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Chapter 1:

Introduction
Nasopharyngeal carcinoma (NPC) is a very distinct type of head and neck squamous cell carcinoma 
(HNSCC) with a geographical and ethnic distribution which is quite unlike any other HNSCC[1].  
Though rare among people of European descent, it is particularly common in people of Asian and North 
African descent[2]. Genetic, epigenetic and other factors contributing to the genesis of NPC are still 
largely unknown. As more knowledge about cancer is important for new diagnostic and therapeutic 
modalities, learning more about the different subtypes of NPC and the underlying molecular landscape 
is of added value. The 3rd edition of the World Health Organization (WHO) classifies NPC into 3 dif-
ferent subgroups, which are (I) the keratinizing, which has classically been smoking related[3], (II) the 
non-keratinizing, and finally (III) the basaloid NPC. Epstein Barr virus (EBV) has been proposed to be 
very important in the pathogenesis of NPC, with especially the non-keratinizing NPC having a strong 
relationship with EBV infection[4]. 

Comparisons have been drawn with oropharyngeal carcinoma which can also be a viral related cancer, 
with the human papilloma virus (HPV) playing a central role[5]. We know that there are high risk and 
low risk HPV subtypes with the high risk subtypes causing cancer, but we do not know if this is the 
case for EBV. We also know that certain host factors (i.e. HLA) make patients more susceptible to be-
ing infected with specific types of EBV[6,7], and also that a genetic predisposition to develop NPC has 
been suggested[8,9]. It might also be that there are multiple common variant loci with a weak effect[10] 
that contribute to NPC susceptibility. An interesting characteristic of EBV is that it is a virus which is 
tropic to lymphocytes, but in NPC it infects epithelial cells. We should then ask ourselves whether the 
squamous/ transitional epithelial cells of the nasopharynx (and also the oropharynx) might have special 
properties compared to other epithelia in the body, which make them more susceptible to viral infec-
tions as the NPC cells are postulated to be an immature basal lining epithelium[11]. EBV infection also 
occurs in lesions with mature epithelium (examples of which are hairy leukoplakia and apoptotic enter-
opathy), but these lesions occur only rarely. We, however, do not know whether EBV infects an atypical 
(altered) target epithelial cell or the normal nasopharyngeal mucosa.  

What we do know is that EBV infects nasopharyngeal epithelium in a quite distinct manner. In B-lym-
phocytes infection occurs through endocytosis, but in epithelium EBV infection occurs through fusion 
with the cell surface[12]. The soluble EBV glycoproteins gH, gL and gp42 bind receptors which trigger 
fusion-epithelial cell entry[12]. Unfortunately what exactly coordinates this fusion, and to what epithe-
lial receptors the glycoproteins bind, is still unknown. It is hypothesized that CD21, the EBV receptor 
on human B-cells, is also present on oropharyngeal epithelial cells[13], and binding of the major EBV 
envelope glycoprotein gp350/220 with CD21 initiates infection. 

The exact role of EBV in the different subtypes of NPC is also still unclear. Some have suggested EBV 
playing an important role in all NPC, regardless of subtype[14]. Whether EBV’s role is a driver in the 
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development of NPC, or a mere opportunistic infection, or whether specific EBV subtypes are impor-
tant, remains to be properly evaluated. There is circumstantial evidence arguing that EBV has a role in 
the tumorigenesis of NPC (i.e. EBV positivity in pre-malignant lesions of the nasopharynx[15], but also 
findings that contradict this like p16 inactivation occurring before EBV infection in the nasopharyngeal 
epithelial cells[16]). We also know that post-radiotherapy monitoring of EBV DNA has been validated 
as the most significant prognostic biomarker in NPC patients[17], but this finding does not support nor 
denounce the possible essential role of EBV in NPC pathogenesis. LMP1 and LMP2, which are viral 
oncogenes, are postulated as being important in NPC pathogenesis. LMP1-CTAR1 is said to induce 
proliferation of NPC cells through the EGFR-pathway[18]. LMP2, an EBV encoded protein, is postu-
lated to also be important to tumorigenesis as it induces epithelial to mesenchymal transition[19]. 
This gives the tumor cells stem cell like features, and promotes invasion. A problem with the hypothesis 
of LMP1 and LMP2 driving NPCs pathogenesis is that LMP1 and LMP2 are only expressed in a sub-
set of NPC, and at lower levels[20]. Another possible EBV-related oncogenic protein is EBNA1 which 
is consistently detected in EBV infected tumor cells, but as correlation of this protein with survival is 
inconsistent, its function in tumor induction is also controversial[21].

The mainstay in treating NPC is radiotherapy, and also possibly chemotherapy and surgery, with treat-
ment approaches differing based on stage of disease. It appears that the EBV positive NPCs are more 
radiosensitive, and also possibly associated with better survival than the non-EBV related NPCs[22], 
but there is still not enough evidence to justify treating the different subtypes differently.  Molecular 
targeted therapies (i.e. epidermal growth factor inhibition, vascular endothelial growth factor inhibition) 
and immunotherapies (i.e. adoptive immunotherapy, therapeutic EBV vaccination, immune checkpoint 
inhibitors) are also being tested in especially recurrent and metastatic NPCs. 

Outline of the thesis
The questions we will try to answer with this thesis regarding NPC are: 

Are there more factors at play besides EBV, like a genetic predisposition to developing tumors? Is EBV 
infection a first hit or a second hit, or is the relationship much more complex with also other factors 
at play (i.e. environmental/ genetic factors)? In chapter 2 we will evaluate the epidemiology of non-
keratinizing and keratinizing NPC, and the risks of developing second malignancies. This will give us 
insight in possible differences in susceptibility/ pathology of developing neoplasms in patients with dif-
ferent subtypes of NPC. 

Is EBV primarily responsible for the genesis of NPC, or can it better be considered a co-infection? As 
we know EBV to play a role in the pathogenesis of lymphoid neoplasms through the NfkB pathway[23] 
we study in chapter 3 which molecules (i.e. in the EGFR associated pathway) are drivers in NPC 
through studying there prognostic significance. 

Are there genetic and epigenetic differences between keratinizing and non-keratinizing NPC? As the 
role of EBV in the different subtypes of NPC is still unclear we will assess differences in copy number 
alterations of oncogenes in chapter 4, and differences in tumor suppressor gene promotor hypermethy-
lation in chapter 5. 

As NPC is classically known as a lymphoepithelial carcinoma, are there differences in the lymphocyte 
infiltrate between the subtypes, and if there are differences, what role does the composition of the infil-
trate have in the prognosis of NPC? We study the differences of tumor infiltrating lymphocytes between 
the different subtypes of NPC in chapter 6, but as macrophages have also been implicated to be of 
importance in the tumor microenvironment we evaluate differences in tumor associated macrophages 
regarding NPC subtypes in chapter 7. 
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Can EBV status influence the expression of special markers in NPC? In chapter 8 we will discuss the 
expression of somatostatin receptor 2 expression in NPC based on EBV status, and what clinical impli-
cation this can have.
Finally in chapter 9 we provide a brief summary and discussion of our most important findings and draw 
some conclusions. 
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Abstract
Objective: Risk assessment of second head/ neck and Epstein Barr virus (EBV)-related malignancies in 
patients with different nasopharyngeal carcinoma (NPC) subtypes

Methods: This is a cross-sectional study. Pathology records were retrieved from PALGA (a Dutch pa-
thology registry database) between 1995-2013. Second primary malignancy (SPM) data was extracted 
from PALGA. Odds ratios (OR) for SPM in the head/ neck, and the upper/ lower airways were calcu-
lated using logistic regression. Pearson χ2-test and Fisher’s exact test were used to assess the relationship 
between NPC (and EBV-status) with SPM. Standardized incidence rates (SIR) were calculated.

Results: Histologically diagnosed NPC (keratinizing, undifferentiated and differentiated non-keratini-
zing subtypes) (n=1175) were identified.  NPC patients have an increased risk of second head/ neck 
malignancies (SIR 4.7 95%CI 3.3-6.5). Keratinizing NPCs have an OR of 1.947 (95%CI 1.362-2.782) 
for SPM, an OR of 4.026 (95%CI 2.308-7.023) for carcinomas of the upper/ lower airways, an OR of 
4.306 (95%CI 2.299-8.066) for head/ neck malignancies,  an OR of 5.289 (95% CI 2.740-10.211) for 
HNSCC with a SIR of 4.7 (95CI 3.3-6.5).  Non-keratinizing NPCs also have an increased risk of head/ 
neck malignancies with a SIR of 3.2 (95%CI 1.8-5.1), but less than keratinizing NPCs (p = <0.001). 
Positive EBV-status is not associated with (EBV-related) SPM. 

Conclusion: NPCs have a higher risk of SPM regardless of EBV status. SPM (especially HNSCC and 
malignancies of the upper aerodigestive tract) are more prevalent in keratinizing NPC compared to non-
keratinizing NPC. Close clinical follow-up of NPC patients, with specific attention on SPM, is justified. 
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Introduction
Nasopharyngeal carcinoma (NPC) has a high incidence in Asian countries, but is a relatively uncom-
mon tumor in western populations[1]. Its etiology is multifactorial. A possible relationship with envi-
ronmental factors and a strong genetic predisposition to develop a NPC has been found[2]. Familial 
aggregation and susceptibility gene loci for NPC have been described[3,4]. An important etiologic and 
prognostic factor in NPC is infection with the Epstein Barr Virus (EBV)[2]. Presence of EBV DNA in 
the peripheral-blood cells is associated with poorer prognosis[5]. A higher degree of EBV load is also 
associated with a higher tumor burden, progression and recurrence[2,6,7]. 

EBV has been implicated in the development of a number of malignancies besides NPC such as gastric 
adenocarcinomas, lymphomas, leiomyosarcomas, and lymphoepithelioma-like carcinomas[8]. Various 
previous studies have assessed the risk of developing especially second head and neck malignancies in 
patients with NPC[9-13], but the degree of risk and its relationship with NPC subtype and EBV status 
has not yet been studied. The concept of field cancerization has also not yet been evaluated in the devel-
opment of second malignancies in NPC patients. 

The World Health Organization (WHO) categorizes three main histological subtypes of NPC: the ke-
ratinizing squamous cell carcinoma (WHO type I), the well differentiated non-keratinizing squamous 
cell carcinoma (WHO type II) and the undifferentiated squamous cell carcinoma (WHO type III). 
Basaloid squamous cell carcinomas make up a separate entity and are recognized as such by the WHO. 
WHO types II and III NPC can be grouped together in the category non-keratinizing carcinomas ac-
cording to the second and third edition of the WHO, because both show a high correlation with positive 
EBV-status, cervical node metastasis and sensitivity to radiotherapy[14,15].

It is known that head and neck squamous carcinoma (HNSCC) patients have a higher risk of second 
carcinomas in the upper aerodigestive tract, i.e. head and neck, esophagus and lungs[16-18]. However, 
little is known about the incidence of second malignancies in patients with NPC. Mainly Asian studies 
have tried to elucidate the risk of developing second malignancies in patients with NPC[12,19].  These 
studies showed an increase in second head and neck malignancies in NPC patients. But the susceptibility of 
patients with NPC to develop other malignancies requires further attention, both in Asian and west-
ern populations, especially because of possible differences in tumor biology in the different subtypes 
of NPC. Molecular studies have shown differences in EBV status of NPC depending on geographical 
region, with EBV positivity in NPC increasing in high incidence areas and decreasing in low incidence 
areas[20], [21].  In short, the keratinizing NPC tend to carry a lower copy number of EBV and EBV-
encoded small RNAs (EBER) positivity which is usually restricted to epithelial cells with a basal type 
morphology. 

Because NPC occurs at a relatively early age and has a reasonable prognosis, NPC patients may be at 
risk for second primary tumors. Depending on this risk, NPC patients may be candidates for closer and 
longer follow-up.  Additional information about the development of second malignancies might give 
more insight in the genetic and environmental factors at play in western populations, which have a very 
low incidence of NPC. In this study, the largest Dutch nationwide cohort to date, we assess the risk of 
patients with NPC developing second head and neck and (EBV-related) malignancies, and also taking 
into account the different histological subtypes.  

Materials and methods
This study is compliant with the Strengthening the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) guidelines[22]. All patients with a primary  histologically confirmed diagnosis of NPC 
(n=1175) during the period of 1995 till 2013 in the Netherlands were included in the database.
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Through the PALGA database  (pathology registry database; a Dutch pathology registry database) all 
additional histologically diagnosed malignancies from patients in this cohort were retrieved, both before 
and after the diagnosis of NPC. PALGA has a nationwide coverage[23]. Anatomical sites, cancer types 
and dates of diagnosis of all malignancies were extracted. Furthermore sex and age at time of diagnosis 
were extracted.

Crude incidence rates for head and neck malignancies and (other) EBV related malignancies in the 
Netherlands were obtained from the Dutch National Cancer Registry (NCR) (www.cijfersoverkanker.
nl). The NCR registers all patients who have a histologically proven malignancy, but also patients with 
cancer diagnosed through different means (e.g. hematologic laboratory) who are admitted in a hospi-
tal in the Netherlands. At least 95% of all cancers in the Netherlands are registered in the NCR[24]. 
Multiple tumors from a single patient can be registered in the NCR.  All malignancies in the PALGA 
database were included. The malignancies were categorized according to the tenth edition of the Inter-
national Classification for Diseases (www.who.int/classifications). Whenever possible the EBV status 
and histological subtypes of NPC according to the WHO were extracted from the PALGA database.  
The NPCs were categorized as follows: (1) keratinizing squamous cell carcinoma (WHO type I NPC), 
(2) well differentiated non-keratinizing squamous cell carcinoma (WHO type II NPC), (3) non-kera-
tinizing undifferentiated squamous cell carcinoma (WHO type III NPC), (4) non-keratinizing NPC 
(all non-keratinizing NPC as one group because of their association with EBV), and (5) basaloid squa-
mous cell carcinomas. A second primary malignancy (SPM) was defined using the modified criteria of 
Warren and Gates by Morris et al[10]. In short, a SPM is a metachronous invasive solid cancer, which 
is located at the same site but is non-squamous in origin, or developed at a different site (> 1.5 cm). If 
the SPM is of squamous origin and developed in the same region as the index tumor, then a period of 
greater than 5 years should have passed since the index tumor was diagnosed.  The specific sites for sec-
ond malignancies studied were the upper and lower airways. The upper airways/ head and neck region 
included oral cavity, oropharynx, nasopharynx, hypopharynx, larynx, nasal cavity and sinuses. The lower 
airways included trachea, bronchi and lungs. Also malignancies of the esophagus were included. In ad-
dition adenocarcinomas of the stomach were included because of the possible association with EBV 
infection. Sarcomas of the head and neck were studied because these may be EBV related or related to 
previous radiotherapy due to NPC. We also included a category of overall second primary malignancy 
(meaning a SPM anywhere in the body) and a category of head and neck malignancies. The category of 
head and neck malignancies included all carcinomas (i.e. squamous cell carcinomas, adenocarcinomas, 
undifferentiated carcinomas, anaplastic carcinomas, adenosquamous carcinomas).

Statistical analysis
To assess whether malignancies of the head and neck were more frequent in the population of patients 
with NPC we calculated standardized incidence ratios (SIR) (see annex 3 online as supplementary in 
Oral Oncol 2016;56:40-46). The SIR is obtained by dividing the observed number of cases by the ex-
pected number of cases (SIR = (observed cases/ expected cases) X 100). The expected number of cases 
was calculated taking into account age-, gender, geographical location and year-specific crude incidence 
rates of primary cancers. The SIR shows whether the number of observed cases is higher than expected 
for age, gender, geographical region and time period. We assumed a Poisson distribution when calcu-
lating the 95% confidence intervals (95% CIs) for the observed number of cases.  Through univariable 
binary logistic regression analysis we assessed whether patients with different subtypes of NPC were at 
increased risk of developing other malignancies of the upper and lower airways, or malignancies related 
to EBV. Odds Ratios (OR) were calculated for the following (sub)sites: second malignancies overall, 
malignancies of the upper and lower airways (including malignancies of the esophagus), head and neck 
malignancies (all carcinomas), HNSCC, malignancies (all carcinomas) of the lower airways, sarcomas, 
lymphomas and adenocarcinomas of the stomach. Associations between clinicopathological characteris-
tics and SPM in anatomical sites were analyzed using ANOVA for continues variables and Pearson X2-
test or the Fisher’s exact test for categorical variables.  The Fisher’s exact test was used when there were 
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less than  five expected frequencies in any of the cells in the contingency table. In all other instances the 
Pearson X2-test was used. We used IBM SPSS 22 software to perform the statistical analysis. P-values 
< 0.05 were considered significant. 

Results
A total of 1175 patients with histologically proven primary NPC were identified in the PALGA database 
from 1995-2013. The combined incidence of NPC from 1995 till 2013 (see annex 1) showed a mean of 
60 (standard deviation (SD) 9; median being 62 (range: minimum was 45 in 2013 and maximum was 
75 cases in 2011)). The median age of diagnosis of a NPC was 55 years (range 9-96). The male to female 
ratio was 2 to 1. The EBV status could be extracted in 39.6% (n = 465) of cases. Of the 1175 cases, 191 
were categorized as keratinizing (WHO type I) NPC and 920 were categorized as non-keratinizing 
NPC. We further subtyped the non-keratinizing NPC as non-keratinizing differentiated (WHO type 
II) NPC (n = 67) and non-keratinizing undifferentiated (WHO type III) NPC (n = 763). In 90 cases 
no subtyping could be made of the non-keratinizing NPCs in the subcategories differentiated (WHO 
type II) or undifferentiated (WHO type III) NPC.  Only 2 patients were identified as having a basaloid 
squamous cell carcinoma of the nasopharynx. Clinical and histological features with rates of histologi-
cally proven SPM related to EBV or located in the upper and/ or lower airways are listed in Table 1. 
The different malignancies at different sites are listed in annex 2. 

The clinicopathological characteristics and their association with the different subsites are listed in Table 
2. Keratinizing (type I) NPC showed significantly more malignancies than the NPC group as a whole 
in carcinomas of the upper and lower airways (p < 0.001), head and neck malignancies (all carcinomas) 
(p < 0.001), HNSCC (p < 0.001), but also in the development of SPM as a whole (p < 0.001). The 
groups non-keratinizing NPC and NPC type III had a negative correlation with the development of 
malignancies with NPC type I as a reference (p < 0.001) in the aforementioned areas. This was also seen 
in type II NPC (carcinomas of the upper and lower airways (p = 0.007), head and neck malignancies (all 
carcinomas) (p=0.021) and HNSCC (p = 0.021)). There was also a significant association between older 
age and the development of sarcomas of the head and neck (p < 0.01), head and neck malignancies (all 
carcinomas) (p = 0.031),  HNSCC (p = 0.022), carcinomas of the upper and lower airways (p 0.014) and 
SPM (p < 0.001). A positive EBV status of the NPC was not statistically associated with the develop-
ment of other (EBV related) malignancies. A significant correlation between positive EBV status and 
the group non-keratinizing NPC was observed (P < 0.001). Positive EBV status also had a statistically 
significant correlation (P < 0.001) with NPC type III, but this association was not observed with the 
group type II NPC.

The odds ratios (OR) for the development of second malignancies of the subsites are listed in Table 
3. The keratinizing (type I) NPC was associated with the development of SPM with an OR of 1.947 
(95% CI 1.362-2.782), carcinomas of the upper and lower airways with an OR of 4.026 (2.308-7.023), 
head and neck malignancies with an OR of 4.306 (2.299-8.066), and HNSCC with an OR of 5.289 
(2.740-10.211). When looking at the NPC group as a whole, the non-keratinizing NPC correlated with 
a decreased risk of developing SPM with an OR of 0.517 (0.364-0.734), carcinomas of the upper and 
lower airways with an OR of 0.262 (0.154-0.445), head and neck malignancies with an OR of 0.229 
(0.125-0.418), and HNSCC with an OR of 0.191 (0.102-0.358). 

All SIRs with subsites are listed in table 4. Compared to the Dutch population there is an increased risk 
in head and neck malignancies in the NPC patient group as a whole with a SIR of 4.7 (95% CI 3.3-6.5), 
but also in the group non-keratinizing NPC with a SIR of 3.2 (95% CI 1.8-5.1), and the keratinizing 
(WHO type I) NPC with a SIR of 7.7 (95% CI 3.9-13.5). 
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Number of 
NPC (%)

Second 
primary 

malignancy
(N) (%)

Secondary 
upper and 

lower airway 
malignancy

(N) (%)

Secondary 
head and 

neck
malignancies

(N) (%)

HNSCC 
(N) (%)

Secondary
lower 

airway
malignancies

(N) (%)

Sarcomas
(N) (%)

Lymphomas
(N) (%)

Secondary 
adeno-

carcinoma 
of the

stomach
(N) (%)

Gender
Male

Female

829 (70.6)

346 (29.4)

160 (67,5)

77 (32,5)

42 (68)

20 (32)

32 (65,3)

17 (34,7)

29 (64,4)

16 (35,6)

11 (78,6)

3 (21,4)

4 (80)

1 (20)

12 (92,3)

1 (7,7)

2 (66,7)

1 (33,3)

Age at NPC
diagnosis
Mean

Median

54
(SD 16,1)
55
(range 9-96)

54
(SD 16,1)
55
(range 9-96)

59
(SD16,1)
60
(range 26-83)

59
(SD 8,9)
60
(range 36-80)

59
(SD 9,3)
59
(range 36-71)

60
(SD 12,2)
61
(range 36-78)

35
(SD 15)
28
(range 19-48)

57
(SD 22,7)
67
(range 34-78)

68 
SD 9,5)
63
(range 61-63)

Age groups 
at diagnosis 
(years)
0-14

15-29

30-44

45-59

60-74

75 + 

26 (2.2)

66 (5.6)

209 (17.8)

398 (33.9)

367 (31.2)

109 (9.3)

2 (0,8)

3 (1,3)

15 (6,3)

81 (34,2)

99 (41,8)

37 (15,6)

0

1 (1,6)

5 (8,1)

28 (45,1)

17 (27,4)

11 (17,7)

0

1 (2)

3 (6,1)

23 (46,9)

14 (28,6)

8 (16,3)

0

1 (2,2)

2 (4,4)

21 (46,7)

14 (31,1)

7 (15,6)

0

0

2 (14,3)

6 (42,9)

3 (21,4)

3 (21,4)

1 (20)

2 (40)

2 (40)

0

0

0

1 (7,6)

1 (7,6)

0

6 (46,1)

2 (15,4)

3 (23)

0

0

0

0

3 (100)

0

Histologic
subtype
Keratinizing 
NPC (Type I)
Non-
keratinzing 
NPC (typeII)

Undifferen-
tiated NPC 
(typeIII)

Basaloid 
squamous cell 
carcinoma

Non-
keratinizing 
NPC 

Unknown

191 (16.2)

67 (5.7)

763 (64.9)

2 (0.2)

920 (78.3)

64 (5,4)

57 (27.8)

12 (5.9)

136 (66.3)

1 (0.4)

167 (74.2)

25 (47.2)

1 (1,8)

26 (49.1)

1 (1.8)

33 (55.2)

20 (47.6)

1 (2.4)

20 (47.6)

1 (2.4)

25 (54.3)

20 (52.6)

1 (2,6)

16 (0.44)

1 (2.8)

21 (50.0)

5 (41.7)

0

7 (58.3)

0

9 (71.4)

1 (20)

0

4 (80)

0

4 (80)

1 (9.1)

0

10 (90.9)

0

11 (91.7)

0

0

2 (40)

0

3 (100)

EBV status
Yes
No
Unknown

386 (32.9)
79 (6.7)
710 (60.4)

55 (14,3)
330 (85,7)

8 (66,7)
4 (33,3)

7 (70)
3 (30)

6 (75)
2 (25)

2 (66,7)
1 (33,3)

1 (100)
0

3 (100)
0

2 (100)
0

HNSCC = head and neck squamous cell carcinoma
NPC = nasopharyngeal carcinoma
EBV = Epstein-Barr virus

Table 1. Clinical and histological features
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*Carcinomas of the upper and lower airways: Second squamous cell carcinoma, adenocarcinoma, undifferentiated carcinomas, anaplastic carcinomas adeno-
squamous carcinomas
**Age at diagnosis of the NPC
Differences between clinicopathological characteristics and secondary malignancies (and subsites) were analyzed using ANOVA for continues variables and 
Pearson X2-test or the Fisher’s exact test for categorical variables. The Fisher’s exact test was used when there were less than  5 expected frequencies in any of 
the cell in the contingency table. Statistical significance was set at p < 0.05. Significant values are depicted in bold.
NPC = nasopharyngeal carcinoma, EBV = Epstein-Barr virus, SCC = squamous cell carcinoma

Table 2. Clinicopathological associations

Second 
primary 

malignancy

Carcinomas 
of the upper 

and lower 
airways*

Head and 
Neck

malignancies

SCC of the 
Head and 

Neck

Carcinomas 
of the lower 

airways

Sarcomas 
of the Head 

and Neck

Lymphomas Adenocarcinomas 
of the stomach

Gender 0.254 0.618 0.410 0.359 0.371 1.000 0.124 1.000

Type I NPC <0.001 <0.001 <0.001 <0.001 0.441 1.000 0.700 1.000

Type II 
NPC

0.058 0.020 0.021 0.021 0.331 1.000 1.000 -

Type III 
NPC

<0.001 <0.001 <0.001 <0.001 0.072 1.000 0.703 1.000

Non-
keratinizing
(Type II and 
III NPC)

<0.001 <0.001 <0.001 <0.001 0.078 1.000 0.703 1.000

Unclassifi-
able NPC 
compared 
to non-
keratinizing 
NPC

0.815 0.732 0.414 0.189 1.000 1.000 0.545 1.000

Unclassi-
fiable NPC 
compared to 
keratinizing 
NPC

0.047 0.048 0.045 0.045 0.470 1.000 0.586 0.443

EBV 0.301 0.129 0.385 0.629 0.429 1.000 1.000 1.000
Unknown 
EBV status 
compared 
to positive 
EBV status

<0.001 <0.001 0.004 0.003 0.163 1.000 0.563 0.253

Unknown 
EBV status 
compared 
to negative 
EBV status

0.783 1.000 0.578 0.764 1.000 1.000 1.000 1.000

Age ** <0.001 0.014 0.031 0.022 0.297 <0.001 0.717 0.386
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Table 3. Odds ratios

Second 
primary 

malignancy

Carcinomas 
of the upper 

and lower 
airways*

Head and 
Neck malig-

nancies

SCC of the 
Head and 

Neck

Carcinomas 
of the lower 

airways

Sarcomas 
of the Head 

and Neck

Lymphomas Adenocarcinomas 
of the stomach

Gender 1.195
(95% CI

0.880-1.624)

1.150
(95% CI

0.665-1.988)

1.287
(95% CI 

0.705-2.350)

1.338
(95% CI 

0.717-2.496)

0.650
(95% CI 

0.180-2.346)

0.598
(95% CI 

0.067-5.368)

0.197
(95% CI

0.026-1.524)

1.119
(95% CI

0.108-13.261)

Type I NPC 1.947
(95% CI

1.362-2.782)

4.026
(95% CI 

2.308-7.023)

4.306
(2.299-8.066)

5.289
(95% CI 

2.740-10.211)

3.168
(95% CI 

0.995-0.092)

1.089
(95% CI 

0.121-9.803)

0.433
(95% CI 0.055-

3.400)
-

Type II NPC 0.957
(95% CI

0.500-1.832)

0.734
(95% CI 

0.172-3.127)

0.482
(95% CI 

0.064-3.612)

0.576
(95% CI 

0.076-4.353)
- - - -

Type III NPC 0.745
(95% CI

0.470-1.180)

0.532
(95% CI 

0.236-1.199)

0.529
(95% CI 

0.208-1.345)

0.421
(95% CI 

0.162-1.098)

1.139
(95% CI 

0.139-9.337)
-

1.633
(95% CI

0.207-12.873)
-

Non
keratinizing 
NPC
(Type II and 
III NPC)

0.517
(95% CI

0.364-0.734)

0.262
(95% CI 

0.154-0.445)

0.229
(95% CI 

0.125-0.418)

0.191
(95% CI 

0.102-0.358)

0.371
(95% CI 

0.123-1.121)

0.838
(95% CI 

0.093-7.543)

2.323
(95% CI 0.298-

18.103)
-

EBV 1.406
(95% CI

0.749-2.642)

2.520
(95% CI 

0.740-8.583)

2.137
(95% CI 

0.541-8.451)

1.645
(95% CI 

0.326-8.304)

2.462 95% 
CI 0.220-
27.483)

- - -

*Carcinomas of the upper and lower airways: Second squamous cell carcinoma, adenocarcinoma, undifferentiated carcinomas, anaplastic
  carcinomas adenosquamous carcinomas
Through univariable binary logistic regression analysis we assessed whether patients with NPC were at increased risk of developing other
malignancies of the upper and lower airways, or malignancies related to EBV. Statistical significance was set at p < 0.05. 
Significant values are depicted in bold. 
NPC = nasopharyngeal carcinoma 
SCC = squamous cell carcinoma
EBV = Epstein-Barr virus

Significant values are depicted in bold. The SIR is obtained by dividing the observed number of cases by the expected number of cases.
The expected number of cases was calculated taking into account age, gender, geographical location and year-specific crude incidence rates
of primary cancers. The SIR shows whether the number of observed cases is higher than expected for age, gender, geographical region and
time period. A Poisson distribution was assumed when calculating the 95% confidence intervals (95% CIs) for the observed number of case 

Table 4. Standardized Incidence Ratios
(SIR) from 1995-2013

SIR 95% lower limit 95% upper limit

Head and Neck malignancies

NPC group as a whole

Non-keratinizing NPC 

Keratinizing NPC 

4.7

3.2

7.7

3.3

1.8

3.9

6.5

5.1

13.5

Larynx 3.8 1.7 7.1

Oral cavity 1.8 0.5 4.5

Pharynx 7.5 3.9 13.0

Nasal cavity and sinuses 4.6 0.6 16.7

Lower airways 0.4 0.2 0.7



21

Significant values are depicted in bold. The SIR is obtained by dividing the observed number of cases by the expected number of cases.
The expected number of cases was calculated taking into account age, gender, geographical location and year-specific crude incidence rates
of primary cancers. The SIR shows whether the number of observed cases is higher than expected for age, gender, geographical region and
time period. A Poisson distribution was assumed when calculating the 95% confidence intervals (95% CIs) for the observed number of case 

The NPC patient group as a whole also showed an significantly increased risk in the subsites larynx with 
a SIR of 3.8 (95% CI 1.7-7.1) and pharynx with a SIR of 7.5 (95% CI 3.9-13.0), but a decreased risk in 
the lower airways with a SIR of 0.4 (95% CI 0.2-0.7). 
Most sarcomas (4 out of 6) were located in the head and neck, and all developed after the diagnosis of 
NPC. The mean period for developing a sarcoma was 9.6 years (SD 5.3) with a minimum of 5.1 years 
and a maximum of 16.2 years.

