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NP Screen® Assay Risk Assessment for Nasopharyngeal Carcinoma (NPC) 
 
Caution: This device is restricted to sales by or on the order of a physician. 
Intended Use: 
NP Screen® assay is an in-vitro deoxyribonucleic acid (DNA) assay intended for the semi-
quantitative detection of the Epstein-Barr virus (EBV) in specimen collected from the 
posterior nasopharyngeal epithelium. 
 
Indication for Use: 
NP Screen® assay is indicated for use as a routine ambulatory screen to aid in the 
diagnosis of Epstein-Barr virus (EBV) associated undifferentiated nasopharyngeal 
carcinoma (NPC) in males and females of Chinese ethnicity over 20 years of age (high-risk 
patients). In the absence of other clinical findings, patients with normal NP Screen® assay 
results are considered to be at a low contemporary risk for NPC. Patients with abnormal NP 
Screen® assay results should be evaluated for evidence of NPC according to standard of 
practice in oncology. 
 
NP Screen®  assay is intended for use as a screen only, formal confirmatory 
nasopharyngeal biopsy and histopathologic analysis is required for diagnosis of cancer. 
Diagnosis of cancer shall not be soley based on NP Screen®  assay results. 
 
Background 
NP Screen® assay provides information about the EBV DNA status in specimen derived 
from the posterior nasopharynx of a high-risk patient. The NP Screen® assay result is 
compared to a reference standard to determine the patient’s risk for NPC. 
 
The annual mortality for nasopharyngeal cancer exceeds 50,000 worldwide [1] and within 
both endemic and sporadic incidence populations the most common malignant tumor of the 
nasopharynx is nasopharyngeal carcinoma (NPC) [2-5, ACS1]. The WHO classifies NPC 
into three histologic subtypes: Type I, keratinizing squamous cell carcinoma (well 
differentiated); Type II, nonkeratinizing carcinoma (differentiated) and Type III, 
undifferentiated carcinoma [6]. Type III, NPC accounts for 95% of nasopharyngeal cancers 
in high-incidence populations and most of the remaining 5% is associated with Type II, 
NPC [4,7]. Type I, NPC is predominant in low-incidence populations [8].  
 
NPC occurs sporadically in the United States, Canada and Europe (<1/100,000), generally 
representing 0.2% of all malignancies. NPC is one of the most common cancers affecting 
Hong Kong Chinese and is highly prevalent in the southern part of China (20-100/100,000), 
intermediate incidence rates are prevalent in Southeast Asia, Mediterranean rim counties, 
coastal regions of Africa and in the indigenous populations (Inuit) of the northern reaches 
of Alaska, Canada and Greenland (10-40/100,000). Emigrants relocating from endemic 
areas to non endemic areas such as United States and Canada maintain their elevated risk 
status while first and second generations carry progressively lower risk. NPC has a peak 
incidence in the 50 to 54 age range, with incidence starting to climb steadily to this point 
after 20 years of age. Males are affected more frequently than females, 2:1 [9-12]. 
 
NPC arises from the nasopharyngeal epithelium, usually in the fossa of Rossenmüer located 
at the lateral aspects of the posterior nasopharynx. The tumor tends to spread submucosally 
and remains clinically inconspicuous during the early stages of the disease and patients can 

                                                 
1 American Cancer Society, Cancer Reference Information for NPC (2006) 
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present with a neck mass or other head and neck symptoms with no clinically identifiable 
abnormality in the nasopharynx [13,14]. Ten year survival rates for tumor stages I, II, III 
and IV are reported to be 77%, 65%, 54% and 29% respectively indicating better outcomes 
through early diagnosis and treatment [15]. 
 
Epstein-Barr virus (EBV) is a causative agent, or an early event co-factor, in the 
pathogenesis of NPC and the tumor and its metastases are clonal proliferations from the 
original EBV infected progenitor [26,28,29,56,57]. Within the virion the EBV genome 
exists as a 172kbp linear double stranded DNA molecule [51]. After infection and entry 
into the cell the EBV genome circularizes to produce a nonintegrated intracellular latent 
episomal form of the virus. The infected cell harbors multiple episomal copies (from a few 
to over fifty copies) which replicate with cell division [26-29]. Evidence of EBV episomes 
and EBV coded gene products are detected in virtually all preinvasive lesions, primary and 
metastatic tumors, for both endemic and sporadic population cases [24,25], regardless of 
histologic subtype or degree of differentiation or geographic origin of the patient [16-23].  
 
