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The Epstein-Barr virus (EBV) is widely spread in >90% of the human population worldwide and usually 

benign. On the other hand, it is causally associated with a still growing number of chronic diseases and 

malignancies, including several distinct types of lymphomas and carcinomas and therefore classified as a 

Class-I human carcinogenic virus by WHO-IARC. In EBV associated malignancies, only a limited set of viral 

genes is expressed (Latency type I, II or III), which drive oncogenesis and contribute to metastasis and 

immune escape. This thesis mainly deals with epithelial malignancies (carcinomas) causally associated 

with EBV, which form about 1% of all cancers worldwide. 

Undifferentiated nasopharyngeal carcinoma (NPC) and 10% of all gastric carcinomas (EBVaGC) carry a 

clonal and persistent EBV genome in all tumor cells, where EBV latency type II gene expression with a 

limited number of non-immunogenic gene products is consistently driving tumor cell growth and 

progression and modulating the tumor microenvironment for immune escape.  For NPC, success of 

treatment highly depends early-stage diagnosis by use of adequate biomarkers and immediate start of 

therapy. Conventional radiation therapy –when available-, usually combined with chemotherapy, 

provides approximately 5 years of survival in >50% of cases, if treated properly, but does not consider 

EBV presence in the tumor cells. Treatment options for (recurrent) NPC are limited, especially in 

developing countries in SE-Asia where most NPC cases occur.  

For gastric cancer (GC), chemotherapy and surgery are standard treatment options, but targeting EBV 

for GC tumor therapy is generally not considered. 

Targeting EBV inside tumor cells may provide a new and focused treatment approach for EBV-associated 

cancers which has not been explored in much detail yet.    

This thesis focusses on clinically applicable means to activate/trigger latent EBV into lytic cycle gene 

expression, to induce expression of new and additional viral proteins (enzymes) inside the tumor cells, 

thus sensitizing these for antiviral treatment and enhancing immune elimination. First applications of 

this so-called Cytolytic Virus Activation (CLVA) therapy in clinical trials are presented. 

Chapter 2 is a systematic review on established and novel EBV lytic inducers that proved effective in 

triggering virus reactivation in a wide range of EBV-linked cell types with focus on carcinomas.  

Chapter 3 describes a joint nation-wide study in the Netherlands using EBV-based biomarkers for 

detection and prognosis of recurrent/residual disease in NPC patients subsequent to chemo-/ 

radiotherapy. Quantitative analyses of EBV biomarkers at diagnosis, before and after treatment (EBV 

DNA load in blood and nasopharyngeal brushings, IgA VCA-p18 and IgA EBNA1 antibodies in plasma), 

correlated with tumor stage, disease-free survival (DFS) and overall survival (OS), revealed that post-

treatment: (1) EBV DNA load test in blood and brush had the best predictive power for detecting active 



recurrent disease, (2) EBV DNA load in blood was the best predictor for OS and DFS, (3) EBV DNA load in 

the brush was best for early detection of local failures post-treatment. This nationwide study was also 

used to select NPC cases for inclusion into therapeutic trials for EBV lytic induction treatment (see later). 

CytoLytic Virus Activation (CLVA) is designed as a new EBV-targeting treatment aimed to eliminate virus-

infected tumor cells by administration of chemotherapy (i.e. gemcitabine (GCb) combined with a 

chromatin modifier (i.e. HDAC inhibitor - valproic acid (VPA) triggering virus reactivation from latency, 

followed by administration of the antiviral drug (val)ganciclovir (GCV) that causes DNA chain termination 

inducing selective cell death in EBV-reactivating tumor cells and prevents virus replication and release. 

A repeated cycle of CLVA treatment will result in effective stop of tumor growth. The biological effects 

of CLVA can be measured by (quantitative) monitoring of varus-based molecular markers. 

 

The first part of this thesis describes the application of CLVA therapy for NPC and monitoring of 

treatment efficacy in a mouse tumor model (Chapter 4) and further in clinical studies in patients with 

recurrent/metastatic NPC (Chapters 5 and 6). The final part of this thesis describes studies focusing on 

EBV-associated gastric carcinoma (EBVaGC) and the therapeutic potential of CLVA strategy in various 

EBVaGC cell lines and in a preclinical mouse model bearing tumors of natural human EBVaGC tumor cell 

line (Chapter 7). The overall findings in this study are summarized and future perspectives are discussed 

in Chapter 8. 

 

CLVA therapy for nasopharyngeal carcinoma 

The mechanism of EBV reactivation is well known and involves a cascade of consecutive events. The 

basis of virus-targeting therapy is induction of immediate early lytic phase and triggering expression of 

early viral kinases (PK and TK), which are enzymes required to convert a virus-selective antiviral drug to 

its cytotoxic (phosphorylated) form, thus preventing (virus and host) DNA synthesis and inducing cell 

killing. Although the EBV lytic induction is detectable and quantifiable in blood and tissues ex vivo, the 

effect of CLVA therapy has not been visualized directly in tumor tissue in vivo during treatment. To this 

aim, the mechanism of tumor eradication was analyzed in NPC mouse model (bearing naturally EBV-

infected C666.1 cells) by applying only a single cycle of CLVA therapy as described in Chapter 4. CLVA 

treatment in vivo resulted in selective tumor cell killing as indicated by reduced tumor volume and 

elimination of EBV-positive cells in situ, which was more pronounced than treatment with GCb alone. As 

a result of treatment, EBV DNA levels in circulation dropped in parallel with a strong decrease in tumor 

size. EBV reactivation was confirmed by presence of lytic gene RNA transcripts and proteins in tumors 6 



days after GCb/VPA treatment.  Importantly, virus reactivation was visualized by [124I]-FIAU 

accumulation in tumors using PET-scan. This study demonstrated that CLVA therapy is a potent EBV-

specific targeting approach for killing NPC tumor cells. It was concluded that the [124I]-FIAU is suitable as 

a PET tracer for studies on EBV reactivation and kinetics in vivo and may find its future clinical 

application in treatment monitoring.  