Discussion
In this study, as already has been shown in the literature[9,12,13], we found that the patients with NPCs 
have a higher risk of developing SPM in the head and neck region. We showed that in particular the 
keratinizing (WHO type I) carcinomas (which are usually not related to EBV) have a higher risk of 
other HNSCC, probably because of similar risk factors like alcohol and smoking, as has been shown 
in previous literature[25]. Furthermore we showed that the non-keratinizing NPCs also are associated 
with a higher risk of SPM of the head and neck, but to a much lower extend than the keratinizing NPCs. 

This suggests a difference in tumor biology and subsequent prognosis, highlighting the importance of 
histologic subtyping and determination of EBV status in daily practice. Studies have already indicated 
prognostic  differences between the keratinizing and non-keratinizing NPC[26] with the keratinizing 
NPC having a poorer survival, but none have studied the differences in risk of developing SPM between 
the different histological subtypes, and thus differences in clinical follow-up. As non-EBV related NPCs 
have a much poorer prognosis compared to EBV related NPC, this suggests different molecular routes of 
tumorigenesis are probable, and thus a different molecular profile[27]. Various prognosticators of NPC 
have been described in the literature such as TNM stage, EBV DNA levels (before and after therapy, 
with higher levels indicating a worse prognosis), smoking, and certain genetic aberrations (e.g. varia-
tions in DNA repair genes, p53 mutations and chromatin abnormalities)[28-30], but little emphasis has 
been put on histological subtyping, which is an easy and cost effective way to also give an indication of 
prognosis and possible/ different treatment modalities. Especially in regions where ancillary testing of 
EBV status in NPC is not available, histological classification into WHO types can help in determining 
better follow-up. The advantages of histopathological subtyping have been underreported and underap-
preciated in daily practice when it comes to treating and understanding NPC. In this paper we prove 
histological subtyping to be highly predictive of SPM, and thus prognosis as SIR have also been proven 
to be a valid proxy for site-specific survival[31]. In short, the findings of this study underscore separation 
of the different histological/ EBV related subtypes of NPC for follow-up, which might also effect treat-
ment. Studies on the treatment of NPC have been mainly based on the non-keratinizing NPC[32], but 
little is known about the proper treatment modalities and clinical follow-up of patients with keratinizing 
NPC. More studies are needed to record and evaluate differences in treatment effects of radiotherapy, 
chemotherapy and/ or surgery in the different histological subtypes of NPC.  WHO type I NPCs should 
be classified as a different entity, and care should be taken not to categorize them in the non-keratinizing 
NPCs/ EBV associated group. There are currently two hypothesis about EBV associated NPC: the first 
in which EBV infection is the primary hit; the second in which EBV infection is the second hit, as has 
already been described in previous literature[1,33,34]. The findings of our study would support the lat-
ter as patients would have a higher risk of developing SPM according to the second hit hypothesis, as 
field cancerization would hypothetically cause an already at risk epithelium to develop neoplasms at a 
higher rate, something that is proven with this study. Genetic defects probably also play a role in the 
development of NPC[13] in the Dutch population, but primary EBV infection does not. EBV infection 
was not a risk factor for developing other EBV associated malignancies in this patient group. Most of 
the sarcomas in our cohort were of the head and neck, and all head and neck sarcomas developed after 
the diagnosis of NPC. Most of the head and neck sarcomas are probably therapy-related, due to the 
radiotherapy received as treatment of the NPC[35]. This needs further study, because it may also be a 
sign that patients who received radiotherapy (for NPC) may have a tendency to develop sarcomas in the 
head and neck region. 
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Unknown variables
Patients with unclassifiable NPC (5.4%) had no significant difference in developing malignancies com-
pared to the non-keratinizing NPC, but developed significantly less malignancies than patients with 
WHO type I NPC with regard to SPM (0.047), carcinomas of the upper and lower airways (0.048), 
head and neck malignancies (0.045), and HNSCC (0.045). Most likely, a majority of the unclassifiable 
NPC are part of the non-keratinizing NPC group. Because of the relatively small percentage it is highly 
unlikely that this group would influence the results significantly if they were classified. 
Since EBV status is not obligatory for the diagnosis of NPC, this was not systematically reported in the 
pathology reports. Patients with NPC with unknown EBV status  developed significantly more SPM 
(p = <0.001), carcinomas of the upper and lower airways (P = <0.001), head and neck malignancies (p = 
0.004), and HNSCC (p = 0.003) than patients with known EBV-status (EBV positive and EBV nega-
tive NPC combined). 

Limitations and strengths
Due to the strong relationship of the non-keratinizing NPC with Epstein Barr virus infection[36-38], 
separately  categorizing this group is justified. Misclassification of recurrences as SPM have been dealt 
with as best as possible by carefully reading the texts of the pathology reports, and by applying the 
criteria of Warren and Gates modified by Morris et al[10] for second malignancies. The histological 
confirmation of malignancies included in this database strongly reduces the risk of interpreting primary 
tumors as second malignancies. This dataset is the largest to date for studying second primary cancers in 
NPC patients in the Netherlands. Because all histologically confirmed diagnosis must be registered in 
PALGA in the Netherlands, the database is fairly complete with very limited chance of missing cases. 
The use of the STROBE checklists ensures adequate reporting of the methods and results. Another 
strength of our study was the matching of place (the Netherlands), time, sex and age when we calculated 
the SIR. 

There is a risk that the absence of associations of EBV with other EBV related malignancies was due 
to lack of statistical power as a result of the high number of cases with unknown EBV status. Accord-
ing to the literature the WHO type II NPC is associated with EBV[39]. Because EBV status was not 
known in the majority of cases, a definite relationship could not be accurately assessed with WHO type 
II NPC.  The data was extracted from pathology reports, and the hematoxylin and eosin slides were not 
revised, therefore another explanation why there was no relationship between WHO type II NPC and 
EBV might be that WHO type II NPC is not diagnosed very accurately in this cohort, as it seems to 
be overrepresented when compared to the WHO type I NPC[40]. Unfortunately the PALGA database 
does not record all risk factors (e.g. smoking, alcohol usage, treatment, immune system status, diet), so 
we could not correct for these possible confounders in our analysis. Because we performed a population-
based study we limited the risk of selection bias by including all cases of histologically confirmed NPC in 
the Netherlands from 1995 till 2013. Another potential bias could be the effect of more intense surveil-
lance of patients after the diagnosis of the first cancer. This would lead to an overestimation of the risk of 
second cancers compared with the general population as more intense surveillance would lead to higher 
rates of diagnosing SPM, and a higher SIR then would be the case if this were a population without 
a previous malignancy, because of the more intense surveillance[13]. Because adenocarcinomas of the 
stomach are not routinely tested for EBV infection, and because of the low numbers of adenocarcinomas 
of the stomach in our patient cohort, a definite association between EBV positivity in NPCs and its cor-
relation with adenocarcinomas of the stomach cannot be made with this database.

Conclusion
NPCs are associated with a higher risk of developing second malignancies regardless of EBV status. 
SPM (especially HNSCC and malignancies of the upper aerodigestive tract) were significantly more 
prevalent in keratinizing (WHO type I) NPC compared to non-keratinizing  (WHO type II and 
WHO type III) NPCs. Close clinical follow-up of patients with NPC, with specific attention on the 
detection of SPM, is justified. 
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Annex 1  NPC incidence per year
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Annex 2. Tumor and Site overview

Location SCC Adca Sa UCC Unca AdSqca NET lymph Skin app  
carcinoma

Meso Anaca Melan SmCa Gl

Uterus 4 2 1

Lung 8 3 5 1 1 1

Nasal cavity 
and paranasal 
sinuses

3

Larynx 19 2

Nasopharynx 12 1 1

Skin 22 1 1 1 6

Hypopharynx 3

Oral cavity 9 1 1

Oropharynx 7 1 1

Liver/biliary 
ducts

3

Urinary bladder 1 18

Unknown 
primary

5

Stomach 3

Breast 16 1

Prostate 23 1

Colon 25

Kidney 3

Thyroid gland 1

Oesophagus/
cardia 

1 2

Scrotum 1

Hip 1

Parotid gland 1

Neck 1

Auditory canal 1

Large intestine 1

Small intestine 2

Bone marrow 5

Tear duct 1

Pleura 1

Lymph node 6

Pancreas 1

Brain 1

Total 87 95 8 18 12 3 2 15 2 1 2 6 1 1

SCC= squamous cell carcinoma
Adca= adenocarcinoma
Sar= sarcoma
UCC= urothelial cell carcinoma
Uca= undifferentiated carcinoma
AdSqca= adenoscquamous carcinoma
NET= neuroendocrine tumor
Lymph= lymphoma
Meso= mesothelioma
Anaca= anaplastic carcinoma
Melan= melanoma
SmCa= small cell carcinoma
Gl= high grade glioma 
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Abstract
Objective: To evaluate the prognostic impact of the EGFR pathway molecules in NPC, and assess their 
clinical usefulness. 

Methods: We conducted a systematic review. Pubmed and EMBASE were searched January 2014. The 
prognostic relevance of EGFR, JAK, PI3K, PIK3CA, STAT3, STAT5, PTEN, AKT, mTOR, GRB2, 
SOS, RAF, RAS, MAPK, ERK, MEK and, CCND1 in nasopharyngeal carcinoma was assessed. The 
outcomes considered were overall survival (OS), disease free survival (DFS) and Tumor-Node-Metas-
tasis stage. Twenty-two studies were included. Risk of bias was evaluated. Meta-analysis were done, for 
which pooled hazard ratios (HRs) and 95% confidence intervals were calculated. 

Conclusion: EGFR overexpression predicts a worse OS and DFS in nasopharyngeal carcinoma, but no 
specific causal pathway molecule could be identified.
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Introduction
Nasopharyngeal carcinoma has an incidence of about 84.000 new cases and a mortality of about  51.000 
deaths per year worldwide[1]. The incidence is markedly different per population and global region[2]. 
The current mainstay for treatment of nasopharyngeal carcinoma is radiotherapy with or without cyto-
toxic chemotherapy, depending on stage of the disease[3]. The therapeutic options of nasopharyngeal 
carcinoma are fairly limited, so there is a clear need for new treatment modalities which can be given as 
an adjuvant. During the last decades many rationale based cancer treatments have been directed against 
receptor tyrosine kinases and their downstream signaling molecules. Epstein-Barr virus (EBV)  has a 
very important role in the carcinogenesis of nasopharyngeal carcinoma[4]. Epstein-Barr virus latent 
membrane protein 1 (LMP1) can lead to NF-kB activation, and through C-terminus-activating region 
1 (CTAR1) cause induction of epidermal growth factor receptor (EGFR) expression[5]. One of the 
most common targets is the Epidermal Growth Factor Receptor (EGFR), and anti-EGFR targeted 
therapy could possibly be a promising new agent in the curative and palliative setting for head and neck 
cancers i.e. nasopharyngeal carcinoma[6-9]. The main prognosticators of nasopharyngeal carcinoma are 
T-stage, N-stage and Epstein-Barr virus (EBV) DNA levels[10-12].  In the literature conflicting data 
exists about the usefulness of EGFR targeted therapy on (locally advanced) nasopharyngeal carcino-
ma[13-16]. In this review and meta-analysis of the current literature we try to elucidate the possible role 
of EGFR and its downstream signaling molecules on prognosis in nasopharyngeal carcinoma. 

Objective
Studies have addressed the prognostic role of the EGFR-pathway in nasopharyngeal carcinoma, but 
with varying outcome. In this systematic review we therefore evaluated the overall prognostic impact 
of the pathway molecules to better assess their clinical usefulness. All study designs which assess the 
prognostic relevance of EGFR, JAK, PI3K, PIK3CA, STAT3, STAT5, PTEN, AKT, mTOR, GRB2, 
SOS, RAF, RAS, MAPK, ERK, MEK and, CCND1 in nasopharyngeal carcinoma are included. The 
outcomes considered are overall survival (OS), disease free survival (DFS) and Tumor-Node-Metastasis 
(TNM) stage. The choice of the 17 molecules included in this systematic review and meta-analysis was 
based on the possibility of being a point of intervention in targeted therapy. 

Materials and methods
The reporting of this review and meta-analysis is done according to PRISMA. We conducted a system-
atic search in the databases of PubMed and Embase which started on January 22th 2014, and ended on 
May 6th 2014. The search strategies are presented in supplementary table  1. The titles and abstracts of 
the search results were evaluated by two reviewers (M.O. and W.B.) independently. Any disagreements 
were resolved through discussion or by consulting a third reviewer (S.W.). For the references that were 
potentially relevant, full text screening was performed with the same construct on evaluation.  

Inclusion criteria 
No restrictions were used in the selection of studies (no restrictions for free full text, English, clinical 
trials, items with abstracts, published within a certain time frame) when the searches were conducted.  
We included studies which investigated the following molecules: EGFR, JAK, PI3K, PIK3CA, STAT3, 
STAT5, PTEN, AKT, mTOR, GRB2, SOS, RAF, RAS, MAPK, ERK, MEK and, CCND1 (see supple-
mentary figure 1). There were no restrictions on the types of methods used to detect the molecules of 
interest. The outcomes of the studies had to be DFS, OS and TNM stage.  

Quality assessment
We used the already available PRISMA checklist to assess whether all components of a systematic re-
view and meta-analysis were included in this study. To judge whether individual studies were of high 
enough quality we used as a foundation a quality assessment protocol for prognostic studies (Training 
Critical Appraisel of a Topic by CPM de Brouwer, IJ. Kant, L.J.M. Smits, A.C. Voogd, first edition). 
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The quality assessment of the studies was performed with a list of items which could potentially have 
influenced the risk of bias. The potential sources of bias were:  in/exclusion criteria, selection process  of 
the population studied, proper and valid outcome measurement, the estimation of prognosis given in 
the study, the follow-up duration, the completeness of follow-up, whether the studies took into account 
differences in follow-up duration of the population studied, other relevant prognostic factors, standard-
ization within the methodology of the lab work, blinding, selection bias, evaluation of the immunohisto-
chemical stain used, and also the kappa value of the immunohistochemical stain assessment. The quality 
assessment of the studies was performed as follows:  one point (+) was given for each appraised criterion 
if it did not potentially influence the risk of bias. Ultimately the risk of bias cut-off was >6, which was 
arbitrarily determined by an epidemiologist (I.S.) experienced in critical appraisals, based on different 
combinations of risk of bias (see supplementary table  2).

Statistical analysis and information extraction
Review manager 5.3 was used for analyzing the data. Unadjusted Hazard Rations (HRs) and their 95% 
Confidence Interval were entered in the meta-analysis. Thus, HRs derived from multivariate analysis 
were not included in the meta-analysis. The HRs and their  95% CIs were partly extracted with permis-
sion from a previous meta-analysis by Sun et al[17].  If the HR was explicitly given in a study, than the 
HR was obtained directly. If no HR was given, it was calculated from published data according to the 
methods proposed by Tierney et. al.[18].  If needed, the authors of the studies were contacted for ad-
ditional information and the HR was then calculated with IBM SPSS 20.0 statistical software. We per-
formed a meta-analysis when the data in the studies looked at the same prognostic outcomes, the clinical 
features of the patients were similar and the method of molecule detection was also similar.  If there was 
significant heterogeneity in the meta-analysis, this would be explored trough subgroup analysis.

Results
Both reviewer 1 and reviewer 2 screened the same 5050 title/abstracts after removal of 664 duplicates 
(see supplementary figure 2). Reviewer 1 had a total of 57 title/abstracts for full text screening and 
reviewer 2 had 49 title/abstracts for full text screening. After the reviewers independently excluded 
studies after full text screening, a total of 27 studies were included for the appraisal. After the appraisal 
22 studies were ultimately included. The types of studies ultimately included were mainly retrospective 
cohort studies, one randomized control trial and one prospective cohort study.  Study characteristics and 
types of studies included are depicted in supplementary table 3. 5 meta-analysis were performed (OS for 
EGFR, CCND1 and mTOR, and DFS for EGFR and CCND1). For most of the molecules studied, 
data was insufficient to perform a meta-analysis. TNM staging was only correlated with significance 
through p-values in the studies selected in this review. No studies were available which evaluated the 
prognostic value of JAK, PI3K, GRB2, SOS, RAF, RAS, ERK, and MEK in nasopharyngeal carcinoma.
Because various protocols with different antibodies from different clones were used in the studies we 
decided not to take into account the exact cut-offs of the immunohistochemical stains, but to look at the 
results dichotomously. If the researchers from the primary study concluded that a stain was positive (e.g. 
at 10% or 5%) we assumed the stain was positive for our analysis. 

1. EGFR protein overexpression and survival
Overall survival 
The combined unadjusted HRs of the 9 included studies for OS in the meta-analysis was 1.67 (1.08-
2.59). With an I2=75% there was significant heterogeneity among the studies included (see Figure 1a.  
Results EGFR OS). To try to explain the heterogeneity, subgroup analysis of TNM stage, EBV status, 
nasopharyngeal carcinoma subtype and region were looked into. Unfortunately we could only perform 
a subgroup analysis based on region, because of insufficient data on nasopharyngeal carcinoma World 
Health Organization (WHO) subtypes, EBV status and TNM staging. A subgroup analysis of 7 studies 
for OS with an Asian population was 1.61 (0.99-2.62), and also with significant heterogeneity (I2=77%) 
(see Figure 1b.  Results EGFR (OS) (Subgroup Asian)). 
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When we did a subgroup analysis of exclusively the Chinese population we saw a HR of 2.38 (1.69-3.36) 
in both the fixed effect and random effects models, and no heterogeneity (I2=0) (see Figure 1c.  Re-
sults EGFR (OS) (Subgroup Chinese)). A subgroup analysis of the two European populations studied 
showed a HR of 1.97 (0.61-6.41) for OS (see Figure 1d. Results EGFR (OS) (Subgroup European)). 
In the European population, heterogeneity was also significant (I2=67%). The HR of Krikelis et al[19] 
was calculated by the authors using IBM SPSS 20.0 statistical software. The hazard ratios from Leong 
et al[20], Fuji et al[21], Ma et al[22], Pan et al[23], Taheri et al[24], Cao et al[25], Leong et al[20] and 
Fang et al[26] were taken with permission from the study by Sun et al[17]. The HR of Kim et al[27] was 
extracted directly from the article. 

(1b.)  Results EGFR (OS) (Subgroup Asian)

(1c.)  Results EGFR (OS) (Subgroup Chinese)

(1a).  Results EGFR OS

Figure 1. Forrest plot: the effect of EGFR overexpression on overall survival.
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Disease free survival
8 studies were included in the meta-analysis on the effect of EGFR in DFS. A combined HR of 2.08 
(1.53-2.83) was calculated for DFS in the fixed effect model and a HR of 2.08 (1.53-2.83) for the ran-
dom effects model (Figure 2a. Results EGFR (DFS)). No significant heterogeneity was found (I2=0%). 
We performed a subgroup analysis for DFS based on region. A subgroup analysis of the 6 studies with 
Asian populations was performed and found a HR of 2.07 (1.47-2.92) in the fixed effect model and 
a HR of 2.06 (1.46-2.91) in the random effects model. In both models there was no heterogeneity 
(I2=2%) (see Figure 2b. Results EGFR (DFS) (Asian subgroup)). There was also a subgroup analysis 
performed for the 2 studies with European populations. A HR of 2.12 (1.04-4.35) was found in the 
fixed effect model and a HR of 2.10 (0.89-4.97) was found in the random effects model (see Figure 2c. 
Results EGFR (DFS)(Subgroup Europe)). No significant heterogeneity was found in the European 
subgroup analysis (I2=30%). The hazard ratios from Leong et al[20], Fuji et al[21], Pan et al[23], Taheri 
et al[24], Cao et al[25], Leong et al[20]  and Fang et al[26] were taken with permission from the study 
by Sun et al[17]. The HR of Krikelis et al[19]  was calculated by the authors using IBM SPSS 20.0 sta-
tistical software. The HR of Kim et al[27] was extracted directly from the article.

(1d) Results EGFR (OS) (Subgroup European). EGFR: EGF receptor; OS: Overall survival.

(2a.) Results EGFR (DFS)

Figure 2. Forrest plot: the effect of EGFR overexpression on disease-free survival. 
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(2b.) Results EGFR (DFS) (Asian subgroup)

(2c.) Results EGFR (DFS)(Subgroup Europe). EGFR: EGF receptor; DFS: Disease-free survival

2. Downstream pathway members of EGFR and clinical outcome
PI3K pathway
Fendri et al showed a significantly poor effect on OS when a gain in copy number was observed in exons 
9 and 20 in PIK3CA. Also, a higher TNM stage was observed by Chou et al, which looked at exons 4, 7, 
9 and 20, and did not show a significant effect in DFS or OS (See Tabel 1. Results AKT, PI3CA, mTOR 
and PTEN). The HRs for PIK3CA from Fendri et al and Chou et al were extracted from their published 
data. In the study by Krikelis et al no significant effect for AKT was found for OS and DFS. In the study 
by Win et al[28] there is also a correlation between an increased AKT expression and lymph node and 
distant metastasis. No other significant effect for TNM stage was observed (See Tabel 1. AKT, PI3CA, 
mTOR and PTEN). The HR for AKT was extracted from the research article of Win et al, and the HR 
from Krikelis et al was calculated using IBM SPSS 20.0 statistical software. Regarding mTOR, Krike-
lis et al reported on a significant worse effect in multivariate analysis for OS and DFS. Chen et al also 
showed a significantly positive correlation with distant metastasis. No significant effect was observed for 
T stage or N stage. 
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A meta-analysis, which included the studies by Chen et al and Krikelis et al, revealed a combined HR of 
1.33 (0.91-1.95 CI) in the fixed effect model and a combined HR of 1.33 (0.91-1.95 CI) in the random 
effects model. No statistically significant heterogeneity was observed in the studies (I2=0%) (See Tabel 
1. Results AKT, PI3CA, mTOR and PTEN) (Also see Figure 3. Results mTOR (OS)). The unadjusted 
HR of OS for mTOR from Krikelis et al was calculated using the methods of Tierney et al. The HR for 
DFS from Krikelis et al was calculated using IBM SPSS 20.0 statistical software. The HR from Chen et 
al for mTOR was extracted from the research article. For PTEN no significant effect for DFS or OS was 
observed in the study by Krikelis et al. Overexpression of PTEN did show a statistically significant posi-
tive correlation with T stage. No significant effect on N stage was observed (See Table 1 AKT, PI3CA, 
mTOR and PTEN). The HR for PTEN were calculated using 
IBM SPSS 20.0 statistical software. 

3. Other downstream molecules of EGFR
Only Krikelis et al studied the prognostic role of MAPK in nasopharyngeal carcinoma. Both T stage and 
N stage did not reveal a significant prognostic role (See Table 2. Results Other). Regarding STAT3 and 
STAT5, Kim et al did not show a significant effect on OS or DFS for STAT3. The study by Hsiao et al 
also did not show a significant effect on T stage and N stage (See Table 2.  Results Other) for STAT3. 
The HRs from Hsiao et al and Kim et al were extracted from published data. A multivariate Cox re-
gression analysis by Hsiao et al for STAT5, in which the covariates are unknown, revealed a significant 
positive effect on OS and DFS. A univariate Cox regression analysis  by Kim Y et al did not show a 
significant effect on OS or DFS by STAT5. The study by Hsiao et al also did not reveal a significant 
correlation with T stage or N stage (See Table 2.  Results Other) for STAT5. The HRs from Hsiao et 
al and Kim et al were extracted from published data. Three studies investigating the prognostic role of 
CCND1 in nasopharyngeal carcinoma were included to calculate the combined HR for OS which was 
2.37 (1.55-3.62 CI) in a fixed effect model and 1.72 (0.48-6.22 CI) in a random effects model (See 
Figure 4a. Results CCND1 (OS)). There was statistically significant heterogeneity between the studies 
(I2=85%). We also performed a subgroup analysis which combined the European and American popula-
tions. The subgroup included 2 studies (See Figure 4b. CCND1 (OS) (Subgroup Europe and America)) 
and calculated a combined HR of 1.18 (0.66-2.11) in the fixed effect model and a combined HR of 
0.97 (0.32-2.94) in the random effects model. There was no statistically significant heterogeneity in the 
subgroup analysis studied (I2=33%). 2 studies (See Figure 4c. Results CCND1 (DFS)) were included 
to calculate a combined HR of 1.31 (0.69-2.47 CI) in the fixed effect model and a HR of 1.02 (0.30-
3.48 CI) in the random effects model for DFS. There was statistically significant heterogeneity observed 
among the studies (I2=52%). The data of CCND1 from Acikalin et al, Hwang et al and Lai et al were 
directly extracted from the research articles. The HR from Lin et al and Krikelis et al were calculated 
using IBM SPSS 20.0 statistical software. 

Figure 3.  Results mTOR (OS)

OS: Overall survival.
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Tabel 1. Results AKT, PI3CA, mTOR and PTEN

Cut-off N Outcome P-value Conficence 
interval (95%)

HR OR

AKT
Win 2013 Cytoplasmic 

staining
H score > median 
high expression 
and < median 
low expression 
(pAKT)

Pos. : 124
Neg.: 0

T

N
M (MeFS)
(univariate)

M  (MeFS)
(multivariate)

0.260 (NS)
0.030 (S)
0.0063  (S)

0.196 0.808-2.817 1.509

Krikelis 2013 Cytoplasm/ nucle-
ar 5% (pAKT)

Pos. : 79
Neg.: 17

DFS
(univariaat)

OS (univariaat)

T
N

0.725

0.515

NS
NS

0.503-2.690

0.314-1.785

1.163

0.749

PIK3CA
Fendri 2009 PIK3CA exon 9 

and 20 screened 
for mutations

PIK3CA copy 
number
quantification

Exon 9, N= 0
Exon 20, N= 1 
N= 19
(gain in copy 
number)

DFS

OS

TNM

DFS

OS

T

N

M

NR

NR

NR

NS

0.028(S)

0.001 
T4 vs T1-3) (S)

0.032 (N= vs N0) 
(S)

0.009 (S) 0.035-0.617 0.147

Chou 2008 Mutational 
analysis
(exon 4, 7, 9
and 20)

Exon 4, N= 4

Exon 7, N= 0

Exon 9, N= 5

Exon 20, N= 0

DFS

OS

0.3169 (NS)

0.8825 (NS)

mTOR
Krikelis 2013 Cytoplasm/ peri-

nuclear 5%
(phospho-mTOR)

Pos. : 38
Neg.: 63

DFS (multivariate)
OS (multivariate)

OS (univariate)

DFS (univariaat)

T

N

0.031 (S)
0.044 (S)

0.268

0.016

NS

NS

0.22-0.93
0.22-0.98

0.752-2.788

1.223-7.182

Chen 2010 Extent and 
intensity scored 
(cytoplasmic) with 
IRS ≥4 as high 
expression and <4 
as low expression 
(p-mTOR)

High expres-
sion: 109
Low expression: 
114

OS (univariate)

T

N

M

0.314 (NS)

0.065 (NS)

0.796 (NS)

0.002 (S)

0.796-2.040 1.274

PTEN

Krikelis 2013 Cytoplasm/ 
nuclear 10%

Pos. : 64
Neg.: 38

DFS (univariate)

OS (univariate)

T
N

.090

0.236

0.07 (S)
NS

0.913-3.508

0.788-2.631

1.790

1.440

OS = overall survival, DSF = disease-free survival, NS = not significant, NR = not reported, Neg. = negative, Pos. = positive, S = significant
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Cut-off N Outcome P-value Conficence 
interval 

(95%)

HR

MAPK

Krikelis 
2013

Cytoplasm/ 
nuclear 5%

(phospho-MAPK)

Pos. : 60
Neg.: 35

T
N

NS
NS

STAT3

Hsiao 2003 > 20% nuclear 
statining

Pos. : 43
Neg.: 18

T
N

0.31 (NS)
0.73 (NS)

Kim Y 2010 > 10% Pos. : 10
Neg.: 28

OS
(univariate)
DFS
(univariate

0.17 (NS)

0.09 (NS)

0.71-6.44

0.84-7.04

4.14

2.43

STAT5

Hsiao 2003 > 20% nuclear 
statining

Pos. : 38
Neg.: 21

DFS
(multivariate)

OS
(multivariate)

T

N

0.03 (S)

0.008 (S)

0.55 (NS)

0.84 (NS)

0.37

0.17

Kim Y 2010 > 10% Pos. : 18
Neg.: 20

OS
(univariate)
DFS
(univariate)

0.80 (NS)

0.41 (NS)

0.28-2.67

0.21-1.91

0.86

0.63

Table 2.  Results Other

(4a.)  Results CCND1 (OS)

Figure 4.  Forrest plot: the effect of CCND1 overexpression on outcome. 
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(4b.)  CCND1 (OS) (Subgroup Europe and America)

(4c.) Results CCND1 (DFS) (Subgroup Europe). OS: Overall survival; DFS: Disease-free survival

Discussion
For EGFR in OS we performed a meta-analysis. In the random effects model for EGFR we see that 
there is significant heterogeneity ( I2 > 40%) in the investigated studies. Because nasopharyngeal car-
cinoma has such a great variance in geographical regions across the globe, differences in regions could 
possibly explain the heterogeneity among the different groups.  As the literature is not conclusive on 
whether ethnicity determines the prognostic effect of EGFR overexpression in nasopharyngeal carcino-
ma (NPC), we performed a subgroup analysis of different populations around the globe[29]. Although 
we could not correct for heterogeneity within the subgroup analysis (I2>40%), we did not find a signifi-
cant effect in either the Asian or European populations. There is a slight gain in the prognostic value in 
the European population, which might be due to the smaller size of the overall population studied. 

