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Nasopharyngeal Carcinoma and 
Epstein-Barr Virus: A Target for 

Adoptive Cellular Therapy

Nasopharyngeal carcinoma (NPC) is 
common in South-East Asia, and occurs 
with an annual incidence as high as 25–50 
cases per 100,000 people in Southern 
China and Hong Kong. Current thera-
peutic approaches are highly effective 
at treating Stage I and II disease, with 
an overall 5 year survival greater than 
80%. However, in spite of increasing 
public awareness, many patients are still 
diagnosed with advanced Stage III or 
IV disease. Current standard therapy 
for Stage III and IV NPC is a combina-
tion of chemotherapy and radiotherapy, 
and overall 5 year survival ranges from 
50 to 60%. In the setting of recurrent 
or metastatic disease, chemotherapy is 
generally used as palliative therapy, and 
overall survival is low.1 There is therefore 
an urgent need to develop targeted thera-
pies for advanced/metastatic NPC which 
complement standard treatment options.

As a likely etiological agent for NPC, 
the Epstein-Barr virus (EBV) remains 
an important target for novel thera-
peutic approaches. Immunotherapy 
based on autologous EBV-specific T 
cells has recently emerged as an effec-
tive tool for the treatment of EBV-
associated malignancies and its efficacy 
in lymphoid malignancies such as 
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post-transplantation lymphomas (PTLs) 
has been convincingly demonstrated. 
Emerging data support the potential 
application of cytotoxic T lympho-
cyte (CTL)-based therapy to NPC, 
on the backbone of chemotherapy and 
as salvage treatment. Several Phase I 
and II clinical studies have been com-
pleted using approaches based on those 
employed to generate CTLs for PTLs, 
and have shown some efficacy against 
NPC.2–4 However, unlike PTL, NPC 
occurs in immunocompetent individu-
als, and—as in other EBV-associated 
malignancies that occur in an immu-
nocompetent setting—immunological 
pressure results in the expression of a 
limited array of EBV antigens, namely, 
the latent membrane protein (LMP)-1 
and -2 and the EBV nuclear antigen 1 
(EBNA1).5 These proteins are likely 
critical for maintaining cellular trans-
formation in malignant cells and their 
poor immunogenicity likely plays a key 
role in promoting immunoevasion by 
EBV-positive malignant cells.6,7 The 
focus of our research has therefore been 
the development of an immunothera-
peutic approach that only targets LMP1, 
LMP2 and EBNA1 in order to improve 
the specificity of CTLs for use in adop-
tive cell transfer therapy and to avoid 
the requirement to generate patient 
derived EBV-transformed lymphoblas-
toid cell lines.

An Adenoviral Vector  
Polyepitope-Based Adoptive 
Immunotherapy Approach 
for Recurrent or Metastatic 
Nasopharyngeal Carcinoma

We have developed an adenoviral based 
vector, referred to as E1-LMPpoly, which 
encodes multiple CTL epitopes from 
LMP1 and LMP2 fused to a truncated 
EBNA1 without an internal glycine-ala-
nine repeat sequence. This approach has 
been designed to optimise the immuno-
genicity of these antigens by avoiding the 
poor antigen processing associated with 
their full-length variants, and to limit 
the potential oncogenicity associated 
with full-length LMPs. Our preliminary 
studies clearly showed the efficacy of the 
polyepitope approach, demonstrating 
that E1-LMPpoly can be used to rapidly 
expand LMP1-, LMP2- and EBNA1-
specific T cells from cancer patients.8 We 
have recently completed a formal clini-
cal assessment of the E1-LMPpoly vec-
tor as a therapeutic tool for recurrent or 
metastatic NPC (Fig. 1).9 Twenty-two 
NPC patients who had loco-regional 
recurrence or distant metastatic disease, 
and who progressed after standard pal-
liative radiotherapy, chemotherapy and/
or surgery were recruited into this study. 
As is common for LMP1-, LMP2- and 
EBNA1-specific T-cell populations, the 
majority of donors showed no detectable 
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burden, possibly creating immunological 
space and reducing the inhibitory tumor 
microenvironment, with chemotherapy. 
These observations provide another 
important platform to explore the poten-
tial therapeutic efficacy of EBV-specific T 
cells in combination with chemotherapy 
for advanced/metastatic NPC.
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was 523 days for patients who received 
CTLs and 220 days for patients who did 
not. Overall survival in a corresponding 
institutional cohort was 10.3 months. 
While further evidence on the efficacy of 
this treatment strategy is required, these 
observations indicate that E1-LMPpoly-
based cellular therapy provides potential 
clinical benefit to patients with refractory 
or metastatic disease.

Combining Chemotherapy  
with EBV-Specific CTL Therapy

Among the 14 patients that received 
T-cell therapy in our study, one patient 
had an unexpected good response to sub-
sequent chemotherapy. This donor had 
3 lines of palliative chemotherapy before 
T-cell infusion and the disease was che-
moresistant. When disease progressed 
after T-cell infusion, the patient was 
started on palliative chemotherapy that 
induced rapid regression of the tumor 
after 1 cycle. While the response was 
transient and he subsequently succumbed 
to disease, this preliminary observa-
tion supports the notion that the anti-
tumor efficacy of CTLs can potentially 
be improved by decreasing the tumor 

ex vivo reactivity against these antigens. 
Nevertheless, antigen-specific T-cell lines 
were successfully generated using the 
E1-LMPpoly vector from 16 out of 22 
NPC patients following an in vitro culture 
period of 14 d. Importantly, these T-cell 
lines had a high specificity for LMP1, 
LMP2 and/or EBNA1, with 11 out of 16 
T-cell lines being reactive to both LMP- 
and EBNA1-encoded CD8+ T-cell epit-
opes. The adenoviral-based polyepitope 
approach therefore allows for the rapid 
generation of T cells from a very low pre-
cursor frequency, which can potentially 
be administered within a month after the 
initial blood drawing. As it has previously 
been reported for the majority of cellular 
approaches against EBV-associated malig-
nancies, the infusion of EBV-specific T 
cells was safe and only Grade 1 and/or 
2 toxicities including flu-like symptoms, 
malaise, dry cough and low blood pres-
sure were observed. Of the 14 patients 
treated with T cell-based therapy in the 
study, 10 showed stable disease following 
treatment, and the time to the diagnosis of 
progressive disease ranged from 38 to 420 
days. Of particular note was the potential 
impact that T-cell therapy had upon the 
median overall survival of patients, which 

Figure 1. schematic representation of the generation of eBV-specific t cells using e1-LMPpoly for adoptive therapy in NPC patients. PBMC are purified 
from 200-400 ml of patient peripheral blood, stimulated with the adenoviral vector encoding e1-LMPpoly and incubated for 14 days in the presence of 
interleukin-2. Following microbiological testing, the e1-LMPpoly t cells are ready to be reinfused into the patient within 4 weeks after the blood is drawn.
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