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Summary

An aetiopathogenetic analysis of non-endemic nasopharyngeal carcinoma (NPC) in European and Southern American patient groups was 
performed. Specifically, the study sought to determine the proportion of Epstein-Barr Virus (EBV)-positive tumour cells in NPC patients 
in two very different populations (Europe and South America) in areas not associated with a high incidence of NPC. Clinical data (age, sex 
and onset of clinical disease) were also analyzed. A total of 50 NPC samples, 24 from a European hospital (EH) and 26 from two South 
American hospitals (SAH), were included. Nuclear staining for Epstein-Barr virus–encoded small RNA (EBER) was performed by in situ 
hybridization (ISH). Latent membrane protein 1 (LMP1) expression was measured by immunohistochemical (IHC) analysis. A higher inci-
dence of NPC was observed in patients > 40 years of age in EH; in SAH, by contrast, the incidence was higher in patients aged ≤ 40 years. 
Cervical lymph node metastasis was detected in 31 patients (of whom 84.6% were from SAH). A total of 72% of samples were EBER-
positive; the incidence of EBER positivity was greater in type 3 NPCs. EBV was detected in a large proportion of epithelial cells in samples 
from both EH and SAH (75% vs. 69.2%, respectively). An association was found between EBER detection in lymphocytes and patient 
origin (p = 0.0001). LMP1 expression was detected in 64% of patients. ISH for the detection of EBER is the most sensitive technique for 
demonstrating EBV in tumour tissue. The incidence of EBV was not significantly greater in either of the study populations, but was sig-
nificantly higher in patients with type 3 NPC. Definitive histological diagnosis of NPC was reached earlier in EH than in SAH, where me-
tastases were more frequently diagnosed, suggesting that the disease had reached a more advanced stage by the time treatment was started.
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Riassunto

Scopo del nostro studio è stato confrontare i risultati dell’analisi eziopatogenetica sul carcinoma nasofaringeo non endemico (NPC) in 
pazienti europei e del Sud America ed in particolare determinare l’incidenza di cellule tumorali positive per Epstein-Barr Virus (EBV) 
nelle due diverse popolazioni. Sono stati inoltre analizzati i dati clinici (età, sesso e caratteristiche dell’insorgenza della malattia) al 
fine di evidenziare analogie e differenze nel confronto con i dati abitualmente rilevati nelle ampie casistiche disponibili. Sono stati ana-
lizzati un totale di 50 casi di NPC: 24 da ospedali europei e 26 da ospedali Sud Americani. La marcatura nucleare dell’RNA codificato 
dall’Epstain-Barr virus è stata ottenuta mediante ibridizzazione in situ. L’espressione della proteina latente di membrana (LMP1), è stata 
invece misurata mediante analisi immunoistochimica. Nei pazienti europei è stata osservata un’incidenza più alta di NPC nei casi di età 
superiore a 40 anni, nei pazienti del Sud America, invece, l’incidenza era maggiore nei casi di età inferiore/uguale a 40 anni di età. In 31 
pazienti sono state riscontrate metastasi latero-cervicali linfonodali (di cui l’84.6% provenivano dal Sud America). Il 72% dei campioni è 
risultato positivo alla marcatura nucleare dell’RNA codificato dall’Epstain-Barr virus, con un’incidenza più alta nei casi di NPC di tipo 
3. L’EBV è stato rilevato nella gran parte delle cellule epiteliali dei campioni provenienti sia dagli ospedali europei che sud americani 
(75% vs. 69.2%). Una correlazione statisticamente significativa è stata riscontrata fra la positività alla marcatura nucleare dell’RNA 
codificato dall’Epstain-Barr virus e le origini del paziente (p = 0.0001). L’espressione della LMP1 è stata rilevata nel 64% dei pazienti. 
In conclusione la detezione della marcatura nucleare dell’RNA codificato dall’Epstain Barr Virus mediante ibridizzazione è la metodica 
più sensibile per dimostrare la presenza di EBV nei campioni tumorali. In nessuna delle popolazioni studiate si è osservata una incidenza 
più alta, statisticamente significativa, di EBV, evidenziata, invece, nei pazienti con NPC di tipo 3. La diagnosi istologica definitiva è stata 
raggiunta prima negli ospedali Europei piuttosto che in quelli sud americani, nei quali alla diagnosi erano più frequentemente presenti 
metastasi laterocervicali, indicative di uno stadio tumorale più avanzato al momento dell’inizio del trattamento. 
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Introduction
Nasopharyngeal carcinoma (NPC) accounts for 2% of 
all head and neck cancers in Europe and North America; 
the annual incidence in the United States is less than 1 
case/100,000 inhabitants/year. However, NPC is much 
more common in southern China, Taiwan, South-East 
Asia, North Africa, Greenland and Alaska, where rates 
of 30 to 50 cases/100,000 inhabitants/year have been 
reported  1. This remarkable geographical distribution 
pattern has led to the identification of high-risk (south-
ern China, Taiwan, South-East Asia), intermediate-risk 
(Maghreb and a number of African countries) and low-
risk areas.
The pathogenesis of NPC is multifactorial. Major con-
tributors include genetic and dietary factors, as well as 
demonstrated exposure to environmental carcinogens 2-5. 
The present study, comprising patients from two conti-
nents, sought to obtain data on the pathogenesis of NPC 
outside Far East Asia, where EBV is thought to play a 
major role in tumourigenesis. The association between 
EBV and NPC has been confirmed by identification of 
the virus genome in tumour cells. The EBV genome is 
widely found in cells involved in dysplasia or preinvasive 
lesions 6, indicating that EBV infection is a key event in 
the development of NPC.
The World Health Organization classifies NPC based on 
histology 7. Type 1, keratinizing squamous carcinoma, is 
characterized by well-differentiated cells that produce 
keratin. Type 2, non-keratinizing squamous carcinoma, 
varies in cell differentiation but does not produce kera-
tin. Type 3 is also non-keratinizing, but is less differen-
tiated, with highly variable cell types (clear cell, spindle 
cell, anaplastic). Type 2 and 3 NPC are EBV-associated, 
and have a better prognosis than type 1; EBV infection 
is generally absent in type 1, especially in non-endemic 
areas 8. However, more recent data indicate that almost 
all NPC, regardless of histological subtype, have co-
morbid EBV infections, which is strong evidence for 
EBV as the aetiological origin of NPC. This close asso-
ciation with EBV makes NPC unique among head and 
neck cancers.
Few studies have addressed the epidemiology, biological 
behaviour and prognostic factors of NPC outside Asia, so 
knowledge of this lesion remains limited in Western coun-
tries. Because of its very low incidence, epidemiological 
and clinical studies – particularly in Europe – are uncom-
mon, although a limited amount of aetiopathogenetic re-
search has been carried out in small patient series 9 10. The 
present study sought to determine the proportion of EBV-
positive tumour cells in NPC patients drawn from two 
very different populations (Europe and South America) in 
areas not associated with a high incidence of NPC. Clini-
cal data (age, sex and onset of clinical disease) were also 
compared to data in large patient series.

