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O&IECI'IVE It has been reported that cell-free Epstein-Barr virus (EBV- 

DNA) in plasma was useful in diagnosing and monitoring nasopharyngeal 

carcinoma (NPC). The current study was designed to evaluate the 

significance of EBV-DNA in monitoring the prognosis of nasopharyngeal 

carcinoma and comparing its significance with that of plasma VCA/IgA and 

EA/IgA tevefs. 

METHODS EBV-DNA, VOA/IgA, and EA/IgA levels in plasma were 

determined in NPC patients with different prognosis after radiotherapy, 

including 30 distant metastatic patients, 22 local recurrence patients and 24 

individuals with remission who had been fo!lowed-up for more than 2 years 

after treatment. EBV-DNA was determined using a real--time quantitative 

PCR system, and levels of VCA/tgA and EA/IgA were measured using 

standard immunofiuorescence. In a cohort study, the indexes were 

determined after different radiation periods for the 20 new cases of 

nasopharyngeai carcinoma. 

RESULTS The median plasma EBV-DNA concentration was 135,I00 copies/ 

ml (interquartile range: 5,525-1,003 750) in metastatic group, 20,500 copies/ 

ml (interquartile range: 0-58,500) in the Iocai recurrence group and 0 

copies/ml (interquartile range: 0-0) in the continuous remission group (P< 

0.05). The levels of VCA/IgA and EA/tgA showed no significant differences 

among the different groups. The high level of EBV-DNA concentration in the 

metastatic group was more than that in the local recur rence group. A level of 

1,000,000 copies/ml of EBV DNA was an indication of distant metastasis of 

the NPC patients witt~ a sensitivity of 27.3%. However, the sensitivity was 0 in 

the local recurrence group. For the 20 new patients, EBV-DNA 

concentration gradually decreased during the radiation period. Before 

radiation there were 32,050 copies/mf (interquartile range: 3,880-317,750), 

0 copies/ml (interquartile range: 0-14 375) after a 40 Gy radiation dose and 0 

copies/ml (interquartile range: 0-2940) after the radiation was finished (P< 

0.05). However, the levels of VCA/IgA and EA/IgA showed no significar-~t 

dilference. 

CONCLUSION Determination of plasma celt-free EBV-DNA level is more 

valuable than evaluation of VCA/IgA and EA/tgA for monitoring the prognosis 

of NPC patients. 

KEYWORDS: nasopharyngeal carcinoma (NPC}, DNA, Epstein-Barr virus (EBV), 
polymerase chain reaction (PCR), prognosis. 

W ith a high incidence in Southern China, nasopharyngeal 
carcinoma (NPC) is an important maligmant tumor, for which 
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radiotherapy is the main treatment modality. Local 
recurrence and distant metastasis, however, are the 
most common causes of ti~ilure after primary 
radiotherapy in patients with NPC. I*-a~ Therefore, 
periodic physical reexamination should be per~brmed 
to detect small metastasis or local recurrence in order 
to improve survival, 

The viewpoint that NPC is strongly associated with 
EBV has been well established. Detection of 
EBV-related antibody is a common tool for diagnosing 
and monitoring NPC patients. In recent years, due to 
application of real-time quantitative PCR, detection of 
cell-free EBV-DNA in plasma has attracted more and 
more attention. It has been published that cell-fiee 
EBV-DNA in serum was also useful in diagnosing and 
monitoring NPC. ts-Ti We have previously published on 

the significance of EBV-DNA in plasma for NPC 
diagnosis and differential diagnosis. ~'~ This study was 
designed to evaluate the significance of EBV-DNA in 
monitoring the prognosis of NPC and to compare the 
rusults with monitoring VCA/IgA and EA/IgA plasma 
levels. 

MATERIALS AND METHODS 

The samples 
During the period March, 2001 to June, 2002, 76 NPC 
patients were examined at the Cancer Center,Sun 
Yat*sen University after having been treated with 
radiotherapy. There were 30 patients with distant 
metastasis (including 10 bone, 8 liver, 6 lung, 3 

multi-organ and 3 other), 22 with local recurrence and 
24 in continuous remission who had been J~bllowed-up 
for over 2 years (range:2,0~4,6) after treatment. In 
addition, our study recruited 20 new NPC patients 
without distant metastasis who had pathological 
confirmation in the Department of nasophat3,ngeal 
carcinoma, Cancer Center of Sun Yat-sen University. 
The condition of the patients mentioned above was 
determined by clinical examination, imaging or 

pathological examination. 
Table t shows the tumor-related characteristics of 

the patients, Primau carcinomas were staged 
according to the NPC '92 Staging System. I9~ 

Four ml of blood was drawn from each recruited 
subjects into a tube containing EDTA. After spirming 
the blood at 1,600 g in a micro-centrifi~ge, the plasma 
was isolated and stored at ~20~ for f~Jrther analysis. 
Blood was drawn 3 times from the 20 new NPC cases, 
namely, at the time of pre-radiotherapy, afer  40 Gy 
radiotherapy and post-radiotherapy. The total dose of 
radiotherapy averaged 70 Gy (range: 68~74 Gy). All 
20 patients had complete tumor regression at the end of 
the radiotherapy. 