Because of the greater number of patient cohorts included in the Asian group we do see a trend towards 
lesser significance for a worse prognosis in EGFR, but also greater heterogeneity. Differences in study 
quality could also have played a role in the heterogeneity. 

In the Chinese populations (Cao et al, Ma et al and Pan et al) there is statistical significance of the com-
bined HR for a worse prognosis, but more importantly, with no heterogeneity (I2=0). Thus, different re-
gions studied could account in part for the high heterogeneity, and ethnicity may play a role in the effect 



40

of EGFR overexpression in nasopharyngeal carcinoma. EBV status, which could not be accounted for in 
the statistical analysis, could also have played a role in the high heterogeneity. Because of the significant 
heterogeneity we must show some reservation as to the definite clinical implications regarding the effect 
of EGFR on OS.

The prognostic effect of  EGFR overexpression on DFS is significant in both  the fixed effects model 
as well as in the random effects model. Moreover, there is no significant heterogeneity in the different 
populations studied (I2 < 40%). This means that EGFR has an association with a worse DFS. 
The significant effect on DFS is seen in the Asian population, and also the European population. 

A key downstream pathway of EGFR is along the PI3K pathway. PI3K, mTOR and AKT are impor-
tant in the intracellular signaling pathway of apoptosis and hence are also important in the pathogenesis 
of cancer[30]. There is a clear interplay between AKT and mTOR in determining prognosis, as well 
as between mTOR signaling and EBV infection, which plays an important role in the majority of na-
sopharyngeal carcinomas[31].  mTOR ultimately regulates the two downstream effectors, namely p70 
ribosomal protein S6 kinase and eukaryotic initiation factor 4E-binding protein 1, which are proto-
oncogenes[32,33].  This systematic literature search showed that patients with NPC with higher AKT 
expression had a worse prognosis, which was previously highlighted by a review by Chen et al[34]. If this 
association is because higher stage tumors express more AKT is not clear, because the patients in these 
studies were not stratified for tumor stage[19,28]. Patient populations in these studies, however, did not 
show a dominance of a higher or lower stage of disease. 
Fendri et al[35]  identified a positive correlation between a higher mutation rate in PIK3CA and TNM 
stage[31]. However the investigated population was quite small and further study is needed to confirm 
this. Moreover, this association might be best explained by tumor progression (with a higher mutational 
rate occurring as the tumor advances), and not necessarily meaning a worse prognosis. This is supported 
by Fendri et al which showed an Odds Ratio of 0.147 for metastasis in tumors with higher mutational 
rates for PIK3CA. 

With our systematic review we identified the study by Krikelis et al[19] which actually shows that 
mTOR overexpression is correlated with better OS and DFS, even after a multivariate analysis. However 
this effect was not found when we pooled the results of 2 studies, in which we used  univariate HRs to 
calculate the significance for OS. This discrepancy  could be explained by the relatively small populations 
in the studies by Krikelis et al[19] and Chen et al[31] which were taken into the meta-analysis and/ or 
the influence of covariates which are unknown, and which were used to calculate the HR in the multi-
variate analysis by Krikelis et al[19]. 
The counter actor of PI3K is PTEN, and loss of function mutations in the PTEN gene are found in 
many types of cancers including nasopharyngeal carcinoma[36]. Inactivation and mutation of PTEN 
leads to inhibition of AKT activation which plays a central role in apoptosis and the cell cycle[37-40]. 
Krikelis et al[19] identified a correlation between PTEN overexpression and higher tumor stage, but 
also worse outcome (HR 1.790 for DFS and HR 1.440 for OS). Because these results are from such a 
small population a true conclusion about the prognostic role of PTEN cannot be ascertained with the 
current literature. 

After PI3K, MAPK is the most important downstream signaling route of EGFR, and it plays an im-
portant role in tumorigenesis[41]. There is evidence that MAPK is involved in invasion and metastasis 
of nasopharyngeal carcinoma[42]. In our systematic review only one study which looked at MAPK in 
nasopharyngeal carcinoma qualified for this review. This study did not show a statistically significant ef-
fect of MAPK on tumor staging[19]. Thus, a clear relationship between MAPK and prognosis cannot 
be ascertained with the current literature. 
Signal transducer and activator of transcription (STAT) 3 and 5 are proteins which are members of 
the signal transducer and transcription family (which also include STAT1, STAT2 and STAT4). These 
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proteins mediate various processes involving the cell cycle and proliferation by influencing the expres-
sion of various other genes, such as PTEN and AKT[43]. Based on their function one might expect that 
overexpression of STAT3 and STAT5 would be correlated with worse prognosis. In our search 2 studies 
qualified the set criteria for STAT3. However they could not identify a correlation between overexpres-
sion of STAT3 and tumor stage, nor OS and DFS respectively[44,27].  A minor shortcoming of these 
studies is again the relatively small group size. 

In contrast to STAT3, STAT5 seems to be associated with a better prognosis in the study by Hsiao 
2003[44]. Interestingly,  STAT5 seems to be involved in the tumorigenesis in squamous cell carcinomas 
of the head and neck and also has been described to predict for more radiosensitive tumors[45]. 
This might also explain the better predicted prognosis in nasopharyngeal carcinoma. 
Finally, our study also included the role of the most downstream regulators of EGFR signaling such as 
cyclins. Aberrations in cell cycle regulators, like cyclin D1, have already been described in nasopharyn-
geal carcinoma[46]. We performed a meta-analysis with three studies. In the fixed effect model, over-
expression seems to be significantly associated with a worse OS, although this significance is lost when 
a random effect model is applied. This could actually point to a specific population in which Cyclin D1 
really does predict strongly for a worse prognosis. Such a population is probably the one studied in Lai 
2002 (a Chinese population), because the effect in this population seems to pull the overall HR towards 
significance in the fixed effect model. What is most striking is the significance in heterogeneity which is 
lost when a subgroup analysis of the European and American populations for OS is done (I2 = 33). In 
the subgroup-analysis a significant effect is still not achieved, but there is a tendency in these populations 
to predict for a worse prognosis. Taking into account the small size in most studies, Cyclin D1 overex-
pression does not seem to be associated with a worse DFS.

A limitation in this review and meta-analysis is the lack of standardization between the studies with 
which the nasopharyngeal carcinomas were tested for protein overexpression or mutation(s) of specific 
molecules. Different antibodies with different protocols with also diverse scoring systems were used to 
detect protein overexpression in the included studies. This heterogeneity in detection of molecule overex-
pression could also have influenced the results of the included studies, and thus the results of this system-
atic review and meta-analysis.  Subdivision according to the WHO classification was lacking in most of 
the studies. Also, other tumor specific features like EBV virus status were lacking. The small populations 
studied made it difficult to draw conclusions from the meta-analysis (this is especially true for western 
populations). With the methodology we used a sum score to select the included studies. This scoring 
system has its limitations, because an equal score for different studies does not mean equal quality for 
all aspects of the studies involved. Also, an arbitrary cut-off for the quality assessment of the included 
studies was determined based on combinations of risk factors which may influence the risk of bias. Only 
studies in which the full text was available were included, which means data could have been missed. 
Studies have addressed the use of cetuximab in the treatment of locally advanced nasopharyngeal carci-
noma with still no certain benefits. The exact role however of cetuximab in the treatment of (locally ad-
vanced or recurrent) nasopharyngeal carcinoma is still being elucidated. However, the prognostic role of 
EGFR could well explain the promising preliminary results of patients treated with cetuximab[47,8,9]. 
If consensus is reached whether EFGR can play an important role in the treatment of nasopharyngeal 
carcinoma, then it will be especially imperative to also know whether the downstream molecules of the 
EGFR pathway can also be targeted, to ensure adequate and effective treatment options. 

Future perspective
There are new and exciting cancer treatment options which could lead to cancer becoming a more chron-
ic disease, but which also could lead to better control of higher stage disease with longer DFS and OS. 
As the role of different molecules in the prognosis of nasopharyngeal carcinoma are being elucidated, the 
EGFR-pathway and / or one of its downstream molecules could play an important role in the targeted 
treatment of nasopharyngeal carcinoma, and especially in high stage disease. 
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Executive summary
Background: 
• The therapeutic options of nasopharyngeal carcinoma are fairly limited. 
• Because of EBV infection, EGFR is highly induced by LMP1-CTAR1
• Anti-EGFR targeted therapy could possibly be a promising new agent in the curative and palliative 
setting for head and neck cancers i.e. nasopharyngeal carcinoma.
Objective: 
• The prognostic relevance of the EGFR pathway was evaluated (EGFR, JAK, PI3K, PIK3CA, STAT3, 
  STAT5, PTEN, AKT, mTOR, GRB2, SOS, RAF, RAS, MAPK, ERK, MEK and, CCND1) in 
  nasopharyngeal carcinoma.
Materials and methods: 
• Reporting of this review and meta-analysis was done according to PRISMA. 
• We conducted a systematic search in the databases of PubMed and Embase. 
• Results were evaluated by two reviewers (M.O. and W.B.) independently. 
• Review manager 5.3, IBM SPSS 20.0 statistical software was used for the statistical analysis.
• Significant heterogeneity was explored trough subgroup analysis.

Prognostic role of EGFR and its downstream molecules: 
• Overexpression of EGFR has a poor effect on OS (pooled HR of 1.65 (1.06, 2.55 95%CI)) and DFS 
   (pooled HR of 2.06 (1.46, 2.91 95%CI)). 
• CCND1, mTOR, AKT, PTEN, STAT3, STAT5 did not appear to be of prognostic significance. 
• There was high statistical heterogeneity among the studies. 
• No studies were available which evaluated the prognostic value of JAK, PI3K, GRB2, SOS, RAF, RAS, 
  ERK, and MEK in nasopharyngeal carcinoma.

Conclusion: 
• EGFR overexpression predicts a worse OS and DFS in nasopharyngeal carcinoma, but no specific 
   causal pathway molecule in the EGFR-pathway could be identified. Therefore, a definitive pathway 
   through which EGFR could play a role in a worse prognosis is still not elucidated. 
• The clinical implications of EGFR overexpression in OS is still uncertain because of statistical hetero-
  geneity.
• Understanding the complex mechanisms through which the EGFR pathway works is essential in pre-
   dicting the effect of EGFR targeted therapy, but also other targeted therapies which are mainly focused 
   on other downstream molecules. 
• No studies were available which evaluated the prognostic value of JAK, PI3K, GRB2, SOS, RAF, RAS, 
  ERK, and MEK in nasopharyngeal carcinoma, therefore more research is still needed to evaluate the 
   exact role of the EGFR pathway in nasopharyngeal carcinoma.  



43

Population “Nasopharynx”[Mesh] OR “Nasopharynx”[Title/Abstract] OR “Nasopharyngeal”[Title/
Abstract] OR (“nasal”[Title/Abstract] AND “pharynx”[Title/Abstract]) OR “Soft 
palate”[Title/Abstract] OR (“Ostium”[Title/Abstract] AND “Eustachian tube”[Title/
Abstract]) OR “Salpingopharyngeal fold”[Title/Abstract] OR “Torus tubarius”[Title/
Abstract] OR (“Fossa”[Title/Abstract] AND “Rosenmuller”[Title/Abstract]) OR “Pha-
ryngeal recess”[Title/Abstract] OR ((“Pharyngeal” OR “Pharynx”) AND “tonsil”[Title/
Abstract]) OR ((“Pharyngeal” OR “Pharynx”) AND “Tonsils”[Title/Abstract]) OR 
“Adenoids”[Title/Abstract] OR ((“Pharyngeal” OR “Pharynx”) AND “tonsillar”[Title/
Abstract]) OR ((“Pharyngeal” OR “Pharynx”) AND “tonsilla”[Title/Abstract]) OR 
“Adenoid”[Title/Abstract] OR (“Ostium”[Title/Abstract] AND “Pharyngeum”[Title/
Abstract]) OR (“Ostium”[Title/Abstract] AND “Tuba auditiva”[Title/Abstract]) OR 
(“Ostium”[Title/Abstract] AND “Tubae auditivae”[Title/Abstract])

AND Population “Neoplasms”[Mesh] OR “Oncology”[Title/Abstract] OR “Oncological”[Title/Abstract] 
OR “Tumor”[Title/Abstract] OR “Tumors”[Title/Abstract] OR “Tumour”[Title/
Abstract] OR “Tumours”[Title/Abstract] OR “Carcinoma”[Title/Abstract] OR 
“Carcinomas”[Title/Abstract] OR “Cancer”[Title/Abstract] OR “Cancers”[Title/
Abstract] OR “Malignancy”[Title/Abstract] OR “Malignancies”[Title/Abstract] 
OR “Neoplasm”[Title/Abstract] OR “Neoplasms”[Title/Abstract] OR “SCC”[Title/
Abstract] OR “SCCs”[Title/Abstract] OR “Malignant”[Title/Abstract] OR 
“Cancerous”[Title/Abstract] OR “Malignance”[Title/Abstract] OR “Nasopharyngeal 
carcinoma”[Supplementary Concept] OR “Nasopharyngeal Neoplasms”[Mesh]

AND Determinant “Pathogenesis “[Title/Abstract] OR “Oncogenesis”[Title/Abstract] OR 
“Oncogeneses”[Title/Abstract] OR “Molecular”[Title/Abstract] OR 
“Carcinogenesis”[Title/Abstract] OR “Carcinogeneses”[Title/Abstract] OR 
“Epigenomics “[Title/Abstract] OR “Tumorigenesis”[Title/Abstract] OR 
“Tumorigeneses”[Title/Abstract] OR “Epigenomics”[Mesh] OR “etiology”[Subheading] 
OR “Carcinogenesis”[Mesh] OR “Molecular Biology”[Mesh] OR “Genetics”[Title/
Abstract] OR “Genetic”[Title/Abstract] OR “Genomics”[Title/Abstract] OR 
“Genes”[Title/Abstract] OR “Epigenomic”[Title/Abstract] OR “epigenomics”[Title/
Abstract] OR “Epigenetic”[Title/Abstract] OR “Epigenetics”[Title/Abstract] 
OR “Cytogenetic”[Title/Abstract] OR “Cytogenetics”[Title/Abstract] OR 
“Glycomics”[Title/Abstract] OR “ Glycomic”[Title/Abstract] OR “Metagenomics”[Title/
Abstract] OR “ Metagenomic”[Title/Abstract] OR “Nutrigenomics”[Title/Ab-
stract] OR “ Nutrigenomic”[Title/Abstract] OR “Proteomics”[Title/Abstract] 
OR “ Proteomic”[Title/Abstract] OR “Immunogenetics”[Title/Abstract] OR “ 
Immunogenetic”[Title/Abstract] OR “Pharmacogenetics”[Title/Abstract] OR 
“Pharmacogenetic”[Title/Abstract] OR “Toxicogenetics”[Title/Abstract] OR “ 
Toxicogenetic”[Title/Abstract] OR “Transcriptome”[Mesh] OR “ Transcriptome”[Title/
Abstract] OR “Transcriptomes”[Title/Abstract] OR “Expression”[Title/Abstract] 
OR “Transcriptomic”[Title/Abstract] OR “Transcriptomics”[Title/Abstract] OR 
“Marker”[Title/Abstract] OR “Markers”[Title/Abstract] OR “Biological markers”[Title/
Abstract] OR “Biological Markers”[Mesh] OR “Biological Markers”[Mesh] OR 
“Biomarkers”[Title/Abstract] OR “Biomarker”[Title/Abstract] OR “Genetics”[Mesh] 
OR “Epigenomics”[Mesh] OR “Cytogenetics”[Mesh] OR “Glycomics”[Mesh] OR 
“Metagenomics”[Mesh] OR “Nutrigenomics”[Mesh] OR “Proteomics”[Mesh] OR 
“Immunogenetics”[Mesh] OR “Pharmacogenetics”[Mesh] OR “Toxicogenetics”[Mesh] 
OR “Transcriptome”[Mesh]

AND Domain (incidence[MeSH:noexp] OR mortality[MeSH Terms] OR follow up 
studies[MeSH:noexp] OR prognos*[Text Word] OR predict*[Text Word] OR 
course*[Text Word])

Pubmed search                                                                                Date: 22th Januari 2014

Supplementary table 1.  Pubmed and Embase search
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Embase                                                                                Date: 22th Januari 2014
Population ‘Nasopharynx’/exp OR ‘Nasopharynx’:ab,ti OR ‘Nasopharyngeal’:ab,ti OR (‘nasal’:ab,ti 

AND ‘pharynx’:ab,ti ) OR ‘Soft palate’:ab,ti OR (‘Ostium’:ab,ti AND ‘Eustachian 
tube’:ab,ti ) OR ‘Salpingopharyngeal fold’:ab,ti OR ‘Torus tubarius’:ab,ti OR (‘Fossa’:ab,ti 
AND ‘Rosenmuller’:ab,ti ) OR ‘Pharyngeal recess’:ab,ti OR ((‘Pharyngeal’:ab,ti OR 
‘Pharynx’:ab,ti) AND ‘tonsil’:ab,ti ) OR ((‘Pharyngeal’:ab,ti OR ‘Pharynx’:ab,ti) AND 
‘Tonsils’:ab,ti ) OR ‘Adenoids’:ab,ti OR ((‘Pharyngeal’:ab,ti OR ‘Pharynx’:ab,ti) AND 
‘tonsillar’:ab,ti ) OR ((‘Pharyngeal’:ab,ti OR ‘Pharynx’:ab,ti) AND ‘tonsilla’:ab,ti ) OR 
‘Adenoid’:ab,ti OR (‘Ostium’:ab,ti AND ‘Pharyngeum’:ab,ti ) OR (‘Ostium’:ab,ti AND 
‘Tuba auditiva’:ab,ti ) OR (‘Ostium’:ab,ti AND ‘Tubae auditivae’:ab,ti )

AND Population ‘Neoplasms’/exp OR ‘Oncology’:ab,ti OR ‘Oncological’:ab,ti OR ‘Tumor’:ab,ti OR 
‘Tumors’:ab,ti OR ‘Tumour’:ab,ti OR ‘Tumours’:ab,ti OR ‘Carcinoma’:ab,ti OR 
‘Carcinomas’:ab,ti OR ‘Cancer’:ab,ti OR ‘Cancers’:ab,ti OR ‘Malignancy’:ab,ti OR 
‘Malignancies’:ab,ti OR ‘Neoplasm’:ab,ti OR ‘Neoplasms’:ab,ti OR ‘SCC’:ab,ti OR 
‘SCCs’:ab,ti OR ‘Malignant’:ab,ti OR ‘Cancerous’:ab,ti OR ‘Malignance’:ab,ti OR ‘naso-
pharynx cancer’/exp

AND Determinant ‘Pathogenesis’:ab,ti OR ‘Oncogenesis’:ab,ti OR ‘Oncogeneses’:ab,ti OR ‘Molecular’:ab,ti 
OR ‘Carcinogenesis’:ab,ti OR ‘Carcinogeneses’:ab,ti OR ‘Epigenomics’:ab,ti OR 
‘Tumorigenesis’:ab,ti OR ‘Tumorigeneses’:ab,ti OR ‘Epigenomics’/exp OR ‘etiology’:lnk 
OR ‘Carcinogenesis’/exp OR ‘Molecular Biology’/exp OR ‘Genetics’:ab,ti OR 
‘Genetic’:ab,ti OR ‘Genomics’:ab,ti OR ‘Genes’:ab,ti OR ‘Epigenomic’:ab,ti OR 
‘epigenomics’:ab,ti OR ‘Epigenetic’:ab,ti OR ‘Epigenetics’:ab,ti OR ‘Cytogenetic’:ab,ti OR 
‘Cytogenetics’:ab,ti OR ‘Glycomics’:ab,ti OR ‘ Glycomic’:ab,ti OR ‘Metagenomics’:ab,ti 
OR ‘ Metagenomic’:ab,ti OR ‘Nutrigenomics’:ab,ti OR ‘Nutrigenomic’:ab,ti 
OR ‘Proteomics’:ab,ti OR ‘ Proteomic’:ab,ti OR ‘Immunogenetics’:ab,ti OR 
‘Immunogenetic’:ab,ti OR ‘Pharmacogenetics’:ab,ti OR ‘Pharmacogenetic’:ab,ti 
OR ‘Toxicogenetics’:ab,ti OR ‘Toxicogenetic’:ab,ti OR ‘Transcriptome’/exp 
OR ‘Transcriptome’:ab,ti OR ‘Transcriptomes’:ab,ti OR ‘Expression’:ab,ti OR 
‘Transcriptomic’:ab,ti OR ‘Transcriptomics’:ab,ti OR ‘Marker’:ab,ti OR ‘Markers’:ab,ti 
OR ‘Biological markers’:ab,ti OR ‘Biological Markers’/exp OR ‘genetics’/exp OR ‘epi-
genetics’/exp OR ‘cytogenetics’/exp OR ‘glycobiology’/exp OR ‘metagenomics’/exp OR 
‘nutrigenomics’/exp OR ‘proteomics’/exp OR ‘immunogenetics’/exp OR ‘pharmacogenet-
ics’/exp OR ‘toxicogenetics’/exp OR ‘transcriptome’/exp

AND Domain ‘incidence’/exp OR ‘mortality’/exp OR ‘follow up’/exp OR ‘prognosis’/exp OR ‘mortal-
ity’/exp OR ‘follow up studies’/exp OR ‘prognosis’:ab,ti OR (‘disease-free’:ab,ti AND 
‘survival’:ab,ti ) OR (‘medical’:ab,ti AND ‘futility’:ab,ti ) OR ‘grading’:ab,ti OR ‘grade’:ab,ti 
OR ‘staging’:ab,ti OR ‘stage’:ab,ti OR ‘nomograms’:ab,ti OR ‘nomogram’:ab,ti OR 
‘outcome’:ab,ti OR ‘course’:ab,ti OR ‘predict’:ab,ti OR ‘predicted’:ab,ti OR ‘incidence’:ab,ti 
OR ‘mortality’:ab,ti OR ‘follow up studies’:ab,ti OR ‘follow up study’:ab,ti 

Supplementary table 1.  Pubmed and Embase search
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Supplementary table 2.  Quality assessment

Relevance cut-off:  < 1 (a score of 1 indicates that at least one outcome measurement of interest is available)                                           
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Risk of bias cut-off: < 6 (a total risk of bias score of 14 could be achieved per study. A score of 6 as cutoff was arbitrarily cho-
sen based on all scores of all studies included for quality assessment by an epidemiologist experienced in systematic reviews 
and meta-analysis)

+ = 1 point                      - = 0 points
PSC = prospective cohort
PCR = polymerase chain reaction
IHC = immunohistochemistry
RCT = randomized control trial
RCS = retrospective cohort                                                                                                                                                          
WB = western blot
* = not applicable
# = not described

In/exclusion criteria: were the in/exclusion criteria well defined? Was defined which patients were included in the study (e.g. 
co-morbidity, gender, age). Were the included patients adequately chosen?

Selection process: did the study give adequate information about the setting in which the patient was chosen, and also about 
the selection process itself

Inception cohort: were the patients chosen at a similar time/stage of their disease

Outcome precise and valid: how were the outcomes measured? How was the technique used to measure the outcome? What 
materials were used to measure the outcome?

Estimation of prognosis: was there a p-value given or a 95% confidence interval to adequately judge the significance of the 
measured results

Follow-up duration: was there mention of follow-up duration?

Complete follow-up: was there reporting on the loss-to-follow-up? Was there reporting on the reasons of loss-to-follow-up? 
Was there mention of censured observations?

Difference follow-up duration: was there in the statistical evaluation of the results consideration for the differences in follow-
up duration between individual patients in the study?

Other relevant prognostic factors: age, TNM stage, gender
Standardization: was there proper mention of the materials and methods used in the study (including brand of the antibodies 
used)

Blinding: were the evaluator(s) of the results of the tests blinded to the patient/tumor characteristics?

Kappa: was there a Kappa value measured for the evaluator(s)

Selection bias: was there any form of bias in selecting the patients for the study
Evaluation of immunostain: was the right type of staining pattern measured (e.g. cytoplasmic staining) and how was the staining 
scored
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Country N Age (years) Molecules Method Cut-off Follow-up 
(months)

Outcome Study design 

Acikalin 2011 Turkey 45 13-85
Mean 49.4
Median 53

Cyclin D1 IHC Nuclear staining 
> 10%

4-88 
Mean 32
Median 29

DFS
OS
TNM

RSC

Hwang 2002 Taiwan 65 15-82
Mean 49

Cyclin D1 IHC Nuclear staining
> 5%

> 72 3/5 year 
survival
TNM

RSC

Lai 2002 China 64 23-69
Mean 49.6

Cyclin D1 IHC Nuclear staining
Low + 1-10%
High + 11-50%

120 OS
3/5 year sur-
vival (low+)
3/5 year sur-
vival (high+)
TNM

PSC

Lin 2006 USA 27 27-72
Mean 51

Cyclin D1 IHC Nuclear staining
> 5%

5-164 
Mean 45

DFS RSC

Krikelis 2013 Greece 105 15-82
Median 49

Cyclin D1

EGFR

AKT

MAPK

PTEN

mTOR

IHC Nuclear 5%

Cytoplasm/ mem-
brane 10%

Cytoplasm/ 
nuclear 5%

Cytoplasm/ 
nuclear 5%

Cytoplasm/ 
nuclear 10%

Cytoplasm/ peri-
nuclear 5%

Median 76.8 DFS
OS
TNM

DFS
OS
TNM

DFS
OS
TNM

DFS
OS
TNM

DFS
OS
TNM

DFS
OS
TNM

RSC

Leong 2004 Singapore 75 22-87
Median 46

EGFR IHC Celmembrane
Positive score: 
Extent X intensity 
≥4

3.7-64
Median 28.6

OS
TNM

RSC

Kim Y 2010 Korea 38 25-74
Median 48

STAT3

STAT5

EGFR

IHC > 10%

> 10%

Not reported

11-83
Median 30

OS
DFS

OS
DFS

OS
DFS

RSC

Kim T 2010 Korea 69 17-72
Median 50

EGFR IHC Positive if score > 
1 (weak and com-
plete membranous 
staining > 10%

1-191
Median 54

DFS
OS
TNM

RSC

Huang 2010 Taiwan 170 15-72
Median 46

EGFR IHC H-score (consid-
ered as both di-
chotomized with 
median cutoff 
and as continuous 
variable, cytoplas-
mic staining

3-128
Mean 68

OS
TNM

RSC

Fuji 2001 Japan 53 16-81
Mean 49.4

EGFR IHC > 25%
(not specified)

35.3-199.9
Mean 90.9

RCS

Supplementary table 3.  Study characteristics
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Country N Age (years) Molecules Method Cut-off Follow-up 
(months)

Outcome Study design 

Chua 2003 China 54 Not 
reported

EGFR IHC Extend
(<5%, ≥ 5% to 
<25%, ≥ 25%) and 
intensity scored 
(weak, moderate 
strong) (not speci-
fied what should 
stain)

5-150
Mean 52

DFS
OS
TNM

RSC

Ma 2003 China 78 22-79
Median 48

EGFR IHC Celmembrane 
staining  >10% 
(graded 0+ to 3+)

1.7-63
Median 46

DFS
OS
TNM

RSC

Pan J 2008 China 111 < 50 (n=67)
≥ 50 (n=44)

EGFR IHC Celmembrane 
>10%

Not reported TNM RSC

Pan J 2012 China 111 < 50 (n=67)
≥ 50 (n=44)

EGFR IHC Celmembrane 
>10%

60 DFS
OS

RSC

Taheri 2008 Sweden 44 11-87
Median 56

EGFR IHC Celmembrane 
(extent and inten-
sity scored with 
LI≥50%

1.56-150
Median 68,4

DFS
OS
TNM

RSC

Cao 2010 China 127 20-63
Median 45

EGFR IHC Celmembrane 
(extent and 
intensity) positive 
from 2-3

Median 60 DFS
OS
TNM

RSC

Fang 2007 Taiwan 20 13-20
Median 17

EGFR IHC Extent and 
intensity scored 
(not specified 
which structures) 
with a score ≥4 as 
positive

Only for survi-
vors reported
36-176
Median 111

DFS
OS
TNM

RSC

Chen 2010 China 230 14-86
Median 46

mTOR IHC Extent and 
intensity scored 
(cytoplasmic) with 
IRS ≥4 as high 
expression and <4 
as low expression

Not specified 3/5 year 
survival
TNM

RSC

Fendri 2009 Tunesia 88 10-80
Median 40

PIK3CA PCR PIK3CA exon 
20 screened for 
mutations
PIK3CA copy 
number quantifi-
cation

0-130 DFS
OS
TNM

RSC

Chou 2008 Taiwan 53 25.93-
84.72
49.53+/-
13.38

PIK3CA PCR Mutational
analysis (exon 4)

0,5-86
Median 44

3/5 year 
survival
TNM

RSC

Win 2013 Taiwan 124 20-83
Mean 48.6

AKT IHC Cytoplasmic 
staining
H score > median 
high expression 
and < median low 
expression

1-141
Median 71

DFS
TNM

RSC

Hsiao 2003 Taiwan 61 3.6-61.2 STAT3

STAT5

IHC > 20% nuclear 
statining

26.3-151
Median 57.1

DFS
OS
TNM

DFS
OS
TNM

RSC

S = significant
NS = not significant
IRS = immunoreactivity score
IHC = immunohistochemistry
PSC = prospective cohort
RCT = randomized control trial
RCS = retrospective cohort                                                                                                                                                          
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S = significant
NS = not significant
IRS = immunoreactivity score
IHC = immunohistochemistry
PSC = prospective cohort
RCT = randomized control trial
RCS = retrospective cohort                                                                                                                                                          

Supplementary figure 1. EGFR pathway

Supplementary figure 2. Flow of information through the different phases of the systematic review
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Abstract 
Background: Nasopharyngeal carcinoma (NPC) treatment is mainly based on clinical staging. We hy-
pothesize that better understanding of NPC molecular heterogeneity can aid in better treatment deci-
sions. Therefore, we explored oncogene copy-number alterations (CNA) of Epstein-Barr virus (EBV) 
positive and negative NPC. 