Materials and methods
Formalin-fixed, paraffin-embedded tissue sections from 21 
nasopharyngeal mucosa specimens and 29 cervical lymph 
nodes obtained during cavum biopsy or cervical lymph node 
dissection were retrieved from the files of the Hospital Uni-
versitario Virgen Macarena in Seville, Spain (HUVM) (24 
cases), the Hospital Sor María Ludovica La Plata in Buenos 
Aires, Argentina (HSML) (6 cases) and the Consultoría en 
Patología in Sao Paulo, Brazil (CPSP) (20 cases) between 
January 2007 and June 2010. All laboratory work was per-
formed in the pathology department of the HUVM.
Histological evaluation was performed by two patholo-
gists using haematoxylin/eosin staining. All NPC patients 
were classified according to WHO criteria (1975). Pa-
tient clinical and pathological data, including a number 
of epidemiological features, are summarized in Table  I. 
This study was approved by the appropriate hospital eth-
ics committees, and informed consent was obtained from 
all patients.
In-situ hybridization (ISH) was performed using an 
Epstein-Barr virus–encoded small RNA (EBER) PNA-
FITC probe (DAKO, Glostrup, Denmark), following the 
manufacturer’s instructions. Briefly, after sections were 
dewaxed, dehydrated, and digested with proteinase K, 
hybridization solution containing EBER/PNA-FITC was 
applied. After washing, DAKO anti-FITC solution was 
applied. The DAKO LSAB peroxidase-based visualiza-
tion kit and DAB were used as chromogens. Dark brown 
nuclear staining identified a positive hybridization sig-
nal. Results were expressed differently depending on the 
cell type. Epithelial cells were classed as EBER-positive 
when nuclear staining was detected; lymphocytes were 
deemed positive when staining was detected in > 5% of 
lymphocytes in the infiltrate. Positive and negative control 
slides were run for each specimen by replacing the EBV 
probe with a positive control fluorescein-conjugated PNA 
probe (DAKO, Glostrup, Denmark).
Paraffin-embedded tissue blocks from 50 NPC patients 
were cut into 3 μm sections and placed on APES pre-coat-
ed slides. Sections were dewaxed in xylene and rehydrated 
in alcohol and water. Immunohistochemical (IHC) stain-
ing was performed using the peroxidase-antiperoxidase 
technique following microwave antigen retrieval proce-
dure. Anti-LMP1 antibody (Abcam, USA) was overlaid on 
NPC tissue array sections and incubated overnight at 4ºC. 
Secondary antibody incubation was performed at room 
temperature for 30 min. Two pathologists independently 
scored the results of immunohistochemical staining, and 
any discrepant scores were re-examined to obtain a consen-
sus score. Samples were considered LMP1 positive when 
membrane staining was detected. Negative controls were 
obtained by replacing the primary antibodies with PBS.
Results were expressed as mean ± SEM or as percentage 
of total cases. Student’s t test was used to check inter-
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Table I. Clinical data and histological classification.