DNA extraction 
Fifty ~1 of plasma was utilized from each patient, and 
DNA from the plasma extracted using a QlAmnp DNA 
mini blood kit (purchased from QIAGENG lnc, 
Catalog No, 51106) according to the instructions of the 
mannfacturer. Ultraviolet absorbance of the extracted 
DNA was measured at 260 run and 280 nm. The value 

T a b l e l .  T u m o r - r e l a t e d  cha rac t e r i s t i c s  of  the  pa t i en t s  

Metastasis nunlber Lcmal recurrent number Remissible number BeIbre*xeatmeut number Pvalue 

To~al patients 30 22 24 20 
>O.ft5 

Agel K~. si 47(47_+ t0.96) 50(47• 48148• 45(45• 

(~;emh~r 

Men 24 14 l 5 15 
>0.05 

Women 6 8 9 5 

tlis~opathoh)gie type(WI-]O type 

Squamous eel] carcinoma 0 I 0 0 

I)itlbrenliated n(mkerathlizir~g 4 2 l 2 >0.05 

U~Mifferemiated carcinoma 26 /9 23 18 

Clinical staging 

I 0 0 1 0 

II 2 5 7 .3 
<0,05 

ltl 11 7 12 I 1. 

IV 17 I0 4 6 
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? t , . ot A:(,,~ Ae~,, ~a~ about 1.8. 

Real-time quantitative PCR 
Plasma EBV-DNA concentrations were measured 
using a real-time quantitative PCR toward the 

Bamt:l~-W fragment region of the EBV genome. The 
assay kit was provided by Da'an Gene Diagaostic 

Center, Sun Yat-sen University. The BamHrW system 

consisted of the amplification primers W-44F 

(5'-CCCAACACTCCACCA-CACC-3') and W-119R 

(5'-TCTTAGGAGCTGTCC-GAGGG-3'). A cloned 
fragment W of" EBV was used as a positive control in 

each PCR reaction of different dilutions (10L l0 s, 10 ~, 

I0 ~, 10 "~, I 0 j copies/i,d). Multiple negative water blanks 
were included in eve U analysis. Reactions were 
performed using the PE 7700 Automatic Fluorescence 
Quantitative PCR System, The detailed reaction 

conditions and procedures were as described 
previously, is! 

Quantitative detection of plasma EBV-DNA 
The plasma EBV-DNA concentration expressed in 

copies/ml was calculated accordi~g to the following 

equation: ~~j 
C=Q x ( V,.~-~..,/V~,cp)/Vlix-r 

Where C = target concentration in plasma (copies/ml), 

Q = target quantity (copies) determined by the 

sequence detector in a PCR, V~,~ = total volume of 

DNA obtained fbllowing extraction, Vrr.~ = volume of 

DNA sohttion used for PCR, V,~.~-, .... volume of plasma 

extracted. 

Detection of VCA/IgA and EA/IgA using 
immunofluorescence 
Standard immunofluorescence was used to detect 
plasma VCA/lgA and EA/lgA.f'~I Assay kits for bofla 
were supplied by Sun Yat-sen Genetic Engineering 

Company. The antibody titer standard was the highest 

dilution mmlber of  the positive plasma. 

Statistical analysis 
All statistical calculations were performed using the 
SPSS version 10.0. Analysis of variance and the rank 

sum test were used for quantitative data in accordance 

with a normal and non-nomml distribution. 
respectively. Categorical data was analyzed by the X: 

test, and in prospective study, the Friedman test was 
used for randomized block design. Sensitivity and 

specificity were computed according to the manual 

Medical Statistical aud Computer Experiment. i~ ~} 

RESULTS 

Plasma EBV-DNA copies in NPC patients with 
different prognosis after radiotherapy 
For the plasma EBV-DNA concentration detected by 
real-time quantitative PCR, a significance difference 
existed amoag the me|asta|ic group, local recurrence 

group and continuous remission grot% namely. 

metastatic group > local recurrence group > continuous 

remission group. Selecting dit'ti:rent cut-off points, 

sensitivity and specificity of flae meflaod, using plasma 
EBV-DNA to detect NPC recurrence and metastasis, 
were different. Under lhe same specificity, higher 
sensitivity was displayed in the metastatic group than 

in the local recurrence group. A level of 1.000,000 
copies/ml of EBV-DNA indicated the presence of  
dislant metastasis of NPC with a specificity of  100 % 
and a sensitivity of 27.3 %. ftowever, the sensitivity 

was 0.0 % in tile local recurrence group (Tables 2, 3). 