Methods: Multiplex ligation-dependent probe amplification was applied to detect CNA of 36 onco-
genes (n=103). Correlation between CNA, clinicopathological features and survival were examined. 
Results: CNA occurred significantly more in EBV negative NPC, such as PIK3CA and MCCC1 
(p<0.001) gain/amplification. Gain/amplification of CCNL1 and PTK2 (P < 0.001) predict worse dis-
ease free survival in EBV positive NPC. 

Conclusions: EBV positive and negative NPC are genetically distinct entities with different CNA pro-
files. Copy number gain/amplification of CCNL1 is possibly a good predictor of survival in EBV posi-
tive NPC. PTK2 might be a therapeutic target in EBV positive NPC.
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Introduction
Nasopharyngeal carcinoma (NPC) is a neoplasm which develops from the surface epithelium of the na-
sopharynx, usually in the vicinity of the fossa of Rosenmuller[1]. It has a distinct ethnic and geographical 
distribution, occurring only sporadically in western countries, and endemically in certain regions in Asia 
and North Africa[2].  It is caused by both genetic and environmental factors[3-5]. The subclassifica-
tion of nasopharyngeal carcinoma (NPC) is mainly based on routine haematoxylin and eosin stainings 
(H&E), which can be very challenging. Subdivision is performed according to the third edition of the 
World Health Organization into keratinizing squamous cell carcinoma (SCC)(type I) and non-kera-
tinizing SCC (type II). Especially the non-keratinizing subtype has been associated with Epstein-Barr 
virus (EBV)[6,7], and the keratinizing (type I) NPC with smoking and alcohol like other SCC of the 
head and neck (HNSCC )[8].  However, literature has suggested a prominent role of EBV infection in 
all NPCs, regardless of histologic subtype[9,10]. The exact role of EBV in the development of the dif-
ferent subtypes of NPC is therefore uncertain, and also whether the different NPCs can be regarded as 
separate entities. Also, thus far, clinical decision making in patients with NPC has been mainly based on 
clinical staging, and not histological subtyping, molecular profiling or EBV status. We hypothesize that 
a better understanding of the underlying molecular heterogeneity of the different NPC subtypes can aid 
in helping us understand these tumors, and thus ultimately clinical decision making. Therefore, in this 
study we explored the genetic profiles of EBV positive and EBV negative NPC, and determine oncogene 
copy number alterations (CNA) which are known to be frequently aberrant in HNSCC. We also looked 
at the CNA which are especially associated with survival to better understand the pathogenesis of NPC, 
and thus possible predictors for follow-up and therapeutic targets.  

Materials and methods
Formalin-fixed paraffin-embedded (FFPE) biopsy specimens from 109 consecutively diagnosed NPCs 
were collected from the pathology archives at the University Medical Center Utrecht (UMCU, The 
Netherlands) and the Erasmus University Medical Center (Erasmus MC, The Netherlands). All H&E 
slides were reviewed by experienced head and neck pathologists (SWI/SKO) and by a senior pathology 
resident (MOO). Clinicopathological data were retrieved from electronic medical records. The Dutch 
national ethical guidelines (www.federa.org)  state that no ethical approval is required for the use of 
anonymous leftover tissue, and this is also part of the standard treatment agreement with patients at 
UMCU and Erasmus MC[11]. The date of diagnosis was defined as the date of tissue extraction for 
histological determination of the diagnosis. The end date for disease-free survival (DFS) follow-up was 
the date at which recurrence of disease was determined by a physician. The end date for overall survival 
(OS) was the date of death. 

Tissue microarray construction
Tissue microarrays (TMA) were constructed from the FFPE NPC biopsy specimens with a TMA 
Grand Master instrument (3D HISTECH, Budapest, Hungary). Tumor areas were marked by a head 
and neck pathologist (SWI) and pathology resident (MOO) experienced in the histological evaluation 
of NPCs. Three cores (0.6 mm) were punched from marked tumor areas (central areas) and arrayed into 
a recipient TMA block. 

EBV status
EBV status was determined by applying EBV-encoded RNA (EBER) in situ hybridization (ISH) to 
the TMA. A BenchMark ULTRA automated staining instrument (Ventana Medical systems, Tuscon, 
AZ, USA) was used for ISH of the TMA using a EBV specific probe (INFORM EBER (EBV Early 
RNA) PROBE) (Ventana Medical systems), and the ISH iVIEW Blue detection kit (Ventana Medical 
systems) was used for staining according to the manufacturers’ instructions.
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DNA extraction and MLPA analysis
Areas with at least 30% tumor cells, which is sufficient for this kind of assay[12], were selected and 
dissected from 5µm slides[13]. DNA was extracted by overnight incubation at 56˚C in direct lysis buf-
fer (50mM Tris-HCL, pH 8.0; 0,5% Tween 20) supplemented with proteinase K (10mg/ml; Roche, 
Almere, The Netherlands). Afterwards the sample was boiled for 10 minutes and centrifuged. MLPA 
was performed on 5µl of supernatant DNA solution according to the instructions of the manufacturer 
(MRC Holland, Amsterdam, The Netherlands). 36 genes from 12 different chromosomal loci were ana-
lyzed using the P428-B1 HNSCC kit (MRC Holland, Amsterdam, The Netherlands) (the genes repre-
sented in the MLPA kit are shown in appendix 1.) with a PCR system 9700 (Applied Biosystems, Foster 
City, CA, USA). Tests were performed in duplicate and performed as described previously[13-15]. We 
also included at least six negative controls (normal nasopharyngeal mucosa and blood samples without 
CNA) and a non-template control (direct lysis buffer) in each run.  According to the manufacturer’s 
recommendations at least 3 different reference samples per MLPA run should be used, and when testing 
more than 21 samples at a time 1 additional reference sample should be added for every 7 additional test 
samples. Subsequently, an ABI 3730 capillary sequencer (Applied Biosystems) separated the PCR prod-
ucts by electrophoresis, and Genescan v4.1 (Applied Biosystems) and Coffalyser.NET analysis software 
(MRC-Holland) were used to compute copy number analysis using mean probe peaks. A minimum 
of 100 ng/µl DNA was used for each sample. For quality control the probemix contains Q-fragments 
which can detect low DNA concentrations, and signaling from these Q-fragments are repressed by the 
MLPA probes as long as sufficient DNA amounts are present. When signaling from these Q-fragments 
exceeded one-third of the ligation-dependent control fragments, this indicated too little DNA, and these 
samples were excluded from further analysis[12]. Also, 11 internal reference probes, regions where no 
CNA are expected, were included in the probe mix (see appendix 1). Samples with more than 4 aberrant 
reference samples were excluded from further analysis. If a gene contained more than one probe in the 
kit, than the mean of all probe peaks of this gene in duplicate was calculated[16]. The selected genes were 
based on a literature search of frequent CNA in HNSCC[13]. A detailed description on the measures 
taken to ensure accurate results have already been described elsewhere[13].  Cut-off values were defined 
as before: 0.7 was defined as loss, 0.7-1.3 as normal, 1.3-2.0 as a gain, and > 2.0 as amplification[16,17].

Statistics
IBM SPSS Statistics software, version 22 was used to analyze the data. The likelihood of univariable 
independence between groups and baseline characteristics was performed using the Pearson X2 test (and 
Fisher’s exact test when appropriate) for categorical variables and the ANOVA for continuous variables. 
Survival rates were calculated with the Kaplan-Meier method, comparison of survival was done by Lo-
grank test. Independence of prognostic variables was determined by Cox regression analysis. Patients 
with known distant metastasis were excluded from survival analysis. Differences in CNA defined as loss, 
gain or amplification between EBV positive and negative NPC were assessed using backward logistic 
regression analysis also taking into account significant clinicopathological features between the two 
groups. Gain/amplifications of a chromosomal arm was defined as > 75% of the genes on a chromosomal 
arm showing  gain/amplification, as array-comparative genomic hybridization has defined chromosomal 
arm alterations with changes in >75% of probes[18,14]. Two tailed P values below 0.05 were considered 
statistically significant. The 0.05 threshold for statistical significance was also reset according to the 
Bonferroni method to correct for multiple testing. Hierarchical cluster analysis was performed in Gene 
Cluster 3.0 to assess the similarity in oncogene CNA. The data were log transformed and grouped. The 
Euclidean distance was used as the distance method and complete linkage as the agglomeration method. 
The Heat-map was generated using Java Treeview. 

Results
Of the 109 different NPC samples 6 had too little or poor quality DNA and were excluded from further 
analysis. In total 103 of the samples were suitable for further experiments. The EBV status was known 
in 99 (96%) of the analyzed cases. 
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In 4 cases (4%) there was insufficient material for testing of EBV status. Patient characteristics are shown 
in table 1. The male : female ratio was 3:1. Mean age of the NPC group as a whole was 54 years. The 
mean age was 50.8 years for the EBV positive group and 58.7 years for the EBV negative group (p = 
0.009). There was a positive correlation between EBV positive status and non-keratinizing phenotype, 
and between EBV negative status and keratinizing phenotype. 

Table 1. Clinicopathological features

NPC N (EBV status 
known)

EBV positive NPC EBV negative NPC P-value
(EBV + versus EBV -)

Age Mean 54
(SD 14.721)

Total: 99 Mean 50.75 (SD 14.552) Mean 58.72 (SD 13.954) 0.009

Sex
Male
Female

76 (74%)
27 (26%)
Total: 103 Total: 99

51 (81%)
12 (19%)

63

24 (67%)
12 (33%)

36

0.111

Histological subtype
Keratinizing NPC
Non-keratinizing
NPC 

14 (14%)
85 (86%)

Total 99

0 (0%)
64 (100%)

64

14 (40%)
21 (60%)

35

<0.001

Smoking
Yes
No

44 (73%)
16 (27%)
Total: 60 Total: 58

25 (69%)
11 (31%)

36

18 (82%)
4 (18%)

22

0.296

Alcohol
Yes
No

32 (53%)
28 (47%)
Total: 60 Total: 58

18 (51%)
17 (49%)

35

13 (57%)
10 (43%)

23

0.704

AJCC T-stage
T1
T2
T3
T4

27 (29%)
24 (26%)
14 (15%)
28 (32%)
Total: 93 Total: 90

18 (31%)
18 (31%)
7 (12%)
15 (26%)

58

9 (28%)
6 (19%)
7 (22%)
10 (31%)

32

0.438

T1/2 versus T3/4
T1/2
T3/4

51 (55%)
42 (45%)
Total: 93 Total: 99

36 (62%)
22 (38%)

58

15 (47%)
17 (53%)

32

0.164

AJCC N-stage
N0
N1
N2
N3

28 (31%)
23 (25%)
37 (40%)
4 (4%)

Total: 92 Total: 89

16 (28%)
13 (22%)
27 (47%)
2 (3%)

58

11 (35%)
10 (32%)
8 (26%)
2 (7%)

31

0.244

No versus
N1/N2/N3
N0
N1/N2/N3

28 (30%)
64 (70%)
Total: 92 Total: 89

16 (28%)
42 (72%)

58

11 (35%)
20 (65%)

31

0.440

AJCC M-stage
M0
M1

54 (93%)
4 (7%)

Total: 58 Total: 57

34 (94%)
2 (6%)

36

20 (95%)
1 (5%)

21

1.000

Therapy
Radiotherapy
Chemotherapy
Radio/chemotherapy
Other

28 (28%)
2 (2%)

66 (67%)
3 (3%)

Total: 99 Total: 96

16 (26%)
1 (3%)

43 (69%)
2 (2%)

62

11 (32%)
1 (3%)

21 (62%)
1 (3%)

34

0.824

The likelihood of univariable independence between groups and baseline characteristics was performed using the Pearson X2 test (and the Fisher’s exact test when 
appropriate) for categorical variables and the ANOVA for continuous variables. Two tailed P values below 0.05 were considered statistically significant. Significant 
values after Bonferroni  correction are depicted in bold.
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Copy number changes
Figure 1 demonstrates CNA in the NPC group as a whole, and in the EBV positive and  negative sub-
groups. CNA occurred more frequently in EBV negative NPC (p = 0.034) after multivariable analysis. 
In particular, PIK3CA and MCCC1 gain/amplification were found significantly more often in EBV 
negative NPC (p < 0.001), and PIK3CA also after multivariable analysis. 

CNA and clinicopathological features. 
Oncogene gain/ amplification in the genes CCNL1 (61.16 years versus 51.51 years, p = 0.003), PIK3CA 
(62.20 years versus 51.44 years, p = 0.001), MCCC1 (63.57 years versus 51.31 years, p < 0.001) and 
TP63 (66.53 years versus 51.23 years, p < 0.001) in the NPC group as a whole was more frequent at an 
older age. Only DEPDC1B gain/ amplification was more frequently seen at a younger age (26.00 years 
versus 54.60 years, p = 0.006) in the NPC group as a whole. Smoking was associated with gene copy 
number gain/ amplification of PIK3CA (94% versus 65%, p = 0.025), and alcohol usage was associated 
with absence of copy number gain/ amplification of PTK2 (0% versus 57%, p = 0.042). H2AFX gain/ 
amplification correlated with a positive nodal status (58% versus 24%, p = 0.005). When corrected for 
EBV positivity, TP63 gain/ amplification remained more frequent  in an older age group (63.88 years 
versus 49.86 years, p = 0.01) and DEPDC1B in a younger age group (26.00 years versus 52.32 years, p 
= 0.011). 

There was less copy number gain/ amplification of H2AFX in EBV positive NPC with lymph node 
metastasis compared to EBV positive NPC without lymph node metastasis (36% versus 80%, p = 0.007). 
MYC gain/ amplification was also less common in EBV positive NPC with regard to lymph node me-
tastasis (55% versus 82%, p = 0.021). Copy number gain/ amplification of FADD was increased in meta-
static EBV positive NPC (40% versus 3%, p = 0.042). In the EBV negative NPC, CCNL1 (67.07 years 
versus 54.56 years, p = 0.003), MCCC1 (67.41 years versus 53.22 years, p = 0.001), TP63 (69.17 years 
versus 55.00 years, p = 0.002) and MYC (63.95 years versus 54.55 years, p = 0.027) gain/ amplification 
were also more frequent at an older age. 

Figure 1. Correlation between EBV positive and EBV negative NPC, and oncogenes

CCNL1 (p=0.031), PIK3CA (p<0.001), MCCC1 (p<0.001), TP63 (p=0.016) and WISP1 (p=0.016) showed more gain/ amplification in the 
EBV negative NPCs compared to the EBV positive NPCs. The likelihood of univariable independence between groups was performed using 
the Pearson X2 test (and the Fisher’s exact test when appropriate). Two tailed P values below 0.05 were considered statistically significant.  
Significant differences in loss/ normal versus gain/ amplification*.
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Survival analysis
The mean OS and DFS follow-up time for the whole NPC group was 46 months and 39 months re-
spectively. The EBV positive cases had a mean OS time and DFS time of 51 months and 43 months 
respectively. The EBV negative cases had a mean OS time of 38 months and a mean DFS time of 30 
months. Age was dichotomized (≤ 50 years and > 50 years) to assess effect on survival. 
Whole NPC group. In the whole NPC group there was worse DFS when CCNL1 (see appendix 2a) 
and  MTUS (see appendix 2b) were gained/amplified, and worse OS when PIK3CA (see appendix 2c), 
MCCC1 (see appendix 2d), MYC (see appendix 2e) and CCNL1 (see appendix 2i) were gained/ampli-
fied. In the whole NPC group T1/2 tumors had better DFS (p = 0.017) and OS (p = 0.012) compared 
to T3/4 tumors, and non-keratinizing tumors also had better DFS (p = 0.013) and OS (p = 0.002) 
compared to keratinizing tumors. Better DFS was also seen in EBV positive tumors compared to EBV 
negative NPC (p = 0.033). In the multivariate cox regression analysis in the whole NPC group, when 
taking into account CCNL1 and T-stage, T1/2 (p = 0.010, HR 0.299, 95%CI 0.119-0.751) correlated 
with better DFS and CCNL1 gain/amplification (p = 0.010, HR 3.260 95%CI 1.326-8.015) correlated 
with worse DFS. For OS, taking into account CCNL1, MYC, MCCC1, PIK3CA and T-stage in the 
multivariable analysis, only T1/2-stage was an independent predictor of better outcome (p = 0.008, HR 
0.229, 95%CI 0.077-0.682). All Hazard ratios are depicted in table 2. 
EBV positive subgroup. In the EBV positive group, GATA4 (see figure 2a), MTUS (see figure 2b), PTK2 
(see figure 2c) and CCNL1 (see figure 2d) predicted a worse DFS. There was also a correlation between 
CCNL1 gain/amplification and worse OS (see figure 2e). Gain/amplification of chromosomal arm 3q 
in EBV positive tumors showed worse DFS (see figure 3a) and OS (see figure 3b). 
EBV negative NPC.  In EBV negative NPC only T1/2 showed a better OS (p = 0.033) with the Kaplan-
Meier method, but this was not seen in the Cox regression. 

Results after the Bonferroni correction
CCNL1 (p < 0.001) and PTK2 (p < 0.001) gain/amplification showed a worse DFS in EBV positive 
NPC.  Cox regression analysis also revealed CCNL1 gain/amplification to correlate with worse DFS (p 
= 0.001, HR 3.260 95%CI 1.326-8.015) in EBV positive NPCs. In the NPC group as a whole, MCCC1 
gain/amplification showed a worse OS (p = 0.001) in the univariate analysis. PIK3CA (p < 0.001) and 
MCCC1 (p < 0.001) gain/amplification occurred more frequently in EBV negative NPC. In the EBV 
negative NPC, MCCC1 gain/amplification also occurred more frequently at an older age. PIK3CA 
gain/ amplification remained significantly associated with EBV negative NPC in the multivariable anal-
ysis. PIK3CA (p = 0.001), MCCC1 (P < 0.001) and TP63 (p < 0.001) gain/amplification occurred more 
frequently at an older age in the whole NPC group. 

Cluster analysis
The heat maps of the cluster analysis are shown in appendix 3. In the whole NPC group (see appendix 
3a) a cluster consisting of CCNL1, TP63, PIK3CA, MCCC1, MYC, CCND1, FGF4, FADD and 
CTTN with simultaneous gain/amplification was identified. In the EBV positive NPC (see appendix 
3b) a cluster consisting of CCND1, FGF4, FADD and CTTN with simultaneous gain/amplification 
was identified. In EBV negative NPC (see appendix 3c) 2 clusters were identified: one consisting of 
gain/amplification of CCND1, FGF4, FADD and CTTN and the other consisting of gain/amplifica-
tion of PIK3CA, MCCC1, CCNL1, TP63 and MYC.
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Survival plots were generated with the 
K

aplan-M
eier m

ethod and the logrank 
test was used to com

pare survival between 
groups. Two tailed P values below 0.05 
were considered statistically significant.

Figure 2. EBV positive K
aplan M

eier curves



63

Figure 3. Kaplan Meier curves of the chromosomal arms of EBV positive NPCs

Survival plots were generated with the Kaplan-Meier method and the logrank test was used to compare survival between groups. Two tailed P 
values below 0.05 were considered statistically significant. 

Correlation with OS p-value HR (95%CI)
Whole NPC group (univariate)

T½ stage 0.018 0.284 (0.100-0.806)

Histological non-keratinizing NPC 0.005 0.244 (0.091-0.652)

PIK3CA 0.047 1.617 (1.006-2.599)

MCCC1 0.001 2.155 (1.351-3.438)

MYC 0.032 1.682 (1.046-2.702)

CCNL10……………0 0.002 4.314 (1.706-10.906)

Whole NPC group (multivariate taking into 
account CCNL1, MYC, MCCC1, PIK3CA 
and T-stage)

T½ 0.008 0.229 (0.077-0.682)

EBV positive NPC (univariate)

CCNL1 0.005 2.633 (1.346-5.151)

Chromosomal arm 3q 0.025 4.881 (1.219-19.537)

Correlation with DFS p-value HR (95%CI)

Whole NPC group (univariate)

T½ 0.023 0.349 (0.141-0.865)

Histological non-keratinizing NPC 0.019 0.323 (0.126-0.828)

CCNL1 0.010 3.066 (1.301-7.225)

Whole NPC group (multivariate taking into 
account CCNL1 and T-stage)

T½ 0.010 0.299 (0.119-0.751)

CCNL1 0.010 3.260 (1.326-8.015)

EBV positive NPC (univariate)

GATA4 0.042 3.882 (1.048-14.378)

MTUS 0.024 2.132 (1.107-4.107)

PTK2 0.002 2.936 (1.508-5.716)

CCNL1 0.001 2.729 (1.529-4.872)

Chromosomal arm 3q 0.007 5.248 (1.575-17.491)

Associations were analyzed by multivariate 
Cox proportional hazard model for survival.
Confounders were determined with Cox
regression analysis (using >a*b>).
Clinicopathological characteristics
influencing survival and confounders
were added to the multivariate model. 
Two tailed P values below 0.05 were 
considered statistically significant. 
Significant values after Bonferroni
correction are depicted in bold.

Table 2. Multivariate and univariate Cox regression analysis



64

Discussion
To understand the differences between the NPC subtypes more knowledge on the genomic makeup of 
these tumors is needed. This can not only help us understand the pathogenesis of these tumors better, 
but also eventually help in personalized cancer treatment decision making. Genetic predictors of therapy 
response are frequently evaluated in tumor biopsy specimens (e.g. Her2Neu in breast cancer). 

In NPC, there have been genome-wide association studies and studies looking at specific mutations, but 
review of the literature underscores the need for replication of findings to better understand the genetic 
underpinnings of NPC[19].  Thus, it is important in NPC to clarify the molecular pathways through 
which prognostic/predictive targets can be revealed. Although there are studies which evaluated the ex-
pression of specific chromosomal regions (i.e. 4p15.1-4q12 and 14q32.1-14q32.33[20]), we evaluated a 
broader genomic region by CNA. After Bonferroni correction, we found significant gain/ amplification 
of oncogenes in all (EBV positive and negative) NPCs.

Gain/amplification of PIK3CA and MCCC1 have already been reported in HNSCC[21]. PIK3CA has 
a function in cell growth, proliferation, survival and evasion of growth suppressors in tumor cells[22]. 
In our cohort, however, no correlation with survival could be demonstrated for PIK3CA, thus gain/am-
plification of PIC3CA can be best classified as a passenger event, or an event in the framework of older 
age. MCCC1 mainly has its function in regulating cellular energetics[21]. MCCC1, however, did show a 
significant correlation with worse OS. Thus, MCCC1 might be a predictive marker for survival in NPC 
in general. Gain/amplification of TP63, a gene located on chromosomal arm 3q, which helps in prevent-
ing cell death[23,24], was also more frequent at older age, but did not play a role in tumor progression 
as there was no correlation with survival.

We found different genes gained/ amplified between EBV positive and EBV negative NPC, suggesting 
that these tumors develop through different molecular routes. Particularly in EBV positive NPC, we 
found significant gain/ amplification of CCNL1 and PTK2. CCNL1 (Cyclin-L1), located on 3q25.31, 
is part of the cyclin family which has been described to show overexpression in HNSCC[25]. It regulates 
G0-G1 cell cycle progression and helps tumor cells evade suppressors[26,27]. This study demonstrated 
gain/amplification of CCNL1 to predict worse DFS. It interacts with CDK13/CDC2L5 and regulates 
alternative splicing, with CCND1 being a likely target[28]. Overexpression of CCND1 has also been 
reported to be present in more than 90% of NPCs, and linked to chromosomal gains in 3q, with knock 
down of CCND1 expression resulting in a decrease in proliferation of tumor cells[29]. 

However, after correcting for multiple testing, the significance of CCNL1 and chromosomal arm 3q for 
predicting worse OS is lost. Therefore, the significance of CNA of CCNL1 as well as chromosomal arm 
3q remains questionable. PTK2 is a transcriptional factor involved in apoptosis, cell proliferation and 
resistance to cell death[30-32]. Its protein form has been described as being increasingly phosphorylated 
in EBV infected cells[33], and shows recurrent rearrangements in NPC tissue[34]. Interesting in our 
cohort is the finding that PTK2 correlated with worse DFS in EBV infected NPCs, and as PTK2 is a 
therapeutic target in breast cancer[35,36], it might also be a target in EBV positive NPC. 

Vice versa, PIK3CA and MCCC1 gain/amplification was more frequent in EBV negative cases, but our 
cohort showed no correlation with survival. These oncogenes are both located on 3q26.3.3-27, amplifica-
tion of which is considered a breakpoint in tumorigenesis in HNSCC as alterations in genes located at 
this locus might lead  to tumor progression[37]. This finding is an argument in support of the hypothesis 
that EBV negative NPCs have a common pathogenic pathway with other HNSCC, which are more 
smoking and alcohol related and not EBV related. For PIK3CA, as with the whole NPC group, we also 
found a correlation with older age. Thus, as with the NPC group as a whole, PIK3CA might not be a 
major driver of tumor progression, but more a passenger event, or an event in the framework of older 
age or smoking as there was also a correlation with a smoking history. Due to the small size of our EBV 
negative cohort our findings cannot be stated with absolute certainty.  
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In the whole NPC group a cluster consisting of CCNL1, TP63, PIK3CA, MCCC1, MYC, CCND1, 
FGF4, FADD and CTTN was identified; CCNL1, TP63, PIK3CA, MCCC1, and MYC correlated 
with a poor OS before correcting for multiple testing, making this possibly a relevant cluster of gain/
amplification, and also as chromosomal arm 3q, onto which CCNL1, TP63, PIK3CA and MCCC1 are 
located, also correlated with worse survival.  With regard to the EBV positive NPC, a cluster consisting 
of CCND1, FGF4, FADD and CTTN was identified with only GATA4 correlating with worse DFS 
before correcting for multiple testing, making the significance of this cluster in the pathogenesis of 
EBV positive NPC unlikely. In EBV negative NPC a cluster consisting of CCND1, FGF4, FADD and 
CTTN, all located on chromosomal arm 11q, and a cluster consisting of the genes PIK3CA, MCCC1, 
CCNL1 and TP63 all located on chromosomal arm 3q, were identified. Thus, gain/amplification on 
these arms are probably common events in EBV negative NPC. Yet, the significance of these genetic 
events is unclear as no correlation of any of the aforementioned genes exist with survival in the studied 
EBV negative subgroup. 
Previous genome wide association studies in Asian populations have identified chromosome 5p to be a 
possible susceptibility locus for NPC[38], but CNA were not found in the studied population suggest-
ing that the genetic background to NPC susceptibility might be different in western populations, or that 
CNA might not be the genetic alteration in this chromosomal region conferring a higher NPC risk. 
Although specific viral proteins (i.e. EBNA1) have been identified to inhibit p53 function[39], and 
thereby reduce genomic repair and ultimately increase CNA[40], the results of this study do not com-
pletely corroborate EBNA1 playing a primary role in CNA in EBV infected tumor cells as CNA were 
more common in EBV negative NPCs before the Bonferroni correction. However an argument in favour 
of CNA playing a tumorigenic role in EBV positive NPC is the association with survival. 
Although the results of this study help us understand the different NPC subtypes better, there are some 
limitations. We focused on the most frequent oncogene CNA in HNSCC, and therefore might not 
have found other CNA or somatic oncogene aberrations specific for EBV infected as well as non-EBV 
infected epithelial tumors. Although oncogene CNA are known to influence survival of tumor cells[41], 
we did not look at specific activation mutations, which could also be informative.  
In conclusion, our data show that EBV positive and negative NPC are genetically distinct entities with 
different CNA profiles. Copy number gain/amplification of CCNL1 is possibly a good predictor of sur-
vival in EBV positive NPC. PTK2 might be a therapeutic target in EBV positive NPC.
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Appendix 1. HNSCC MLPA kit P428-B1 with loss-gain-amplification and role in oncogenesis

Chromosome Gene Locus Role in oncogenesis Map View
3p

RARB 3p24.2 Growth suppressor evasion 03-025.444279

RASSF1 3p21.31 Continuation of proliferation signalling 03-050.343037

FHIT 3p14.2 Resistance of cell death 03-059.974839

3q

CCNL 3q25.31 Growth suppressor evasion 03-158.348937
03-158.359308

PIK3CA 3q26.32 Growth suppressor evasion 03-180.410106

MCCC1 3q27.1 Dysfunction of cellular energetics 03.184.252624

TP63 3q28 Resistance of cell death 03-190.832006

4p

WHSC1 4p16.3 Genomic instability and hypermutability 04-001.950156

WFS1 4p16.1 Dysfunction of cellular energetics 04-006.355788

CD38 4p15.32 Invasion and metastasis 04-015.389226

5q

DEPDC1B 5q12.1 Genomic instability and hypermutability 05-060.018734

WDR36 5q22.1 Growth suppressor evasion 05-110.467455

BTNL3 5q35.3 Continuation of proliferation signalling 05-180.365094

7q

EGFR 7q11.2 Continuation of proliferation signalling 07-055.191962
07-055.236919

ABCB1 7q21.12 Resistance of cell death 07-087.012074

CDK6 7q21.2 Growth suppressor evasion 07-092.085391

MET 7q31.2 Invasion and metastasis 07-116.197031

8p

CSMD1 8p23.2 Continuation of proliferation signalling 08-004.839277

GATA4 8p23.1 Resistance of cell death 08-011.650003

MTUS 8p22 Growth suppressor evasion 08-017.645396
08-017.702395
08-017.656483

8q

MYC 8q24.21 Resistance of cell death and proliferation 08-128.817870

WISP1 8q24.22 Resistance of cell death 08-134.309095

PTK2 8q24.3 Continuation of proliferation signalling 08-141.879785

11q

CCND1 11q13.3 Growth suppressor evasion 11-069.171946

FGF4 11q13.3 Invasion and metastasis 11-069.297353

FADD 11q13.3 Continuation of proliferation signalling 11-069.730527
11-069.727339

CTTN 11q13.3 Invasion and metastasis 11-069.956859

ATM 11q22.3 Genomic instability and hypermutability 11-107.655436

H2AFX 11q23.3 Genomic instability and hypermutability 11-118.471495

CHEK1 11q24.2 Growth suppressor evasion 11-125.018925

13q

BRCA2 13q13.1 Genomic instability and hypermutability 13-031.869059

RB1 13q14.2 Growth suppressor evasion 13-047.937195

KCNRG 13q14.2 Resistance of cell death 13-049.492724

18q

SMAD2 18q21.1 Continuation of proliferation signalling 18-043.628917

SMAD4 18q21.2 Continuation of proliferation signalling 18-046.838518

GALR1 18q23 Growth suppressor evasion 18-073.109588
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Reference probes Locus Map View
DPYD 1p21.3 01-097.688408

PEX13 2p16.1 02-061.126370

RPIA 2p11.2 02-088.779111

LRRFIP1 2q37.3 02-238.337227

PKHD1 6p12.3 06-051.858618

NOS1 12q24.22 12-116.253160

POMT2 14q24.3 14-076.842475

SPG11 15q21.1 15-042.648954

PRPF31 19q13.42 19-059.323257

USP25 21q21.1 21-016.172591

PPIL2 22q11.21 22-020.379682
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Survival plots were generated with the K
aplan-M

eier m
ethod and the logrank test was used to com

pare survival between groups. 
Two tailed P values below 0.05 were considered statistically significant.