Age (years) Sex (f/m) Risk factors* Histological 
classification

Metastasis Hospital origin

1 25 M No Type 3 Yes HUVM

2 48 F No Type 3 Yes HUVM

3 75 M No Type 2 Yes HUVM

4 70 M Yes Type 3 No HUVM

5 55 M No Type 3 Yes HUVM

6 55 M No Type 1 No HUVM

7 56 F No Type 3 No HUVM

8 66 F No Type 3 Yes HUVM

9 53 M No Type 2 No HUVM

10 47 M Yes Type 3 Yes HUVM

11 71 M Yes Type 3 No HUVM

12 57 M No Type 3 No HUVM

13 56 M No Type 3 Yes HUVM

14 71 M No Type 3 Yes HUVM

15 45 M No Type 3 No HUVM

16 75 M Yes Type 3 No HUVM

17 44 F No Type 3 No HUVM

18 85 M No Type 3 No HUVM

19 46 M No Type 3 No HUVM

20 52 M No Type 3 No HUVM

21 85 F Yes Type 3 Yes HUVM

22 44 M No Type 3 No HUVM

23 35 M No Type 2 No HUVM

24 53 M No Type 3 No HUVM

25 12 M Yes Type 3 No HSML

26 18 F No Type 3 Yes HSML

27 18 M No Type 3 No HSML

28 12 M No Type 3 Yes HSML

29 8 F No Type 1 No HSML

30 33 M No Type 3 No HSML

31 24 M No Type 3 Yes CPSP

32 43 F No Type 3 Yes CPSP

33 16 F Yes Type 3 Yes CPSP

34 15 M No Type 3 Yes CPSP

35 31 M No Type 3 Yes CPSP

36 48 M No Type 2 Yes CPSP

37 42 M No Type 3 Yes CPSP

38 14 M No Type 3 Yes CPSP

39 18 F No Type 3 Yes CPSP

40 41 F No Type 3 Yes CPSP

41 77 M Yes Type 3 Yes CPSP

42 54 F No Type 3 Yes CPSP

43 49 M No Type 3 Yes CPSP

44 50 F No Type 3 Yes CPSP

(continues)
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group age differences, and Fisher’s test was used to ana-
lyze associations between variables. A p value < 0.05 was 
considered statistically significant.

Results

The 50 patients with NPC were aged between 8 and 77 
(mean 44 ± 10). The percentage of patients diagnosed 
in Europe and in South America was similar (48% vs. 
52%). There was a clear predominance of male patients 
(70%) regardless of patient origin (Fig. 1B). European 
patients were older than their South American coun-
terparts (57 ± 7.5 vs. 32 ± 8.5, p = 0.0001). Sixty-four 
per cent of all patients were over 40 years. An asso-
ciation was observed between origin and patient age 
(p = 0.0001). In the European hospital, most patients 
were over 40 years (91.6% of diagnosed cases), while 
in the South American hospitals most were under 40 
years (61.5% of diagnosed cases; Fig. 1C). A total of 
62% of patients had cervical lymph node metastasis, 

while the disease remained localized in the remaining 
38% of cases. An association was observed between 
patient origin and presence of metastases at diagnosis 
(p  =  0.0001). Metastases were more common in pa-
tients in South American hospitals than in the European 
Hospital (84.6% vs. 37.5%); Fig. 1D).
Alcohol consumption was reported in < 15% of patients, 
and only 18% were smokers. None of the patients reported 
high consumption of salted foods, and none worked in jobs 
associated with higher exposure to this type of tumour.
All NPC patients were classified according to WHO crite-
ria (1975) (Fig. 1A). Two patients (4%) had keratinizing 
carcinomas (type 1), four patients (8%) had differentiated 
non-keratinizing squamous carcinomas (type 2) and the 
remaining 44 patients (88%) had undifferentiated non-
keratinizing carcinoma (type 3). All patients received ra-
diotherapy plus chemotherapy (RT+CT). No correlation 
was found between clinical data (age, sex, recurrence, 
metastasis and mortality), histological type or mitotic 
numbers.