Tah le  2. T h e  p l a s m a  E B V - D N A  copies  in N P C  pa t i en l s  with  

d i f fe ren t  p rognos i s  

(;r(Jttp 

EBV- DNA I copieslml) t '  ~ a t .e  

:M [uh:rquartile range JaxaJ r,,~:urlc~d Ih:m~s~ibh< 

~,h.~,~,,~;~ 135.t0g~ 5.525- t,003.750 0.(133 OX;'0 ! 

1.,,,:~d fe, m,,',,~ 20~500 0--58.500 O(X)I 

I/emis~ible 0 0-O 

NPC:nasopharyngealcarcinoma EBV:Epstein-Barvirus M:median 

'['abte 3. Sensitivity and specificity at different ent-off l~ints 
of EBV- I )NA  in deleeling dislaiR metastasis and local 
r e c u r r e n c e  of NPC patients 

( :m-o f f  points l ) i s l aJ l t  I l le t ; t s las is  [A)ca l  r e c t l l T e t l c e  

(.,2opjr Sr162 Rlwcificily u?:~ ,Sellsitkvi{y!'ifl SpeciiS~:i~?. U}~) 

0 86.3 87.5 6,',.7 87.5 

i 0,000 72.7 91.7 58.3 91.7 

I ~'~)JX)0 50.0 95.8 16.7 95.8 

1,000.000 27.3 /00.0 0.0 100.0 

VCA/IgA and EA/IgA levels in NPC patients with 
different prognosis after radiotherapy 
Using immunofluorescence, VC!A.,'IgA and t-A,'IgA 

levels were determined among the metastatic group, 
local recurrence group and continuous remission 

group. As shown in Table 4, V('A/IgA and EA/IgA 

conccntralions among the 3 groups showed no 

significant difference (/~.>0.05). 



EBV-DNA with NPC/Sumei Cao et al, 193 

The change of the plasma EBV-DNA ievet of NPC 
patients during radiotherapy 
All 20 of the prospectively recruited NPC patients had 
complete \inner regression after complete 
radiotherapy. The plasma EBV-DNA , VCA/IgA and 

EA/lgea< levels of these patients were delermined at the 

time ofpre-radiotherapy, after 40 Gy radiotherapy and 
post-radiotherapy. The results indicated that the 

plasma EBV-DNA gradually declined in the 

radiotherapy treatment period, while VCA/lgA and 
EA/IgA showed no signi titan\ changes ('Fable 5). 

Table 4. VCA/IgA and EA/IgA levels in NI'C patiellts Mlh 
different prognosis :filer radi~itherapy 

Vf;AIIgA EAIIgA 

(;rou{) M }nlerquartJle i'arlge M Ihlerqimrtih-' rang,: 

M,:histas{~ 320  lf~{1-640 40 10--80 

I ,ltcil l i'l,!,tit~l'4,11I 320 80--640 21") lO-If)() 

}lemi~,sill]~ 24(1  161l--640 40 0-811 

DISCUSSION 

Invasion and development of NPC are closely 
correlated with EBV, so there are various EBV-related 

antigens and antibodies in the peripheral blood of the 

patients of NPC. Since it is veryconvenient to get 

peripheral blood fiom patients, the EBV-related 

hematological index is commonly used to monitor 

prognosis of NPC patients. At present, VCAIIgA and 

EAilgA are often determined to diagnose and monitor 
NPC. It is currel~tly unknown, however, whether the 
levels of these antibodies are of prognostic value. 
According to Eiu et at., >'l the 10-year survival rate of 
patients with lhe high VCAilgA antibody titer group 
was less than that or the low titer group (P<:0.05), 

whereas other prospective study revealed that there 
was no relationship between antibody level and 
prognosis of NPC patients, f>' ,4t 

Recently, it was reported that plasma EBV-DNA in 
NPC patients after radiotherapy was associated with 

tumor rectuTence and metastasis, and lh[lS, analysis of 
plasma EBV-DNA after treatment might be a valuable 
toot to monitor the response to treatment in NPC 
patients. Lo et al. t< ~.1 indicated that th.e median plasma 