Most humans are infected with EBV by the age of 20 years and serologic markers of this event 
are detectable for the life of the host. At any given time 20% of the infected population will 
experience an asymptomatic, transient reactivation with heightened antibodies for EBV 
antigens [33,34]. In high-risk populations, persistent, reactivated EBV infection is antecedent to 
the evolution of NPC and in southern China population based screening has validated the use of 
the EBV serology for the preclinical detection of NPC [34-40,48], however only a relatively 
few seropositive patients will actually develop NPC [41], which reduces the utility of EBV 
serology for prediction of NPC risk [49,50].  
 
Given the ubiquitous nature of EBV and its association with NPC, the utility of EBV as a 
diagnostic marker for NPC is dependant on the virus’s distribution in the healthy patient 
especially in or on the nasopharyngeal mucosa. Clinical studies [30-32,43-47], have 
demonstrated the absence of EBV in or on the posterior nasopharyngeal mucosa in healthy 
patients or the epithelium adjacent to NPC lesions in disease patients while other clinical 
studies [42] have shown the potential for a more specific NPC screening methodology by 
using PCR to detect EBV levels in specimen collected, trans-nasally, directly from within 
the boundaries of the anatomic origin for the NPC primary reporting good correlation 
between detected EBV levels and clinical diagnosis with a clinical sensitivity and 
specificity of, 90% and 99%, respectively using a high-risk cohort of, n=157, healthy 
patients and, n=21, diagnosed cases of NPC. Recent PCR studies using the NP Screen® 
trans-oral brushing method, where the collection of specimen is constrained to the anatomic 
origin of the NPC primary (Figure 1), showed a high correlation between EBV detection 
levels and NPC diagnosis reporting clinical sensitivity and specificity of, 98.7% and 99.6%, 
respectively with a high-risk cohort of, n=254, healthy patients and, n=75, diagnosed cases 
of NPC. 
 
Anatomy /NPC Primary 
The nasopharynx is bordered superiorly by the skull base, inferiorly by the oropharynx, 
anteriorly by the posterior choanae, posteriorly by the clivus and the first two cervical 
vertebrae, and latterly by fascia and the Eustachian tubes. Respiratory epithelium covers the 
nasopharynx and most NPC originate in Rosenmüller’s fossa, located at each posterolateral 
aspect of the nasopharynx. 
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Figure: 1, Posterior nasopharynx showing specimen collection site for NP Screen®. 
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Clinical Specificity–Utility of the Ubiquitous EBV as a Marker for NPC 
EBV is the causative agent for infectious mononucleosis and is associated with several head 
and neck malignancies such as inverted sinonasal papillomas, laryngeal carcinoma, certain 
parotid tumors and nasopharyngeal carcinoma as well as a wide spectrum of other human 
malignancies. The utility of EBV as a NPC marker relies on the fact that despite its 
ubiquitous nature EBV is almost never present, beyond incidental background levels, in or 
on the nasopharyngeal mucosa of a healthy patient [31-32,43-47] and, in high-risk 
populations nasopharyngeal malignant tumors are virtually always NPC [12], of Type III 
(95%), and Type II (5%) [4,7,8].  
 
Clinical Studies 
Clinical studies were conducted at referral clinics in Chinese communities in Toronto and 
Hong Kong. A cohort (n=341) of Chinese patients over 20 years of age not previously 
treated for NPC. Eligible patients were selected on the day of their visit to the clinic and 
their diagnostic status was not known prior to recruitment. The final cohort (n=329) 
consisted of 123 females with an average age of 53 years ranging from 29 to 82 years, and 
206 males with an average age of 52 years ranging from 32 to 75 years. Eleven samples 
could not be processed due to low gDNA yield and, the brushing procedure for one patient 
was not completed due to gag response. The brushing procedure produced no significant 
complaints and minimal or no bleeding was noted after the procedure. All patients were 
discharged home uneventfully after the brushing procedure with no subsequent 
complications. As standard of practice, after the brushing procedure the post-nasal space 
was visualized and rated by an experienced ENT surgeon/Otolaryncologist and patients 
with suspicious clinical findings were referred for biopsy and histopathologic evaluation. 
The clinical performance for NP Screen® assay is provided below. In this analysis 
equivocal results are treated as false positive results. 