Epstein-Barr virus was detected 
in a large proportion of epithelial 
cells in samples from both Euro-
pean and South American hospi-
tals (75% vs. 69.2%; Fig. 2A). An 
association was found between 
EBER detection in lymphocytes 
and patient origin (p = 0.0001). In 
79.2% of European patients, EBV 
was detected in less than 5% of 
lymphocytes, while in 88.5% of 
South American patients, EBV 
was detected in over 5% of lym-
phocytes (Fig.  2B). Associations 
were also found between EBER 
detection in lymphocytes and 
both patient age (p = 0.036) and 
metastatic disease (p = 0.001). Pa-
tients in whom EBER was detect-
ed in less than 5% of lymphocytes 
were mostly aged over 40 years 
(81.8%), while most patients in 

Age (years) Sex (f/m) Risk factors* Histological 
classification

Metastasis Hospital origin

45 35 F No Type 3 Yes CPSP

46 39 M No Type 3 Yes CPSP

47 26 F No Type 3 Yes CPSP

48 47 M No Type 3 Yes CPSP

49 51 M Yes Type 3 Yes CPSP

50 17 M No Type 3 Yes CPSP

HUVM: Hospital Universitario Virgen Macarena, Spain; HSML = Hospital Sor María Ludovica, La Plata, Buenos Aires, Argentina; CPSP: Consultoría En Patología, Sao Paulo, 
Brazil; f/m: female/male; * alcohol and/or tobacco consumption, or high-risk occupation.

Fig. 1. (A) Histological type. (B) Sex by hospital origin. (C) Age by hospital origin. (D) Localized or metastatic 
disease by hospital origin. Data are expressed as means (%).

Table I.  (follows)
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whom EBER was detected in over 
5% of lymphocytes displayed 
metastatic disease (82.1%).
Positive membrane staining 
for LMP-1 in epithelial tumour 
cells was recorded in 64% of 
patients (Fig.  3); positive stain-
ing in European patients was 
slightly –  though not significant-
ly – higher than in South Ameri-
can patients (70.9% vs. 57.7%, 
respectively). An association 
was noted between LMP1 detec-
tion in lymphocytes and patient 
origin (p  =  0.0001). In 86.4% 
of European patients, LMP1 
was detected in less than 5% of 
lymphocytes, while in 82.1% of 
South American patients, LMP1 
was detected in over 5% of lym-
phocytes (Fig.  2B). Associations 
were also found between LMP1 
detection in lymphocytes and pa-
tient age (p = 0.036), and metastatic disease (p = 0.001). 
Most patients in whom LMP1 was detected in less than 
5% of lymphocytes were over 40 years (81.8%), while 
in patients displaying LMP1 in over 5% of lymphocytes 
metastatic disease was common (74.2%).
Neither EBER positivity nor LMP 1 positivity correlated 
significantly with clinical stage or histological type.

Discussion
The pathogenesis of NPC is multifactorial. A number of 
epidemiological and experimental studies point to the in-
volvement of dietary factors in the aetiology of the dis-
ease. Consumption of salted foods rich in volatile nitro-
samines has been identified as a proven risk factor 2 11. The 
tumour has also been linked to occupational factors, in-
cluding exposure to building materials, paint and inflam-
mable products, but only exposure to wood residues has 
so far been demonstrated to constitute a significant risk 4 5. 
Unlike other tumours of the head and neck, smoking ap-
pears to play a less important role in the development of 
NPC 12-14. No link with any risk factor was observed in the 
patients studied here.
In epidemiological terms, the relatively low incidence 
of NPC in the study countries means that the present re-
sults can only be meaningfully compared with findings 
for patient series from areas with a similar incidence 9 10. 
However, an attempt has been made to compare tumour 
pathogenesis in the two non-endemic areas.
In the present study of 50 patients, 64% were over 40 
years old, a finding also reported for other patient groups 
in countries with a low incidence of NPC 15-17. Neverthe-

Fig. 2. EBER identification by ISH: (A). Epithelial cells. (B) Lymphocytes. Data are expressed as mean per-
centage of positive-staining cells (%). (C) (20×). (D) (40×). Positive hybridization of epithelial cells and lym-
phocytes.