EBV-DNA concentration in 10 patients with minor 

rectirrence was determined to be 32,350 copies/ml. 

while that in patients in continuous remission fbr a 

mean period of 2 years was 0 copy/ml. Furthemmre, in 
a prospective study, patients with recurrence or 

metastasis within the first year after treatment had a 
higher median plasma EBV-DNA concentration than 
those without pathogenic changes (41.756 copies/re.1 

versus 5,807 copies/ml). Peng et al. ~l investigated the 
correlation between the changes of plasma EBV-DNA 
levels and clinical responses during concomitant 

theme-radiotherapy in locally advanced NPC patients. 

They round that EBV-DNA could not be detected at 

2-5 weeks of the therapy in 15 patients who had 

complete minor regression at the end of the 

radiotherapy, while 3 patients had a continuously high 
EBV-DNA, and lbllowing clinical examination after 

treatment round thal they still had residual tumors. 
Further investigation, however, is needed to elucidate 
which EBV-related parameter might provide more 

infommtion regarding the prognosis ofNPC palients. 
Our present study put the emphasis on comparing 

values of plasma EBV-DNA, VCA/IgA and EA/IgA in 

monitoring prognosis of NPC patients, We compared 

the 3 parmneters in NPC patients with different 

prognosis after radiotherapy and concluded EBV-DNA 
was remarkably superior to VCA/IgA and EA/IgA in 

monitoring the treatment response. The plasma 
EBV-DNA concentration in the metastatic group and 
local recurrence group was higher than that in the 
coniim)ous remission group. However, the levels of 
VCA/lgA and EA/IgA among {he 3 groups showed no 
significant diff;zrences. In our prospective study/cbr 20 

new NPC patients, we found that the EBV-DNA 
concentration rapidly declined with the shrinkage of 

the tumors. When the dose of radiotherapy reached 40 
Gy, median plasma EBV-DNA concentration had 
declined to 0 copy/ml, while VCA/IgA and EA/IgA 

Table 5. The phlsma EBV-DNA, VCAflgA, and EA/igA levels of NPC patients during radiotherapy 

t]{:,fmc ~ adio~h~-'rap)' 40 (IX radiali<m dose l/adiolherapy finished 

M [l/lerqliarli le i;mg+~ ~'[ lnfel'quaiii le range M }uh~rquarl.iie range fJ va{ll~! 

E B V.--I) N :\ (c~pie slml) 

Vt;.'t/Ig.~, 

I.] :\/I g,'\ 

32.05(I 3.880-3 l 7.750 0 0-14.375 () 0-2,940 ',).0fX) 

320 160-640 320 i 60--640 320 160-640 1"/.753 

40 IO-SO 40 20-,~0 40 20--80 0.990 
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levels showed no significant change during the 

treatment. We considered the reason as follows: the 

EBV antibody level is maintained in NPC patients for a 

relatively long period and it is not closely associated 

with the tumor burden, but the patient's immunity. 

Especially, in a short time, the antibody level has no 

significant relationship with the treatment response in 

NPC patients, while cell-free EBV-DNA can 

sensitively reflect the change of  the tumor burden . 

Furthermore, the finding that plasma EBV-DNA 

concentrations rapidly w~ried with the change of  the 

tumor size demonstrated that most of  the EBV-DNA in 

peripheral blood is derived from tile tumor. 

This present study also indicated that the EBVd)NA 

concentration in the metastatic group was significantly 

higher than that m the local recurrence group. And 

cases with a high EBV-DNA level more likely came 

fiom file metastatic group than from the recurrence 

gToup. Hence. distant metastasis should be taken into 

consideration iu NPC patients with a high plasma 

EBV-DNA concenlration. This may be related to the 

high tumor load in NPC patients with distant 

metastasis, as well as the EBV from the metastasized 

tumor which more readily released EBV into the 

peripheral blood. 

Results for changes in the plasma EBV-DNA during 

radiotherapy in our study were somewhat different 

from what Peng et al. reported, t,s~ In their study, fbr 

the patients who had complete tumor regression, 

EBV-DNA could not be detected at 2~5 weeks of  the 

therapy, while we observed 2 eases with complete 

armor regression at the end of  radiofllerapy and found 

that their plasma EBV-DNA was detectable but lower 

than that betbre the therapy. There may be two reasons 

leading to this finding: first, tiny residual or metastatic 

tumor existed in these patients, which, however, could 

not be detected using present techniques, while the 

EBV-DNA in the plasma was already positive. 