In Chapter 5 the concept of virus targeted CLVA therapy was validated in NPC cell lines and in a small 

clinical study involving three patients who were already pre-treated and developed recurrent disease, 

refractory to conventional treatment. In NPC cells, the combination of GCb and VPA resulted in strong 

synergistic effect and EBV reactivation and the addition of GCV resulted in higher cytotoxicity compared 

with chemotherapy alone. The biologic effect of CLVA treatment was confirmed in all patients as we 

detected increased levels of EBV DNA load in the circulation (originating from apoptotic tumor cells). 

Therapy was well tolerated. All patients (with progressive disease before the start of CLVA treatment) 

had decreased or stable disease during treatment for more than 6 months after therapy and 

experienced significant improved quality of life.  

Chapter 6 describes a registered phase I-II trial for treatment of advanced metastatic and recurrent NPC 

(EUdract 2010-022444-20) and efficacy of CLVA treatment further investigated by utilizing afore 

mentioned EBV-based biomarkers. In addition, specific pharmacokinetic drug-dosing and side-effects 

were monitored and a preliminary analysis of EBV specific T-cell responses was performed. This study 

aimed to assess the safety and tolerability aspects and clinical response and involved eight patients with 

recurrent and/or metastatic disease who had developed resistance to conventional treatment. The 

effect of CLVA induced EBV-lytic induction was investigated throughout the treatment course which 

consisted of 6 cycles in total (with 3-week resting period in between). Not all the patients who 

participated in study could receive the full sequence of therapy due to their poor health state. 

Pharmacokinetics analyses showed that effective dose levels were reached in all patients. The best 

observed clinical response was partial in two patients (25 %) and stable disease in three patients (37.5 

%). The median survival was 9 months (95 % confidence interval 7–17 months). Peaking of EBV-DNA 

loads in blood and nasopharyngeal brush demonstrated biological effect of therapy during most 

treatment cycles. In one patient, RNA profiling analyses revealed EBV lytic transcripts which confirmed 

lytic EBV induction. Quantification of EBV-IgG and EBV-IgA antibody levels showed that they were 

already high before treatment but remained stable during treatment. To summarize, this study provided 

evidences that the CLVA treatment triggered virus reactivation in advanced NPC, a beneficial clinical 

response was observed and treatment was safe with manageable side effects.  



Dose-optimization and novel drug combinations within the CLVA concept remain to be explored in 

future studies.  

CLVA as treatment strategy for Epstein-Barr virus associated gastric carcinoma 

Epstein-Barr virus associated gastric carcinoma (EBVaGC) is recently acknowledged as a distinct disease 

entity comprising about 10% of all gastric carcinomas (GC) worldwide. It is characterized by latent EBV 

persistence and massive immune cells infiltrate. Treatment based oncombined chemotherapeutic 

agents such as Epirubicin, Capecitabine and Cisplatin (ECC combination) showed survival benefit in GC 

patients (MAGIC and CRITICS studies), as well as combination of Gemcitabine and Cisplatin. However 

current treatment protocols for GC do not consider presence of EBV in the tumor cells. 

As described in Chapter 7, we applied the CLVA strategy to an EBVaGC mouse model based on naturally 

EBVaGC cells. Treatment consisted of the ECC combination (using 5-FU, the metabolized form of 

Capecitabine) or GCb/Cis supplemented with Valproic acid (VPA) and subsequent antiviral treatment 

with Ganciclovir (GCV). As expected, we could detect lytic mRNA transcripts and proteins in treated cells 

exposed EBV lytic induction in vitro. In vivo, the combination of GCb/Cis with VPA and GCV strongly 

reduced tumor volume and showed the highest potential for EBV-reactivation. EBV DNA levels in 

circulation decreased parallel to rapid elimination of EBV-positive cells in treated tumors. EBV lytic gene 

transcripts and proteins were detected in tumor tissues 6 days after treatment.  

To conclude, in EBVaGC model systems CLVA-based treatment proved superior in comparison to 

chemotherapy alone, suggesting that addition of VPA plus GCV to the conventional GCb/Cis regimen 

should be considered for boosting therapeutic effect. Overall the data presented here provide direct 

evidence to modify and improve current EBVaGC treatment, however more detailed clinical studies are 

required. 

Although current GC treatments still do not consider EBV status, new discoveries are paving the road to 

change this, so that improved, more effective virus-targeting treatments will become available.  

The results presented in this thesis provide novel and valuable information that can be used to improve 

treatment of EBV-associated malignancies.  

 