Appendix 2. K
aplan M

eier curves for oncogenes in the EBV N
PC group as a w

hole
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Appendix 3. Cluster analysis

Hierarchical cluster analysis was performed in Gene Cluster 3.0 to assess the similarity in oncogene copy number changes. 
The data was log transformed and grouped.  The Euclidean distance was used as the distance method and complete linkage as 
the agglomeration method. The Heat-map was generated using Java Treeview.

3c. EBV negative NPC

3b. EBV Positive NPC

3a. NPC group as a whole
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Abstract
Background: Promoter hypermethylation is a common phenomenon in early carcinogenesis to inac-
tivate tumor suppressor genes. Since epigenetic changes are reversible, the therapeutic application of 
methylation inhibitors could provide treatment options in HNSCC. In this study we therefore evaluated 
promoter hypermethylation profiles of 22 common tumor suppressor genes in 108 nasopharyngeal carci-
nomas (NPC) using methylation-specific multiplex ligation-dependent probe amplification. Correlation 
between methylation, clinicopathological features (including Epstein Barr virus (EBV)) and survival 
were examined. Cluster analysis was also performed.

Results: Hypermethylation of RASSF1A and ESR1 was significantly more frequent in EBV positive 
NPC, while hypermethylation of DAPK1 was more frequent in EBV negative NPC. In logistic regres-
sion, age, with EBV positive NPC occurring at earlier age, and RASSF1 (p = 0.049), with RASSF1 be-
ing more frequent in EBV positive NPC, remained significant. In EBV positive NPC, hypermethylation 
of RASSF1A (p = 0.035) predicted worse overall survival (OS) (3.058 (95% CI 1.027-9.107, p = 0.045). 
In EBV negative NPC, hypermethylated APC was a predictor of poor disease-free survival (DFS) (HR 
6.868, 95% CI 2.142-22.022, p = 0.001).

Conclusion: There are important epigenetic differences between EBV negative and EBV positive NPC, 
with EBV negative NPC having a more similar hypermethylation profile to other HNSCC than EBV 
positive NPC. Hypermethylation of RASSF1A might contribute to worse OS in EBV positive NPC, 
and may be an important event in the pathogenesis of EBV infected NPC. Hypermethylation of APC 
might contribute to worse DFS in EBV negative NPC. 
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Background 
Nasopharyngeal carcinoma (NPC) is a distinct type of head and neck squamous cell carcinoma (HNSCC). 
It has a distinct ethnic predisposition and geographical distribution in that it is very uncommon in Cau-
casian western populations and much more prevalent in Asian and North African regions[1]. Risk fac-
tors are both genetic and environmental, with especially Epstein Barr virus (EBV) infection being very 
important[2-4]. NPCs are subdivided into three subtypes according to the third edition of the World 
Health Organization (WHO): (1) keratinizing NPC, (2) non-keratinizing NPC (further subdivided 
into differentiated and undifferentiated squamous cell carcinoma (SCC)), and (3) basaloid SCC. Kera-
tinizing NPC is histologically more similar to classical HNSCC, and is also associated with similar risk 
factors (e.g. smoking)[3]. Non-keratinizing NPCs on the other hand are much more associated with 
EBV infection[4]. However, the exact role of EBV is still not entirely clear in keratinizing NPC, be-
cause reports have stated that EBV is a key player in the pathogenesis of all WHO NPC subtypes[5,4]. 
Literature on HNSCC has mainly focused on smoking related SCC and human papillomavirus (HPV) 
related oropharyngeal carcinomas, but relatively little is known about the genetic profiles of EBV associ-
ated SCC. Epigenetic differences have been reported between HPV and non-HPV HNSCC[6], mak-
ing it also relevant to study other viral related HNSCC. As targeted therapies are becoming common 
practice[7], a greater understanding of the molecular profiles of HNSCC is of the essence, not only to 
increase our understanding of the underlying carcinogenic mechanisms, but also to help with patient/
tumor specific treatment decision making. 
Promoter hypermethylation is a common phenomenon in early carcinogenesis to inactivate tumor 
suppressor genes[8], and more studies need to be performed on HNSCC[9-11,7], and then especially 
NPC[12]. In this study we therefore evaluated promoter hypermethylation profiles of tumor suppressor 
genes in both EBV positive and EBV negative NPC.

Results
Clinicopathological characteristics and associations with EBV status are shown in table 1. EBV positive 
NPC occurred at a younger age (mean age 50.7, SD 15.0) compared to the EBV negative NPC (mean 
63.1, SD 12.9). Patients with EBV positive NPC also had a less frequent history of smoking (p = 0.024) 
and alcohol usage (p = 0.014). Keratinizing NPC were more frequently associated with an EBV negative 
status and non-keratinizing NPC with an EBV positive status (p < 0.001). CDKN2A was excluded from 
further analysis as the positive control in the tested samples was not consistently positive. 

Hypermethylation status
Gene promoter hypermethylation with significant associations for lymph node metastasis and histologi-
cal subtype are shown in figure 1. In the NPC group as a whole, hypermethylation of DAPK1 (mean 
54.1 versus mean 62.5, p = 0.026) and  CADM1 (mean 54.8 versus mean 71.0, p = 0.011) was more of-
ten seen at older age. Hypermethylation of RASSF1A (31% versus 4%, p = 0.006) and TIMP3 (33% ver-
sus 12%, p = 0.045) occurred more often in males compared to females. Hypermethylation of APC was 
significantly more frequent in the keratinizing phenotype (29% versus 10%, p = 0.039), while RASSF1A 
was significantly more frequent in the non-keratinizing phenotype (31% versus 4%, p = 0.008).
In EBV positive NPCs hypermethylation of DAPK1 (mean 48.5 versus mean 66.1, p = 0.001) occurred 
more often at older age and hypermethylation of RASSF1A (40% versus 8%, p = 0.046) and TIMP3 
(38% versus 8%, p = 0.046) occurred more often in males compared to females. TIMP3 (37% versus 8%, 
p = 0.049) was more frequent in EBV positive NPC with lymph node metastasis. 
In EBV negative NPCs hypermethylation of TIMP3 occurred at a younger age (mean 54.5 versus mean 
65.6, p = 0.022). Hypermethylation of RARB (18% versus 11%, p = 0.038) was significantly less frequent 
in EBV negative NPC with lymph node metastasis. 
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Table 1. Clinicopathological features

NPC N (EBV status known) EBV positive NPC EBV negative NPC P-value
(EBV + versus EBV -)

Age Mean 55 
(SD. 15) 108

Mean 50,71 (SD 15) Mean 63 (SD 13) <0.001

Sex
Male
Female

83 (77%)
25 (23%)
Total: 108 104

52 (80%)
13 (20%)
Total: 65

30 (77%)
9 (28%)
Total: 39

0.710

Histological 
subtype
Keratinizing NPC
Non-keratinizing
NPC

24 (22%)
84 (78%)
Total: 108 104

0 (0%)
65 (100%)
Total: 65

24 (62%)
15 (38%)
Total: 39

<0.001

Smoking
Yes
No 

48 (74%)
17 (26%)
Total: 65 63

23 (64%)
13 (36%)
Total: 36

24 (89%)
3 (11%)
Total: 27

0.024

Alcohol
Yes
No 

37 (59%)
26 (41%)
Total: 63 60

16 (46%)
19 (54%)
Total: 35

20 (80%)
6 (20%)
Total: 25

0.014

AJCC T-stage
T1
T2
T3
T4

26 (27%)
23 (24%)
21 (22%)
27 (29%)
Total: 97 94

17 (28%)
16 (27%)
12 (20%)
15 (75%)
Total: 60

9 (26%)
7 (22%)
9 (26%)
9 (26%)
Total: 34

0.854

T1/2 versus T3/4
T1/2
T3/4

49 (51%)
48 (49%)
Total: 97 94

33 (55%)
27 (45%)
Total: 60

16 (47%)
18 (53%)
Total: 34

0.459

AJCC N-stage
N0
N1
N2
N3

27 (29%)
27 (29%)
36 (38%)
4 (4%)
Total: 94 91

13 (22%)
17 (29%)
26 (44%)
3 (5%)
Total: 59

13 (40%)
10 (31%)
8 (25%)
1 (4%)
Total: 32

0.191

N0 versus 
N1/N2/N3
N0
N1/N2/N3

27 (29%)
67 (71%)
Total: 94 91

13 (22%)
46 (78%)
Total: 59

13 (40%)
19 (60%)
Total: 32

0.061

AJCC M-stage
M0
M1

58 (94%)
4 (6%)
Total: 62 61

36 (92%)
3 (8%)
Total: 39

22 (100%)
0
Total: 22

0.182

Therapy
Radiotherapy
Chemotherapy
Radio/chemotherapy
Other

32 (30%)
5 (5%)
63 (59%)
6 (6%)
Total: 106 103

19 (29%)
3 (5%)
41 (63%)
2 (3%)
Total: 65

12 (32%)
2 (5%)
20 (53%)
4 (10%)
Total: 38

0.418

The likelihood of univariable independence between groups was performed using the Pearson X2 
test (and the Fisher’s exact test when appropriate) for categorical variables and the ANOVA for con-
tinues variables. Two tailed P values below 0.05 were considered statistically significant. Significant 
values after the Holm-Bonferroni are depicted in bold.
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Differences in hypermethylation status of tumor suppressor genes between EBV positive and EBV neg-
ative NPC are shown in figure 2. Hypermethylation of RASSF1A (34% versus 10%) and ESR1 (12% 
versus 0%)  was significantly more frequent in EBV positive NPC, while hypermethylation of DAPK1 
(30% versus 12%) was more frequent in EBV negative NPC. Only age (p = 0.006), with EBV positive 
NPC occurring at younger age, and RASSF1A (p = 0.049), with RASSF1A being more frequent in 
EBV positive NPC, remained significant in multivariable analysis. 
No differences in cumulative methylation index (CMI) were found between EBV positive and negative 
NPCs, and CMI also did not correlate with smoking, alcohol usage, NPC histological subtype, T-stage, 
N-stage or M-stage. However, the CMI was higher in males compared to females (p = 0.009). 

Cluster analysis
The heat maps of the cluster analysis are shown in figure 3.The whole NPC group (figure 3a) showed 
a cluster A (n = 34) with significantly lower CMI compared to the whole NPC group (p < 0.001), an 
association with positive EBV status (76% versus 56%, p = 0.040), younger age (50% versus 28% <50 
years, p = 0.029), predilection to be female (35% versus 18%, p = 0.043), and less hypermethylation for 
RARB1 (97% versus 78%, p = 0.013), DAPK1 (100% versus 73%, p = 0.001), CDH13 (76% versus 32%, 
p < 0.001) and TIMP3 (88% versus 65%, p = 0.012). No differences in survival were observed for the 
cluster compared to the rest of the group. EBV positive NPCs (figure 3b) showed a cluster (cluster A, 
n = 23) with lower CMI (p < 0.001), higher alcohol usage (69% versus 32%, p = 0.032) and less hyper-
methylation of CDH13 (70% versus 38%, p = 0.015). No differences in survival were observed for the 
cluster compared to the rest of the group.

Figure 1. Gene promoter hypermethylation with significant associations for lymph node metastasis and histological subtype 

The likelihood of univariable independence between groups was performed using the Pearson X2 test (and the Fisher’s exact test when 
appropriate) for categorical variables and the ANOVA for continues variables. Two tailed P values below 0.05 were considered statistically 
significant. Significant values after the Holm-Bonferroni are depicted in bold.
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EBV negative NPCs (figure 3c) revealed a subgroup (cluster A, n = 6) with lower CMI (p < 0.001), but 
no other differences in methylation status of promoter regions, clinicopathological features, or survival 
were seen when compared to the rest of the patient population.  

Survival analysis
For the NPC group as a whole, mean disease-free survival (DFS) was 35 months and mean overall sur-
vival (OS) was 44 months. EBV positive NPC had a much better OS (p = 0.040) than the EBV negative 
group (see annex 1a). Also, non-keratinizing NPC has a significantly better DFS (p = 0.007) (see annex 
1b) and OS (p = 0.001) (see annex 1c) compared to keratinizing NPC. In the NPC group as a whole, 
T1/2 NPC (p = 0.003) (see annex 1d), age < 50 years (p = 0.005) (see annex 1e) and non-smokers (p 
= 0.038) (see annex 1f ) also had a better OS. Alcohol usage (p = 0.047) (see annex 1g) was associated 
with worse DFS. In multivariable analysis for DFS taking into account histological subtype and alcohol 
usage, only histological subtype remained significant with the keratinizing NPC having a worse survival 
with a HR of 2.809 (95% CI 1.307-6.034, p = 0.008). Multivariable analysis for OS, taking into account 
EBV status, histological subtype, T-stage, smoking status and age (>50 years), showed T1/2 stage to have 
a HR of 0.165 (95% CI 0.050-0.547, p = 0.003) (see table 2). 
For EBV positive NPCs the mean DFS was 41 months and the mean OS was 50 months. 

Figure 2. Hypermethylation status and differences between EBV positive and EBV negative NPCs

The likelihood of univariable independence between groups was performed using the Pearson X2 test (and the Fisher’s exact test when appro-
priate). Two tailed P values below 0.05 were considered statistically significant. 
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Figure 3c. Clusters results EBV negative NPC group

Figure 3b. Clusters results EBV positive NPC group

Figure 3a. Clusters results whole NPC group

Hierarchical cluster analysis was performed in Gene Cluster 3.0 to assess co-hypermethylation and relevant clusters in the different tumor 
suppressor genes. The methylation values were converted to z-scores. The Euclidean distance was used as the distance method and complete 
linkage as the agglomeration method. The Heat-map was generated using Java Treeview. 
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In EBV positive NPCs RASSF1A (p = 0.035) predicted worse OS (see figure 4) and cox regression 
analysis showed a HR of 3.058 (95% CI 1.027-9.107, p = 0.045) (see table 2). 
For EBV negative NPCs the mean DFS was 38 months and the mean OS 38 months. In EBV negative 
NPCs the Kaplan-Meier analysis showed APC promoter hypermethylation (p = 0.001) (HR of 6.868 
(95% CI 2.142-22.022, p = 0.001)) to be a predictor of poor DFS (see figure 5) (see table 2).  In the EBV 
negative group, T1/2 NPC had a better OS than T3/4 NPC (p = 0.037) (see annex 2). 

Correlation with OS p-value HR (95%CI)
Whole NPC group (multivariate)

T1/2 0.003 0.165 (0.050-0.547)

EBV positive NPC (univariate)

RASSF1A 0.045 3.058 (1.027-9.107)

Correlation with DFS p-value HR (95%CI)
Whole NPC group (multivariate)

Keratinizing NPC 0.008 2.809 (1.307-6.034)

Whole NPC group (univariate)

CDH13 0.03 1.922 (1.066-3.464)

EBV negative NPC (univariate)

APC 0.001 6.868 (2.142-22.022)

Table 2 Multivariate and univariate Cox regression analysis

Figure 4. Kaplan Meier EBV positive NPC

Associations were analyzed by multivariate Cox 
proportional hazard model for survival. 
Confounders were determined with Cox regression 
analysis (using >a*b>). 
Clinicopathological characteristics influencing 
survival and confounders were added to the multi-
variate model. Two tailed P values below 0.05 were 
considered statistically significant.

Rates of survival were calculated with the Kaplan-Meier 
method and comparison of survival by Logrank test. Two 
tailed P values below 0.05 were considered statistically 
significant.
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Figure 5. Kaplan Meier EBV negative NPC genes

Results after Holm-Bonferroni correction
EBV positive NPC occurred at a younger age (p < 0.001) compared to EBV negative NPC. Keratinizing 
NPCs were more frequently associated with an EBV negative status and non-keratinizing NPC with an 
EBV positive status (p < 0.001). In EBV positive NPC hypermethylation of DAPK1 (mean 48.5 versus 
mean 66.1, p = 0.001) occurred more often at an older age.  
In the cluster analysis, the whole NPC group (figure 3a) showed a cluster A (n = 34) with significantly 
lower CMI compared to the whole NPC group (p < 0.001) and less hypermethylation of DAPK1 (100% 
versus 73%, p = 0.001) and CDH13 (76% versus 32%, p < 0.001). EBV positive NPCs (figure 3b) (cluster 
A, n = 23) and EBV negative NPCs (figure 3c) (cluster A, n = 6) also revealed subgroups with lower 
CMI (p < 0.001). 
In the survival analysis for the NPC group as a whole non-keratinizing NPC has a significantly bet-
ter OS (p = 0.001) compared to keratinizing NPC.  In EBV negative NPC the Kaplan-Meier analysis 
showed APC promoter hypermethylation (p < 0.001) (HR of 6.868 (95% CI 2.142-22.022, p = 0.001)) 
to be a predictor of poor DFS. 

Discussion
Cancer is a pluralistic disease and our understanding of the different mechanisms of development and 
progression of cancers has increased extensively, paving the way for targeted therapies based on genetic 
profiles of specific cancer types. Unfortunately, HNSCC, and especially NPC, one of the most uncom-
mon HNSCC, have rarely been studied. Projects focusing on increasing our understanding of the epi-
genetic effects in EBV negative and EBV positive NPCs are therefore especially important. 
Since epigenetic changes are reversible, the therapeutic application of methylation inhibitors could pro-
vide treatment options in HNSCC[13,14]. 
In the present largest multicenter NPC study to date we evaluated epigenetic silencing of tumor suppres-
sor genes in EBV positive and negative NPC by the methylation specific multiplex ligation-dependent 
probe amplification (MS-MLPA) method which has an excellent concordance with other methylation 
assays such as bisulfite sequencing[15]. 

Whole NPC group
In the NPC group as a whole, promoter hypermethylation of DAPK1 and  CADM1 were mainly seen 
at older age, as has been described previously in the literature[8]. 

Rates of survival were calculated with the Kaplan-Meier 
method and comparison of survival by Logrank test. Two 
tailed P values below 0.05 were considered statistically sig-
nificant.  
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This probably explains why both genes were not of prognostic significance here. Promoter hypermethyl-
ation of CADM1 has also previously been described as being associated with HPV positive SCC[6], but 
we could not confirm this within our cohort, which makes it less probable that promoter hypermethyl-
ation of this gene in NPC is viral-related.

Promoter hypermethylation of the genes RASSF1A and TIMP3 occurred more often in males than 
females. RASSF1A promoter hypermethylation was more prevalent in the EBV positive NPC, but 
did not correlate with survival in the NPC group as a whole. Promoter hypermethylation of TIMP3 is 
a  common finding in NPC[16], but it also did not correlate with survival. The occurrence of TIMP3 
hypermethylation in males is in line with previous literature[17], but the exact significance/ cause of this 
finding is still uncertain. The cluster analysis revealed an EBV positive group and another cluster with 
increased hypermethylation of APC, indicating that EBV positive NPC is a separate entity from the 
APC hypermethylated EBV negative NPC. 

EBV positive NPC
Hypermethylation of RASSF1A is a frequent event in EBV positive NPC[18,19], and we show that 
hypermethylation of RASSF1A is a predictor of worse OS, and may thus plays an important role in the 
pathogenesis of EBV positive NPC. As has been previously  reported[20], methylation of RASSF1A can 
be used as a diagnostic and prognostic biomarker in various kinds of cancers, and probably also in NPC. 

Also, the non-keratinizing phenotype, which is strongly associated with EBV positivity, was significantly 
associated with hypermethylation of RASSF1A. This makes histopathological subtyping a good predic-
tor for the presence of RASSF1A hypermethylation. As RASSF1A has been described as enhancing 
the growth inhibitory effect of paclitaxel[21], a chemotherapeutic agent used in recurrent and metastatic 
NPC[22], histological subtyping could also possibly prove to be a good predictor of the response to 
paclitaxel. EBV infection was also associated with hypermethylation of ESR1. ESR1 inactivation can 
lead to changes in gene expression, which could ultimately lead to decreased suppression of EBV infec-
tion[23]. Inactivation of ESR1 seems to occur in a specific subgroup of patients, as was shown by the 
cluster analysis, but the common denominator of the subgroup is still uncertain. 

EBV negative NPC
DAPK1 methylation occurred more frequently in EBV negative NPC, but since it is also age-related 
and has no correlation with survival, hypermethylation of DAPK1 is more likely to be a passenger event 
occurring at older age than a driver event in EBV negative NPC tumorigenesis. APC hypermethylation 
in NPC has already been described in the literature[16], as well as inactivation of APC in association 
with other HNSCC[24]. We demonstrated a correlation between APC hypermethylation and worse 
DFS in EBV negative NPCs, so hypermethylation of APC may be an important pathogenetic event in 
EBV negative NPC as with other HNSCC. This again underscores the difference in molecular genetic 
profiles with EBV positive NPCs. As expected and as previously described, the keratinizing phenotype 
was more significantly present in the EBV negative NPC, with hypermethylation of APC also being a 
more common feature. Hypermethylation of the tumor suppressor genes occurred more often at older 
age, in males, in smokers and in keratinizing NPCs, and this also supports  the idea that keratinizing 
NPC or EBV negative NPC is a different entity than non-keratinizing or EBV positive NPC.

Although the results of this study are very promising in better understanding the epigenetic events 
in NPC, there are some limitations. The CMI has its limitations as smaller yet significant differences 
might be missed due to inherent limitations of the technique (i.e. the efficiency of primers to access their 
restriction sites) to analyse the methylation status of the genes evaluated. Also, extracting high DNA 
purity with lymphoepithelial carcinomas like nasopharyngeal carcinoma can be challenging as these 
tumor have inherently high numbers of tumor infiltrating lymphocytes, but a tumor percentage of 30% 
is sufficient in this kind of assay according to the literature[25]. 
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The limited number of EBV negative NPCs evaluated could have led to false negative results. Because 
of the limited number of events for DFS and OS no multivariate survival analysis could be done for the 
EBV positive and EBV negative subgroups, therefore independence of variables could not be evaluated. 

Conclusion
There are important epigenetic differences between EBV negative and EBV positive NPC, with EBV 
negative NPC having a more similar hypermethylation profile to other HNSCC than the EBV positive 
tumors. Hypermethylation of RASSF1A might contribute to worse OS in EBV positive NPC, and may 
be an important event in the pathogenesis of EBV infected NPC. Hypermethylation of APC might 
contribute to worse DFS in EBV negative NPC.

Methods
One hundred and eight sequentially diagnosed formalin-fixed paraffin-embedded (FFPE) biopsy speci-
mens from NPCs were collected in the University Medical Center Utrecht (UMCU) and the Erasmus 
Medical Center (EMC). Hematoxylin and eosin slides from the included cases were reviewed by two 
experienced head and neck pathologists (SWI and SKO) and a pathology resident (MOO). Clinico-
pathological characteristics were retrieved from electronic medical records. According to Dutch ethical 
guidelines (www.federa.org) no ethical approval is required for use of anonymous leftover tissue, and this 
is part of the standard treatment agreement at the UMCU and EMC[26].  The date of diagnosis was 
defined as the date of tissue extraction for histological determination of the definitive diagnosis. 
The end date for DFS follow-up was the date at which recurrence of disease was determined by a physi-
cian. The end date for OS was the date of death.

Tissue microarray construction
Tissue microarrays (TMA) were constructed from the FFPE NPC biopsy specimens with a TMA 
Grand Master instrument (3D HISTECH, Budapest, Hungary). Tumor areas were marked by a pa-
thologist (SWI) and pathology resident (MOO) experienced in the histological evaluation of NPCs. 
Three cores (0.6 mm) were punched from the marked tumor areas and arrayed into a recipient TMA 
receptor block[27]. 

EBV status
EBV status was detected by applying EBV-encoded RNA (EBER) in situ hybridization (ISH) to the 
TMA. A BenchMark ULTRA automated staining instrument (Ventana Medical systems, Tuscon, AZ, 
USA) was used for ISH of the TMA using a EBV specific probe (INFORM EBER (EBV Early RNA) 
PROBE) (Ventana Medical systems) and ISH iVIEW Blue detection kit (Ventana Medical Systems) 
for staining according to the manufacturers’ protocol.  Anonymized tonsil tissue diagnosed with infec-
tious mononucleosis was used as a positive control. 

DNA extraction and MS-MLPA analysis
Areas with at least 30% tumor were selected and dissected from 5µm slides[28]. DNA was extracted by 
overnight incubation in direct lysis buffer (50mM Tris-HCL, pH 8.0 0.5% Tween 20) supplemented 
with proteinase K (10mg/ml; Roche, Almere, The Netherlands) at 56˚C. Afterwards the sample was 
boiled for 10 minutes at 100˚C and centrifuged. MS-MLPA analysis was performed on 5µl of the su-
pernatant DNA solution and according to the instructions of the manufacturer (MRC Holland, Am-
sterdam, The Netherlands), using a PCR system 9700 (Applied Biosystems, Foster City, CA, USA). The 
genes in the HNSCC MS-MLPA kit (ME001-C1) used are shown in annex 3. 
During each run we included negative reference controls (normal nasopharyngeal mucosa and blood 
samples) and a non-template control (direct lysis buffer). We used at least 3 different reference samples 
per MS-MLPA run and when testing more than 21 samples at the same time we added 1 additional 
reference sample for every 7 additional test samples, according to the manufacturer’s recommendations. 
Furthermore, a positive reference sample derived from human blood (100% methylated, CpG methylase 
treated) was added[9]. 
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The principle of MS-MLPA has been extensively described elsewhere[29]. The basic principles of 
MLPA also apply to MS-MLPA, with the only difference being a digestion step by HhaI which oc-
curs simultaneously with ligation. After DNA denaturation and overnight hybridization, samples were 
divided into two tubes, one with and one without Hhal. HhaI is an enzyme that recognizes and cuts 
CGCG sequences. HhaI fails to cut when this sequence is methylated. If the sequence is cut, no ampli-
fication of the probe set will take place, and no signal will occur. MS-MLPA was performed as described 
before[9,30]. The ME001-C2 kit (MRC Holland) contains 24 different tumor suppressor genes, and 15 
reference genes which are not affected by the HhaI digestion. The genes selected in this kit have previ-
ously been shown to be associated with HNSCC[10,31]. CDKN2B was excluded from analysis as the 
probe in the HNSCC MS-MLPA kit (ME001-C1) of this gene is incompletely digested when insuf-
ficient Hhal activity is present, resulting in false positive results. 

After MS-MLPA, an ABI 3730 capillary sequencer (Applied Biosystems) separated the PCR products 
by electrophoresis, and Genescan v4.1 (Applied Biosystems) and Coffalyser.NET (MRC-Holland) were 
used to analyze methylation status. First, sample normalization was achieved by dividing the signal of 
each probe by the signal of every reference probe, thus relative probe peaks were calculated. Subsequently, 
the methylation status for each sample was calculated by calculating the ratio of the relative probe 
peaks of the undigested sample (without Hhal) and the corresponding digested sample (with Hhal). 
A ratio of 15% between probes with and without HhaI treatment indicated hypermethylation, based 
on experiments with hypermethylation status in normal oral mucosa[9], and published cell line experi-
ments[32-34]. 