According to Lo et al., t~ significant elevations in. 

plasma EBV-DNA, remained sometimes up to 6 

months before detectable clinical deterioration was 

obselwed in the patients who subsequently developed 

tumor recurrence or metastasis; second, EBV-DNA 

possibly derived fiom non-tumor tissue. We will 

lbllow-up the two patients to determine other reasons 

tbr their positive plasma EBV-DNA. 

In summary, we confirmed that the plasma cell-fi-ee 

EBV-DNA was a useful tool to monitor the response to 

treatment in NPC patients, and was significantly 

superior to determination of  EBV-related antibodies. 

Nevertheless, further prospective investigation shall be 

developed to learn the relationship between plasma 

EBV-DNA and the time to relapse or metastasis, as 

well as whether EBV-DNA can serve as an 

independent prognostic indicator, 

REFERENCES 
I Min HQ. Nasopharyngeal Carcinoma. Li SL~ Chief editor. 

}lead & Neck Carcinoma. Tianjin: Tianjin Science & Tech- 

nology Press. 1!)93:536-606. 

2 Lee AW~ Foo W, Law SC, et al. Staging of uasopharyngea[ 

carcinoma: From }to's to the new UICC system. Iut J Can- 

cer. 1999:84: 179-187. 

3 Hong MH, Fang JQ, Ma J, el: al. Using }-.I,F and FI)M for 

prognostic study of nasopharyngeal carcinoma - with 411 

cases of nasopharyngeal carcinoma analysis. Chin J Cancer. 

1998;t7: 118. 

4 ('.hen ('L, Wen WN, Chen .IY, et al. Detection of Epstein- 

Ban- virus genome in nasopharyngeal carcinoma by in situ 

DNA hybridization, lntervirology.199.'.l;36: 9t-98. 

5 Lo YM, Chan LY, Lo KW. et at. Quantitative analysis of 

cell ~free Epstein-Barr virus DNA in plasma of patients 

with Nasopharyngeal Caminoma. Cancer Res. 1999;59: 

t ] 88- } 1.!)2. 

6 Lo YM. Chan LY, Chem A'I'~ et al. Quantitative and tempo- 

ral correlation between circulating celt-li'ee Epstein-Ban 

vires DNA and tumor recurrence in nasopharyngeal c:~rci- 

noma. Cancer Res. 1999:59:5452-5455. 

? Lo YM. Chan AT. Chan LY, et al. Molecular prognostica- 

tion of nasopharyngeal carcinoma by quantitative analysis 

of circulating Epstein-Barr virus I)NA. Cancer Res. 20{R); 

60: (i878-6881. 

g Can SM, Gao JS, Liu XD, et al. Signil!icance of plasma E- 

BV-DNA detected by real-time quanthative PCR in diag- 

nosing nasopharyngeaI carcinoma. Chin J Cancer. 2002;21: 

328-329. 

9 Min It, Hong M, Ma J, el al. A new staging system tot na- 

sopharyngeal carcinoma in China. Int J Radiat Oncol Biol 

Phys. I~N4; 30:1037-1024. 

10 Liu YX. Detection of VCA/IgA antibody in nasopharyngeal 

carcinoma patients by immunofluorescence. Chin J Oncol. 

t979 1:118. 

l l Fang .JQ. I)esign and analysis in diagnosing and screening. 

Fang JQ, Chief Fdilor. Medical Statistics & Computer Ex- 

periment. Shanghai: Shanghai Science & Technology Press. 

1995: 224. 

12 Liu MZ, Guan XX. Gao JM, et al. Relationship between EB 

virus VCA-IgA antib(uty and long-term cure of nasopha- 

~3'ngeal carcinoma. Chin J Cancer. 1998;17:365-367. 

13 Wyatt De, Brooker DS, Connolly Jtt, el al. Prognostic value 



EItV-DNA with NPC/Sumei Cao et aL ]95 

of Epstein -Batr virus serok)gy in patients wilh 

nasopharyngeal carcinoma. J Infect, 1993;26:171-175. 
14. Sam Ck. Abu-Samah AJ, Prasad U, IgA/VCA as a follow- 

up marker in the monitoring of +msopharyngeal carcinoma. 

121ur J Su:rg Onco{.199.1.;20:5~+1-564. 

1+5 Peng PJ, Zhao C, Zhang L, et al. Relationship between the 

kinetics of plasma EBV-DNA levels and clinical response 

during treatment in patients with tmsophaly'agea{ 

carcinoma, Chin J Cancer. 2002;21:817-824. 


