biopsy. They

found that pre‐treatment, EBV DNA levels acquired using naso-

pharyngeal brush outperformed plasma EBV DNA levels in detection

of NPC, however, post‐treatment, plasma EBV DNA levels were

more accurate in diagnosis of rNPC compared to nasopharyngeal

brush. The authors also validated previous studies in confirming that

EBV serology did not demonstrate any prognostic value in detecting

persistent or recurrent NPC. Stoker and colleagues suggested thatT
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monitoring EBV DNA levels using the nasopharyngeal brush is an

effective technique in the early months after treatment for NPC and

yields high prognostic value in distinguishing tumor from post‐

radiation damage. Using a smaller sample size of patients with rNPC

(n = 14) and a control group (n = 15) of patients treated for NPC in

clinical remission, Lam et al.50 verified the nasopharyngeal brush

technique as an additional surveillance strategy for rNPC. The

authors found a statistically significant difference in Epstein Barr

virus detection levels (EDL) between the recurrence group (mean =

2.38) and the control group (mean = 0.17). Further validation of this

technique using a larger sample size is required in order to determine

sensitivity, specificity, and accuracy.

Moreover, in a 2011 case study of 245 patients diagnosed

with NPC, Wang and colleagues evaluated the effectiveness of the

plasma EBV DNA assay prior to PET imaging for diagnosis of

recurrence and treatment planning in rNPC.54 Of the patients

enrolled in the study, 41/245 developed rNPC. 36 out of 41 of

these patients were accurately identified through the detection of

abnormal EBV DNA levels, whereas 5/41 of these patients were

falsely negative for EBV DNA but demonstrated clinical signs/

symptoms suggestive of rNPC. Subsequent imaging with PET then

revealed recurrence sites and guided treatment planning for these

patients. The authors suggest that this surveillance approach using

plasma EBV DNA assay prior to PET imaging yields high accuracy

in detecting rNPC and should be used as a cost‐effective measure

in monitoring NPC patients as the EBV DNA assay is 77–88% less

costly than PET imaging, without exposure to ionizing radiation,

and did not identify any false positives. Nonetheless, clinical

suspicion and expertise are still necessary as negative EBV DNA

results (false negative) were obtained in 5 patients with rNPC. It

should be noted that patients without recurrence identified by

either EBV DNA levels or clinical signs/symptoms were not

scanned with PET imaging in this study, and thus the true

accuracy, sensitivity, and specificity of this tailored approach

cannot be conclusively determined.

In addition to analysis for plasma EBV DNA, other EBV‐derived

genes involved in the immune response attributable to the

pathogenesis of NPC have been shown to be promising tumor

markers. These include the detection of EBV encoded latent

membrane protein 1 (LMP1) and rightward transcripts known as

BART microRNAs. LMP1 has been useful in the diagnosis of local

rNPC, especially in cases of suspected osteoradionecrosis.55

Changes in LMP1 status at the time of NPC reoccurrence have

been observed to manifest earlier (~11.9 weeks) than morphologi-

cal changes detected by nasopharyngoscopy.56 The potential

utility of EBV miRNA BARTS has also been studied. Tissue EBV

miRNA BART7 was shown to be useful for identifying a subgroup

of patients with histologically clear margins who are at an

increased risk of subsequently developing tumor reoccurrence

compared to those with negative histological margins.57 Another

study which profiled circulating plasma BART miRNAs, identified

that BART8‐3p and BART10‐3p had the greatest efficacy in

discerning rNPC patients with undetectable EBV DNA from non‐

cancer controls.58

The level of evidence for the use of plasma EBV DNA is strikingly

positive in the surveillance of rNPC based on the papers evaluated in

this review. Newer techniques such as the detection of EBV miRNA

BARTs, and EBV encoded LMP‐1 gene may aid in earlier detection of

rNPC than plasma EBV DNA alone. By comparison, EBV serology

(IgA, VCA) does not yield efficacy in detecting persistent or residual/

recurrent disease in NPC and is not a recommended technique in the

surveillance of rNPC (seeTable 6A for summary of EBV DNA review;

Table 6B for summary of EBV DNA manuscripts).

(1) Detection of local recurrence: EBV DNA should not be used as a

sole diagnostic tool for detecting locally rNPC but may provide

some value as an adjunct tool based on the above evidence.

(2) Detection of regional recurrence: EBV DNA should not be used

as a sole diagnostic tool for detecting regional rNPC but may

provide some value as an adjunct tool based on the above

evidence.

(3) Detection of distant recurrence: EBV DNA has more of a role in

distant recurrences but similar to above, other modalities should

be used and EBV DNA as only adjunct tool.

(4) Cost: From a cost‐perspective, EBV DNA analysis is the cheapest

diagnostic tool for detecting rNPC as it only costs between

$30–58 USD.59 However, the analysis requires testing labs that

are not readily available.

TABLE 6A Summary of Epstein‐Barr virus (EBV) DNA

Aggregate quality evidence C (Level 3b: 3 studies; Level 4: 2 studies)

Benefit Minimally invasive. Identifies patients at risk of recurrence and may reflect tumour burden.

Harm EBV DNA not detected in all NPC cases. Sensitivity lower in irradiated sites. Access to EBV assay maybe difficult if
prevalence low.

Cost In clinic procedure and associated lab processing cost low if available ($30–58 USD).

Benefits‐harm assessment Preponderance of benefit over harm.

Recommendation level Recommended – as adjunct tool for detection of local, regional, and distant metastasis.

Intervention If available, perform brushing or serum biopsy to assess EBV DNA load and associated EBV factors as a part of routine
surveillance.
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CONCLUSION

Early detection of recurrent nasopharyngeal carcinoma is para-

mount to disease control. Surveillance systems must circumvent

post‐radiation changes in order to accurately and efficiently

detect rNPC. This review found there are limitations in the

endoscopy, but authors recommend it as it is low risk, cost

effective tool that should be combined with other surveillance

modalities. One option is to improve the surveillance efficacy

with NBI or contact endoscopy but a better adjunct to the

endoscopy is the MRI and FDG‐PET on a routine basis. The MR

and FDG‐PET are costly and can be less accessible, which may

make routine assessments difficult but should be done at least

once during the surveillance period. We recommend this modality

be used more than once during the surveillance period. EBV

assays are also recommended as a cost effective and accessible

aid during routine follow up to prompt for additional imaging or

increased clinician awareness but access to such assays are

limited and should not be used as a standalone surveillance

technique. While all modalities have a preponderance of benefit

over harm, depending on the health care system and access,

authors recommend a multimodal surveillance method to assess

for exophytic/local, regional and distal recurrence by doing a

routine endoscopy (approximate every 3 months the first two

years, 4–6 months the next two years and every 6 months in the

last year) and at least one form of imaging modality at 3 months

post‐treatment and another one throughout the 5‐year surveil-

lance stage. If available, the EBV testing should be included. In

terms of detecting locally and regionally rNPC, we recommend

the combined use of 18F‐FDG PET and MRI whenever available

because both modalities have similar diagnostic accuracies and

yield >95% sensitivity when combined. As for rNPC metastases,

we recommend using FDG‐PET‐CT for confirmation. A WB‐MRI

can be done if morphological information is required. There is a

need for randomized control trials, and a greater number of well‐

designed cohort and case control studies to increase the quality

of evidence for each surveillance modality and the timing of such

interventions.
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