Statistics
IBM SPSS Statistics software, version 22 was used to analyze the data. The likelihood of univariate 
independence between groups was performed using the Pearson X2 test (or Fisher’s exact test when 
appropriate) for categorical variables. ANOVA was used to assess differences in continues variables (i.e. 
age). Survival rates were calculated with the Kaplan-Meier method, comparison of survival was done by 
Log rank test. Independence of prognostic variables was determined with Cox regression analysis. All 
samples with known metastasis were excluded from survival analysis. Hypermethylation in EBV posi-
tive and EBV negative tumors was compared using backward logistic regression analysis, also taking into 
account significant clinicopathological differences between the two groups. The following clinicopatho-
logical features were dichotomized: EBV status (positive versus negative), NPC subtype (keratinizing 
versus non-keratinizing), gender (male versus female), age (≤50 years versus >50 years), T-stage (T1/2 
versus T3/4), N-stage (N0 versus N1-3), M-stage (M0 versus M1), history of smoking (yes versus no) 
and history of any alcohol usage (yes versus no).  

The CMI was calculated as the sum of the methylation percentage of all genes[35], and the Mann-
Whitney U test was used to calculate differences in CMI between clinicopathological subgroups. Two 
tailed P values below 0.05 were considered statistically significant. 
To correct for multiple comparisons the Holm-Bonferroni method was applied.  
Hierarchical cluster analysis was performed in Gene Cluster 3.0 to assess co-hypermethylation and rel-
evant clusters in the different tumor suppressor genes. Methylation values were converted to z-scores, the 
Euclidean distance was used as the distance method and complete linkage as the agglomeration method. 
Heat-maps were generated using Java Treeview.  

Ethical approval and consent to participate
According to Dutch ethical guidelines (www.federa.org) no ethical approval is required for use of anony-
mous leftover tissue, and this is part of the standard treatment agreement at the UMCU and EMC.[26]
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Annex 2. Kaplan Meiers EBV negative NPC clinicopathological characteristics for OS

Rates of survival were calculated with the Kaplan-Meier method and
comparison of survival by Logrank test. Two tailed P values below
0.05 were considered statistically significant.
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Annex 3. HNSCC MS-MLPA ME001-C1 kit with hypermethylation and role in oncogenesis



91

References:
1.  Chang ET, Adami HO (2006) The enigmatic epidemiology of nasopharyngeal carcinoma.
 Cancer Epidemiol Biomarkers Prev 15 (10):1765-1777. doi:10.1158/1055-9965.EPI-06-0353
2.  Tsao SW, Yip YL, Tsang CM, Pang PS, Lau VM, Zhang G, Lo KW (2014) Etiological factors
 of nasopharyngeal carcinoma. Oral oncology 50 (5):330-338. doi:10.1016/j.oraloncology.2014.
 02.006
3.  Ji X, Zhang W, Xie C, Wang B, Zhang G, Zhou F (2011) Nasopharyngeal carcinoma risk by  
 histologic type in central China: impact of smoking, alcohol and family history. International  
 journal of cancer Journal international du cancer 129 (3):724-732. doi:10.1002/ijc.25696
4.  Tsai ST, Jin YT, Su IJ (1996) Expression of EBER1 in primary and metastatic nasopharyngeal
 carcinoma tissues using in situ hybridization. A correlation with WHO histologic subtypes.
 Cancer 77 (2):231-236. doi:10.1002/(SICI)1097-0142(19960115)77:2<231::AID-CNCR
 2>3.0.CO;2-P
5.  Vasef MA, Ferlito A, Weiss LM (1997) Nasopharyngeal carcinoma, with emphasis on its rela-
 tionship to Epstein-Barr virus. The Annals of otology, rhinology, and laryngology 106 (4):348- 
 356
6.  van Kempen PM, van Bockel L, Braunius WW, Moelans CB, van Olst M, de Jong R, Stege-
 man I, van Diest PJ, Grolman W, Willems SM (2014) HPV-positive oropharyngeal squamous  
 cell carcinoma is associated with TIMP3 and CADM1 promoter hypermethylation. Cancer  
 Med 3 (5):1185-1196. doi:10.1002/cam4.313
7.  Farooqi AA, Ismail M (2015) Editorial. Cell Mol Biol (Noisy-le-grand) 61 (6):1
8.  Don KR, Ramani P, Ramshankar V, Sherlin HJ, Premkumar P, Natesan A (2014) Promoter  
 hypermethylation patterns of P16, DAPK and MGMT in oral squamous cell carcinoma: a  
 systematic review and meta-analysis. Indian journal of dental research : official publication of  
 Indian Society for Dental Research 25 (6):797-805. doi:10.4103/0970-9290.152208
9.  Noorlag R, van Kempen PM, Moelans CB, de Jong R, Blok LE, Koole R, Grolman W, van  
 Diest PJ, van Es RJ, Willems SM (2014) Promoter hypermethylation using 24-gene array in  
 early head and neck cancer: better outcome in oral than in oropharyngeal cancer. Epigenetics 9  
 (9):1220-1227. doi:10.4161/epi.29785
10.  Demokan S, Dalay N (2011) Role of DNA methylation in head and neck cancer. Clinical epi- 
 genetics 2 (2):123-150. doi:10.1007/s13148-011-0045-3
11.  Bei JX, Li Y, Jia WH, Feng BJ, Zhou G, Chen LZ, Feng QS, Low HQ, Zhang H, He F, Tai ES,
 Kang T, Liu ET, Liu J, Zeng YX (2010) A genome-wide association study of nasopharyngeal 
 carcinoma identifies three new susceptibility loci. Nature genetics 42 (7):599-603.   
 doi:10.1038/ng.601
12. Kwong J, Lo KW, To KF, Teo PM, Johnson PJ, Huang DP (2002) Promoter hypermethylation
 of multiple genes in nasopharyngeal carcinoma. Clin Cancer Res 8 (1):131-137
13.  Licht JD (2015) DNA Methylation Inhibitors in Cancer Therapy: The Immunity Dimension.  
 Cell 162 (5):938-939. doi:10.1016/j.cell.2015.08.005
14.  Mani S, Herceg Z (2010) DNA demethylating agents and epigenetic therapy of cancer. Adv  
 Genet 70:327-340. doi:10.1016/B978-0-12-380866-0.60012-5
15.  Pavicic W, Perkio E, Kaur S, Peltomaki P (2011) Altered methylation at microRNA-associated
 CpG islands in hereditary and sporadic carcinomas: a methylation-specific multiplex ligation-
 dependent probe amplification (MS-MLPA)-based approach. Mol Med 17 (7-8):726-735. 
 doi:10.2119/molmed.2010.00239
16.  Challouf S, Ziadi S, Zaghdoudi R, Ksiaa F, Ben Gacem R, Trimeche M (2012) Patterns of aber-
 rant DNA hypermethylation in nasopharyngeal carcinoma in Tunisian patients. Clinica 
 chimica acta; international journal of clinical chemistry 413 (7-8):795-802. doi:10.1016/j.  
 cca.2012.01.018



92

17.  Kang GH, Lee HJ, Hwang KS, Lee S, Kim JH, Kim JS (2003) Aberrant CpG island hyper-
 methylation of chronic gastritis, in relation to aging, gender, intestinal metaplasia, and   
 chronic inflammation. The American journal of pathology 163 (4):1551-1556. doi:10.1016/ 
 S0002-9440(10)63511-0
18.  Zhou L, Jiang W, Ren C, Yin Z, Feng X, Liu W, Tao Q, Yao K (2005) Frequent hyperme- 
 thylation of RASSF1A and TSLC1, and high viral load of Epstein-Barr Virus DNA in naso-
 pharyngeal carcinoma and matched tumor-adjacent tissues. Neoplasia 7 (9):809-815
19.  Hutajulu SH, Indrasari SR, Indrawati LP, Harijadi A, Duin S, Haryana SM, Steenbergen RD,  
 Greijer AE, Middeldorp JM (2011) Epigenetic markers for early detection of nasopharyngeal  
 carcinoma in a high risk population. Mol Cancer 10:48. doi:10.1186/1476-4598-10-48
20.  Hesson LB, Cooper WN, Latif F (2007) The role of RASSF1A methylation in cancer. Disease  
 markers 23 (1-2):73-87
21.  Whang YM, Park KH, Jung HY, Jo UH, Kim YH (2009) Microtubule-damaging agents
 enhance RASSF1A-induced cell death in lung cancer cell lines. Cancer 115 (6):1253-1266.  
 doi:10.1002/cncr.24113
22.  Chen C, Wang FH, An X, Luo HY, Wang ZQ, Liang Y, Zhang L, Li YH (2013) Triplet com-
 bination with paclitaxel, cisplatin and 5-FU is effective in metastatic and/or recurrent nasopha-
 ryngeal carcinoma. Cancer Chemother Pharmacol 71 (2):371-378. doi:10.1007/s00280-012- 
 2020-x
23.  LeMelle DP, Janis LR (1989) Longitudinal rupture of the peroneus brevis tendon: a study of  
 eight cases. The Journal of foot surgery 28 (2):132-136
24.  Er TK, Wang YY, Chen CC, Herreros-Villanueva M, Liu TC, Yuan SS (2015) Molecular char- 
 acterization of oral squamous cell carcinoma using targeted next-generation sequencing. Oral  
 diseases 21 (7):872-878. doi:10.1111/odi.12357
25.  Homig-Holzel C, Savola S (2012) Multiplex ligation-dependent probe amplification (MLPA) 
 in tumor diagnostics and prognostics. Diagn Mol Pathol 21 (4):189-206. doi:10.1097/  
 PDM.0b013e3182595516
26.  van Diest PJ (2002) No consent should be needed for using leftover body material for scientific
 purposes. For. BMJ 325 (7365):648-651
27.  Noorlag R, van der Groep P, Leusink FK, van Hooff SR, Frank MH, Willems SM, van Es RJ 
 (2015) Nodal metastasis and survival in oral cancer: Association with protein expression of  
 SLPI, not with LCN2, TACSTD2, or THBS2. Head Neck 37 (8):1130-1136. doi:10.1002/
 hed.23716
28.  van Kempen PM, Noorlag R, Braunius WW, Moelans CB, Rifi W, Savola S, Koole R, Grolman 
 W, van Es RJ, Willems SM (2015) Clinical relevance of copy number profiling in oral and  
 oropharyngeal squamous cell carcinoma. Cancer medicine 4 (10):1525-1535. doi:10.1002/
 cam4.499
29.  Elston CW, Ellis IO (2002) Pathological prognostic factors in breast cancer. I. The value of 
 histological grade in breast cancer: experience from a large study with long-term follow-up.  
 Histopathology 41 (3A):154-161
30.  Nygren AO, Ameziane N, Duarte HM, Vijzelaar RN, Waisfisz Q, Hess CJ, Schouten JP,
 Errami A (2005) Methylation-specific MLPA (MS-MLPA): simultaneous detection of CpG  
 methylation and copy number changes of up to 40 sequences. Nucleic acids research 33 (14):e128. 
 doi:10.1093/nar/gni127
31.  Shaw R (2006) The epigenetics of oral cancer. International journal of oral and maxillofacial 
 surgery 35 (2):101-108. doi:10.1016/j.ijom.2005.06.014
32.  Moelans CB, Verschuur-Maes AH, van Diest PJ (2011) Frequent promoter hypermethylation 
 of BRCA2, CDH13, MSH6, PAX5, PAX6 and WT1 in ductal carcinoma in situ and invasive 
 breast cancer. The Journal of pathology 225 (2):222-231. doi:10.1002/path.2930



93

33.  Gylling A, Abdel-Rahman WM, Juhola M, Nuorva K, Hautala E, Jarvinen HJ, Mecklin JP, 
 Aarnio M, Peltomaki P (2007) Is gastric cancer part of the tumour spectrum of hereditary non-
 polyposis colorectal cancer? A molecular genetic study. Gut 56 (7):926-933. doi:10.1136/
 gut.2006.114876
34.  Kornegoor R, Moelans CB, Verschuur-Maes AH, Hogenes M, de Bruin PC, Oudejans JJ, van  
 Diest PJ (2012) Promoter hypermethylation in male breast cancer: analysis by multiplex liga-
 tion-dependent probe amplification. Breast cancer research : BCR 14 (4):R101. doi:10.1186/ 
 bcr3220
35.  Suijkerbuijk KP, Fackler MJ, Sukumar S, van Gils CH, van Laar T, van der Wall E, Vooijs M,  
 van Diest PJ (2008) Methylation is less abundant in BRCA1-associated compared with spo- 
 radic breast cancer. Annals of oncology : official journal of the European Society for Medical 
 Oncology / ESMO 19 (11):1870-1874. doi:10.1093/annonc/mdn409



94



95

Chapter 6:  

Prognostic role of tumor 
infiltrating lymphocytes in EBV 
positive and EBV negative 
nasopharyngeal carcinoma

Marc Ooft, Jolique van Ipenburg, Weibel Braunius, Charlotte Zuur,  Senada Koljenović, Stefan Willems

Submitted for publication



96

Abstract
Objectives: Tumor infiltrating lymphocytes (TILs) correlate with both better and worse prognosis in 
solid tumors. As therapeutic modalities for nasopharyngeal carcinoma (NPC) are limited, immuno-
therapy could be a potential alternative. Up till now there is limited prognostic data on the role of TILs 
in NPC, so we assessed the prognostic role of TILs in Epstein-Barr-virus (EBV) positive and negative 
NPC.

Methods: Tissue of 92 NPCs was assessed for CD3, CD4, CD8, PD1 and PDL1 expression in the tu-
mor’s micro-environment. Correlations between clinicopathological characteristics was assessed using the 
Pearson X2 test, Fisher’s exact test and ANOVA. Survival was analyzed with the Kaplan-Meier method 
and Cox regression. Differences in CD3, CD4, CD8, PD1, PDL1 counts/ (co)expression between EBV 
positive and negative NPCs were evaluated using the Mann-Whitney U test. Two-tailed P values below 
0.05 were considered statistically significant. 

Results: EBV positive NPC contains significantly more CD3, CD4 and CD8 TILs than EBV nega-
tive NPC. In the whole NPC group, increased CD8 count is associated with better overall survival 
(OS) (HR 0.219 (95%CI 0.075-0.640)), but also in cases with PDL1 co-expression (HR 0.073 (95%CI 
0.010-0.556)). In EBV positive NPC co-expression of CD8 and PDL1 showed better disease free sur-
vival (HR 0.407 (95%CI 0.195-0.850)) and OS (HR 0.170 (95%CI 0.037-0.787)). 

Conclusions: Although TILs are significantly different between EBV positive and negative NPCs, it 
is especially composition of the infiltrate which determines prognosis. Effects of PD1 and CD8 need 
more study, because these findings show much potential in using immunotherapeutic modalities in NPC 
treatment. 

Keywords: Tumor-infiltrating lymphocytes, nasopharyngeal carcinoma, NPC, Epstein Barr virus, EBV

Précis: Although TILs differ significantly between EBV positive and negative NPC, it is the composi-
tion of infiltrate determining prognosis. The effects of PD1, CD8, and their interactions show much 
potential for immunotherapeutic modalities in treating NPC.
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Introduction 
Nasopharyngeal carcinoma (NPC) is a specific type of head and neck squamous cell carcinoma (HN-
SCC) when taking into account its special geographic distribution, with high prevalence in Asia and 
Northern Africa, EBV related etiology, and histology[1]. Nasopharyngeal mucosa, in which the NPC 
originates, is a highly lymphoid rich organ harboring the nasopharyngeal tonsils[2]. Histologically NPC 
can be divided into a non-keratinizing subtype (which is associated with EBV), a keratinizing subtype, 
which is more often smoking related, and finally, a very uncommon basaloid subtype[3, 4]. In addition, 
NPC has also been described as having dense though quite variable lymphoplasmacytic infiltrates[4]. 
The infiltrates consist of different subsets of especially T-lymphocytes. The most important marker for 
the T-cell infiltrates is CD3, which is a pan T-lymphocyte marker present in resting and activated T-
lymphocytes. CD4 is also an important marker staining helper T-lymphocytes[5]. Another important 
marker is CD8, which stains cytotoxic T-cells capable of killing tumor cells. CD8+ lymphocytes have 
been associated with better clinical response in oropharyngeal carcinoma[6], with CD8 also showing 
co-expression of programmed cell death protein-1 (PD1), a negative checkpoint molecule[7]. PD1 posi-
tive cells, with PD1 being a marker expressed by T-lymphocytes, and programmed cell death ligand-1 
(PDL1), a marker expressed by tumor cells, contribute to T-cell inhibition[8, 9]. The presence of tumor 
infiltrating lymphocytes (TILs) has already been reported to be an independent prognostic factor in 
HNSCC[5, 10], but the exact role of TILs in the different NPC subtypes needs to be further elucidated. 
T-cells have the ability to recognize tumor antigens, and instigate tumor rejection[11]. Although T-
lymphocytes have been implicated in better survival in various solid tumors[12, 13], this is not always 
the case[14] because of negative immune regulatory mechanisms by which tumor cells can escape the 
immune system. In EBV infected NPC, EBV is postulated to reduce its antigenicity by impairing HLA-
I and HLA-II function[15, 16] and production of cytokines (i.e. IL10) which have immunosuppressive 
effects[17]. EBV viral proteins also appear to have weak antigenicity (i.e. LMPs and BARF1)[18]. We 
therefore evaluated the role of TILs in NPCs to determine their prognostic significance, and to thereby 
also evaluate the potential of immunotherapy as this is one of the many new cancer treatments[19] with 
much promise.  

Materials and methods
Sequentially diagnosed formalin-fixed paraffin-embedded (FFPE) NPC specimens were collected at 
the University Medical Center Utrecht (UMCU) and the Erasmus University Medical Center (EMC). 
The clinicopathological data were retrieved from electronic medical records. The Dutch national guide-
lines state that no ethical approval is required for the use of anonymous leftover tissue (ww.federa.org), 
and this is also part of a standard treatment agreement with patients at the UMCU and EMC[20]. All 
hematoxylin and eosin (HE) histological slides were reviewed by two head and neck pathologists (SWI 
and SKO) and also by a senior pathology resident (MOO), all experienced in histological evaluation 
of NPCs. The date at which tissue for the diagnosis was obtained, was defined as the date of diagnosis. 
Disease-free survival (DFS) was defined as the date at which recurrence was determined by a physician. 
The date of death was defined as the end date for overall survival (OS). 

Tissue microarray construction
Tissue microarrays (TMAs) from the 96 specimens were obtained using a TMA Grand Master instru-
ment (3D HISTECH, Budapest, Hungary). Tumor areas were marked by a researcher (MOO) expe-
rienced in the histological evaluation of NPCs. Three cores (0.6 mm) were punched from the marked 
tumor areas (central areas) and arrayed into a recipient TMA receptor block[21]. 
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EBV status
Epstein Barr virus (EBV) status was determined by applying EBV-encoded RNA (EBER) in situ hy-
bridization (ISH) on the TMA.  A BenchMark ULTRA automated staining instrument (Ventana Med-
ical systems, Tuscon, AZ, USA) was used for ISH of the TMA using a EBV specific probe (INFORM 
EBER (EBV Early RNA) PROBE, Ventana Medical systems) and ISH iVIEW Blue detection kit 
(Ventana Medical Systems) for staining according to the manufacturers’ instructions.  

Immunohistochemistry
The BenchMark ULTRA automated staining instrument (Ventana Medical systems, Tuscon, AZ, USA) 
was used for immunohistochemical staining of the 5 antibodies CD3 (DAKO, A0452, rabbit polyclonal, 
lot 20011828, 1:20), CD4 (Cellmarque, 104R-16, SP35, lot 1519009B, 1:25), CD8 (DAKO, M7103, 
C8/144B, lot 20024879, 1:100), PD1 (Abcam, ab52587, NAT, lot GR193551-1, 1:100) and PD-L1 
(Abcam, ab58810, rabbit polyclonal, lot GR216705-1, 1:40). TMA sections of 4µm thickness were cut, 
then heated to 75oC for 8 minutes and deparaffinized by an EZ prep solution. Next the samples were 
pretreated with Cell Conditioner at 100oC for 16 minutes and then a peroxidase inhibitor for 4 minutes. 
The subsequent step was applying the primary antibodies on the TMA and incubating it for 32 minutes. 
Following application and incubation of the primary antibody, the slides were incubated with Optiview 
HQ Universal Linker and Optiview HRP multimer (Ventana Medical Systems) for 8 minutes. The final 
steps were application of hydrogen peroxide and DAB, and then counterstaining with haematoxylin. 
During each consecutive step of the staining process the slides were rinsed with reaction buffer. For 
CD3, CD4, CD8 and PD1 a positive control of normal anonymized tonsil tissue was used, and for 
PDL1 a positive control of anonymized placental tissue was used. 

Quantification of tumor infiltrating lymphocytes
The stained TMA sections were reviewed by an experienced head and neck pathologist (SWI) and a 
pathology resident (MOO) blinded to the clinicopathological features. In case of discordance, a consen-
sus was obtained. For CD3, CD4, CD8 (cytoplasmic/ membranous staining) and PD1 (membranous 
staining), the number of stained cells were manually counted at 200X magnification and in a fixed tissue 
area (i.e. three cores with a diameter of 0.6 mm each) (see figure 1). PDL-1 was scored as a percentage 
(0-100%) of membranous staining tumor cells in a semiquantative manner (see figure 1). The cores to 
evaluate the TILs were taken within the borders of the tumor (central areas). If the tumor core contained 
<50% tissue (tumor epithelium and tumor stroma), it was excluded from the analysis. For inclusion at 
least one core per patient needed to be evaluated. The mean core value was calculated: with CD3, CD4, 
CD8 and PD1 this was the mean count, and with PDL1 this was the mean percentage. The CD4/CD8 
ratio was calculated after averaging the individual marker counts. The cutoff values for the different pro-
teins (i.e. CD3, CD4, CD8, PD1, CD4/CD8 ratio and PDL1) were determined with receiver operating 
characteristic (ROC) curves optimized for OS. After determining the cut-off values we also evaluated 
the relationship between PD1 and PDL1 co-expression (PD1-/ PDL1-, PD1-/ PDL1+, PD1+/ PDL1- 
and PD1+/ PDL1+), CD8 and PD1 co-expression (CD8-/ PD1-, CD8-/ PD1+, CD8+/ PD1- and 
CD8+/ PD1+), and CD8 and PDL1 co-expression (CD8-/ PDL1 -, CD8-/ PDL1+, CD8+/ PDL1-, 
CD8+/PDL1+) with survival. The following categories were further dichotomized for survival analysis: 
age (≤ 53 years and > 53 years, after a mean age of 53 years was calculated), T1/2 versus T3/4, N0 versus 
N1/2/3, M0 versus M1, smoking, alcohol usage, NPC histological subtype (keratinizing versus non-
keratinizing) and EBV status. 
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Statistical analysis
IBM SPSS Statistics software, version 22 (SPSS Inc., Chicago, Ill., USA) was used to analyze the data. 
All distributions were tested for normality using the Shapiro–Wilks test (if n < 50) or the Kolmogorov–
Smirnov test (if n > 50) and parametric or non-parametric tests were used accordingly. The likelihood 
of univariable independence between EBV positive and EBV negative groups was performed using the 
Pearson X2 test (and the Fisher’s exact test when appropriate) for categorical variables and the ANOVA 
for continues variables. To assess differences in CD3, CD4, CD8, PD1 and PDL1 counts/ expression 
levels between EBV positive and EBV negative NPCs we also used the Mann-Whitney U test. Rates 
of survival were calculated with the Kaplan-Meier method and comparison of survival by Logrank test. 
Survival was also evaluated with the Cox proportional hazard model. Confounders were determined 
with Cox regression analysis (using >a*b>). Casus with known metastasis were excluded from survival 
analysis. Two tailed P values below 0.05 were considered statistically significant. To correct for multiple 
testing the Holm-Bonferroni correction was also used. 

Results
Clinicopathological characteristics
Clinicopathological features are shown in table 1. Of the 96 biopsy specimens included for the analysis, 
4 samples had quantitatively inadequate material for further evaluation. The remaining 92 biopsy speci-
mens were further analyzed. Higher age was associated with negative EBV status. EBV positive NPCs 
were associated with a non-keratinizing histological phenotype. T1/2 stage at diagnosis occurred more 
frequently in EBV positive NPCs, while EBV negative tumors correlated with a higher T-stage (T3/4). 
There was a mean OS of 52 months and a mean DFS of 45 months in the whole NPC group. In EBV 
positive NPCs the mean OS was 57 months and the mean DFS was 49 months. In EBV negative NPCs 
the mean OS was 43 months and the mean DFS was 36 months. 

Figure 1. Immunohistochemical stains

Cytoplasmic/ membranous staining of 
CD3 (a), CD4 (b), CD8 (c), and membra-
nous staining of PD1 (d). The number of 
positive staining cells were manually count-
ed in fixed tissue areas (i.e. TMA cores with 
a diameter of 0.6 mm each) (200X). PDL-
1 (e) was scored as a percentage (0-100%) 
of positively membranous staining tumor 
cells in a semiquantative manner (200X). 
Positive EBER stain (f ) in NPC (20X).

a

b

c

d

e

f



100

Table 1. Clinicopathological features and microenvironment markers in the EBV positive and EBV negative NPCs

Total known EBV (n) EBV positive NPC EBV negative NPC P-value (EBV + versus EBV -)
Age Mean 53,45 (SD 15.409)

Total: 92
Mean (50,10)
N = 60

Mean (59,34)
N = 29

0.007

Sex
Male
Female

63 (71%)
26 (29%)
Total: 89  (100%)

46 (77%)
14 (23%)
Total: 60 (100%)

17 (59%)
12 (41%)
Total: 29 (100%)

0.079

NPC subtype 
Keratinizing 
Non-keratinizing

12 (14%)
76 (86%)
Total: 88 (100%)

0 (0%)
60 (100%)
Total: 60 (100%)

12 (43%)
16 (57%)
Total: 28 (100%)

<0.001

Smoking
Yes
No

33 (66%)
17 (34%)
Total: 50 (100%)

21 (62%)
13 (38%)
Total: 34 (100%)

12 (75%)
4 (25%)
Total: 16 (100%)

0.357

Alcohol
Yes
No 

24 (50%)
24 (50%)
Total: 48 (100%)

15 (48%)
16 (52%)
Total: 31 (100%)

9 (53%)
8 (47%)
Total: 17 (100%)

AJCC T-stage
T1
T2
T3
T4

25 (31%)
21 (26%)
12 (15%)
23 (28%)
Total: 81 (100%)

18 (32%)
18 (32%)
7 (13%)
13 (23%)
Total: 56 (100%)

7 (28%)
3 (12%)
5 (20%)
10 (40%)
Total: 25 (100%)

0.160

T1/2 versus T3/4
T1/2
T3/4

46 (57%)
35 (43%)
Total: 81 (100%)

36 (64%)
20 (36%)
Total: 56 (100%)

10 (40%)
15 (60%)
Total: 25 (100%)

0.042

AJCC N-stage
N0
N1
N2
N3

23 (29%)
21 (26%)
34 (43%)
2 (8%)
Total: 80 (100%)

16 (29%)
15 (27%)
24 (43%)
1 (1%)
Total: 56 (100%)

7 (29%)
6 (25%)
10 (42%)
1 (4%)
Total: 24 (100%)

0.954

N0 versus N1/N2/N3
N0
N1/N2/N3

23 (29%)
57 (71%)
Total: 80 (100%)

16 (29%)
40 (71%)
Total: 56 (100%)

7 (29%)
17 (71%)
Total: 24 (100%)

0.957

AJCC M-stage
M0
M1

45 (94%)
3 (6%)
Total: 48 (100%)

32 (97%)
1 (3%)
Total: 33 (100%)

13 (87%)
2 (13%)
Total: 15 (100%)

0,227

Therapy
Radiotherapy
Chemotherapy
Radio/chemotherapy
Other

20 (24%)
57 (70%)
1 (1%)
4 (5%)
Total: 82 (100%)

13 (23%)
1 (1%)
41 (72%)
2 (4%)
Total: 57 (100%)

7 (28%)
0 (0%)
16 (64%)
2 (8%)
Total: 25 (100%)

0.440

Follow-up
Overall survival
Death
Still alive
Lost to follow-up

Disease-free survival
Death
Still alive
Lost to follow-up

28 (31%)
57 (64%)
4 (5%)
Total: 89 (100%)

25 (28%)
60 (67%)
4 (5%)
Total: 89 (100%)

15 (25%)
43 (72%)
2 (3%)
Total: 60 (100%)

14 (23%)
44 (73%)
2 (4%)
Total: 60 (100%)

13 (45%)
14 (48%)
2 (7%)
Total: 29 (100%)

11 (38%)
16 (55%)
2 (7%)
Total: 29 (100%)

0.058

0.178

CD3
<=300
>300

33 (43%)
44 (57%)
Total: 77 (100%)

17 (32%)
36 (68%)
Total: 53 (100%)

16 (67%)
8 (33%)
Total: 24 (100%)

0.004
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Total known EBV (n) EBV positive NPC EBV negative NPC P-value (EBV + versus EBV -)
CD4
<= 230
>230

33 (41%)
48 (59%)
Total: 81 (100%)

19 (33%)
38 (67%)
Total: 57 (100%)

14 (58%)
10 (42%)
Total: 24 (100%)

0.037

CD8
<=140
>140

26 (34%)
51 (66%)
Total: 77 (100%)

11 (20%)
43 (80%)
Total: 54 (100%)

15 (65%)
8 (35%)
Total: 23 (100%)

<0.001

PD1
<=40
>40

19 (24%)
59 (76%)
Total: 78 (100%)

12 (21%)
44 (79%)
56 (100%)

7 (32%)
15 (68%)
22 (100%)

0.385

PDL1
<=45%
>45%

30 (41%)
43 (59%)
Total: 73 (100%)

21 (40%)
31 (60%)
Total: 52 (100%)

9 (43%)
12 (57%)
Total: 21 (100%)

0.846

CD4/CD8 ratio
<=1,35
>1,35

40 (53%)
35 (47%)
Total: 75 (100%)

33 (62%)
20 (38%)
Total: 53 (100%)

7 (32%)
15 (68%)
Total: 22 (100%)

0.016

PD1-/PDL1-
Yes
No

11 (16%)
56 (84%)
Total: 67 (100%)

7 (14%)
42 (86%)
Total: 49 (100%)

4 (23%)
14 (78%)
Total: 18 (100%)

0.469

PD1-/PDL1+
Yes
No

6 (9%)
61 (91%)
Total: 67 (100%)

4 (8%)
45 (92%)
Total: 49 (100%)

2 (11%)
16 (89%)
Total: 18 (100%)

0.656

PD1-/PDL1-
Yes
No

15 (22%)
52 (78%)
Total: 67 (100%)

12 (24%)
37 (76%)
Total: 49 (100%)

3 (17%)
15 (83%)
Total: 18 (100%)

0.742

PD1-/PDL1+
Yes
No

35 (52%)
32 (48%)
Total: 67 (100%)

26 (53%)
23 (47%)
Total: 49 (100%)

9 (50%)
9 (50%)
Total: 18 (100%)

0.824

CD8-/PD1-
Yes
No

9 (12%)
64 (88%)
Total: 73 (100%)

48 (92%)
4 (8%)
Total: 52 (100%)

5 (24%)
16 (76%)
Total: 21 (100%)

0.109

CD8-/PD1+
Yes
No

12 (16%)
61 (84%)
Total: 73 (100%)

5 (10%)
47 (90%)
Total: 52 (100%)

7 (33%)
14 (67%)
Total: 21 (100%)

0.031

CD8-/PD1-
Yes
No

10 (14%)
63 (86%)
Total: 73 (100%)

7 (13%)
45 (87%)
Total: 52 (100%)

3 (14%)
18 (86%)
Total: 21 (100%)

1.000

CD8-/PD1+
Yes
No

42 (58%)
31 (42%)
Total: 73 (100%)

36 (69%)
16 (31%)
Total: 52 (100%)

6 (29%)
15 (71%)
Total: 21 (100%)

0.001

CD8-/PD1-
Yes
No

11 (16%)
56 (84%)
Total: 67 (100%)

4 (8%)
44 (92%)
Total: 48 (100%)

7 (37%)
12 (63%)
Total: 19 (100%)

0.009

CD8-/PD1+
Yes
No

12 (18%)
55  (82%)
Total: 67 (100%)

5 (10%)
43 (90%)
Total: 48 (100%)

7 (37%)
12 (63%)
Total: 19 (100%)

0.029
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Total known EBV (n) EBV positive NPC EBV negative NPC P-value (EBV + versus EBV -)
CD8-/PD1-
Yes
No

17 (25%)
50 (75%)
Total: 67 (100%)

15 (31%)
33 (69%)
Total: 48 (100%)

2 (11%)
17 (89%)
Total: 19 (100%)

0.120

CD8-/PD1+
Yes
No

27 (40%)
40 (60%)
Total: 67 (100%)

24 (50%)
24 (50%)
Total: 48 (100%)

3 (16%)
16 (84%)
Total: 19 (100%)

0.010

The likelihood of univariable independence between groups was performed using the Pearson X2 test (and the Fisher’s exact test when 
appropriate) for categorical variables and the ANOVA for continues variables. Significant values are depicted in bold. Two tailed P values below 
0.05 were considered statistically significant.