Table 1, NP Screen® Screening Performance  

TP FN TN FP Sensitivity Specificity PPV 
NPV 

98.6% 96.1% 87.7% Initial 
Status 71 1 247 10 

95%CI 92.5 to 100% 95%CI 93.0 to 98.1% 99.6% 
98.7% 99.6% 98.7% Final 

Status 74 1 253 1 
95%CI 92.8 to 100% 95%CI 97.8 to 100% 99.6% 

TP=True Positive, FN=False Negative, TN=True Negative, FP=False Positive, PPV=Positive Predictive Value, 
NPV=Negative Predictive Value 
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Resolved (9) and Unresolved Cases (1) 
Initially 10 patients were positive by NP Screen® with no other clinical evidence for NPC 
(FP). Three (3/10) of these patients eventually presented clinically for NPC, six (6/10) of 
these patients resolved to normal on retest (TN), the remaining one (1/10) patient maintains 
his elevated EBV status on retest with no other clinical evidence for NPC (FP). The 
improvement in PPV from 87.7% to 98.7% (ref: Table 1) validates the clinical importance 
for equivocal case follow up. 
 
Expected Values and Risk Assessment 
The NP Screen® assay EBV detection level (EDL)2 cut-off values and their interpretation 
are presented in Table 2. EDL Cut-off values were established using clinical trial data. 
 
Table 2, Interpretation of NP Screen® assay results 

Assay Result Status Interpretation 

    
    

EDL<1.7 Normal 
    
    

Due to the ubiquitous nature of EBV, background incidental cell-free EBV may 
have been detected. EBV detection levels are consistent with the normal high-risk 
population. Low likelihood of EBV associated NPC. Results indicating normal do 
not preclude future abnormalities. In the absence of other clinical findings the 
patient is considered normal and should be tested at least annually. Based on 
clinical trials NP Screen® has a Negative Predictive Value=99.6%. 

    
    
  Not Normal  

1.7≤EDL≤2.6 (Equivocal)  
    
    

    

Results in this interval exceed normal background EBV detection levels and may 
indicate pervasive cell-free EBV or an underlying carcinoma. Persistent, 
reactivated EBV infections are believed to be antecedent to the development of 
NPC. A patient with an assay result within this interval must be recalled and 
retested after 6 to 8 weeks. The brushing instructions provided in Px500.50.03 
Product Insert should be reviewed. Patients with assay results, which persist 
within this interval, should be referred for further clinical investigations or 
monitored with follow up testing at least semi annually. During clinical trials 3% 
of patient results (10 patients) were initially equivocal and on retest 6 patients 
resolved to normal, 1 patient maintained equivocal NP Screen® results with no 
clinical evidence for NPC and, 3 patients developed NPC. 

    
  Not Normal  

EDL>2.6 (Abnormal) 
    
    

Significantly elevated EBV detection level than that found in the normal high-risk 
population and is consistent with nasopharyngeal carcinoma. Assay results may 
be used in conjunction with other clinical presentations to assess a patient’s need 
for a confirmatory procedure. Based on clinical trials NP Screen® has a Positive 
Predictive Value=98.7%. 

 
Patient samples are tested in duplicate and the subordinate EDL result is reported. The 
clinical significance of EDL values below the abnormal cut-off or above the normal cut-off, 
which respectively represent increasing magnitudes and decreasing magnitudes of EBV 
DNA levels in the starting template, has not been established. 
 

                                                 
2 EDL is without units and represents the relative EBV DNA concentration level in the test sample. 
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Characterization of NPC Positive and Negative Patients Using NP Screen® Assay Results 
EBV load profiles for nasopharyngeal samples taken from normal and abnormal sub groups 
in the high-risk for NPC population are characterized in Figure 2. The minor overlap of the 
distribution tails produces the equivocal zone. 
 