Fig. 3. LMP1 expression by IHC. (A) Data expressed as mean percentage of 
positive-staining cells (%). (B) (40×).
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less, in the European hospital most patients were over 40 
years (91%), while in the South American hospitals only 
38.5% were over 40. Although this finding is not easy to 
interpret, any attempt to seek a genetic or environmental 
explanation must start from the assumed involvement of 
factors characteristic of countries where NPC is relatively 
endemic. Most patients in the two South American hospi-
tals were from Brazil, a country with a larger Asian popu-
lation than Spain, and more particularly Seville, where the 
European hospital is located. Various conclusions may be 
drawn from the findings of the present study. Firstly, de-
spite the histologically-aggressive appearance of the NPCs 
(mainly type 3) and despite reports in the literature high-
lighting their considerable ability to spread 18-20, most cas-
es were diagnosed in the early stages of the disease, when 
involvement was only locoregional. Secondly, metastases 
were observed in 62% of patients, while the disease was 
localized in the remaining 38%. This would suggest that 
NPC is a fairly silent, locally-aggressive tumour with a 
prolonged clinical period facilitating invasion of the lym-
phatic plexus and the appearance of metastases with no 
other clinical signs or symptoms striking enough to lead to 
an earlier diagnosis. Finally, attention is drawn to the fact 
that this study included 50 cases drawn from hospitals on 
different continents. The incidence of metastasis was sig-
nificantly greater in South American patients (84.6% vs. 
37.5%). This difference reflects a certain degree of bias, 
in that one of the two South American hospitals mainly 
receives cases referred from other centres for exhaustive 
analysis and a decision on treatment. Moreover, access to 
healthcare facilities is more restricted in South America 
than in Spain, so diagnosis is often delayed.
The present study sought to demonstrate the involvement 
of EBV in NPC by immunohistochemical analysis of 
LMP1 expression, and also used the ISH technique to test 
for EBV latency in tumour cells. This technique has been 
described as highly sensitive (98%) and highly specific 
(100%) in this type of tumour 21, although lower figures 
are sometimes reported in the literature. Most studies re-
port a 90-100% association of EBV with type 3 NPC, and 
a less marked association with more differentiated forms 
of NPC (types 1 and 2) 22.
Here, 72% of patients were EBER-positive. No signifi-
cant correlation was observed with clinical stage or his-
tological type, although the highest EBER-positive rate 
was found in patients with type 3 NPC, which is consist-
ent with the presence of cervical lymph node metastases. 
Similar results (65% EBER positive) were reported by 
Gabusi et  al. 9 in a group of 26 NPC patients of Italian 
origin, most of whom had type 3 NPC. A study of NPC in 
Tunisian patients also found that almost 100% of patients 
with type 3 NPC were EBER-positive 10. All this seems to 
suggest greater involvement of EBV in the genesis of type 
3 (undifferentiated) NPC; this is the predominant type in 
the Asian population, where EBV is virtually endemic.

In this study, the results obtained for IHC detection of 
LMP1 were similar to those reported in other non-Asian 
patients, although 62% of patients were LMP1-positive, 
compared with around 10% of patients in other studies 
in the Mediterranean area  21. However, this included all 
histological types of NPC, rather than just type 3. There 
are striking exceptions to this generally uniform trend; in 
a study carried out in Virginia (USA), all NPC patients 
tested were found to be negative for LMP1 23.
In general, however, the present results confirm the corre-
lation between the two viral infection markers, LMP1 and 
EBER, in roughly the same proportion of patients (around 
two-thirds) reported in other studies 18 24. It should be not-
ed, however, that ISH for the detection of EBER in paraf-
fin-embedded tissues is both more sensitive and more spe-
cific for demonstrating EBV than IHC techniques aimed 
at detecting LMP1. The relationship between EBV detec-
tion and differences in patient origin suggests the need for 
further epidemiological and virological research.
To conclude, mean patient age was significantly high-
er in the European group than in the South American 
group. The definitive histological diagnosis of NPC was 
reached earlier in European than in South American 
hospitals, where metastases were more frequently diag-
nosed, suggesting that the disease had reached a more 
advanced stage by the time treatment was started. A very 
high rate of joint presentation of NPC and EBV infection 
is reported in patients from high-risk countries, where 
type 3 NPC (lymphoepithelioma) displays a predomi-
nance approaching 100%. Joint presentation of NPC and 
EBV was less marked in South American and Spanish 
patients, among whom type 3 NPC was slightly less pre-
dominant.
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