Figure 2. Boxplots of differences in micro-environment markers between EBV positive and negative NPCs

(2a)

p=0.001

(2b)

p=0.001

p<0.001
(2c)

The mean number of CD3 (figure 2a), CD4 (figure 2b) and 
CD8 (figure 2c) lymphocytes were significantly higher in 
EBV positive NPC compared to EBV negative NPC. The 
Mann-Whitney U test and ANOVA were used to assess dif-
ferences in CD3, CD4 and CD8 counts between the EBV 
positive and EBV negative NPC. Two tailed P values below 
0.05 were considered statistically significant.
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Correlation with OS p-value HR (95%CI)

Whole NPC group (univariable)

CD8 0.006 0.219 (0.075-0.640)

T1/2-stage 0.007 0.246 (0.088-0.683)

CD8+/PDL1+ 0.012 0.073 (0.010-0.556)

CD8-/PDL1+ 0.015 3.628 (1.289-10.211)

PD1+/PDL1+ 0.021 0.258 (0.082-0.812)

CD8-/PD1- 0.040 3.337 (1.059-10.512)

CD8+/PD1+ 0.002 0.141 (0.040-0.502)

Whole NPC group (multivariable taking CD8
and T1/2 stage into account))

CD8 0.002 0.188 (0.064-0.555)

T1/2 0.015 0.260 (0.088-0.770)

EBV positive NPC (univariable)

CD4 0.030 0.256 (0.075-0.874)

CD8+/PD1+ 0.014 0.215 (0.063-0.735)

PD1+/PDL1+ 0.045 0.257 (0.068-0.968)

CD8+/PDL1+ 0.023 0.170 (0.037-0.787)

Correlation with DFS p-value HR (95%CI)

EBV positive NPC (univariable)

CD8+/PDL1+ 0.017 0.407 (0.195-0.850)

EBV negative NPC (univariable)

Smoking 0.013 0.096 (0.015-0.605)
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Figure 4. Kaplan Meier curves of micro-environment markers and survival in EBV positive NP

Higher CD4 (p = 0.009) and CD8 (p = 0.047) predicted a better OS (see figure 4a). PD1/PDL1 co-expression correlated with better OS (p = 0.030, see 
figure 4b). Positive co-expression of CD8 and PD1 also correlated with better OS (p = 0.007, see figure 4c). The group CD8-/PDL1+ (p = 0.040) had 
worse OS, while the group CD8+/PDL1+ (p = 0.047) had better OS (see figure 4d). Rates of survival were calculated with the Kaplan-Meier method 
and comparison of survival by Logrank test. Two tailed P values below 0.05 were considered statistically significant. 
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Total known EBV (n) EBV positive NPC EBV negative NPC P-value (EBV + versus EBV -)
Age Mean 52.82 

(Std. deviation 15.781)
Total: 91

Mean 49.56
(Std. deviation 15.055)
N = 61

Mean 59.47 (Std. deviation 
15.357)
N = 30

0.004

Sex
Male
Female

64 (70%)
27 (30%)
Total: 91 (100%)

47 (77%)
14 (23%)
Total: 61 (100%)

17 (57%)
13 (43%)
Total: 30 (100%)

0.045

Alcohol
Yes
No 

77 (86%)
13 (14%)
Total: 90 (100%)

0 (0%)
61 (100%)
Total: 61 (100%)

13 (45%)
16 (55%)
Total: 29 (100%)

P < 0.001

AJCC T-stage
T1
T2
T3
T4

34 (65%)
18 (35%)
Total: 52 (%)

21 (60%)
14 (40%)
Total: 35 (100%)

13 (76%)
4 (24%)
Total: 17 (100%)

0.242

T1/2 versus T3/4
T1/2
T3/4

25 (50%)
25 (50%)
Total: 50 (100%)

15 (47%)
17 (53%)
Total: 32 (100%)

10 (56%)
8 (44%)
Total: 18 (100%)

0.550

AJCC N-stage
N0
N1
N2
N3

25 (29%)
22 (27%)
13 (16%)
23 (28%)
Total:  83(100%)

18 (32%)
19 (33%)
7 (12%)
13 (23%)
Total: 57 (100%)

7 (27%)
3 (12%)
6 (23%)
10 (38%)
Total: 26 (100%)

0.101

N0 versus
N1/N2/N3
N0
N1/N2/N3

47 (57%)
36 (43%)
Total:  83 (100%)

37 (65%)
20 (35%)
Total: 57 (100%)

10 (38%)
16 (62%)
Total: 26 (100%)

0.024

AJCC N-stage
N0
N1
N2
N3

23 (28%)
22 (27%)
35 (43%)
2 (2%)
Total: 82 (100%)

16 (28%)
15 (26%)
25 (44%)
1 (2%)
Total: 57 (100%)

7 (28%)
7 (28%)
10 (40%)
1 (4%)
Total: 25 (100%)

0.977

N0 versus N1/N2/N3
N0
N1/N2/N3

23 (28%)
59 (72%)
Total: 82 (100%)

16 (28%)
41 (72%)
Total: 57 (100%)

7 (28%)
18 (72%)
Total: 25 (100%)

0.995

AJCC M-stage
M0
M1

45 (94%)
3 (6%)
Total: 48 (100%)

32 (97%)
1 (3%)
Total: 33 (100%)

13 (87%)
2 (13%)
Total: 15 (100%)

0.227

Therapy
Radiotherapy
Chemotherapy
Radio/chemotherapy
Other

20 (24%)
1 (1%)
59 (70%)
4 (5%)
Total: 84 (100%)

13 (22%)
1 (2%)
42 (73%)
2 (3%)
Total: 58 (100%)

7 (27%)
0 (0%)
17 (65%)
2 (8%)
Total: 26 (100%)

0.711

Table 1. Clinicopathological features
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Total known EBV (n) EBV positive NPC EBV negative NPC P-value (EBV + versus EBV -)
Therapy
Radiotherapy
Chemotherapy
Radio/chemotherapy
Other

20 (24%)
1 (1%)
59 (70%)
4 (5%)
Total: 84 (100%)

13 (22%)
1 (2%)
42 (73%)
2 (3%)
Total: 58 (100%)

7 (27%)
0 (0%)
17 (65%)
2 (8%)
Total: 26 (100%)

0.711

Follow-up
Overall survival
Death
Still alive
Censored 

Disease-free survival
Death
Still alive
Censored

18 (20%)
67 (76%)
4 (4%)
Total: 89 (100%)

45 (51%)
40 (45%)
4 (4%)
Total: 89 (100%)

9 (15%)
49 (82%)
2 (3%)
Total: 60 (100%)

28 (47%)
30 (50%)
2 (3%)
Total: 60 (100%)

9 (31%)
18 (62%)
2 (7%)
Total: 29 (100%)

17 (59%)
10 (34%)
2 (7%)
Total: 29 (100%)

0.095

0.287

The likelihood of univariable independence between groups was performed using the Pearson X2 test (and the Fisher’s exact test when
appropriate) for categorical variables and the ANOVA for continues variables. Significant values are depicted in bold. Two tailed P values below 
0.05 were considered statistically significant.

Figure 1. Differences in CD68 and FOXP3 counts between the EBV positive and EBV negative NPC

To assess differences
in CD68 and FOXP3
counts between the EBV
positive and EBV negative
NPCs we used the
Mann-Whitney U test.
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Figure 2. Differences in CD68 and FOXP3 counts between keratinizing and non-keratinizing NPC

To assess differences in 
CD68 and FOXP3 counts 
between keratinizing and 
non-keratinizing NPC the 
Mann-Whitney U test was 
used.



120

Table 2. Cox regression analysis

Correlation with OS p-value HR (95%CI)
Whole NPC group (univariable)

FOXP3+ 0.022 0.313 (0.116-0.844)

T3+4 0.028 3.283 (1.139-9.464)

CD206-/FOXP3- 0.005 4.260 (1.546-11.743)

CD163-/FOXP3- 0.020 3.532 (1.223-10.197)

CD68-/FOXP3- 0.011 3.757 (1.357-10.400)

Whole NPC group (multivariable taking into 
account FOXP3 and T-stage)

FOXP3+ 0.043 0.352 (0.128-0.968)

EBV positive NPC (univariable)

CD206-/FOXP3- 0.027 4.027 (1.172-13.837)

Correlation with DFS p-value HR (95%CI)
Whole NPC group (univariable)

CD68-/FOXP3- 0.005 2.631 (1.340-5.167)

EBV negative NPC (univariable)

Smoking 0.009 0.088 (0.014-0.550)

CD163-/FOXP3- 0.044 4.745 (1.040-21.652)

Cox proportional hazard model for survival. Two tailed P values below 0.05 were considered statistically significant.
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Figure 3. Survival K
aplan M

eier plots
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Rates of survival were calculated with the Kaplan-Meier method and comparison of survival by Logrank test. Two tailed P values below 0.05 
were considered statistically significant.  



123



124



125

Annex 1. Immunohistochemical stains

Figure 1. Positive EBER stain (A) in NPC (40X). Nuclear FOXP3 stain (B), cytoplasmic CD68 stain (C), membranous CD163 stain (D), and membra-
nous CD206 stain (E) (40X). HE of a non-keratinizing NPC 40X (F). The number of positive staining cells were manually counted in fixed tissue area (i.e. 
TMA cores with a diameter of 0.6 mm each)
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Abstract

Background: Therapeutic modalities for nasopharyngeal carcinoma (NPC) are limited, especially in 
recurrent and higher stage disease. Somatostatin receptor type 2a (SSTR2A) positivity has been de-
scribed previously in NPC through 68Ga-DOTA-TOC PET/CT, and can therefore be a possible 
therapeutic and diagnostic target. 

Objective: To assess the immunohistochemical expression of SSTR2A in different nasopharyngeal 
carcinoma subtypes, and its correlation with Epstein Barr virus (EBV) positivity and survival. 

Materials and methods: In total 137 NPCs were collected and stained. Correlations between clinico-
pathological characteristics was assessed using Pearson X2 test (and the Fisher’s exact test when appro-
priate) for categorical variables and ANOVA for continues variables. Survival was assessed using the 
Kaplan-Meier method and Cox regression. SSTR2A positivity was compared using backward logistic 
regression analysis, also taking into account significant clinicopathological characteristics.

Results: SSTR2A expression showed a statistically significant association with EBV positivity
(P < 0.001). 

Conclusions: SSTR2A is significantly more present in EBV positive compared to EBV negative NPC 
(p < 0.001). 85% of EBV positive tumors are SSTR2A positive. The utility of SSTR2A positivity as a 
potential therapeutic target is uncertain, but it could be used as a follow-up tool for patients with EBV 
positive NPC using 68Ga-DOTA-TOC PET/CT.

Key words: nasopharyngeal carcinoma, histology, immunohistochemistry, positron emission tomogra-
phy, somatostatin receptor, SSTR2A, Epstein-Barr virus, EBV
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Introduction
Somatostatin receptor type 2a (SSTR2A) is a therapeutic target of neuroendocrine tumors, but has also 
been described as being present in carcinomas of the prostate, breast and colon[1,2]. SSTR2A presence 
in the aforementioned carcinomas has also been suggested as being a possible therapeutic target with 
somatostatin analogues, because of its anti-proliferative actions through deregulation of the PI3 kinase 
and RAS pathways[3]. SSTR2A positivity has also already been described in head and neck squamous 
cell carcinomas (HNSCC)[4], and in a previous 68Ga-DOTA-TOC PET/ CT study[5] in nasopha-
ryngeal carcinomas (NPCs), thus opening a possible new diagnostic/ therapeutic option. As NPC, a 
distinct type of HNSCC[6], has limited treatment options restricted to radiotherapy, chemotherapy and 
sometimes surgery, SSTR2A could be a novel therapeutic modality, especially in higher stage/ metastatic 
disease. While adjuvant chemotherapy with concurrent chemoradiotherapy is often used in patients with 
advanced stage disease (stage III, IVA, IVB), its effects on prognosis is still unclear, and it also comes 
with a substantial amount of toxicity[7]. Also, although the use of 68Ga-DOTA-TOC PET/ CT in 
the follow-up of NPC has been previously suggested, we do not know the extent of its usefulness in 
different NPC subtypes. NPC is subdivided according to the world health organization (WHO) in a 
keratinizing NPC (WHO type I), a non-keratinizing NPC (WHO type II) and an uncommon basaloid 
NPC (WHO type III). Also, there is not enough evidence to treat NPC patients differently based on 
the WHO histological classification, despite differences in pathogenesis with the non-keratinizing phe-
notype being EBV related[8,9].  This is the largest study to date determining the immunohistochemical 
expression of SSTR2A in different NPC subtypes and its correlation with survival. 

Objective
To assess the immunohistochemical expression of SSTR2A in different NPC subtypes, and its correla-
tion with Epstein Barr virus (EBV) positivity and survival. 

Materials and Methods
In total 137 formalin-fixed paraffin-embedded (FFPE) NPC biopsy specimens (44 from the Medical 
University of Innsbruck in Austria, and 93 from the University Medical Center in Utrecht (UMCU) and 
Erasmus Medical Center (EMC) in Rotterdam, the Netherlands) were collected. The clinicopathological 
data was retrieved from electronic medical records. The Dutch national ethical guidelines state that no 
ethical approval is required for the use of anonymous leftover tissue (www.federa.org), and this is part of 
the standard treatment agreement with patients in the UMCU and EMC[10]. There was ethical approv-
al from the ethics committee of the Medical University of Innsbruck for retrospective analysis of FFPE 
samples. Hematoxylin and eosin stained NPC slides were examined by two head and neck pathologists 
(SWI and SKO) and a senior pathology resident (MOO), all experienced in the histological evaluation 
of NPCs. The date of diagnosis was defined as the date of tissue extraction for histological determination 
of the diagnosis. The end date for disease-free survival (DFS) was the date at which recurrence of disease 
was determent by a physician. The end date for overall survival (OS) was the date of death.  

Tissue microarray construction
Tissue microarrays (TMA) from the 93 NPC specimens from UMCU and EMC were constructed. The 
TMAs were constructed with a TMA Grand Master instrument (3D HISTECH, Budapest, Hungary) 
using the FFPE biopsy specimens from UMCU and EMC. Tumor areas were marked by a pathologist 
(SWI) and pathology resident (MOO) experienced in the histological evaluation of NPCs. Three cores 
(0.6 mm) were punched from the marked tumor areas and arrayed into a recipient TMA block[11]. 

EBV status
Epstein-Barr (EBV) status was detected by applying Epstein-Barr virus-encoded RNA (EBER) in 
situ hybridization (ISH) to the TMA. A BenchMark ULTRA automated staining instrument Ventana 
Medical systems, Tuscon, AZ, USA) was used for ISH of the TMA using a EBV specific probe
(INFORM EBER (Epstein-Barr Virus Early RNA) PROBE) (Ventana Medical systems) and ISH 
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iVIEW Blue detection kit (Ventana Medical systems, Inc.) for staining according to the manufacturer’s 
instructions. 

Immunohistochemistry
A BenchMark ULTRA automated staining instrument (Ventana Medical systems, Tuscon, AZ, USA) 
was used for immunohistochemical staining with an anti-SSTR2A antibody (rabbit polyclonal, code 
SS-8000-RM, diluted 1:5, BioTrend, Cologne, Germany). The 44 unstained slides from Innsbruck in 
Austria, and the TMA sections, all 4µm in thickness, were heated to 75oC for 8 minutes and deparaf-
finized by an EZ prep solution. The next step was pretreating the samples with EDTA at 100oC for 16 
minutes and then a peroxidase inhibitor for 4 minutes. The subsequent step was manually applying the 
primary anti-SSTR2A antibody on the TMA and unstained sections at a 1:5 dilution and incubating it 
for 32 minutes. Following application and incubation of the primary antibody, the slides were next in-
cubated with Optiview HQ Universal Linker and Optiview HRP multimer (Ventana Medical Systems) 
for 8 minutes. The final steps were application of hydrogen peroxide and DAB, and then counterstain-
ing with haematoxylin. During each consecutive step of the staining process the slides were rinsed with 
reaction buffer. Pancreatic tissue was used as a positive control, and liver and lymphoid tissue as negative 
controls. 

The result was membranous staining of the tumor cells (see figure 1). The stained slides were evaluated 
by a head and neck pathologist (SWI) and a senior pathology resident (MOO). The evaluators of the 
immunohistochemical stains were blinded to the clinicopathological features. Firstly, the slides were 
scored on the extent of staining. The extent was scored on a continuous scale from 0%-100%. The extent 
of staining was subsequently dichotomized according to the method to predict the best cut-off for overall 
survival (OS)[12]. The best cut-off was also validated with the receiver operating characteristic (ROC) 
curve optimized for OS. Secondly, the staining was dichotomized as either positive (with slight positiv-
ity as positive, > 1%) or negative (with completely no staining, 0%) regardless of intensity. Thirdly, the 
staining intensity was scored. The staining intensity was scored as previously described[13] with strong 
staining easily visible with a low power objective (score 3), moderate staining still seen on a low power 
objective (score 2), and weak staining not easily seen on low power objective (score 1) (see figure 1). Any 
discordance in the immunohistochemical evaluation of the TMA was discussed until consensus was 
reached between the evaluators. 

Figure 1. SSTR2A immunohistochemical stain

Membranous staining of the tumor cells (a)(400X)
and intensity was scored in 3 categories with mild
staining intensity getting a score 1(b)(100X), 
moderate staining intensity getting a score 2(c)(100X), 
and strong intensity getting a score 3(d)(100X)

a b

c d
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Statistical analysis
IBM SPSS Statistics software, version 22 was used to analyze the data. The likelihood of univariable 
independence between groups was performed using Pearson X2 test (and the Fisher’s exact test when 
appropriate) for categorical variables and the ANOVA for continues variables. Rates of survival were cal-
culated with the Kaplan-Meier method and comparison of survival by Logrank test. Associations were 
also analyzed by Cox regression for survival. Casus with metastasis were excluded in the survival analysis. 
SSTR2A positivity was compared using backward logistic regression analysis, also taking into account 
significant clinicopathological characteristics. The following clinicopathological characteristics were di-
chotomized: age (>55 years and <55 years), T-stage (T1/2 versus T3/4), N-stage (N0 versus N1/2/3) 
and M-stage (M0 versus M1). Two tailed P values below 0.05 were considered statistically significant. 

Results
A cut-off of 20% staining gave the best p-values in the univariate Kaplan Meier analysis. This was also 
validated with the ROC curve optimized for OS. Thus, a cut-off value of less than 20% staining was 
categorized as negative and a cut-off value of equal to or greater than 20% staining was categorized as 
positive. Dichotomizing the staining in the categories positive, with slight positivity as positive (>1%), 
or negative, with completely no staining, and categorizing the staining according to the level of intensity 
(strong, moderate or weak) did not correlate with survival.

Clinicopathological characteristics
SSTR2A status and its relation to clinicopathological features are shown in table 1. SSTR2A was sig-
nificantly more present in EBV positive NPC (p < 0.001) and the non-keratinizing histological subtype 
(p < 0.001). SSTR2A positivity was also seen significantly more often in T1/2 tumors (p = 0.003) and at 
a younger age (p < 0.001). With backward logistic regression taking into account significant clinicopath-
ological features (EBV status, age, histological NPC subtype and T-stage) only EBV status remained 
significant (p < 0.001). 

Survival analysis
For DFS a mean follow-up time of 43 months and for OS a mean follow-up time of 49 months were 
calculated. T3/4 had worse OS (p = 0.001) (see figure 2). In univariate cox regression analysis T3/4 stage 
had a HR of 4.001 (95%CI 1.654-9.677, p = 0.002) for OS. No features correlated with DFS.  

 

Figure 2. Kaplan-Meier curves (OS) for T-stage

Rates of survival were calculated with the
Kaplan-Meier method and comparison of
survival by Logrank test. 
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Total known EBV (n) EBV positive NPC EBV negative NPC P-value (EBV + versus EBV -)
Age Mean 55,5 (SD15)

Total: 131
Mean 51 (SD 15)
N = 83

Mean 63 (SD 11)
N = 48

< 0.001

Sex
Male
Female

95 (69%)
42 (31%)
Total: 137

59 (71%)
24 (29%)
Total: 83

33 (67%)
16 (33%)
Total: 49

0.652

EBV status
Yes
No 

85 (63%)
49 (37%)
Total: 134

70 (86%)
11 (14%)
Total: 81

12 (25%)
36 (75%)
Total: 48

< 0.001

NPC subtype 
Keratinizing 
Non-keratinizing

17 (12%)
120 (88%)
Total: 137

0 (0%)
83 (100%)
Total: 83

17 (35%)
32 (65%)
Total: 49

< 0.001

Smoking
Yes
No 

34 (65%)
18 (35%)
Total: 52

19 (63%)
11 (37%)
Total: 30

15 (71%)
6 (29%)
Total: 21

0.546

Alcohol
Yes
No

25 (50%)
25 (50%)
Total: 50

14 (50%)
14 (50%)
Total: 28

10 (48%)
11 (52%)
Total: 21

0.869

AJCC T-stage
T1
T2
T3
T4

37 (29%)
34 (27%)
15 (12%)
41 (32%)
Total: 127

25 (32%)
27 (35%)
8 (10%)
18 (23%)
Total: 78

10 (23%)
7 (16%)
7 (16%)
20 (45%)
Total: 44

0.022

T1/2 versus T3/4
T1/2
T3/4

71 (56%)
56 (44%)
Total: 127

52 (67%)
26 (33%)
Total: 78

27 (61%)
17 (39%)
Total: 44

0.003

AJCC N-stage
N0
N1
N2
N3

35 (28%)
35 (28%)
50 (40%)
6 (4%)
Total: 126

20 (26%)
20 (26%)
33 (42%)
4 (6%)
Total: 77

13 (30%)
14 (32%)
15 (34%)
2 (4%)
Total: 44

0.799

N0 versus
N1/N2/N3
N0
N1/N2/N3

35 (28%)
91 (72%)
Total: 121

20 (26%)
57 (74%)
Total: 77

13 (30%)
31 (70%)
Total: 44

0.671

AJCC M-stage
M0
M1

84 (91%)
8 (9%)
Total: 92

49 (91%)
5 (9%)
Total: 54

30 (91%)
3 (9%)
Total: 33

1.000

Therapy
Radiotherapy
Chemotherapy
Radio/chemotherapy
Other

22 (17%)
4 (3%)
81 (63%
21 (16%)
Total: 128

11 (14%)
3 (4%)
56 (72%)
8 (10%)
Total: 78

11 (24%)
1 (2%)
21 (47%)
12 (27%)
Total: 45

0.023

Table 1. Clinicopathological features

The likelihood of univariable independence between groups was performed using the Pearson X2 test (and the Fisher’s exact test when appropriate) 
for categorical variables and the ANOVA for continues variables. Two tailed P values below 0.05 were considered statistically significant.
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Discussion
The treatment of HNSCC in general is very limited with surgery, radiotherapy and chemotherapy being 
the mainstays. Therefore, better understanding of HNSCCs can give use more insight into more specific 
treatment options directed towards novel biomarkers. Thus, this makes exploring new potential treat-
ment options especially important in NPC, an uncommon HNSCC. As SSTR2A has been suggested 
to be a possible therapeutic target in carcinomas of the prostate, breast and colon[1,2], it could also be a 
possible therapeutic target in NPC because of its anti-proliferative actions[3]. SSTR2A was especially 
positive in EBV positive NPCs, and as SSTRs have proliferative actions on tumor cells, this could also 
be a possible mechanisms through which EBV infection induces carcinogenesis. The RAS and PI3 
kinase pathways have been reported to be upregulated in NPC, possibly due to SSTR2A expression, 
and have also been reported to contribute to cetuximab resistance in NPCs[14]. SSTR2A positivity 
could therefore also possibly serve as a surrogate marker for contraindicating therapy with monoclonal 
antibodies targeting the epidermal growth factor receptor (i.e. cetuximab). The findings of this study, 
however, bring in doubt SSTR2A as a possible candidate for therapeutic intervention, as it did not cor-
relate with survival. Possible therapeutic options directed toward other receptors like SSTR-5, and to a 
lesser extent SSTR-3, with somatostatin analogs (e.g. octreotide and vapreotide) should also be studied 
as these can also be possible targets[15]. Further study is therefore needed as to which receptor subtypes 
are expressed in NPCs, and whether these could possibly act as therapeutic targets. 
As the use of single radioisotopes (i.e. 90yttrium (90Y) or 177lutetium (177Lu)) could also potentially 
be of therapeutic value considering the SSTR positivity. Radiopeptide therapy using (177Lu) DOTA-
TATE and/ or (90)Y-DOTATOC have both already shown to be of therapeutic significance in SSTR 
positive neuroendocrine tumors[16,17].  

SSTR2A expression, however, could also have a potential role in follow-up of patients with (EBV posi-
tive) NPC, as has previously been reported via PET/CT studies[18,5]. The level of positivity was vari-
able in the previously studied small sample sizes[5], but in the larger cohort of this study, there is a strong 
association with EBV positivity. Thus, 68Ga-DOTA-TOC PET/CT could be used, not only to detect 
primary tumors but possibly metastasis as well.  For the sake of diagnostic purposes, SSTR2A positiv-
ity via 68Ga-DOTA-TOC is not a specific marker in PET/CT for identifying EBV positive NPCs, as 
neuroendocrine tumors of the head and neck[5], but also other tumors, as previously mentioned, can 
show SSTR2A positivity. Therefore, histological evaluation of the primary or metastatic tumors will still 
be necessary. 
There is a very strong association between EBV positive NPCs and SSTR2A protein expression, mak-
ing this the largest study to date confirming this association. This association was already suggested in a 
previous much smaller study[5].  