Figure 2, Typical Distribution and Distribution Means for NP Screen® results for NPC 
Negative and Positive Patients in ENT Referral Clinic. 
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Conclusion 
EBV is an appropriate marker for NPC and detection of EBV levels in specimens derived 
from the posterior nasopharynx of high-risk patients using the NP Screen® methodology is 
a useful aid to predict risk for NPC. 
 
Warnings, Precautions and Limitations 
The performance characteristics of NP Screen were established through validation by 
Primex Clinical Laboratories, and no approval is required by the U.S. Food and Drug 
Administration (FDA). Primex Clinical Laboratories is regulated under the Clinical 
Laboratory Improvement Amendments of 1988 ("CLIA") as qualified to perform high 
complexity clinical testing. 
 
NP Screen® assay is for in vitro use only. 
 
The collection kit is stable to the end of the month indicated by the expiration date. 
Confirm the expiry date, do not use expired kits. 
 
Clinicians must follow the trans-oral brushing procedure provided in the product insert. 
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NP Screen® assay is only valid when specimen is collected using the materials provided 
collection kit. Performance of the assay with other specimen types or other collection 
methods has not been evaluated.  
 
The results obtained with NP Screen® serves only as an aid to diagnosis and should not 
be interpreted as diagnostic themselves. Formal confirmatory nasopharyngeal biopsy and 
histopathologic analysis is required for diagnosis of cancer. Diagnosis shall not be solely 
based on NP Screen® assay results. 
 
NP Screen® has not been evaluated for use with patients previously treated for NPC or 
patients with NPC recurrence or patients who have other risk factors, which may materially 
affect viral loading such as immuno-compromised patients. 
 
NP Screen® assay has not been evaluated for, and is not intended for, monitoring the 
progression of NPC therapy efficacy. 
 
NP Screen® assay has only been evaluated on patients of Chinese ethnicity. The use of NP 
Screen® assay with other population groups has not been evaluated. 
 
The results of NP Screen® assay are not intended to prevent patients from proceeding for 
nasoendoscopy or biopsy. Results of the test should be interpreted in conjunction with other 
clinical findings. 
 
Due to technical errors during sample collection or laboratory processing, a negative result 
does not exclude the possibility of EBV associated NPC. 
 
Patients with the flu, colds, sore throats or other upper respiratory tract conditions with 
productive phlegm or mucus should not be tested until the condition has resolved. Phlegm 
and mucus may transport EBV from other anatomical regions to the posterior nasopharynx 
and produce false positive or equivocal results. 
 
NP Screen® assay may detect very early, microscopic or occult (sub mucosal) 
presentations for NPC, which may not be confirmed by biopsy and therefore the NP 
Screen® result may be classified as a false-positive. Patients with false positive or 
equivocal results should be followed up more frequently, with additional trans-oral 
brushings in conjunction with other clinical investigations. 
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Appendix A (Carcinoma in-situ)3 
 
 
Stage 0 
Indicates NPC in-situ (Tis), with no spread to lymph nodes (N0) or distant metastasis (M0). 

 
 
Stage 1 
Indicates a small tumor (T1), with no spread to lymph nodes (N0) and no distant metastasis 
(M0). 

 
 
 

                                                 
3 American Society of Clinical Oncology 
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Stage 2 
Describes a tumor that has extended beyond the nasopharynx (T2), but has not spread to 
lymph nodes (N0) or to distant parts of the body (M0). 

 
 
Stage 3 
Describes noninvasive and invasive tumors (T1 or T2) that have spread to lymph nodes 
(N1, N2), but have not metastasized (M0), or larger tumors (T3) with or without nodal 
involvement (N0, N1, or N2) and no metastasis (M0). 
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Stage 4 (Metastasis) 
Describes any invasive tumor (T4) with either no lymph node involvement (N0) or spread 
to only a single same-sided lymph node (N1), but no metastasis (M0). It is also used for any 
cancer (T) with more significant nodal involvement (N2), but no metastasis (M0). 
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