Conclusions
SSTR2A is significantly more present in EBV positive compared to EBV negative NPC (p < 0.001). 
85% of EBV positive tumors are SSTR2A positive. The utility of SSTR2A positivity as a potential 
therapeutic target is uncertain, but it could be used as a follow-up tool for patients with EBV positive 
NPC using 68Ga-DOTA-TOC PET/CT.
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Chapter 9:

General discussion and summary 
Until now, treatment decisions for NPC are based on stage, and no distinction is made between the dif-
ferent subtypes. There have been reports that the endemic non-keratinizing (EBV related) NPC are more 
radiosensitive and have a better prognosis[1,2] compared to the keratinizing (non-EBV related) NPC, 
but there is not enough evidence to warrant different treatment strategies. The NPC subtypes are com-
monly grouped together when it comes to treatment, and this prevents better understanding of these enti-
ties. NPC is known to have a strong relationship with EBV, but the exact pathogenic relationship is still 
unknown. Some novel therapies which could be applied to EBV associated NPC are for example tumor-
targeted gene therapy in which a novel replication-deficient adenovirus vector (ad5.oriP) can achieve high 
gene expression levels specifically targeting EBV positive NPC by transgene expression under the tran-
scriptional regulation of the family of repeats domain of the origin of replication (oriP) of EBV[3]. Also, 
EBV specific immunotherapeutic modalities targeting LMP2[4], which is one of the most immunogenic 
viral proteins, can be applied. Furthermore, immune checkpoint inhibiting drugs such as Nivolumab 
and Pembrolizumab, anti-PD-1 antibodies[5], and anti-LAG3 antibodies[6] are currently being studied. 
Also, cancer vaccines in NPC are being studied (i.e. LMP2 vaccine[7], LMP1/2 vaccines[8], MVA-EL 
vaccine generating LMP/EBNA1-specific cytotoxic T-cell responses[9]). Studies looking into immuno-
genic cell death by radiotherapy and therapy with EBV specific T-cells are also being evaluated[10-12].  
According to the WHO possibly all NPC subtypes are EBV related[13,14], even the keratinizing NPC 
which have classically been more associated with smoking[15]. Distinction between the different NPC 
subtypes may be essential, not only for categorization purposes, but also for better understanding, treat-
ment and follow-up strategies. 

Risk of second primary tumors
In chapter 2 we found that all patients regardless of NPC subtype have a higher risk of developing second 
primary malignancies (SPM) (especially HNSCC and malignancies of the upper aerodigestive tract). 
SPM were, however, significantly more prevalent in keratinizing (WHO type I) NPC compared to non-
keratinizing  (WHO type II and WHO type III) NPC. This is probably due to similar risk factors like 
alcohol and smoking in other HNSCC, as has been shown in previous literature[16]. The differences in 
risks between the subtypes suggest differences in tumor biology. Studies have already indicated prognostic  
differences between the keratinizing and non-keratinizing NPC[17] with the keratinizing NPC having a 
worse survival, but none have studied the differences in risk of developing SPM. What we also see is that 
positive EBV status is not related to the development of other EBV-related cancers. Thus, other underly-
ing (genetic) defects/risk factors are probably important[18], as there still is a higher risk of SPM in the 
non-keratinizing (EBV positive) population studied. As there are two hypothesis about the role of EBV 
in NPC, one being EBV infection as the first hit and the other being EBV infection as the second hit[19-
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21], the findings in this chapter support the second hit theory as field cancerization would hypotheti-
cally cause an increase in the occurrence of SPM in already at risk tissue. In chapter 2 we thus concluded 
that NPCs are associated with a higher risk of developing SPM regardless of EBV status. Close clinical 
follow-up of patients with NPC, with specific attention on the detection of SPM, is therefore warranted. 

Genetics and epigenetics
In chapter 3 we studied the prognostic effect of molecules in the EGFR-pathway in NPC, because 
it has been postulated that EGFR is strongly induced by LMP1-CTAR1, a viral oncogene[22]. We 
therefore performed a systematic review and when possible a meta-analysis on the prognostic effects of 
different molecules in the EGFR pathway (i.e. EGFR, JAK, PI3K, PIK3CA, STAT3, STAT5, PTEN, 
AKT, mTOR, GRB2, SOS, RAF, RAS, MAPK, ERK, MEK and CCND1). We found overexpression 
of EGFR to predict worse overall survival (OS) (pooled HR of 1.65 (1.06, 2.55 95%CI)) and disease-
free survival (DFS) (pooled HR of 2.06 (1.46, 2.91 95%CI)). There was high heterogeneity among the 
studies. Because EBV status is often discounted when studying NPC we could not correct for EBV 
status in the statistical analysis, which could have explained the heterogeneity. Because of the heteroge-
neity a definite relationship with worse OS is still dubious, but an association with worse DFS, in which 
there was no significant heterogeneity, is more likely. There is not enough evidence indicating CCND1, 
mTOR, AKT, PTEN, STAT3, STAT5 to be of prognostic significance in NPCs. No studies evaluated 
the prognostic value of JAK, PI3K, GRB2, SOS, RAF, RAS, ERK, and MEK in NPC. As a new era is 
approaching in which treatment of different types of cancer is becoming more personalized and targeted, 
understanding the underlying molecular and tumor-microenvironmental factors at play in specific tumor 
types is becoming increasingly important. Thus, it is essential to also dissect the different molecular path-
ways of the different subtypes of NPC. 

In chapter 4 we assessed copy number alterations (CNA) in oncogenes between EBV positive and 
negative NPCs. We see that the EBV positive and EBV negative NPCs are distinct entities with signifi-
cantly different CNA. The most important oncogene conferring worse prognosis in EBV positive NPC, 
CCNL1 gain/ amplification, has also been described in other head and neck squamous cell carcinomas 
(HNSCCs)[23].  Also, gain/ amplification of chromosomal arm 3q, which seems to correlate with worse 
survival in EBV positive NPC, has been described to predict worse survival in other HNSCC[24]. We 
demonstrated gain/ amplification of a number of oncogenes (i.e. PIK3CA, MCCC1) located on chro-
mosomal region 3q26.3.3-27, which is a known locus important in the pathogenesis of smoking and al-
cohol related HNSCC[25,26]. Thus, there is some overlap between EBV related HNSCC and smoking/ 
alcohol related HNSCC. Another argument that EBV negative NPCs have a different tumorigenesis 
is that although gain/ amplification of oncogenes were much more prevalent in EBV negative tumors, 
they showed less correlation with survival, thus indicating a different route of oncogenesis (e.g. smoking, 
older age, etc.). As we understand the genetics of NPCs better, we postulate that different treatment op-
tions should be applied (i.e. targeted therapy against PTK2[27,25] in EBV positive NPC; PTK2 gain/ 
amplification showed a correlation with worse survival in EBV positive NPC). 

As lifestyle, ethnicity, gender etc. influence our epigenetics, and epigenetics have also been implicated in 
the development of NPC[28-32], we studied the epigenetic silencing of tumor suppressor genes in the 
different subtypes of NPC in chapter 5. We show that EBV positive and negative NPC have different 
hypermethylation patterns, with promotor hypermethylation of RASSF1A being more prevalent[33], 
and also of prognostic importance in EBV positive NPC. The non-keratinizing phenotype was shown 
to be associated with RASSF1A hypermethylation making histological subtyping a good predictor for 
hypermethylation status of RASSF1A. The 3p region on which RASSF1A is located has also been sug-
gested as being important in hereditary NPC[33]. EBV negative/ keratinizing NPC, on the contrary, 
correlated strongly with APC hypermethylation, and APC hypermethylation also showed worse DFS 
in this subgroup. APC has also been described in other (smoking/ alcohol related) HNSCC[34] which 
also suggests a common pathogenesis between EBV negative NPC and other HNSCC. Thus, there are 
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important epigenetic differences between EBV negative and EBV positive NPC, with EBV negative 
NPC having a more similar hypermethylation profile to other HNSCC than EBV positive NPC. In 
reality multiple genes probably play a role in the risk and genesis of NPC.

Tumor micro-environment
Besides targeted therapies, immunotherapies (and also EBV specific immunotherapies[35,36]) are avail-
able, and as NPC is considered a lymphoepithelial carcinoma we assessed the best prognosticators of 
the tumor-microenvironment, and also the differences in tumor-infiltrating lymphocytes (TIL) between 
the different subtypes of NPC. We know that there are differences in the way the immune system re-
acts to EBV associated lymphomas when compared to non-EBV related lymphomas[37]. The immune 
response is less effective in killing tumor cells in EBV positive lymphomas[38]. In solid EBV-related 
tumors there is, however, little data available on how the immune system reacts.  In chapter 6 we found 
that multiple factors were associated with a higher number of TIL (i.e. younger age, positive EBV status). 
There are indications, however, that not only the amount, but also the composition of the infiltrate is 
important for a positive effect on survival. We saw that with CD8 in the CD4/CD8 ratio, with CD8 
being relatively less prevalent in the EBV positive/ non-keratinizing NPC compared to EBV nega-
tive/ keratinizing NPC, but still having a positive effect on survival. This point is also made by the co-
expression of CD8 with PD1 and PDL-1 correlating with better survival. Thus, although there are 
mechanisms (i.e. tumor-associated macrophages[39,40], suppressor T-lymphocytes[41,42] or tumor 
cells themselves[43,39,44,45]) by which the killing of tumor cells by cytotoxic T-lymphocytes is inhib-
ited, in EBV positive NPC the TIL composition is such that a positive effect on survival is still achieved, 
and enhancing this effect by immunotherapy can possibly also be of use in treating patients with NPC.  

In chapter 7 we evaluated the role of tumor-associated macrophages (TAMs) and T-regulatory cells 
(Tregs) in the tumor micro-environment, and their relationship with EBV status and survival. There 
were positive correlations between Tregs and TAMs, possibly indicating interactions between these cells 
in the tumor micro-environment. In addition, there were differences in TAMs between EBV positive 
and negative NPC, and more specifically M1 macrophages which have an anti-tumorigenic role possibly 
being more prevalent in EBV positive NPC and M2 macrophages, which stimulate tumor growth, be-
ing important in EBV negative NPC. Also, functional differences possibly exist in the M2 spectrum of 
macrophages between EBV positive and EBV negative NPCs, with the macrophage infiltrate in EBV 
negative NPC being unable to recruit Tregs. Also, a higher FOXP3 count seems to be an independent 
prognostic factor for better OS in the whole NPC group, and therefore care should be taken when ap-
plying immune-based therapies specifically targeting and suppressing Tregs.

Novel markers
Finally, we studied specific characteristics in EBV infected NPC which could be of practical importance 
in follow-up or diagnostics of NPC. We know NPC is PET positive through detection of SSTR2A. In 
chapter 8, a strong correlation between positive EBV status and immunohistochemical SSTR2A posi-
tivity was found. Thus, with 68Ga-DOTA-TOC, a somatostatin analogue[46], PET/CT can be used in 
the follow-up of patients with EBV positive NPC. Also, treatment with (177Lu) DOTA-TATE and/ or 
(90)Y-DOTATOC, and somatostatin analogues needs study.

Final remarks and Conclusion
The classic histological classification of NPC does not take into account the underlying heterogeneity in 
molecular processes and tumor micro-environment. A more integrated approach classifying NPC might 
lead to more precise and tailored treatment and follow-up strategies to specific patient (sub)groups. 
What it ultimately comes down to is that different treatments should only be applied to the subgroup of 
patients in whom there will be a good response, as not only the cost/ effect arguments come into play, but 
also the toxicities that come with the different treatment modalities. The alternative treatment modalities 
encompass molecular targeted therapies, immunotherapy, checkpoint inhibitors, EBV vaccines and small 
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molecule inhibitors (i.e. EBNA1). NPC is a unique disease in that it quickly gives rise to distant metastasis 
(compared to other HNSCC), but has very good locoregional control. The prognosis of NPC is quite good 
for early stage disease, but worse to dismal for late stage disease, and it is especially the late stage disease 
where currently alternative therapeutic modalities besides chemoradiation and/ or surgery are needed. 
And, although local control of NPC is very good for low stage disease with the current chemoradiohera-
peutic approach, the side-effects are very damaging, and thus there is also a need for other treatments in 
this regard. When we look at the current treatment modalities, de-escalation of the current chemoradio-
therapeutic options also need further study in especially EBV positive tumors, as they are supposedly more 
radiosensitive. All information needed to design optimum therapy for individual patients will, however, 
probably only be possible with carefully designed functional experiments coupled with innovative clinical 
trial designs[47], because of much overlap in the pathogenic pathways of the different subtypes of NPC.

As we have shown differences in risks of developing second malignancies, genetics, epigenetics, but also 
the tumor micro-environment and novel markers, we strongly suggest that the various NPC subtypes (and 
then especially the EBV positive and negative NPC) are different entities, and also that they require dif-
ferent approaches to treatment and follow-up. 
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Nederlandse samenvatting
Tot nu toe worden behandelbeslissingen voor (nasofarynxcarcinoom) NPC genomen op grond van het 
ziektestadium en wordt er geen onderscheid gemaakt tussen de verschillende subtypen. Er zijn meldin-
gen dat endemisch niet-keratiniserend (Epstein-barrvirus(EBV)-gerelateerd) NPC stralingsgevoeliger 
is en een betere prognose kent[1,2] dan keratiniserend (niet-EBV-gerelateerd) NPC, maar er is onvol-
doende bewijs dat toepassing van verschillende behandelstrategieën gerechtvaardigd is. Wanneer het 
op behandeling aankomt, worden de NPC-subtypen doorgaans samengenomen en dit verhindert een 
beter inzicht in deze entiteiten. Van NPC is bekend dat er een sterke relatie bestaat met EBV, maar 
het precieze pathogene verband is nog niet bekend. Een van de nieuwe therapieën die zouden kunnen 
worden toegepast bij EBV-gerelateerd NPC, is bijvoorbeeld tumorgerichte gentherapie. Hierbij kan met 
een nieuwe replicatiedeficiënte adenovirusvector (ad5.oriP) een hoog genexpressieniveau worden bereikt 
specifiek gericht tegen EBV-positief NPC door transgene expressie onder de transcriptionele regulatie 
van de familie van het ‘repeat-domein van de origine van replicatie’ (oriP) van EBV[3]. Ook kunnen 
EBV-specifieke immunotherapeutische modaliteiten worden toegepast gericht tegen LMP2[4], een van 
de meest immunogene virale eiwitten. Daarnaast worden er momenteel immuuncheckpointblokker-
ende geneesmiddelen zoals nivolumab en pembrolizumab, anti-PD-1-antilichamen[5] en anti-LAG3-
antilichamen[6] onderzocht. Tevens wordt er onderzoek verricht naar kankervaccins voor toepassing bij 
NPC (te weten LMP2-vaccin[7], LMP1/2-vaccins[8], MVA-EL-vaccin dat LMP/EBNA1-specifieke 
cytotoxische T-celresponsen genereert[9]). Ook worden er onderzoeken geëvalueerd naar immunogene 
celdood door radiotherapie en therapie met EBV-specifieke T-cellen[10-12]. Volgens de WHO zijn 
mogelijk alle NPC-subtypen gerelateerd aan EBV[13,14], zelfs het keratiniserende NPC dat van oudsher
ook meer met roken in verband is gebracht[15]. Onderscheid tussen de verschillende NPC-subtypen 
kan essentieel zijn, niet alleen met het oog op de indeling maar ook voor meer inzicht en strategieën voor 
behandeling en follow-up. 

Risico van tweede primaire tumoren
In hoofdstuk 2 constateerden we dat alle patiënten ongeacht het NPC-subtype een hoger risico hebben 
op het ontstaan van tweede primaire maligniteiten (SPM) (met name hoofd-hals plaveiselcelcarcinomen 
(HNSCC) en maligniteiten van het bovenste deel van de luchtwegen en het spijsverteringskanaal). SPM 
kwamen bij keratiniserend (WHO-type I) NPC echter aanzienlijk vaker voor dan bij niet-keratiniser-
end (WHO-type II en WHO-type III) NPC. Dit komt waarschijnlijk door vergelijkbare risicofactoren, 
zoals alcohol en roken, wat ook bij andere vormen van HNSCC voorkomt, zoals eerder in de literatuur is 
aangetoond[16]. De verschillen in risico’s tussen de subtypen duiden op verschillen in tumorbiologie. Uit 
onderzoeken is al gebleken dat er prognostische verschillen bestaan tussen het keratiniserende en niet-
keratiniserende NPC[17] waarbij keratiniserend NPC een slechtere overleving kent, maar in geen van 
de onderzoeken zijn de verschillen in het risico van het ontstaan van SPM bestudeerd. Wat we ook zien 
is dat een positieve EBV-status niet gerelateerd is aan de ontwikkeling van andere aan EBV gerelateerde 
vormen van kanker. Andere onderliggende (genetische) defecten/risicofactoren zijn waarschijnlijk dus 
belangrijk[18], aangezien in de onderzochte populatie met niet-keratiniserend (EBV-positieve) NPC 
nog altijd sprake is van een hoger risico van SPM. Aangezien er twee hypothesen bestaan over de rol 
van EBV bij NPC, één met EBV-infectie als eerste hit en één met EBV-infectie als tweede hit[19-21], 
ondersteunen de bevindingen in dit hoofdstuk de ‘tweede-hit’-theorie aangezien field cancerization hy-
pothetisch zou resulteren in een toename in het optreden van SPM in weefsel waarvoor al een verhoogd 
risico bestaat. In hoofdstuk 2 concludeerden we daarom dat NPC’s gepaard gaan met een hoger risico 
op het ontwikkelen van SPM ongeacht de EBV-status. Nauwlettende klinische follow-up van patiënten 
met NPC, met specifieke aandacht voor de detectie van SPM, is daarom gerechtvaardigd. 

Genetica en epigenetica
In hoofdstuk 3 hebben we het prognostische effect onderzocht van moleculen in de EGFR-route bij 
NPC, omdat is gepostuleerd dat EGFR sterk wordt geïnduceerd door LMP1-CTAR1, een viraal onco-
gen[22]. We hebben daarom een systematisch overzicht uitgevoerd en waar mogelijk een meta-analyse 
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voor de prognostische effecten van verschillende moleculen in de EGFR-route (te weten EGFR, JAK, 
PI3K, PIK3CA, STAT3, STAT5, PTEN, AKT, mTOR, GRB2, SOS, RAF, RAS, MAPK, ERK, MEK 
en CCND1). We stelden vast dat overexpressie van EGFR een slechtere totale overleving (overall survival; 
OS) [gepoolde HR van 1,65 (1,06; 2,55 95%-BI)] en ziektevrije overleving (disease-free survival; DFS) 
(gepoolde HR van 2,06 (1,46; 2,91 95%-BI)] voorspelde. Tussen de onderzoeken onderling was sprake 
van sterke heterogeniteit. Omdat bij onderzoek naar NPC de EBV-status vaak buiten beschouwing wordt 
gelaten, konden we bij de statistische analyse niet voor de EBV-status corrigeren; dit zou de heterogeniteit 
kunnen hebben verklaard. Vanwege de heterogeniteit is een duidelijke relatie met een slechtere OS nog 
steeds twijfelachtig, maar een verband met een slechtere DFS, waarbij geen sprake was van significante het-
erogeniteit, is waarschijnlijker. Er is onvoldoende bewijs waaruit blijkt dat CCND1, mTOR, AKT, PTEN, 
STAT3, STAT5 van prognostische betekenis kan zijn bij NPC’s. Er zijn geen onderzoeken uitgevoerd waa-
rin de prognostische waarde werd beoordeeld van JAK, PI3K, GRB2, SOS, RAF, RAS, ERK en MEK bij 
NPC. Nu er een nieuw tijdperk aanbreekt waarin de behandeling van verschillende typen kanker meer op 
de patiënt wordt afgestemd en doelgerichter wordt, wordt inzicht in de onderliggende moleculaire factoren 
en factoren in het tumormicromilieu die een rol spelen bij specifieke tumortypen, steeds belangrijker. Het 
is daarom essentieel om ook de verschillende moleculaire routes van de verschillende subtypen van NPC 
te bestuderen. 

In hoofdstuk 4 beoordeelden we copynumbervariaties (CNA’s) in oncogenen bij EBV-positieve en -nega-
tieve NPC’s. We zien dat de EBV-positieve en EBV-negatieve NPC’s afzonderlijke entiteiten zijn met 
significant verschillende CNA’s. Het belangrijkste oncogen dat bijdraagt aan de slechtere prognose voor 
EBV-positief NPC, gain/amplificatie van CCNL1, is ook beschreven voor andere plaveiselcelcarcinomen 
van het hoofd-halsgebied (HNSCC’s).[23] Ook voor gain/amplificatie van de chromosomale arm 3q, die 
lijkt te correleren met een slechtere overleving bij EBV-positief NPC, is beschreven dat dit een voor-
spellende factor is voor een slechtere overleving bij andere vormen van HNSCC[24]. We hebben gain/
amplificatie aangetoond voor een aantal oncogenen (te weten PIK3CA, MCCC1) die gelokaliseerd zijn 
in het chromosomale gebied 3q26.3.3-27; dit is een locus waarvan bekend is dat het een belangrijke rol 
speelt bij de pathogenese van aan roken en alcohol gerelateerd HNSCC[25,26]. Er is dus sprake van enige 
overlap tussen EBV-gerelateerd HNSCC en aan roken/alcohol gerelateerd HNSCC. Een ander argument 
dat EBV-negatieve NPC’s een andere tumorgenese hebben, is dat hoewel gain/amplificatie van oncogenen 
bij EBV-negatieve tumoren veel vaker voorkwam, ze een zwakkere correlatie vertoonden met overleving, 
wat dus wijst op een andere oncogene route (bijvoorbeeld roken, hogere leeftijd, enz.). Met het groeiende 
inzicht in de genetica van NPC’s luidt onze hypothese dat er verschillende behandelopties moeten worden 
toegepast (d.w.z. doelgerichte therapie tegen PTK2[27,25] bij EBV-positief NPC; gain/amplificatie van 
PTK2 liet een verband zien met een slechtere overleving bij EBV-positief NPC). 

Aangezien leefstijl, etniciteit, geslacht enz. van invloed zijn op onze epigenetica, en epigenetica ook in 
verband is gebracht met de ontwikkeling van NPC[28-32], onderzochten we in hoofdstuk 5 de epigene-
tische silencing van tumorsuppressorgenen bij de verschillende subtypen van NPC. We tonen aan dat 
EBV-positief en EBV-negatief NPC verschillende patronen van hypermethylering hebben, waarbij pro-
motorhypermethylering van RASSF1A vaker optreedt[33], en dat dit ook van prognostisch belang is bij 
EBV-positief NPC. Het niet-keratiniserende fenotype bleek samen te hangen met hypermethylering van 
RASSF1A, waardoor histologische subtypering een goede voorspeller is voor de hypermethyleringsstatus 
van RASSF1A. Ook van het 3p-gebied waarin RASSF1A gelokaliseerd is, is gesuggereerd dat het van 
belang is bij erfelijk NPC[33]. EBV-negatief/keratiniserend NPC daarentegen vertoonde een sterke cor-
relatie met hypermethylering van APC, en APC-hypermethylering liet ook een slechtere DFS in deze 
subgroep zien. APC is ook beschreven in relatie tot andere (aan roken/alcohol gerelateerde) vormen van 
HNSCC[34], wat eveneens duidt op een gemeenschappelijke pathogenese voor EBV-negatief NPC en 
andere vormen van HNSCC. Er bestaan dus belangrijke epigenetische verschillen tussen EBV-negatief en 
EBV-positief NPC, waarbij EBV-negatief NPC een hypermethyleringsprofiel vertoont dat meer overeen-
komt met andere vormen van HNSCC dan EBV-positief NPC. In werkelijkheid spelen meerdere genen 
waarschijnlijk een rol bij het risico en ontstaan van NPC.
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Tumormicromilieu
Naast doelgerichte therapieën zijn er immunotherapieën (en ook EBV-specifieke immunotherapieën[35,36]) 
beschikbaar en aangezien NPC wordt beschouwd als een lymfo-epitheliaal carcinoom, onderzochten we de 
beste prognostische factoren van het tumormicromilieu en ook de verschillen in tumorinfiltrerende lymfo-
cyten (TIL’s) tussen de diverse subtypen van NPC. We weten dat er verschillen zijn in de manier waarop 
het immuunsysteem reageert op EBV-gerelateerde lymfomen vergeleken met niet-EBV-gerelateerde lym-
fomen[37]. Bij EBV-positieve lymfomen is de immuunrespons minder effectief wat betreft het doden van 
tumorcellen[38]. Voor solide EBV-gerelateerde tumoren zijn er echter maar weinig gegevens beschikbaar 
over hoe het immuunsysteem reageert. In hoofdstuk 6 vonden we dat meerdere factoren gepaard gingen 
met een hoger aantal TIL’s (te weten jongere leeftijd, positieve EBV-status). Er zijn echter aanwijzingen 
dat niet alleen de hoeveelheid maar ook de samenstelling van het infiltraat belangrijk is voor een positief 
effect op de overleving. We vonden voor de CD4/CD8-ratio dat CD8 relatief minder vaak voorkomt bij 
EBV-positief/niet-keratiniserend NPC dan bij EBV-negatief/keratiniserend NPC, maar dat het nog steeds 
een positief effect heeft op de overleving. Dit blijkt ook uit de co-expressie van CD8 bij PD1 en PDL-1, 
die correleert met een betere overleving. Hoewel er dus mechanismen zijn (te weten tumorgeassocieerde 
macrofagen[39,40], suppressor-T-lymfocyten[41,42] of tumorcellen zelf[43,39,44,45]) die het doden van 
tumorcellen door cytotoxische T-lymfocyten remmen, is de samenstelling van TIL’s bij EBV-positief NPC 
zodanig dat er nog steeds een positief effect op de overleving wordt bereikt. Versterking van dit effect door 
immunotherapie kan daardoor mogelijk ook zinvol zijn bij de behandeling van patiënten met NPC. 

In hoofdstuk 7 onderzochten we de rol van tumorgeassocieerde macrofagen (TAM’s) en regulatoire T-
cellen (Treg’s) in het tumormicromilieu en hun relatie met de EBV-status en overleving. Er was sprake 
van positieve correlaties tussen Treg’s en TAM’s, wat mogelijk wijst op interacties tussen deze cellen in het 
tumormicromilieu. Daarnaast waren er verschillen in TAM’s tussen EBV-positief en EBV-negatief NPC. 
Meer specifiek betrof dit M1-macrofagen met een anti-tumorigene rol die mogelijk meer voorkomen bij 
EBV-positief NPC en M2-macrofagen, die de tumorgroei stimuleren wat belangrijk is bij EBV-negatief 
NPC. Er bestaan mogelijk ook functionele verschillen in het spectrum van M2-macrofagen tussen EBV-
positieve en EBV-negatieve NPC’s, waarbij het macrofageninfiltraat bij EBV-negatief NPC niet in staat 
is Treg’s te rekruteren. Een hogere FOXP3-telling (een Treg’s marker) lijkt eveneens een onafhankelijke 
prognostische factor te zijn voor een betere totale overleving binnen de gehele NPC-groep. Er is dan ook 
voorzichtigheid geboden bij het toepassen van immuunsysteem gebaseerde therapieën die specifiek gericht 
zijn tegen Treg’s en op suppressie van deze cellen.

Nieuwe markers
Ten slotte bestudeerden we specifieke kenmerken bij met EBV geïnfecteerd NPC, die in de praktijk van 
belang zouden kunnen zijn bij de follow-up of diagnostiek van NPC. We weten dat NPC PET-positief 
is door detectie van SSTR2A. In hoofdstuk 8 werd een sterke correlatie gevonden tussen een positieve 
EBV-status en immunohistochemische SSTR2A-positiviteit. Met 68Ga-DOTA-TOC, een somatosta-
tine-analoog[46], kan PET/CT daarom worden gebruikt bij de follow-up van patiënten met EBV-positief 
NPC. Ook behandeling met (177Lu) DOTA-TATE en/of (90)Y-DOTATOC, en somatostatine-analo-
gen moet worden onderzocht.

Slotopmerkingen en conclusie
De klassieke histologische classificatie van NPC houdt geen rekening met de onderliggende heterogeniteit 
in moleculaire processen en het tumormicromilieu. Een geïntegreerdere aanpak van de classificatie van 
NPC kan leiden tot een nauwkeuriger en meer op specifieke (sub)groepen patiënten afgestemde strategieën 
voor behandeling en follow-up. Waar het uiteindelijk op neerkomt is dat verschillende behandelingen al-
leen moeten worden toegepast in de subgroep patiënten bij wie een goede respons zal optreden, aangezien 
niet alleen de argumenten ten aanzien van kosten versus effecten een rol spelen maar ook de toxiciteiten 
waarmee de verschillende behandelingsmodaliteiten gepaard gaan. 
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De alternatieve behandelingsmodaliteiten omvatten doelgerichte moleculaire therapieën, immunothera-
pie, checkpointremmers, EBV-vaccins en ‘kleine-molecuul’-remmers (d.w.z. EBNA1). NPC is een unieke 
ziekte in die zin dat deze (vergeleken met andere vormen van HNSCC) snel leidt tot metastasen op af-
stand, maar wel een zeer goede locoregionale controle kent. Voor NPC in een vroeg stadium is de prog-
nose tamelijk goed, maar deze is slechter tot weinig hoopvol voor de ziekte in een laat stadium; met name 
voor de ziekte in het late stadium zijn momenteel naast chemotherapie/bestraling en/of chirurgie alterna-
tieve therapeutische modaliteiten noodzakelijk. En hoewel de lokale controle van NPC voor de ziekte in 
het lage stadium zeer goed is met de huidige chemoradiotherapeutische benadering, zijn de bijwerkingen 
bijzonder schadelijk en dus is er in deze context ook behoefte aan andere behandelingen. Wanneer we 
kijken naar de huidige behandelingsmodaliteiten moet de-escalatie van de huidige chemoradiotherapeu-
tische opties eveneens verder worden onderzocht, met name bij EBV-positieve tumoren aangezien deze 
stralingsgevoeliger zouden zijn. Alle informatie die nodig is om de optimale therapie voor individuele 
patiënten te ontwikkelen, zal vanwege de sterke overlap in de pathogene routes van de verschillende 
subtypen van NPC waarschijnlijk echter alleen kunnen worden verkregen met zorgvuldig opgezette func-
tionele experimenten gekoppeld aan innovatieve klinische onderzoeksopzetten[47]. Aangezien we zowel 
verschillen hebben aangetoond in het risico van het ontstaan van tweede maligniteiten, genetica en epi-
genetica alsook in het tumormicromilieu en nieuwe markers, zijn er volgens ons sterke aanwijzingen dat 
de diverse NPC-subtypen (en dan in het bijzonder EBV-positief en EBV-negatief NPC) verschillende 
entiteiten zijn en ook dat ze een verschillende aanpak van behandeling en follow-up noodzakelijk maken. 
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